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Research progress on synthesis of intermediates in derivatization of p-elemene
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Abstract: p-Elemene is the main active ingredient of elemene, a broad-spectrum anti-cancer botanical drug, which is also the main isomer of
elemene’s four isomers. The synthesis of some key intermediates were generalized and summarized during the derivatization of B-elemene,
wherein the preparation methods, reaction conditions, yields, characterization data of these intermediates were listed. The purpose of this
paper is to facilitate people in understanding and grasping the most optimal synthesis of these intermediates up to date, to inspire people
pursuing further synthesis improvement, and to stimulate generation of new ideas for future derivatization of p-elemene.
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Fig. 1 Chemical structures of p-elemene and its isomers
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V1) P A P R A R L6270 e g 4 P ST A%
Fif5 2208190 v Jpf e 1A A 2024 3 R i 2 I
b N R IR PS el A = 1A N (SR R N EAWIL
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Fig. 2 Chemical structures of important intermediates in derivatization of g-elemene
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A1 13,14-EAR B-HEEME (9. ALHIX 3 MERE
W T TR AR T E — T HE, RN SR B-
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13-5AX B-#iE M (7D 1) CAS &y 885691-35-0;
7313 CisHasCls X 7375 B 238.80; 93044 (1S,
2S,4R)-4-[1-(chloromethyl)ethenyl]-1-ethenyl-1-methyl-
2-(1-methylethenyl) cyclohexane; J& {44 . tH-NMR
(500 MHz, CDCls) &: 5.83 (ddd, J = 17.9, 10.5, 2.4
Hz, 1H), 5.16 (d, J = 2.2 Hz, 1H), 5.04 (d, J = 2.2 Hz,
1H), 4.97~4.91 (m, 1H), 4.90 (d, J = 2.4 Hz, 1H),
4.87~4.81 (m, 1H), 4.59 (s, 1H), 4.10 (d, J = 2.4 Hz,
2H), 2.21 (td, J = 11.6, 3.3 Hz, 1H), 2.05 (dt, J = 12.6,
3.0 Hz, 1H), 1.85~1.39 (m, 9H), 1.02 (d, J = 2.4 Hz
3H)E,

14-5AX B-Mi & 4% (8) 1¥) CAS y 885691-36-1;
7313 CasH2sCls #HXS 707 i & 238.80; 33044 (1S,
2R,4R)-2-[1-(chloromethyl)ethenyl]-1-ethenyl-1-
methyl-4-(1-methylethenyl) cyclohexane; J&{aiifA.

13,14-REAL B-HE A5 (9D CAS Ay 913701-50-5;
7373 CasHaoClas AR 7315t 273.24; 963044 (18,
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2R,4R)-2,4-bis[1-(chloromethyl)ethenyl]-1-ethenyl-
1-methylcyclohexane; J& & 44 ; TH-NMR (300 MHz,
CDCls) 4: 5.80 (1H, dd), 4.82~5.20 (m, 6H), 3.99 (s,
2H), 3.91 (s, 2H), 2.02 (m, 2H), 1.41~1.79 (m, 6H),
0.97 (s, 3H); BC-NMR (Varian FT-80A B!, JifRi&
FIASTE) §:149.15, 148.79, 147.21, 115.74, 112.89,
111.26, 49.98, 47.35, 46.75, 40.92, 39.46, 39.46,
33.51, 26.80, 15.62[4°1; IR (KBr): 3 082, 2 924, 2 850,
1639, 1460,1373,903; ESI-MS m/z: 273.4 [M-+H] ¥,
FEARZ IR T MBI ARSI Sk, 2%
I LT 3 SRR F R A 4846 S 7~9: (1)COo/
Ca(ClO),; (2) NaCIO/CH3CO;H; (3) NaClO/FeCls/
CH3(CH.)sCHs; (4) NaClO/CeCls.
2.1.1 CO2/Ca(ClO), k& 1991 4F, ¥ TLIR &N
4 CO2 1@ N Ca(ClO), F B-Hi & 1) CH2Cl2-H-0 V&

CO,, Ca(ClO),

B —

CHCl2/H,0

7
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(i 36%) HMIFHURE AN 7 A1 8 KRG (B
AR 28%). L TIREYIN) 'H-NMR 1%
K, RIS HICE 0 3.98 (g, HETIhad 7) Al
5390 (ZHIE, HETHAEY 8 &F 2 Mg,
UEAET b &4 7. 8 (LB 8 ¢ 3 (MgmiARLL) . A
SIS ERE A IR N, B CO ARSI E
) B-Hid s (2.0g, 9.8 mmol) ) CHCl; (50 mL)
AITH0 (8mL) HIREW Y. # Ca(ClO), (4.79,

17.5 mmol) RN E] ERIBEW+, INEE
BEHITE 7 h WINSE . Insedks v L h. s B HLE,
JKEH CH:Cly (10 mLX3) ZEHL. HAHETFE, %%
BRVET, FrSRREGMRY) (25 9) SRS
W CRMEBEABERTD 2 ESE 9 (0.8 g) A
WEWMT. 8IIRAY (059). WK 3.

