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Curcuphenol is an interesting sesquiterpenoid with diverse bioactivities. Exploration of a concise and scalable
synthetic route is still of significance in spite that many asymmetric total syntheses have been achieved. We report
an expedient asymmetric synthesis of (R)-curcuphenol from citronellal, which features only two purification opera-

tions in the overall six-step synthesis.
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Introduction

Both enantiomers of curcuphenol are natural ses-
quiterpenoids isolated from marine and terrestrial
sources.") While R-(-)-curcuphenol showed weak an-
timicrobial activity, S-(+)-curcuphenol exhibited a very
wide spectra of bioactivities such as fungicidal, bacteri-
cidal, antimalarial, antiviral and antileishmanial activi-
ties. These bioactivities of these molecules have stimu-
lated numerous total syntheses including different race-
mic and asymmetric versions.”?! These asymmetric
syntheses are achieved mainly through lipase-mediated
resolution,”***?* the utilization of chiral auxil-
iary,®™) chiral reagent/chiral catalyst,*****" or chiral
starting material.”® The outstanding strategies among
them include Pettus’ four-step synthesis involving an
electron-inversed demand [4+ 2] cycloaddition con-
trolled by a chiral enol ether,”™ Aggarwal’s four-step
synthesis involving a key lithiation-borylation cas-
cade,’™ and Hagiwara’s seven-step synthesis with chiral
pool strategy from citronellal (Scheme 1).°¢

Herein, we would like to present our efforts on the
asymmetric synthesis of curcuphenol by following a
chiral pool strategy.

Experimental

All reactions were carried out under an argon at-
mosphere with dry solvents under anhydrous conditions,

* E-mail: chembliu@scu.edu.cn; Fax: 0086-28-8541-3712

unless otherwise noted. Tetrahydrofuran was distilled
from sodium-benzophenone. Dichloromethane, toluene
and DMSO were distilled from calcium hydride. All the
chemicals were purchased commercially and used
without further purification, unless otherwise stated.
Crotonaldehyde was purified by fractionation under
argon atmosphere and kept at —20 ‘C. TMSCI was dis-
tilled from calcium hydride. Flash chromatography was
performed using silica gel (300—400 mesh). Reactions
were monitored by thin layer chromatography (TLC).
Visualization was achieved under a UV lamp (254 and
365 nm), I, and by developing the plates with
p-anisaldehyde or phosphomolybdic acid. 'H and “*C
NMR were recorded on Bruker DRX-400 MHz NMR
spectrometer with TMS as the internal standard and
were calibrated using residual undeuterated solvent as
an internal reference (CDCl;: '"H NMR 6=7.26, °C
NMR 0=77.16). The following abbreviations were
used to explain the multiplicities: s=singlet, d=doublet,
t=triplet, q=quartet, m=multiplet, br=broad. Cou-
pling constants (J) are reported in Hertz (Hz). High
resolution Mass spectra (HRMS) were recorded by us-
ing FTMS-7 spectrometer.

A 2.5 mol/L solution of #n-BuLi (7.4 mL, 18.5 mmol)
in hexane was added to a solution of diisopropylamine
(2.8 mL, 19.9 mmol) in THF (80 mL) under argon at
—78 °C. After 30 min, a solution of tert-butyl acetate
(2.6 mL, 19.4 mmol) (pretreated by drying over MgSOy)
in THF (10 mL) was added dropwise. After 1 h, a solu-
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Scheme 1
cuphenol

