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Chemistry and Biology of Bakuchiol

Huang, Shahua™*¢ Huang, Mengyuan”* Jia, Xueshun” Hong, Ran®
(“ School of Chemical and Environmental Engineering, Shanghai Institute of Technology, Shanghai 201418)
(® Department of Chemistry, Shanghai University, Shanghai 200444)
(° CAS Key Laboratory of Synthetic Chemistry of Natural Substances, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Psoralea corylifolia (Linn.) has been used to treat a variety of diseases in both Chinese and Indian folkloric medi-
cine. The moroterpene, bakuchiol, was isolated from the seeds of Psoralea corylifolia Linn. With a broad range of biological
activities bakuchiol is considered as a leading compound for drug development. It is highly desirable to devise an efficient
approach to access bakuchiol for further investigating its biologically relevant pathways. The key element in the total synthesis
of bakuchiol relies on construction of the quaternary carbon stereocenter. This goal had been accomplished through several
innovative strategies, such as Claisen rearrangement of geranyl enol ether, 1,4-addition of vinylcuprate species with
a,f-unsaturated carbonyl compound, rearrangement of epoxy silyl ether, intramolecular diazosulfonate carbene insertion into a
tertiary C—H bond, Cu-catalyzed S\2'-type allylic substitution, a-alkylation of a.f-unsaturated amide, allylmetalation, and
allylboration. In this review, bioactivities and various synthetic routes of bakuchiol are discussed.

Keywords bakuchiol; bioactivity; total synthesis; quaternary carbon; review
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Figure 1  Psoralea corylifolia L'

L3RBT B8 (3) (A'-3-hydroxybakuchiol). A®-2-%%
BN IR (4) (A*-2-hydroxybakuchiol)PA K 12,13- ¢
FEAb B AR (5) (12,13-dihydroxybakuchiol) 4 il 4241 3K .
Lee /NG 5 I G RHRE A Hb 2 B 16 B Fp S B 2 b
R RN R A (9) A AR SR AU
B IE% B (10) (bisbakuchiols A and B)55(128)- XUk fig
iy C (11) ((128)-bisbakuchiols C), X4~ B4 LIk AH
B WAL, A — S FORAN B TR T AR o HRoE,
AN IR A (6)« FREME IR B (7)FERAME IR C (8)
(cyclobakuchiols A , B and C)%12*I([&] 2).

1 WEEBMNTBLEE

1966 4, Dev S50 e UHRIE T 4 R ) 2 B EL.
AR IE e 250X Psoralea corylifolia Linn. [P
BN T, RIS R — RS A IR SRR S
) (b.p. 145~147 °C/709 MPa, n}’ 1.5563, [a] +
37.2), HHPEHETE “bakuchi ” (KM B ¥ Hdy & N
“bakuchiol ” (M GTHY). 1973 4, Dev 25 14 M g
Ty () =) 13 55 CAn 4% 9 4k 54 (— )-linalool
)AL= 15 AT LA, Lele B, J7 1)
. B EEE A 13 PR IR AR KR, AT Aff b
B PR TR0k S FIEY (Scheme 1), F3 4B
W AT VR A R S ) 16 5 CAIL A 17 1)
%%&Lﬁ#% 18 (M Lb ek, FF 540, Mkt —

A e T AME TR B AL AR 4L 2% (Scheme 2).