Cl Cl 8

B3 a7~ HEmREEE
Fig. 3 Synthetic route of compounds 7—9

1995 4, # 4 HE12N H CO,/Ca(ClO), 14 &%} B-

MR RAT AR AT R EY) 7. 1997 4F, BHE
DU FT AR i Z A8 BB 7, 55
TRIEE R AIEE A E G T T U R B A
B B-HIAE M A B S .
2.1.2 NaCIO/CHsCO:H &% HT Ca(ClO), /" f&
SE» S S KR SR B T AR 5T, 1997 4,
F 5 ZE R 1 2457 i NaCIO/CH3COH 14 R i3E4T p-
b0 I I AR, HE AR T Ca(Clo)., H
NaClO 7K 7 s e P ARG P, 18 Tt A7 o
BRI, 107V 2 Mk e St T BT

2003 4, #E A PR SR IUS-46TR] IR SR Eh7E VKBS IR
o s eyl AR A . HAREREIS R NTE 100 mL
[ JE IR, i\ B-# &4 (10.2 gD~ UKEEFER (10 mL),
FRUKHYA 243 R RO EEFEHIFE 0~5 Co FERIZINE
PN HE R RO S 22 123 0 NaCIO 7K 33 (40 mL,
AR 8.6%), FA I AT B A R
YeFFEAMEE 5 °C, JRPE 4h PYnse. ke, 4ks:
TESEIRE FHERE 1 he RONVRETR A hEE (60 mL X
3) FEEL, A IHIE N T KRR T . TR

W BR LG, IRRTEIRE SRR RIRAE, TR E
RV RERAE OIS CHMBENEERFD 28, 2
B B-MA M A AR . AT LU IR ) B B 4 S
2 GC-MS 7r#7Ja B H T JE 8L ) B¥.. GC-MS 43
Mt R B R A B AL R GV 40%E Y (%
BT, 8 RGN, SCHARIERIEATIEAGD.

N R OK B R (1 26 A 1 S BB AN S 5), T
AF M S 74817 & R p R T S e E IR AR
o XEFEPIRI AT IR B, R 7 V2 % B
R B-MF I B, &1 48.7%1L & 7.8 KR &,
HEAWIBEILEH] . B ERIF BRI RGE BHH5
IR G5 RUT 3L (Boc) R MR ST
SEAZEUR N, 4y A5 2 &4 H0N 98% LA E 1)
Boc {r# 1) L — 5 FWRIR LA B-Hi & i h e 4. 1%
HrE AR ) Boc JE BITE M4 R ILARY, AR5 STt
FURNAT B- M I L R AT e, 505 R ey &
TR NS BRI B-B A IR ATAY) -

2006 4, fRA] g EAL50-52 2 G i 8% T 1% e
N S PR b W /A R T B ) gAY o
FEFEHITE 0~5 °C, B-Ha 7 M Al NaCIO [tk sl 1 -
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1B, KA 41.4% B-MEEMAR N . EAR=HH,
B B 44.5%, A= (9 5
4.1%, HAREANNEY 7. 8 MIRED,
Db & 7 NE. F GC b S N =4, &
) 7.8 HIELBIN 2.5~3.5 ¢ 1.2 B-#iE Al NaClO
ey 10 2 B, AT A1) 15.0%,
BEART=W 5 54.6%. JSA N R IE R B — (P VKBSTR ,
RO HIR AT CUnyk BRI AR A FIR R 4.
UKBE R 5 RN IR N 2 ¢ 1 IR . ST
R B S SR 2R IR EE . R S R 2%
PG BT KB IR B-MA & A AT A ) AR
(1) - IEAT A, SR XA T B-HiE I E IR
frEw.

2007 4, 5Kk EEBRIN H % 71515 2 43.7% 5.
ARG, HE R T B-Bid 1l i 2516 54 . 2008
SR, A UR A2 B3 S4SSI N 1% 7 19 8] 55% ~
60N AR EY), FHEM T B-MiEAHE T RATE
W, VLR B-ME A I IR SR R AT A

T AR A ZE 58-S i 1% 7 9 1 e A il B-HE A
RN ARG, ZREYARGET AL Bt T
DR, 19307 B-MA M M A B R AT AR
R BT = SRS .