Representative synthetic strategies towards cur-

(a) Pettus' [4+2] strategy
CHO CH3MgBr

ether, -40 °C
OH then Boc,0O

J
= O,

(b) Aggarwal's lithiation-borylation strategy

OH
S-Curcuphenol

OMe OCb 1) *BuLi, Et,0, -78 °C

) (pin)B\/\)\ OH ‘

MgBr,, -78 °C to reflux
3) EtSNa, DMF, 120 °C

Cb = CON(iPr), R-Curcuphenol

c) Hagiwara's chiral pool strategy

CHO
4 steps 1) CuBr,, MeCN
2) Zn, AcOH
Citronellal
OH

R-Curcuphenol X =Hand Br

tion of R-(+)-citronellal (2.5 mL, 13.1 mmol) in THF
(15 mL) was added and stirred for another 1.5 h. The
reaction was then quenched with saturated aqueous
NH,4CI (30 mL) and diluted with H,O (20 mL). Organic
solvent was removed under reduced pressure and then
EtOAc (50 mL X3) was added to extract the aqueous
layer. The organic layer was dried over Na,SOy, filtered
and concentrated to afford crude 2 as a colourless oil.
To a solution of crude 2 in acetone (90 mL) at 0 C
was added dropwise an aqueous solution of Jones’ re-
agent (1.34 mol/L, 14.7 mL, 19.7 mmol). The resultant
solution was slowly warmed up to r.t. After 1 h, MeOH
(6 mL) and water (60 mL) were added and the organic
solvent was removed under reduced pressure. The
aqueous layer was extracted with EtOAc (150 mL). The
organic layer was washed with saturated aqueous Na-
HCO; (15 mLX2), H,O (15 mL) and brine (15 mL).
The acidic and basic aqueous layers were respectively
extracted with EtOAc (15 mL X2). The organic layer
was combined, dried over Na,SO,; and concentrated
under reduced pressure to afford crude 3 as a colourless
oil (3.56 g). An aliquot was collected and characterized
to ensure the chemical structure. Ry=0.63 (silica gel,
petroleum ether : EtOAc=19 : 1, V/V), [alh +5.6 (¢
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0.47, CHCl3); IR (thin film) v: 3142, 2963, 2922, 1738,
1715, 1403, 1371, 1255 cm™'; '"H NMR (400 MHz,
CDCly) 0: 5.07 (t, J=6.8 Hz, 1H), 3.31 (s, 2H), 2.51 (A
of AB, dd, J/=16.4, 5.6 Hz, 1H), 2.33 (B of AB, dd, J=
16.4, 8.0 Hz, 1H), 2.06—1.91 (m, 3H), 1.67 (s, 3H),
1.59 (s, 3H), 1.46 (s, 9H), 1.34—1.27 (m, 1H), 1.24—
1.14 (m, 1H), 0.91 (d, J=6.4 Hz, 3H); >C NMR (100
MHz, CDCly) o: 203.2, 166.6, 131.7, 124.3, 82.0, 51.2,
504, 37.0, 28.7, 28.1 (3C), 25.8, 25.6, 19.8, 17.8;
HRMS (ES) m/z caled for Ci¢H,sNaO; (M ~+ Na) "
291.1936, found 291.1935.

To a solution of crude 3 (1.83 g) in CH,Cl, (40 mL)
was added DBU (1.9 mL, 13.7 mmol) and then croton-
aldehyde (0.67 mL, 8.2 mmol) at 0 ‘C. Then the solu-
tion was warmed and stirred at r.t. for 24 h, before it
was quenched with saturated aqueous NH4Cl (30 mL).
The volatile organic components were removed under
reduced pressure and the aqueous layer was extracted
with ether (40 mL X 3). The organic layer was washed
with saturated aqueous NH4Cl (20 mLX2) and brine
(10 mL), dried over Na,SO,4 and concentrated to afford
crude 4 (2.04 g) as a brown oil.