BEAG DS 7 BT AT A e, — S8/ N o b i
AME IR IR S EAT T . dn, e B e v 2 A0
FUIT 01k — Ak SR T 7K 26 S 2 B U B IR P4
TIEIAS I R ) & B 27.53%. Bl JE, fRAT1X
P11 ANHB R IR 2 AT SR i 0 i, RIAN [
H DX R T R I 1 B R R e, 2 H X
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Figure 2 Selected moroterpenes from Psoralea c. Linn
AT 1%~2%, MHIHLX A 7%, JEA4K, Gao F 4 &
HPLC-MS/MS &5 7 VAR 22 AN AN [ 7 b 1R #1255
P it DB IR 26 TR A A R P A e A S iy
BEAT T etk S B, A E 12 AN A0 AN
NRHEAT T B VP4, DRI BB IR 29 M I, 57
FERIIE P HOFEAT B PPN T, BRI R I 1 R K
P A, HRAETE LLE M & ok 5, X
ICHISRAIFRAG RN, RIS XS T4 B4 f A ik
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) oH L (R)
bakuchiol (1) 12 OMe
Kt il

)\/\X: Atk )\/\kﬁ UARRIES ®)
ROH — = STOH ———— *OH

(-)-linalool (13)

15, [a]p -0.55

13, [a]p +0.2

B 1 A IR b TR b e LRI E (O )
Scheme 1 Determination of absolute configuration of bakuchiol (Method A)

N s Z - MeOOC/\>*<C>OOMe
. 16, [clp +9.7
bakuchiol (1) OH
Jlmrmjt
f Arndt-Eistert J
HOOC_2>coome _Nomologation v 50c ™% cooMme
17, [alp +7.6 18, [a]p +9.8

B 2 MR TR OO R I (7 )

Scheme 2 Determination of absolute configuration of bakuchiol (Method B)

IR R RA T2 AR, B E R R T
AWK BT TAE AR, DRI m ki
B UL, IRANTFRIE— 2 O AR e
SCHIBF TR .
2 MEREERROAIRIE

AN IR B ) 2 T, W e SO
JATEPE . W RMER] . BRI S/ . PUEAIEE. B
YIMEBCEREVEIT . FEBEAE T A0,
21 HEEMN

2001 4F, Kobayashi /N BN 1 TG o) 45 1 %
EREAT . IMBERRE . MEVRBEER B . R UBERERE . 2EAERIA
PRIGERT . WERRFLAT IR . T-EEFLFF B 2 LA B
R TS B N I RIS R B B ) SR I S BB A i
P Ak, AT R BN R T AN AN AR A SR
(A L RERR AT A AT, B REs b pH (1B
I DR, i g T 2 — P s A 1 10 s o D A R 1 A,
A LA A TR K v T I 1A TR 137, RN A AT g
TR AR P A S INAR. 2010 4, Koul /)
APV T 0y R BEAZ, 23 53 1 T AN TR BUAR 95 B
%@M%, C;~Cys/Ci7~Ci3 /ﬁ@ﬂ], AN Ci;~Ci3 }#EFEE/‘”@
Wit R AW, KT ot & p st 2~
8 194 i (MIC 0.25~16 pg/mL). 2002 4, Wright 25121
R IE AN My BT U SOAF s b, i G g b
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SCAF BRI 5 k% (1) BB TR 2010 4F, B SCR2E 1)
Lau 202058 5B A 1Y RE 0% A 20304 6 8% 11 s 200 6
BRI €8 TR BT PR A S5 T I PR B 2 5 A R,
S HE I D B TR W R YR 9T AL IR Y AE I A, 2012 4T,
Madrid 212 HRZE M BRI GT 8 il B AN A R et 2 1
R 22 B RER R B F0 S, SRR EIHR ok ~4 >
16 ug/mL. 2013 4F, ST/ AN F A 7 6 3 SR
JE e 20 v AT AR e A v
2.2 PhEIEM

1992 4, Ryu 2R ARA S5 o R IAME 4 5
Tl N 288 s 40 M 2 B L R P ) A0 R . AL, AT TR
FLRR 1 Ry 1 3 P 5 T 8 R D R R v (1) S5 3G s 465 4
FIGE DI,
2.2.1  FURRSE fm e dip ) % A