2013 4F, TR0 % 7 124 @A H a4
AT BB R EURIR R I AT AE Y . 2014 4,
BT F BN FiZ kg fACh RS R T B-1E
B I DR R R Bkl R AT AR . 25 0AR & 4
SRR G BT B-BE B I 1 5 /K 1 2 R A S K
TEHRATEEDD o

b, Tk EMGEEESOIE AE B M ) S
WP IR B IKEERR, #HIEEE 0~5 C
4 HE RN NaClo ¥, RIS EN
40%~50%, H. 13 fr &R B-HE A M o5 Aot L. F
iz SARCH AR E— 20 G % 1 B-HE 2 S AR
T B-MiE IR IRATAE R B-Ha & I S AR
HERTEEND o

2020 4, WHESEEIE B-Bid M i) — S Je 5K
CTRIER IO 1 DU T 9k 5% (TBAF, 1.0 mol/L
(1) THF 380, UK T 22123 I NaClO R I 7E 1%
TR Tk B, HEIED 9, YN 37%.
2.1.3 NaCIO/FeCla/IECU ek R 2003 4, #KJE
SRS E T 7R AL ELE I & R AL AL T
FA R G2 A s AR, )% B-M A 44 11 b £
R A . B R ARUR SR 5 R 45 RS Y B-HR

IR & BE e, o — AN
B, fmELL A 1 100~100 & 1, A IE
CLREEl Ik o i s IR B )3t 4 S A i AL 7
Hl b B =&k (59) T NER (10 mL)
t, SRIGIMNEER (20 @) FTEHITRSYIRIERR %
P, BT 120 CHAFEH, T 3~4h, AHEE
T a2 . BB ) NiC12 F1 CoCla fiE k.
A FRIRER 745 o St i &AR N D BN
5B A F R 231 100 mL [BURSHE R, N p-#ids
M5 (102 @) 1IECHE (50 mL) Al_Eid i) 45 Ffek e it
B FeCls fifL7) (219, 7% FeCl34.2g, 25 mmol),
REPAHZR 0 CULR, fERIZIFE T d e T i
Je1 N NaClO (40 mL, HXEEE N 8.6%).
TR LR N4k S N 3~4 ho BEIL Bk AL
HHIECksess, IR AHA MR, &AL
R KE KBRS, NIRRT, TR
FIGUEIE B2, DEMRTE I 25 IR, Frfdiks
MAPORRER AT A CRMBENTENFRD 28, 15
FIMFEIRERERY, ZRAEMEER T —
IR BL, SCHAIRIE BRI MERY (s
Y 7~9) L.
2.1.4 NaClO/CeCls 1A % 2019 4, WHEZERNRIE
T LA NaCIO/CeCls & R AT i & s I A AR B B
RS RNUKIR TR, 7] B-HE 75 J% (218 mg, 1.069 mmol)
& H e (BmL) FzK (5 mL) FIERA, T
VYT Rflifb 5% (197 mg, 0.53 mmol) Fl-E/K& =5
fbfii (1.153 g, 3.09 mmob). #RJ5 A FiRk R &
SN SR AN (1.2 mL, Jii &%k 8% ~13%,
3.207 mmol). K FEREEREFE RN 0.5 h JEERKR
PR RN SEA S, FIBSEE CFRAEEL. G IFA L
L, HKS MORIE KR, AR5 HTE KRR T
o YR, VEVRTEVRTE SRR NURGE, TR A
AR, RERAE RS B aith, HEEY 7
18 R AY) (188.5mg, WHK 74.1%, TLtailiii).
GC-MS il &40 7 F1 8 14 B3 I 18] 23514 11.606.
11.339 min, WAL A5 @ 2.
2.2 B-IREHBHGRK FlEE

HEMRWAF, RAE 2877720 DLE RS
aliff) 13-1R4% B-HE A (10D, 1EAEARE] 14-34%
B-MaF M (11D, M 13,14-XRAR B-Hi & H (12) [
FERT DL A 1 00 2 Al 15 3

13-4 B-MiE ) (10D 1) CAS Ny 2088427-62-5;
5330 CusHasBrs AHXT 731 i & 283.25; %344 (1S,
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25,4R)-4-[1-(bromomethyl)ethenyl]-1-ethenyl-1-methyl-
2-(1-methylethenyl)cyclohexane; J& & 44 . tH-NMR
(300 MHz, CDCls) 6: 5.85 (dd, J = 17.8, 10.5 Hz, 1H),
5.23 (s, 1H), 5.06 (s, 1H), 4.96 (d, J = 4.1 Hz, 1H),
491 (s, 1H), 4.86 (s, 1H), 4.62 (s, 1H), 4.05 (s, 2H),
2.33~2.23 (m, 1H), 2.08 (dd, J = 12.4, 3.5 Hz, 1H),
1.78~1.56 (m, 6H), 1.55~1.43 (m, 3H), 1.04 (s, 3H);
BC-NMR (75 MHz, CDCls) d: 149.61, 149.48, 146.91,
113.30, 111.78, 109.59, 52.12, 40.73, 39.29, 39.25,
35.78, 32.75, 26.75, 24.35, 16.09[6¢],

14-JRAK B-Hi A4 (11D CAS 7y 2417151-48-3;
7313 CasH2sBrs XS 73751 & 283.25; 9534 (1S,
2R,4R)-2-(3-bromoprop-1-en-2-yl)-1-methyl-4-(prop-
1-en-2-yl)-1-vinylcyclohexane; J&{a ik .

