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Abstract An asymmetric 11-step synthesis of the polyoxygenated cy-
clohexene natural product kweichowenol A from the traditional Chi-
nese medicinal herb Uvaria kweichowesis is reported. The oxygenation
pattern was installed on a linear precursor by exploiting the acyclic ste-
reocontrol of the Kiyooka aldol reaction, as well as Cram chelate-con-
trolled Grignard reactions. Ring-closing metathesis and a selective ben-
zoylation then gave the natural product.
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The flowering plants of the Uvaria genus are widely dis-
tributed in southern and southwestern China as well as
southeastern Asian counties.1 Prominent members of this
genus are commonly used in traditional Chinese medicine
as herbs to treat inflammation and tumors.2 For example,
the roots and leaves of Uvaria micropara are used to pre-
pare the herb Zi Yu Pan, whereas Uvaria grandiflora is used
for the preparation of the herb Shan Jiao Zi.3 This has at-
tracted much attention to their secondary metabolites and
it was found that they contain a wealth of polyoxygenated
cyclohexenes.4–8 Kweichowenol A (1), C (2), and D (3,
Scheme 1), for instance, were extracted from Uvaria kwe-
ichowesis. They incorporate distinct benzoyl esters at their
C3- and C6-positions but differ in their C1- and C7-substi-
tution.7–9 Kweichowenol A (1) and C (2) contain unusual ac-
etone- and acetaldehyde-derived spiro 1,3-dioxolane moi-
eties10–14 whereas kweichowenol D contains a 1,2-diol.
These cyclohexenes share the oxygenation pattern with the
kweichowenol-type natural products ferrudiol (4) and elli-
peiopsol B (5) which were isolated from Uvaria ferruginea
and the closely related Ellipeiopsis cherrevensis, respective-

ly.6,9,15 Ferrudiol (4) and ellipeiopsol B (5) have shown to in-
hibit efflux-related antibiotic resistance in Staphylococcus
aureus whereas kweichowenol A, C, and D showed antitu-
mor activities against the bronchogenic carcinoma cells
A549, SK-MES-1, and NCI-H446.7,8,16

Scheme 1  Retrosynthesis of kweichowenol A (1); structures of kwe-
ichowenol C (2), D (3), ferrudiol (4), and ellipeiopsol B (5)

We were intrigued by the oxygenation pattern of the
kweichowenols, since it is also present in more complex
targets such as the members of the tetrodotoxin family of
natural products.17,18 This prompted us to develop a syn-
thetic approach to the kweichowenols, which is outlined in
Scheme 1. Our retrosynthesis focused on kweichowenol A
(1), which could serve as a precursor to kweichowenol C
(2), D (3), ferrudiol (4), and ellipeiopsol B (5). To enable a
rapid, stereoselective construction of the fully functional-
ized cyclohexene core, we planned to exploit acyclic stereo-
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control and cyclize the resulting linear precursor 6 using a
ring-closing metathesis (RCM). On this linear precursor 6,
the C3 and C6 stereocenters could be diastereoselectively
installed using Grignard additions into the corresponding
aldehydes via Cram chelate transition states.19 These dis-
connections led to the aldehyde 7 which could be accessed
through a Kiyooka aldol reaction.20

Our synthesis of kweichowenol A (1) starts with the
preparation of the TBS ketene acetal 9 from acetonide ester
8 (Scheme 2). The acetonide ester 8 could be commercially
obtained or synthesized on decagram scale using a 3-step
sequence that started from serine and required only one
purification step (see Supporting Information).

The Kiyooka aldol reaction is known to proceed with ex-
cellent enantioselectivity and diastereoselectivity if disub-
stituted tert-butyldimethylsilyl (TBS) ketene acetals are
used as nucleophiles.21 The use of 9 as a nucleophile in Kiy-
ooka aldol reactions was pioneered by Kalesse who pre-
pared ent-7 on a small scale.20 For the synthesis of kwe-
ichowenol A, we devised a modified procedure for the mul-
tigram scale synthesis of aldehyde 7. Our procedure relied
on a D-valine-derived oxazaborolidinone reagent 10 which
initiated the asymmetric addition of TBS ketene acetal 9 to
cinnamaldehyde (11). In contrast to the TMS ketene acetal
nucleophiles in Mukaiyama aldol reactions, the use of a
TBS-ketene acetal enables the in situ reduction of the latent
ester group of 9 to the corresponding mixed tert-butyldi-

methylsilanol methanol acetal via a hydride transfer from
the oxazaborolidinone 10 to the reaction intermediate. This
powerful opening step installed the contiguous C1 and C2
stereocenters (12) in a single transformation.22 To liberate
the aldehyde functionality 7, the TBS group could be trans-
ferred from the acetal moiety (12) to the C2 alcohol with
NaHMDS. By subjecting aldehyde 7 to NMR analysis, we
found that the C1 tertiary alcohol and the C2 secondary al-
cohol stereocenters were formed with 5.4:1.0 dr. Thereaf-
ter, we determined that the major diastereomer of 7 was
formed with 85% ee by using Mosher ester analysis (see
Supporting Information). The secondary alcohol at C6 was
installed through a diastereoselective addition of ethynyl-
magnesium chloride to aldehyde 7, which presumably pro-
ceeded via a 5-membered Cram chelate transition state.19