2010 4, ZEEE ]/ NI M IR A4 A b A SLIR
Joe A MR ) AR RS R AT T . ORI (R T
Py B3R 0 A 7L A R R B, e o N L e A
T-47D % MDA-MB-231 ] ICso 435124 2.89X 10> J
8.29X 107 mol/L.
222 FRRRIE tm e A d) &

AE/N il B i (Non-small-cell carcinoma, NSCLC)
I (1) 85%, AL . 2IWiRTT St il iz Fe () g 22
IR, 0 2 A R 32 B T A e A e g 1
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(e 7. BRI SR IR ey E A P 4 e
JilidE AS49 NIRRT, ELAMEIE AW T e 3
P T TR IS ROS-ZE kA R g U T AT
RE N 1 5 1 FH I 59 2 S 10 2 DA
2.2.3 AP IE b R b E A

AT AR (PCa) 5 R T 2 4R Y 1, IR b vl il
Tok A RE 32 52 AR (AR S P BT AR ) L 3497 ik
I FL PCa (R JiE. 2013 4F, WIS % BN AR M 14
AR AR INRES S AR F5PU5 A% (Flutamide) FH 4.
UbAbh, 0 AR AT CABH W 205 T AR ek, IR
S % LNCaP 41 il PSA RIS FiEfER. Bk,
A TR TR VLR AR FEPUR, AT 16T M
W) PCa IR 25 &
2.3 HERIEA

1996 4F, Erazo 2515 T %M ST 2 W LI (BT
U, WENEME Ay (PLAR) WA A Wi i 2 R Ts Ak
A VUM, X W RN A IR R — .
PR 1K) PLA, G553 WA PLALI S 7 5) 5 4 i 9 1)
PLAL( {5 4 T 80 W 3B 43 i i Iy AN A306) 3 194 358 40
PLA, & EHNHIVEH, I H RS BRI R 4
55 /MR BCREAR  LTB, 5 TXB, I, A, #h e Jig
P73 AT LA N AR o PR A P P R A T AR S5
AN Y [ B B8 A 280 1) K B9 87 11 40 1) Ty
Be, WH =M=, T ULl ik, 2009 4,
Yoshikawa /N PHRGE #MEIEIBYAE 10 pmol/L 3<% K B
RN 2 AL B LR R NO pyreAE, T T
30 pmol/L ¥ I L Hi 41 iy #2013 4, Chai 25"
KRN B A e B0 LPS 51 K 1 W 4i i
RAW264.7 #0E, 76 10 pumol/L ¥R JE T i B&MK IL-6
Lj TNF-a (153 U(P<<0.05).
2.4 PEHEFEMASIER

1999 4, Carney 2R IE 7 db/db /N AR R, 1
JIBANE IR (250 mg/kg q.d.)BENS FEARIUEE I HAS 2 S5
RIUPPRE. hAb, 76—ASBr R me A H 2040 — B8 R 9k
BRI RAME R (250 mg/kg q.d.)fE 8 ] AR
/N BRURCRERN T = BR R /K. B AR 2 R IREY 1B
(PTP1B) PR X 1 i 2245 5 (19 55 b 3 24 T s e A b ¥
SR R IBFST H B, 2005 45, Kim 250509 Yok BB
ey RE 450 PTPIB (3G oE, 3 1Cs & 20.8+1.9
pmol/L.
25 REALEM
2.5.1 FRRRIFAEA

2001 4, Kim /N8R H0 KB B Rl B
HE AR TS e 4 tacrine Xt AT E 40 MY Hep G2 77k
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HI4n 1, H ECso A 1.0 pg/mL, 112 M4 silymarin
(7K K E] ) ECso M 5.0 pg/mL. Haraguchi /NPT 47
TE AN R 1t b A g I B S Aok I o i AR A B A
FOHAE LS 0 DA i PG Iy v LA 3 A IS i 7R
il 1T (NADPH) 5 ¥ 3L G S R IR £h 51 A i 48K,
AT oA L T 5 % 22 45 rP IR it P 6 P45 DLOR B
AT Ry DB i 3 ) Ty 0 5 38 4 e W 4 3R 5 R 1)
AR B, T R R U e A R R I 1
SENAR . WY FRIESAL 0 R I A A e R
VT T IELR, B B K R B 1) A AR S R
1. BEAN, AATTE A AN TR ) e e LR 4 20 i BK,
G H DR AT .