13,14-XUR A B-Mi &M (12) H) CAS N
2417151-47-2; 7313\ CisHzoBro; AHXS 70 7 i &
362.14; 9L 4 (1S,2R,4R)-2,4-bis(3-bromoprop-1-
en-2-yl)-1-methyl-1-vinylcyclohexane ; & & Wi 44 ;
IH-NMR (400 MHz, CDCls) &: 5.79 (dd, J = 17.3,
10.9 Hz, 1H), 5.32 (s, 1H), 5.22 (s, 1H), 5.05 (t, J =
1.0 Hz, 1H), 4.98~4.89 (m, 3H), 4.08~3.89 (m, 4H),
2.42~2.28 (m, 2H), 1.80~1.59 (m, 3H), 1.57~1.40
(m, 3H), 0.99 (s, 3H)I67-681,

2003 4, K pRAFUS2 T H] NBS fEid
R TN T il 2% B-ME A IR b (a4 . 4
R BRI T AR il 25 A AL, 2 F NBS B4R
T AT NaClO SRighAT S o HARE BN FEREAT L
FiAEFESR ) 100 mL (B, ARUTMA B-Hi
15 (102 g) 2Bk (30 mL) ARk B ) — Sk Ad
4k 7 (& CoCl2 0.65 g, 5 mmoD JR S WA HZE0 C
PAR, FERIZAERE N 2 A NBS (10 @), ¥
4h 5, JEREAEAR, JEHIE etk . BEMRAETR
JEAT T4, iRk RMA PR Ch
BB D 738, BRI B-HE g (3)
A B-HEE B (10, 6 g, FIRAA) 40%), %
WEWEEA TN B RBL. X2 {EMBBARK

13

PR S 14-TRAR B-REAR A, S22 13-4
14-A VIR G, B H0E B AR RE S HeE
AHAD A H, R ST DLt — DA (A5 2
By p-MEE R T TP RN, B-HiAr iR

AR HR AR RS 26 DL 4.
o,
Z CoCly, NBS -
(CHsCH,)O
3 10 Br

El4 p-HEHRRPEIFNEHEL

Fig. 4 Synthetic route of B-elemene brominated intermediate

BARIIH] 8 07155 K PR SRS 40 E 1) AN
7], ANRERMN B-HEE b A AR R B B 31 2
ff). Chen ZESI¥ /22 DL B-HE &M ikt ds )5kl
J ¥ H: Ll NaCIO/CH3CO H 1A R AR, TR kg,
IKARREE (FEWL 2.3 TR A4S, 5/ NBS/PPhs
2K 13- F T (13) MIRIEE e IR,
53] 13-34C B-HE IS (10), ARERZ LK 5. X
T I AE SR A HRIE (1) SR 2 BT LR 234 4 20 OB
il 13-1RAR B- M I, IR AT R 250K T R R -4
AR A ENR I YR, BAF3] T 13-1RF1 14-
REEEY), BAEBRA 13-, HEW BB
s RS JRAR SN, 2% A B B TR SRR B —FF
AR AE R 13-1RA1 14-1R IR &

W% 5B 8 T L NBS/CH3COH 14 R 34T HE
I PIRA N, AR 3] 13-1R4K B-Ha 75 H5 (10D
BARBAE TR VKB T, ) B-Hid s (210 mg,
1.03 mmol) fJZ 8 (3mL) ¥+, JIA NBS (183
mg, 1.03mmoD), SMEIRFFIKIAAE, $it:6h,
VAR AT AT LR S A R N o RN T 2R S LA
R (25~28 C). & eI EIkAiil 5153
&) 10, W% 25.4%. HTERMARRFIIAAIK
A=A, ORI AR 36.6%. 1M LA NBS Al
Yb(OTf)s HEATIRARET 1 2 & &4 10~12 1R
“90, WLE 6, BTSRRIt aith iR LA 12

NBS/PPh3

CH_Cly, rt, 10 min, 88%

OH

5 B-MFHRAPEIEE p- T HEZFEIF SRR L

Fig. 5 Synthetic route of g-elemene brominated intermediate via p-elemenenol intermediate
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NBS,Yb(OTf)3, TMSCI

CH.ClyTHF(4:1)