To a solution of crude 4 (1.85 g) in toluene (34 mL)
was added p-TsOHeH,O (347.2 mg, 1.8 mmol) at r.t.
After being stirred at 80 ‘C for 3 h, the reaction was
quenched with saturated aqueous NaHCO; (25 mL) at 0
‘C. After removal of the organic volatile under reduced
pressure, the aqueous layer was extracted with ether (40
mL X 3). The organic layer was washed with saturated
aqueous NaHCO; (15 mL) and brine (10 mL), dried
over Na,SO, and concentrated to afford crude 5 as a
brown oil, which was purified by flash column chroma-
tography on silica gel (petroleum ether-EtOAc, 80 - 1,
V/V) to provide 5 (747.6 mg, 55.4% over 4 steps) as a
pale yellow oil. Rg=0.55 (silica gel, petroleum ether :
EtOAc=40 : 1, V/V); '"H NMR (400 MHz, CDCls) ¢:
6.60 (brs, 1H), 5.06 (t, J=6.8 Hz, 1H), 2.73 (tq, J=6.8,
6.8 Hz, 1H), 2.49—2.38 (m, 2H), 2.15—1.98 (m, 3H),
1.92—1.82 (m, 2H), 1.65 (s, 3H), 1.55 (s, 3H), 1.48—
1.39 (m, 1H), 1.35—1.26 (m, 1H), 1.03 (d, J=5.6 Hz,
3H), 0.98 (d, J=7.2 Hz, 3H); “C NMR (100 MHz,
CDCly) o: 199.4, 199.3, 144.4, 142.5, 1424, 1314,
124.7,47.1, 36.4, 36.2, 34.5 (2C), 31.3, 30.6, 30.5, 26.1,
25.8,21.3 (2C), 20.3, 20.1, 17.7; IR (thin film) v: 3438,
3137, 2958, 2925, 1675, 1560, 1454, 1383, 1239, 823
cm™'; HRMS (ES) m/z caled for CisHa4NaO (M+Na) "
243.1725, found 243.1723.

A 2.4 mol/L solution of n-BuLi (7.6 mL, 18.2 mmol)
in hexane was added dropwise to a solution of diiso-
propylamine (2.8 mL, 19.9 mmol) in THF (52 mL) at 0
‘C. After 30 min, a solution of compound 5 (2.00 g, 9.1
mmol) in THF (10 mL) was added dropwise. After 1 h,
a solution of TMSCI (3.5 mL, 27.5 mmol) in THF (10
mL) was added and the resultant solution was stirred for
another 1.5 h. The reaction was quenched with buffer
(pH=7, 40 mL) and diluted with petroleum ether (60
mL). The aqueous layer was extracted with petroleum
ether (20 mL X3). The organic layer was combined,
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dried over Na,SO4and concentrated to afford crude 6 as
a brown oil.

To a solution of crude 6 in DMSO (60 mL) was
added Pd(OAc), (244.9 mg, 1.09 mmol) at r.t. and the
resulting solution was stirred at 40 ‘C for 8 h under
oxygen atmosphere. The reaction mixture was then di-
luted with EtOAc (160 mL) and water (100 mL). After
filtration, the organic layer was washed with water (60
mL X2) and brine (30 mL). The aqueous layer was ex-
tracted with EtOAc (50 mL X 3), which was washed as
above. The organic layer was combined, dried over
Na,SO,4 and concentrated to afford brown oil, which
was purified by flash column chromatography on silica
gel (petroleum ether-EtOAc, 40 : 1, V/V) to afford
(R)-curcuphenol (1.67 g, 84% over two steps) as a pale
yellow oil. Ry=0.47 (silica gel, petroleum ether :
EtOAc =17 : 1, VIV), [alb —23.1 (¢ 1.0, CHCl),
{1it.?Y [a]3? -18.4 (¢ 0.4, CHCL)}; 'H NMR (400
MHz, CDCl;) ¢: 7.04 (d, J=7.6 Hz, 1H), 6.74 (d, J=
7.6 Hz, 1H), 6.60 (s, 1H), 5.14 (t, J=6.8 Hz, 1H), 4.71
(s, 1H), 2.98 (tq, J=06.8, 6.8 Hz, 1H), 2.28 (s, 3H), 2.00
—1.90 (m, 2H), 1.70 (s, 3H), 1.73—1.58 (m, 2H), 1.55
(s, 3H), 1.24 (d, J=6.8 Hz, 3H); *C NMR (100 MHz,
CDCl) o: 153.0, 136.7, 132.2, 130.1, 127.0, 124.7,
121.9, 116.3, 374, 31.5, 26.2, 25.9, 21.2, 21.0, 17.8; IR
(thin film) v: 3443, 2962, 2922, 1512, 1451, 1119, 810
cm'; HRMS (ES) m/z caled for CisH»NaO (M+Na)*
241.1568, found 241.1570.

