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Total synthesis of bioactive natural product Curzerene
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Abstract: Curzerene is a natural product of terpene furans isolated from the curcuma rhizomes, which
has various biological activities such as anti-inflammation, anti-cancer and anti-leishmaniasis. In this pa-
per, commercially available (+)-verbenone (6) was utilized as chiral starting material to synthesize
Curzerene in 5 steps with 34 %] total yield. A key ketone compound 4 was first obtained through a known
three-step reaction. Then ketone 4 and 1, 1-dimethoxyacetone underwent TiCl,-Et;N-mediated cycliza-
tion reaction to afford natural products isogermafurenolid (2) and its isomer 8-epi-isogermafurenolid (2")
in 56% and 20% yield, respectively. Finally, the target Curzerene was synthesized from 2 and 2" with
82% vyield by a one-pot reaction of DIBAL-H reduction and subsequent acid promoted dehydration.

Keywords; Curcuma wenyuji; y-Elemene-type sesquiterpenes; Curzerene; Total synthesis
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Fig. 1 Chemical structure and retrosynthetic analysis of Curzerene and Isogermafurenolide
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Fig. 2 Synthesis of Curzerene and Isogermafurenolide
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2.1 UHFE5iKH

Hi 1 Bruker 22 ] Advance [l HD 600 MHz
IR IR I (CDCL 5%, Cs Ds M, TMS
MR &5k ar gl CDCL; < 'H NMR = 7. 26,
BCNMR = 77. 165 C;Ds : '"HNMR = 7. 16) ;3%
E Thermo Fisher Exactive Plus %5 /3B i i%4L.

()~ EL B s W ) 19 R R A RS |
PO ALk . = 2 i DIBAL-H, 1, 1-— F1 4 5 P
¥ A R BR () A3 PR R 5 U2 iR
e AP b B IR PR R 1 L N ) | AN
PAEEZE AT, A T B A AL 2R A P
2.2 & MW
2.2.1 Aubthat b ALEW4nTHE
B OV SRR 55 %
2.2.2 Isogermafurenolide (2)#= 8-epi-isogerma-
furenolid (2') #9 &M 5 %M & 42 F44(178. 28
mg, 1. 0 mmoD) % T 10 mL -1y Z 5 H ke,
—78 C N mIZIE W P A DU S AL Bk (284, 5 mg,
0.16 mL.1. 5 mmoD), 10 min J5 A T4 =2
M (202. 4 mg, 0.28 mL,2. 0 mmol ). —78 ‘C T4
30 min A 1, - LN (5. 236. 3 mg.
0. 24 mL.,2. 0 mmoD) J5 R SN A S8 T 28 % 3k 5
FeE 24 h(TLC BRER A 50 mL ZE K K
2L A 30 ml. £ R L B i B 23 Al K AT & 1R
CFEHERL 3 YR (BRIR 30 mL) , A HLAI A JG /K Na,
SO, THRAhUE J5 » T2 e Fe 28 K AL b U Wk 4 /5 . 28
FERSJZ AT AEL M A=V CHMELD : V(ZIRZ
fig) =10 = 14tk )5, 15 3 & [F {4 Isogermafurenol-
ide (2)3 130. 1 mg., Y% 56 %0 5 IR # € R IR AR

A 3

8-epi-isogermafurenolid (2') £ 46. 5 mg, Ik
£ 20%.

Isogermafurenolide (2): [a p®+19 (¢ 1.0,
MeOH); 'H NMR (400 MHz, CDCl;) § 5.73
(dd, J = 17.4, 10.8 Hz, 1H), 5.00 (brd, J =
10. 4 Hz, 1H), 4. 99 (brs, 1H), 4.97 (brd, J =
17.6 Hz, 1H), 4.83 (dd, J = 11.6, 6.0 Hz,
1H), 4.73 (s, 1H), 2.67 (dd, J = 14.4, 4.4
Hz, 1H), 2.55 (t, J = 13.6 Hz, 1H), 2.20
(dd, J = 12.4, 6.0 Hz, 1H), 2.04 (dd, J =
12.8, 4.0 Hz, 1H), 1.82 (t, J = 1.6 Hz, 3H),
1.76 (s, 3H), 1.17 (s, 3H); 'H NMR (400
MHz, CsDs;) & 5.38 (dd, J = 17.6, 10.8 Hz,
1H), 4.84 (t, ] = 1.6 Hz, 1H), 4.78 (dd, J =
10.8, 0.8 Hz, 1H), 4.70 (dd, J = 17.6, 0.8
Hz, 1H), 4.48 (s, 1H), 4.19 (dd, J = 11.6,
6.0 Hz, 1H), 2.10 (dd, J = 14.4, 4.0 Hz,
1H), 1.82 - 1.72 (m, 2H), 1.62 (t, J = 1.6
Hz, 3H), 1.54 (dd, J = 13.6, 4.0 Hz, 1H),
1.50 (s, 3H), 0.66 (s, 3H); “C NMR (100
MHz, CDCl;) & 174.9, 162.1, 146.7, 145.0,
120. 2, 114.0, 112.0, 78.0, 53.1, 45.9, 40.9,
28.5, 24.9, 17.1, 8. 4; HRMS (ESD : m/z 4
2 Ci; Hyp O, {{M+ H]"}, 233.1536, 3£ i
(i 233. 1535.