Br

6 LAY 10~12 & KR
Fig. 6 Synthetic route of compounds 10—12

PARAEY) 10 5 11 B G .
2.3 BB HHIEZH A

5 B-HiA R S ARYARL,  B- M2 I I e v () 44
—HLg 34, 0y B-HEEE-13-BF (13). B-#
F-14-B% (14) F1 13,14- W23 p-Hid 4 (15D,

B-MEE H-13-1 (13) ¥ CAS JN 65018-04-4; 4}
T3 CisH240; AHXS 707 220.35; Fe3C44 (1R,3S,
45)-4-ethenyl-4-methyl-p-methylene-3-(1-methylethenyl)
cyclohexaneethanol; JoE3fi#A; *H-NMR (300 MHz,
CDC1s) ¢: 5.81 (dd, J = 17.8, 10.5 Hz, 1H), 5.05 (d,
J = 1.3 Hz, 1H), 4.91~4.94 (m, 2H), 4.88 (s, 1H),
4.82 (t, J = 1.7 Hz, 1H), 459 (s, 1H), 4.13 (s, 2H),
1.97~2.05 (m, 2H), 1.71 (s, 3H), 1.41~1.67 (m, 6H),
1.01 (s, 3H); *C-NMR (75 MHz, CDC1s) §: 153.7,
150.0, 147.4, 112.1, 109.9, 107.9, 65.1, 52.7, 41.4,
39.8,39.7, 33.2, 27.2, 24.7, 16,509, A% il ¥ 7 2L
fib SCHER H A i IE 876870721,

-1 AFM-14-HE (14) [¥] CAS A 1620058-08-3; 4}
F30 CisHaaO;  FHXS /T 220.35; K4 (1R,2S,
5R)-2-ethenyl-2-methyl-p-methylene-5-(1-methylethenyl)
cyclohexaneethanol. 'H-NMR (300 MHz, CDC1s) &:
5.79 (dd, J = 17.8, 10.5 Hz, 1H), 5.17 (s, 1H), 4.95 (d,
J =55 Hz, 1H), 491 (s, 1H), 4.86 (s, 1H), 4.73 (s, 2H),
4.02 (g, J = 13.4 Hz, 2H), 1.94~2.08 (m, 2H), 1.76 (s,
3H), 1.44~1.68 (m, 6H),1.02 (s, 3H);: *C-NMR (75
MHz, CDC13) ¢: 151.4, 150.0, 149.6, 111.0, 110.6,
108.3, 67.4, 47.9, 45.6, 39.6, 33.3, 26.6, 20.9, 15.9I"%l,

B-Hi A Ji-13,14- —E£(15)[1) CAS A 140923-97-3;
933\ CisH2402; AHXT 73 i & 236.35; 44 2,2'-
((1R,3R,4S)-4-methyl-4-vinylcyclohexane-1,3-diyl)bis
(prop-2-en-1-ol); *H-NMR (60 MHz, 7ACEFIATE)
0: 5.55~6.10 (g, 1H, H.C = CH), 4.70~5.30 (m, 6H,
C = CHy), 4.03 (s, 2H, CH20H), 3.96 (s, 2H, CH.OH),
2.26 (s, 2H, OH), 1.80~2.50 (m, 2H, CH), 1.38~
1.80 (m, 6H, CH,), 1.01 (s, 3H, CH3); *C-NMR

(Varian FT-80A A, jiARIAFIATE) 6: 153.24, 151.10,
149.20, 111.40, 110.44, 108.10, 67.14, 64.69, 47.39,
40.90, 39.60, 39.60, 33.78, 26.78, 15.91; MS m/z: 190
(45), 181 (30), 147 (33), 132 (35), 120 (50), 106 (49),
94 (60), 81 (100), 55 (21); IR (cm%): 3 400~3 200
(OH), 1 645, 1 650 (C = C), 1 240 (OH), 1 045, 1 010
(CO), 650 (C-O-H)1,
B-MEEIGRE A R A 3 fp: — &R
TR AR S SR, K AR 2ok B & i
) L AR AN, R G R E )
TPER; =02 B-ME I BT 2,
231 SRS 1991 4F, B TIREERI
26 13,14- S -B-HE B IR (O HAL I IR TR (21D,
PR HOK AR 2] B-H0 5 5-13,14- % (150, Efob
BOEALEY) 9 (0.8g, 2.8 mmol) F1 KOAc (3.29,
32 mmol) JIAZS LRI = (HMPT, 4mL) 1,
T 75 CHiHERP 8 ho I H20 (20 mL), %5 H
LTk (40 mLX3) REHL ., LTk )2 R R G 22 59 R 1
SR JE K BE A Pt o T8 5 28 57149 1.2 g Ik BE
HPIRY) . - (10 5) N, LRk
FEOiE /> B /540 &4 21 (0.485 g, W& 50%, Jofh
B WEY) 21 FERIERAE FERKAE, 153 p-Bidy
1#5-13,14- I (15), YSZ 68%. A ke WKl 7.
2014 FFARIE T B-Mi A I S AR AAIRE ) (O
NaCIO/CH3CO.H & Z il & 435D A&idaift, H
T DMF H 50K ESRREA B (120 “CR 8 h),
TE AR N (S BRIV B 4B FR R TR S WD IR R AE
HE - R GATT E, SR AL s K RS -1
FIRELR G El, Horh B-HE A #%-13-1% (13) 7]
HAE o B a9 2, BICRA 15%. B-Hi A )d-14-
¥ (14) B HPLC #l& 7k s s, Bk 3.4%,
B R T 8.2 Flt B-MAA A B A4 3 Sl 5 BR BRI
SR 13-B-Mid i BERE AT 14-B-HE A0
RERESKATAEN). 2017 4F, Chen 20067751 i 2% 7 1:461
% 1 1B AL — A A AR B-HE A ATAEY) . B-HE A
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CH3COOK