Results and Discussion

In view of biosynthesis, curcuphenol is very likely
derived from the structurally related citronellal. Ac-
cordingly, to construct the benzene ring in the target
molecule, we preferred a formal [3-+3] annulation with
crotonaldehyde and the activated f-keto ester derived
from citronellal, as depicted in Scheme 2.

Scheme 2 Retrosynthetic analysis

OH OH =
= : N - %
/\/

(S)-(+)-Curcuphenol (R)-(-)-Curcuphenol

Mformal [3+3]

(R)-citronellal
Initiated from (R)-citronellal, we extended the car-
bon chain by reacting it with lithium enolate derived

from ftert-butyl acetate and LDA, to achieve compound
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2 (Scheme 3). Due to the self-condensation, application
of ethyl acetate afforded inferior yield in this step.
While Swern oxidation led to a complex mixture, Jones’
oxidation smoothly oxidized compound 2 to the S-keto
ester 3. Subsequently, to construct the six-membered
ring, a Michael-aldol cascade was attempted with dif-
ferent bases such as potassium carbonate, N,N,N' N
tetramethylpiperidine, tetrahydropyrrole and proline.
DBU was finally selected as the optimum to prompt the
formation of compound 4. Then, in the presence of
para-toluenesulfonic acid (TsOH) , fert-butyl group in 4
was removed by releasing one molecule of isobutene to
in situ generate the unstable f-keto acid intermediate,
which immediately decomposed to compound 5.

Scheme 3  Synthesis of (R)-curcuphenol from citronellal

o OH O
Bu-t
H  LDA, AcOBu-t o~
\ \
2

1, citronellal
o O
Jones' oxidation o/Bu't crotonaldehyde
_—
acetone, 0 °C tor.t. DBU, DCM
3
O O O O .
u-t
O/BU t O/
OHC.
| |
4
o O 0
TsOH OH
80 °C, toluene —_—
|
5, 55% over 4 steps
isolated and purified
OTMS OH
LDA cat. Pd(OAc),
TMSCI 40 °C, DMSO

‘ 84% for 2 steps ‘

(R)-curcuphenol

The aromatization of 5 proved to be not as straight-
forward as we imagined. In fact, Moriuchi and Hirao’s
oxidative aromatization with VO(acac)szu4NBr,[4]
Sharpless’ organoselenium chemistr ] and  Stahl’s
Pd-catalyzed acrobic dehydrogenation'® in the presence
of 2-dimethylamino pyridine and TsOH failed to ac-
complish this aromatization to achieve curcuphenol.
While IBX oxidation did furnish the desired natural
product, it was contaminated by inseparable impuri-
ties.”! Eventually, we completed the synthesis by con-
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verting compound 5 to silyl enol ether 6 followed by
palladium-catalyzed aromatization.™ All the charac-
terization data including optical rotation, IR, NMR and
HRMS are in good accordance with the reported
data 133"

Conclusions

In general, we have accomplished an asymmetric
synthesis of (R)-curcuphenol from the cheap starting
material, (R)-citronellal, in 46% overall yield after six
steps or only two purification operations. The current
synthetic strategy is obviously applicable to the synthe-
sis of (S)-curcuphenol and can serve as an efficient
source to scalable synthesis of both enantiomers.
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