8-epi-isogermafurenolid (2): [a]p® —25 (¢
1.0, MeOH); 'H NMR (600 MHz, CDCl;) §
5.89 (dd, J = 17.4, 11.8 Hz, 1H), 5.30 (s,
1H), 5.22 (d, J = 18.0 Hz, 1H), 5.18 (d, J=
10. 8 Hz, 1H), 4.86 (dd, J = 12.0, 6.6 Hz,
1H), 4.82 (s, 1H), 4.68 (s, 1H), 2.73~2.62
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(m, 2H), 2.59 (d. J = 7.0 Hz, 1H), 2.31
(dd, J = 13.2, 6.6 Hz, 1H), 1.81 (s, 3H),
1.72 (s, 3H), 1.00 (s, 3H); ¥C NMR (100
MHz, CDCl;) & 174.9, 162.1, 147.3, 146.5,
120.9, 114.1, 113.3, 78.3, 49.6, 40.9, 39.4,
28.8, 28.1, 25.5, 8.4; HRMS (ESD : m/z &
fH Cis Hy O, {{M+ HI"}, 233.1536, 5
{H 233. 1536.
2.2.3 BRARB (Do RS gMhmiie K252
HIREW (Ll 2.8 ¢ 1, 185.6 mg,0. 8 mmol)
BT 8.0 mL TRy U kAR, —30 “CT [a] W
W EE A 1.36 mL — 5 T E 44k (1.0
mmol/L in toluene). J# 45 o 5 ¥ 5 W 2% 12 T
210 C, HMA 5.6 mL PUS W5 5.4 mL
10 Yo B IR FTR A VW SR 5 8 OB 8 T 0 °C R 3
$£ 30 min, BH A 30 mL ZEMBK, &5 M A 30
mL ZFR RS, KA R BRI 3 IR (30
mL X 3) , G HUAHFHIEK Na, SO, T H4hiE f5 . 76 liE
MR RA IR R MR 48 5 2 i IS JZ AT AR LRI R) A=
VCEED 2 VLR CGHER) = 20 = 1]4ifb 51870
IR 13 141, 6 mg, i 82%.
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7 TiClgee

NMR (400 MHz, CDCl;) § 7. 06 (bs, 1H), 5. 88
(dd, J = 17.2, 10.8 Hz, 1H), 5.00 (dd, J =
12.4, 0.8 Hz, 1H), 4.97 (dd, J = 5.2, 0.8
Hz, 1H), 4.87 (t, ] = 1.2 Hz, 1H), 4. 76 (bs,
1H), 2.68 (bd, J = 16.4 Hz, 1H), 2.42 (m,
2H), 2.36 (d, J = 16.0 Hz, 1H), 2.30 (t, J =
7.2 Hz, 1H), 1.92 (d, J = 1.2 Hz, 3H), 1.75
(s. 3H), 1.07 (s, 3H); ®C NMR (100 MHz,
CDCly): & 149.7, 147.4, 147.3, 137.3, 119.5,
116.6, 112.9, 111.1, 50.1, 40.3, 36.3, 24.6,
24.3, 19.6, 8. 3; HRMS (ESD: m/z 318 Cis
H,,O {{M+H]"}, 217. 1587, SZli{ 217. 1590.
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Fig. 3 The formation mechanism of Compounds 2 and 2’

M At 5 W 478 TiCL-Et; N A Z 1907 T (&
DS 1,1 IR NI 2 R T R AT & A
2E X aldol J Jwi 45 2 v [l 448, 2 % & A= 731 N
bR A B Rl 259 AR5 R TiCl, OH 7] 45 2
HE) 2810, 5 f5 2Kl 153 B ARk G992 (isoger-
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