—_—

HMPT

7 B-HIEM-13,14-2FF (15)MIAMERLE

Fig. 7 Synthetic route of 13,

aClO, HOAc, cmuj 7 d

DMF, NaOAc
P

-
Cl

N

0~5 C,6h,55%

120 C,8h,75%

8

8 13fusk 14 {u

14-bis-hydroxy B-elemene (15)

X
22 0 13 OH
CH3OH/CHClIs, KOH, reflux, 2 h, 85%
S, separated by HPLC L S,
-0
)ko 23

HO 14

B-tRE HEZHY & R ER

Fig. 8 Synthetic route of 13- or 14-position B-elemenenol

W — SRABATHE AN S AR, B-HR A AT A -
232 ZWAMFIRIRF]E 2007 KT B-
Wit I (4 2 20 IR S 2843 B, N 76 i B-Ba i)

3

K>CO3, m-CPBA

B ———

CHxCl, 0 C

25

.
(@]
24
Z
O

SebllalEUE A AR (m-CPBA) AL A E AL
BAY), EERE T - Sk - IE T Mg
F—fp 2 D1 EEERERESY, WE 9. BARE

13

OH

HO 14

DIPA/n-butyllithium

9 13 sk 14 fi p-HE BEHER RN E PEIRRI & RS L

Fig. 9 Synthetic route of 13- or 14-posi

B IR B-1EE I (i &4 41 98%, 780 mg, 3.823
mmol), K,COs (580 mg, 4.2 mmol) A & H
(50mL) H1, AFEF0 C. 15 min 2 bniE S
ALK R R0 % 70%, 942 mg, 3.823 mmol).0 °C
ik 2h J5, JEEBRZU0EY), H & H B (10 mL)
Velko WR4YE)E IR AR FE ey 5, 1954
SN ) B-Ha A J75 (198 mg, 25%) F12 1 AEX e
IR EALYIR A (450 mg, 53%), XFHEAY
NG BT E TR R AP . — 5
Wes T Bk (10 mL) o, AEIE-70 °C,
ANIE T34 (n-BuLi, 1.6 mol/L, 5.96 mL & T ko),
i MR 10 min J5, K FIRPEA)(350 mg, 1.591
mmol) ¥ T 20 mL TR LBk, FERIMA, %=

tion p-elemenenol via epoxy intermediate

ENESE T HE S he K (5 mL) WRRE, &
fi (150 mL) i, AHAHAHZK (30 mL) AIAIE
ANAKIER (30 mL) ¥k, To/KBREREA 1. IEZE
RIS R EFRRA, FPREA: A0 Sio, 4tifk,
F 20% (FEER 2.5 Cke) Fsefir=A4—Fh 2 1 1 11
WERIERSREGY) (LS 13 114 (FIEEY), 270 mg,
77%), I8 RENERE R AT EITUHN ()-p-HiE
i, [a]5 25 (0.9, CHCl), FHRil T HA%RLESR
TEHAR o

233 B-MFEMHLE SeO, HEAMBIHZZA B-HiFk
W ek UG I BATS8H SeO, Xt B-#S A didk AT
AN, HEIZA B-HEEATEY, WK 10, A
A RCEENTE 0 CRIEEE T, A B-HE 74 (500
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SeOy, TBHP

— > HO

CHyCl, 0 C

A

10 £ SeO EEFALFIE S -1 FHPEIFHI SRR
Fig. 10 Synthetic route of multiple p-elemene intermediates via direct oxidation

mg, 2.45 mmol, Jii &7 41 78%) ¥ — & F ke (10 mL)
TR L i E AU T B (65%/KIEWE, 1696 mg,
12.21 mmoD). i 58, [a] IR E I Se02(270 mg,
2.45 mmoD. JRAWITEO CTHiHE6 he KM 5EHE
Ja e it fa AL EE R %2 vk i A b8 B A 13 (i
K 5.5%) &) 15 (R 21.6%) LL AL A9 26~
30, FA WGP REEARE 2 DA G SR8,
2.4 B-HEHBIEEPEIK