2005 45, Park 2OVl kR R X6 AT A 25347 P %
PHYERBHT T HE RA MWL, ERN s, 0T il
AT B (+-BH) . PY &AL K (CCL) 8% D- 2 L bl iz
(D-GalN) 5| & H 5 R U402, 8 i ) 76 % 00761
H R SRS IR T ik AU S A B Y 2 e H R R E, AT
A R AN R LR I S ()95 T T e N T S
1. ARSI, R R RS DU SRR G 45 T oK RARNE IR
WHRIT, I3 PR A R A e S TN R IR s 2 I /KT W
SEPRAR, R A AL 2R DR A0 5 RS 1R R P R A4 I
I IR B8 KRB 0 i aE 4 A 2 k. Ak, X1 D-
e U e ) e S AR 4, M PR TR RE AT 3L
FAAR R A R B S I B TR R PR e i g /KT
2.52 FHHRIREFAEA

93 B rHORE A I A 26 40 PR (RGCs) IO AR TR AL 5
PLEF (R 02 SO RIR. FAT, GRS p LA
EZFpEE, Hod —F 2 Ak T E A R (ROS) 1 h
15 5 43 TG B T M A A, B 5 3
Mg T, Pk, SR A& PUE A FIRE] ROS LLAEIR
RGCs AT I0T7 KB SR ) —FhJ7v. 2013 4F,
Jung /NI YRR E #M R BE 5D 2 451 RGC-5 1)
P AR BRI AT AR PR A 5 R T 2 R A i v
REBRAR, 117 ELAEBS FEAR RGC-5 41 I N DA AL N 3 v
(A5 B8 IR S, ERG ARSI, YT IRVES N-FA2E-D-
RAG IR EE(NMDA) S 1 R B A5 00, 4D IR
[ e B B AR R y6 7 2R, 4 R v %5 H W S ik D,
DAL AT 1 A B S HORAIG, AR N ZERifk ATF
L5 90 A% N R AR A (2 25 11 B 4 A5 S ).

2.6 HEYIMEMEHIER
2.6.1 EITHERGA

2007 4F, FEERRAENTAR AN BT e 1 R b
B R BA W MEECERAEE (P<<0.01). 2009 4,
Kim /N OV BN T 0 M 2% 52 4 o (ERo) AT 1R 5
RISERITE, BEEA ) ME R 21K p (BERB)FEAT S
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(1 3 . IR Gy T LLIE b 0 el 1 B AR A . AU
I35 PR T (B ) TR B R I B2, [ ) A TG AL
T (R 7K PSR I 7 10 e 4 7= R I /b . 2010 4,
Gao /N7t B0 R I F AR T i 1% 9k 2 /) B DR B0 4k
G RAURE, T UE A AN I 1 E A A i 2%
FEAEH.
2.6.2  IAPARAE A

LB (R ZF'E LRE. B EREME DA
B AR AL G 2R, F TR T SR A A
JLAR I B 1 3o 22 B3t /b 8 4 S B0 FRMLAE A 25 LT
S, WORSAIAR . ICZ Bk AR FOIE
B[ 7R 2% i BRI 55 WFSX R WA, AN R4S 35 1 IR (0
T A J LRI (1) 3 0 5 T R S8 W 4 1, 1 e 2% RO A
W M A 0 O S T R T R LA
JE 123, 2014 4F, Gao /NUTNE RSB L e 40
RSB DA /S BRI AR S B AR IE W A TR Y R LA AE
W ME R 22 B XL VA LR 1R i, - LRI
P B i sh .
2.7 #W1ER