By directly intercepting the magnesium alkoxylate interme-
diate with benzoyl chloride, alkyne 13 was obtained in a
one-pot sequence with 60% yield. A successful Upjohn dihy-
droxylation required the use of citric acid as an additive and
was followed by a Lindlar hydrogenation to generate a vinyl
group (14). Sodium periodate mediated Criegee oxidation
afforded aldehyde 15. The C3 stereocenter was introduced
by a second Cram chelate-controlled addition, in this case of
vinylmagnesium chloride, which provided vinyl alcohol 6 in
good yield. We subjected the resultant diene 6 to a RCM, us-
ing the second-generation Hoveyda–Grubbs catalyst (HG-II),
and obtained the fully oxygenated cyclohexene 16. It is

Scheme 2  Asymmetric synthesis of kweichowenol A. Reagents and conditions: 1) TBSCl, LiHMDS, THF/HMPA, –78 °C → 0 °C, then 8, –78 °C; 2) N-Ts-D-
valine, BH3·THF, CH2Cl2, 0 °C → rt, then 11, 9, –78 °C; 3) NaHMDS, THF, –78 °C → 0 °C; 4) ethynylmagnesium chloride, THF, –78 °C → 0 °C, then BzCl, 
DMAP, 0 °C → rt; 5) OsO4, NMO, citric acid, t-BuOH/acetone/H2O, 60 °C; 6) Lindlar cat., H2, EtOAc/pyridine; 7) NaIO4, THF/H2O; 8) vinylmagnesium 
chloride, THF, –78 °C → 0 °C; 9) HG-II, PhMe, 50 °C; 10) TASF, DMF; 11) BzCl, pyridine, –27 °C → –20 °C. DMAP = 4-(dimethylamino)pyridine, HG-II = 
second-generation Hoveyda–Grubbs catalyst, HMDS = bis(trimethylsilyl)amide, HMPA = hexamethylphosphoramide, NMO = N-methylmorpholine N-
oxide, TASF = tris(dimethylamino)sulfonium difluorotrimethylsilicate, TBS = tert-butyldimethylsilyl.
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worth noting, that the free allylic C3 alcohol was essential
for a successful RCM reaction and a successful TBS depro-
tection with tris(dimethylamino)sulfonium difluoro-
trimethylsilicate (TASF). The resulting diol 17 was regio-
selectively benzoylated at the sterically more accessible C3
alcohol by using benzoyl chloride in pyridine at low tem-
peratures. These optimized conditions provided kwe-
ichowenol A (1) in good yield.23 To confirm the structure of
the natural product and gain insight into its preferred con-
formation, we subjected a sample of 1 to X-ray analysis
(Scheme 3). Remarkably, kweichowenol A (1) crystallized
as a racemate from the enantioenriched mixture that was
obtained through the synthesis.

Scheme 3  X-Ray structure of kweichowenol A (1)

In summary, we have devised a short asymmetric syn-
thesis of the polyoxygenated cyclohexene natural product
kweichowenol A (1), which proceeds in 11 steps starting
from commercially available starting materials. The instal-
lation of the oxygenation pattern on a linear precursor al-
lowed a rapid access to the cyclohexene core by exploiting
acyclic stereocontrol. Carbon–carbon bonds were formed
using a Kiyooka aldol reaction, Cram chelate-controlled Gri-
gnard reactions, and a RCM. Due to the common cyclohex-
ene oxygenation pattern, kweichowenol A (1) could serve
as a precursor to other members of the kweichowenol-type
natural product family, such as kweichowenol C (2), kwe-
ichowenol D (3), ferrudiol (4), and ellipeiopsol B (5). It is
also worth noting that the C1, C2, and C6 stereocenters of
the kweichowenol-type natural products correspond to the
C5, C6, and C7 stereocenters on the cyclohexane core of te-
trodotoxin. As such, we have laid the foundation towards an
asymmetric synthesis of this celebrated target.17,18,24
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7 (30 mL) was added at –78 °C. The mixture was diluted with
Et2O (500 mL), and the organic layer was washed with PB pH
7/sat. aq. NaCl (4:1, 250 mL), sat. aq. NaHCO3 (200 mL), and sat.
aq. NaCl (200 mL) before drying over Na2SO4. Concentrating the
organic phase under reduced pressure provided an oily residue
which was directly dissolved in EtOH/H2O (9:1, 57.2 mL). After
addition of NaHSO3 (2.70 g, 26.0 mmol, 1.0 equiv), the sus-
pension was heated to 37 °C for 3 h followed by filtration through
Celite and rinsing of the filter cake with Et2O. The filtrate was
concentrated in vacuo, redissolved in Et2O (100 mL) and filtered
again through Celite. Rotary evaporation gave an oily residue that
was purified via flash column chromatography (pentane/Et2O =
185:15) to give an intractable diasteromeric mixture of (1S,E)-1-
[(4R)-4-{[(tert-butyldimethylsilyl)oxy](methoxy)methyl}-2,2-
dimethyl-1,3-dioxolan-4-yl]-3-phenylprop-2-en-1-ol (12, 7.08 g,
17.3 mmol, 67%) as a clear oil.
Analytical Data of 12-1
Rf (pentane/Et2O = 9:1) = 0.24. (UV, CAM). 1H NMR (400 MHz,
CD2Cl2):  = 7.42–7.38 (m, 2 H), 7.34–7.28 (m, 2 H), 7.25–7.19
(m, 1 H), 6.65 (dd, J = 16.0, 1.6 Hz, 1 H), 6.41 (dd, J = 16.0, 5.4 Hz,
1 H), 4.80 (s, 1 H), 4.46 (td, J = 6.0, 1.7 Hz, 1 H), 4.00 (q, J = 9.3 Hz,
2 H), 3.44 (s, 3 H), 3.14 (d, J = 6.1 Hz, 1 H), 1.43 (s, 6 H), 0.92 (s, 9
H), 0.17 (s, 3 H), 0.17 (s, 3 H) ppm. 13C NMR (101 MHz, CD2Cl2):
 = 137.8, 130.8, 129.3, 129.0, 127.8, 126.9, 111.3, 102.0, 86.4,
73.7, 67.8, 57.7, 27.1, 26.7, 26.1, 18.5, –4.1, –4.2 ppm. HRMS
(EI): m/z calcd for C21H33O5Si+ [M − CH3