B-Ha AT A L (Al H AT A RkiE 7 1 A4S, B
13-F AR B-MEFENE (16). KA CHRIRIE 14-K
FERUAR B-HE A I o

13-ZFEHUAR B-HE ) (16D 1) CAS Ay 1438289-
11-2; 512 CisHaeN; ANl 219.37; H 4
2-((1R,3S,4S)-4-methyl-3-(prop-1-en-2-yl)-4-vinylcyclo
hexyl) prop-2-en-1-amine; H-NMR (500 MHz, CDCls)
d: 5.81 (dd, J = 17.70, 10.65 Hz, 1H), 5.15 (s, 1H),
5.23 (s, 1H), 4.92 (d, J = 4.66 Hz, 1H), 4.89 (s, 1H),
4.83 (s, 1H), 4.58 (s, 1H), 3.62 (s, 2H), 2.04~2.18 (m,
2H), 1.71 (s, 3H, CHg3), 1.32~1.77 (m, 6H), 1.00 (s,
3H, CHs); IR (cm™): 3 390 (N-H), 3 081 ( CH), 2 976,
2 867 (CH), 1 642 (C = C), 1 442, 1 375 (CH), 909
(CH); HRMS m/z: 219.17 [M] 78],

2013 4, Liu %5811 55 Ll NaClIO/CH3CO2H 14
Fililgs p-Mi A E AR MRIR A, SRE ¥z ik
BEY) (078 g, & B-HiEAEE A K 1.6 mmol)
BT (5mL) #, A KI (78 mg), mEiEEH
IO 2B /My 4.053X 105 Pa, 60 CHiHkK
B 24 h, Zaliitoyr Saifh 3 13- 2 B AR -1
% (16, 70 mg, WF 19.4%), Ak WA 11.

WG 16 SEEFUR AT B-HE A IR AT -
25 B-HEHBINEBRPEIK

13-SRAEIC p-Hid)d (17) ) CAS A

N :
NHs, KI, CH;CN, ~
4.053x105 Pa, 60 ‘C, 24 h
al

7 16 NH,
11 13-FEEK p-IRBHIA ELk
Fig. 11 Synthetic route of 13-position amino substituted g-elemene

2091812-34-7; 43 ¥ 3 CisHsNz; X5 1 i &
245.37; 3534 (1S,2S,4R)-4-(3-azidoprop-1-en-2-yl)-
1-methyl-2-(prop-1-en-2-yl)-1-vinylcyclohexane.

2016 4, FUREEEIIE 5L L. NaCIO/CH3CO2H
T &% B-M B H AP RIREY, RERXIR
&%) (0.85¢) T DMSO (5 mL) H, =i
HEAMA NaNs (0.36 @), =il FHFER 3 h, KL
TN 40 mL 128577k, CHCL AEH (15 mL X 4),
WA b /KBRS, To7K NapSOs T4, ki, IR4H,
SRR (BB AR 705, 15 BIRLAi
RIGAA (17, TR F R 14 S7EURE) B-#iE4%5)0.44 g,
S 50%, ALk W 12, %85 A R fE 4
TS HHRIEFAT PR 1) S B RS, B e] 1
TR B-R B IRAT A

2N NaN3
_— >
DMSO

7 Cl

17

N3

B 12 13-BRERN p-HEHNS ML
Fig. 12 Synthetic route of 13-azido substituted p-elemene

2.6 B-HEEHHVEEE PEK
TR B-MEE A AL 3 A 13-B-Hid
(18). 14-B-Hi&mE (19) A B-Mi&/h-13,14-—

5
i (20D,
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13- B-HiA & (18) ) CAS Ay 4584-28-5; 431
7 CisH220s X4 F )i i 218.33; 304 (1R,3S,49)-
4-ethenyl-4-methyl-a-methylene-3-(1-methylethenyl)
cyclohexaneacetaldehyde; [a]5 —35.4 (¢ 0.9, CHCL);
'H-NMR (300 MHz, CDCls) d: 9.53 (s, 1H), 6.29 (s,
1H), 5.99 (s, 1H), 5.83 (dd, J = 17.7, 10.5 Hz, 1H),
4.94~4.82 (m, 3H), 457 (bs, 1H), 2.62~2.48 (m,
1H), 2.14~2.04 (m, 1H), 1.71 (s, 3H), 1.78~1.40 (m,
6H), 1.03 (s, 3H); 1*C-NMR (75 MHz, CDCls) 6: 94.6,
154.9, 150.0, 147.4, 133.1, 112.3, 110.2, 52.7, 40.0,
39.9, 36.7, 33.0, 27.1, 25.2, 16.9; IR (cm™1): 3081,
2 927,2698, 1691, 1637, 1438, 1372, 8901,

14-B-Hi & (19) ) CAS Ny 139558-97-7 (#H
XPLAER A s 4y F 30 CisHOs MX 7 F i &
218.33; JL L 4 2-((1S,2R,5R)-2-methyl-5-(prop-1-
en-2-yl)-2-vinyl-cyclohexyl)acrylaldehyde.