2010 £, Ohno Z5"SVE TN BRI o2 SR 51K
() B16 /N B 2w 40 o b T 00 R O 1 T /e 1
B ICA M ae e, X RE AN IR T R — Ry
BRI B D ).
2.8 HpFEHRARNNEHRAR

1981 4F, ik T A% gl o5 AN F T oy o) /)~ B U
HAA— @ aes, it Hoe I 8 A 4l U & 22 1
A7 1998 4F, Snapka /NHUPHRIE T M HEEY X DNA %
A EAT SR A M EIE . 2010 4F, VL5450 R T
20 pmol/L ¥ JSE f M AR Iy ok AV 30T iy /N 1z 41 Mt
(HK-2)# W 2 10 B B, L4 i 25 Pk FBL ) mT B A
BG4, SR MIE T, F04E DNA &R, FH
Hee Ry, Jklgn e sasE. thak, AR DT AR B
o A MR A ) B A A R A . 2011 4F, fE
AT 58 7 A IR AE N« EEAR R ST ki A
(IR SIS B 1 25 AR 22 P9, SR W], AN IR Rl
JEE TR JFFBORL A4 B AT RN B 51 K 1) HK-2 41 i #:
FAAE2E 5. 0 NIHORL A AR B2, 70 K Ui A4

MeO
: e, T !
Claisen rearr. ‘ 1) MgBr N =
|

20

AR SRR T R R P A PR 3 A A PR E R, R
FFAHORE P9 75 A P B2 55 1 AR K BUPF Ao 4. 2012 4E,
Z/ N0 R AN i 5 35 P4S0 (CY P 14l
FURE S5 NP EHORLAAR S 02 AR b (4 I 24 .

2013 4E, Li MNAPPSE SRR EL S UHPLC-
MS/MS  J5 V5 R SR AAS P (0 Pl 7y e ok v S5 0 1R
BT 29BN J1 9. SRR, UIRAME MRy (1 2= 4
FIFHBEACA 3.2%, X AT GEYR T AR MW R 5l % K
BN B — S0 AR g A0, )4, T At PO
T AN BRI AE K BRAS R 1 B (P W I 0. 4 SRR,
AN IR I LE BT A 1 25 55 19 Tl B 3 WO e 4, JRILLA
2 Wy Ry B AR 7. e Ak, T S AN R TR IR
AR IR RSO 00 P 5, b ATD e SR T T TR R
Wb IR BRI G, I i A o] BB A7 AE 3280
I s R L

3 I BEBMMLFESHHR

TN PRIy ORr () AR B VE, A A/ DS B
TIHAG AT, M E BRIy A B OB T H 2=
D, BIH NI, BB N2 MR EARF A
S W ke 58 RO I T MR L o SR T KSR A S
Claisen FHE NP, ZIGFEATR NS a,f-ANHUFEIEAL
BV 14N NP2, SRAERESEBER) Yamamoto FEHE
NP o N ERRR RN C—H AN P, —
Pr A SN2 R AL AR R W 2, o, - AN L 4
(1) a-Yoe b S 0, 0 T A Jsg 12T,

3.1 Claisen EHR R

1967 4F, Dev 2L i J5UREG B T 40 R
FH LMK (Scheme 3). B G I IE L5 Ak S0 Tk s Y 1
P LG I RE 19, 2 Claisen HHE R VIS A4
TR RO [ 20, B S 2088 IQ ROV S SR ER i 7K B ¢
A SRR T P FH R T 21.