–]+: 393.2097; found:
393.2095. IR (Diamond-ATR, neat): max = 3504 (vw), 2955,
2931 , 2897 (vw), 2858 (vw), 1741 (vw), 1496 (vw), 1472, 1463,
1449 (vw), 1380, 1370, 1252, 1210, 1063 (vs), 1005, 968, 939,
834 (vs), 778, 750, 693, 670 cm–1. []D

20 –8.00 (c = 1.99, EtOAc).

(23) Selective Benzoylation Procedure for the Synthesis of
Kweichowenol A (1)
Diol (17, 4.7 mg, 15 mol, 1.0 equiv) was dissolved in pyridine
(0.15 mL), cooled to –27 °C, and BzCl (1.78 L, 15.4 L, 1.05
equiv) in pyridine (0.1 mL) was added dropwise. The solution
was allowed to warm to –20 °C over a period of 15 min and stir-
ring was continued at the same temperature for 40 min. There-
after, 3% aq. KHSO4 (1 mL) was added, and the mixture was
diluted with EtOAc (30 mL). The organic layer was washed with
3% aq. KHSO4 (10 mL), sat. aq. NaCl (10 mL), dried over Na2SO4,
and concentrated. Purification via flash column chromatogra-
phy (pentane/EtOAc = 9:1 → 8:1) afforded kweichowenol A (1,
4.3 mg, 10 mol, 69%) as a white solid.
Analytical Data of Synthetic Kweichowenol A (1) Rf (pen-
tane/EtOAc = 19:1) = 0.21. (UV, CAM). 1H NMR (600 MHz, C6D6):
 = 8.17–8.14 (m, 2 H), 8.10–8.08 (m, 2 H), 7.62–7.56 (m, 2 H),
7.50–7.44 (m, 4 H), 5.85–5.79 (m, 2 H), 5.79–5.78 (m, 1 H), 5.61
(ddd, J = 8.6, 2.5, 1.4 Hz, 1 H), 4.38 (d, J = 8.4 Hz, 1 H), 4.33 (d, J =
8.4 Hz, 1 H), 4.28 (d, J = 8.5 Hz, 1 H), 2.64 (s, 1 H), 1.46 (s, 3 H),
1.32 (s, 3 H) ppm. 13C NMR (151 MHz, C6D6):  = 166.5, 166.0,
133.6, 133.5, 130.2, 130.0, 129.77, 129.76, 129.4, 128.7, 128.6,
127.5, 111.1, 85.6, 74.2, 73.8, 72.4, 64.5, 27.0, 26.2 ppm. HRMS
(ESI): m/z calcd for C26H27O9

– [M + CH3COO–]–: 483.1661; found:
483.1665. IR (Diamond-ATR, neat): max = 3588 (vw), 2920,
2851 (vw), 2166, 1714, 1600 (vw), 1453, 1382 (vw), 1369, 1316,
1268 (vs), 1206, 1177, 1147 1111, 1089, 1064 (vs), 1023, 962,
881, 863, 798, 780, 701 (vs), 668 cm–1. []D

20 –168° (c = 0.538,
CHCl3).

(24) Nicolaou, K. C.; Chen, J. S. In Classics in Total Synthesis III.; Wiley-
VCH: Weinheim, 2011.
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