B-HE A #5-13,14- % (20) [f) CAS Hy 2416765-
26-7; 4313\ CasHxO2; AHNI 73 fE 232.32; 344
2,2-((1R,3R,4R)-4-methyl-4-vinylcyclohexane-1,3-diyl)
diacrylaldehyde; JGf.#if4; *H-NMR (400 MHz,
CDCls) 4: 9.53 (s, 1H), 9.38 (s, 1H), 6.29 (d, J = 1.0
Hz, 1H), 6.12 (s, 1H), 6.03 (s, 1H), 6.00 (s, 1H), 5.67
(dd, J = 17.4, 10.8 Hz, 1H), 4.84~4.73 (m, 2H), 2.95
(dd, J=13.1, 3.3 Hz, 1H), 2.67~2.57 (m, 1H), 1.73~
1.21 (m, 6H), 0.97 (s, 3H). 3C-NMR (126 MHz,
CDCls) 0: 194.36, 194.21, 154.35, 151.71, 148.65, 135.04,
133.11, 110.78, 41.35, 39.17, 36.77, 31.73, 29.70, 26.46,
18.45. HR-ESI-MS m/z: 232.146 9 [M +H]+[57“58]o

WU O TE T 13-B-M A R % T . R
AP ENE (—)-13-B-Hi & EE (43 mg, 0.195 mmoL)
1) e (5 mL) ¥EFIE, I MnO2 (430 mg, 150 C
HA g 12 b, IREWAEER T 25 min.
MnO, £t k%, JEHCKE (5 mL) BRIEDE.
PR, AR )E DL O e TR 8 (12 3) Bk,
PR bR (15 2 13-B-HE A S (18, 34 mg,
2 80%) PEIH HIMRAA, RS LA 13,

B ——
1n OH 18 Yo

E 13 13-B-#EEMHERIEL
Fig. 13 Synthetic route of 13-B-elemarin

14-B-1F R (19) UL MAE R R, I
TARTEHA PR, WG & AL RS SR A A .

T HIBA 7681 B AR I IE 25 (PDC) X B-#i
FIGEEAT RN, 152 B-Haa M e 5 a4
BAGPIEONAE 0 CHIEEE TN, mfb&4) 13 5 15 1)
TEPRBERCE I PDC, IRAMZE T E =R
TR THEE 12 he JERE, R & vtk 2R,
PEMAEI R 5 N ik4E, FRARABE R £ 8- i Tk
Ve e A (1 20 5, 2 il 154k &4 18 (Y% 40%)
A 20 (W3 80%), UMK 14,

- _PDC,CHLCl
0 Corizh
13 OH
A _PDC,CHCl, _
0 C~rt, 12 h

El 14 B-HEEHEREKL
Fig. 14 Synthetic route of p-elemarin

3 45ig

AT PIERAT % B-ME A I G B TR RO T T8
I AR SCRIR MBEAT TIRA BRGNS,
HITR 1 AE B-MEE AT AL A R I F) Bl mT i
LR PR 7~200 3 2 a]fA b 1 2 #52 AA
B-HE A M O SR B A CRRL AR )4 7 A0 8 TR
E, BT EME 9 & AR B . i S W
FACPTEE (7~9) /& H T & R p-HE & I AT 2LV
HE PR, B-BIA I E ST 3 XU AL
ZEFRIFAUIE, AT T SRS BT R
AR EAID S Z A P W) LR S P B 2
XA AR 9 BIARXS 77 B & 5 S A e A 7
A8 AR, AR i SR ) A 9 i EERSAE
(RE) Mg/ F AT EAE 7. 8, (HRIREMR,
XA/ 22 9 A2 05 A A5 A A O ek A € e 6 0%
MR AR 9 M FGACEIR 7. 8 ip B H K.
BEAh, 0 B-HE A HEAT I I R AR, A1
PR (7~9) KHEIEERE 2 R RA
Ky WA RMBREE . JFURHIBCEESE . BRI, dn
T4 1) 52 8L S A SR el i e S b = M ) L 481
AART R BT B SR 7 B 44k ASRAS B — BB SR
P el i, S H AT B-ME 7 T A A AUk ) S A F 7T
JilAl
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R B-ME AT AE AL ORI 78 S AR TP A3 b
XU G AR IR T eeg,  PTkiER) 13-z, 14-
B 2RIV E (o2 e 20 i PR 4
SEHRE D #A A FRE R 3R w8, (H T
W ket Wik ERISOE, FERIAEFHRIE. fEiXet
A R SOE BE TR DR B R A I SR B0 RS
P, BRIk e S, WA INEREAT
T, A B SR RSB B R W . PR 5 T
) At 12 U — A5

ERERNIR, ASCOL - M AT A R A B
HIh AR & OV R, IHINESS T & A AR5
PRI, DLRAFER IR, SRR T B
KT FT R AR BAE, i E SRR 205 R
(R 75 T B (T

SE R
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