[F]4F, Carnduff 25EUHZE T 5 —FhEHESRNS, Ll 4-
FH A TR O BRI (23)17) Claisen FEHE [ A4 M
NEW 4571 H 22 (Scheme 4). ¢ i A& 5 H FEAR 411
R 22 [N, 15 B PIMGEIERE 23 NG 3 R AR
£ Claisen HHEIRAT 24 T AL SN B TG I (0 220 0,

2) Al,03, 175 °C
30 min

OMe
bakuchiol methyl ether (21)

B 3 Dev /LA R IR Y RE Ik i 2k

Scheme 3 Dev’s synthesis of rac-bakuchiol methyl ether

e /\O/\ —/\
OoH Hg(OAc), X
E—— —_—
| 56% yield | 182 °C, 30 min
90% vyield
T 19
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BEJG 2RI WHBR . ORY RS T IR S B T i N 1 T i
PRI A i AR, (BRI S, BRI S I R
RAETCHE A A A T S IR — & . X —
FER BRI VEARL 8k I B AR 2 4G AR HE T 1.

2010 4, ZEFRR/ NI LR A s R FE A 1k
T Claisen HHFR V4R b T G #EARI R
R, M1t LL 4B 25 34T Ireland-Claisen #4) 3t
WE RIS TEA, IS 26 SRCH LT
A AN IR (Scheme 5).

FRIE S A B NP PN IE NIRRT R, 43
AT B R N BE R AL G 28, B S R A] Johnson-
Claisen HEHER NSO, 13 29 BEREERRY
FBI NS 30, £ 8 AL BIA'-3-FRIE 4 IR (3)
(Scheme 6).

2012 4%, Takao 2! M1 T FI i Oppolzer % i fitf #

[t 33 (AN FR Claisen SEHEA N R (1 FHEZ= 0k b
L. B AR R R 322 8 I B R T TSl SRR,
BRI S AR 2 33, JESEIK . R R R A&
B E P P AME IEY (Scheme 7).
3.2 1,4-MnB R

1990 4F, Takano /NP5 1 VAR IE (19562415 AN
BRI A5 B TAE TR R A 1,4- 0 R mes 1) et 2= e
PErRL(Scheme 8). M S R R ELLRY I L 34 1
R, GWETFIR, IS 7> T NERRS 13 2] o -
TR IE 35. A F RIS S O B A8 ] 1,4-00
FS = SE ARG Y, AT A4 A 5 01 2 v T e A Iy A 1Y
=B Z R F L, T E36 4 9 D iR %%
13320 5 KA =P B AT A IR . A it 12
W, BTEEN 9%.

=
Hg(OAc), It
22 diglyme )
+ 160 °C, 2 h 0
ey
WOH 50% vyield 23 OMe
I
=
1) NaBH, CHMgl
2) POCl3, py., reflux 175 °C, 15 min
% yi 93% yield
76% yield 21 OMe ove rac-bakuchiol (1) OH

Bl 4  Carnduff /N R IR % 25
Scheme 4 Carnduff’s synthesis of rac-bakuchiol

CH3COCI, Et3N
CH,Cly, 96%

)\/\/K/\OH

Q LDA, TMSCI
N N Ok —_—

)\/\)CCOOH

i THF, 83%
- ,
B I 26
E27
_ > rac-bakuchiol (1)
B S  A/NAG ok i s 2
Scheme 5 Li’s synthesis of rac-bakuchiol
MeC(OEt)
0 3steps QN E{COOH Q= Bu,NF, THF
A_on 59% # EtO 84%
27 g OSiPhstBu 29  OSiPhyt-Bu
74 - OH
7 steps N A
0 0
G 30%
30 (J_r)—Al-3-Hydroxybakuchiol (3)
B 6 MAT /NG A 3-SR R % 2
Scheme 6 Lin and Lei’s synthesis of rac-A'-3-hydroxybakuchiol
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O}/O
PhLi/(vinyl)4S
n-BugP L/\ 3 steps O }/J CuICKlmIét:On © N\-)

geraniol N O BHT y z
Z ——— / — N reasen Ph
=
o /NT/ CH,Cl,  SO% TO(\/ P setalled tube - OH o P -78°C,19h 22
9 oluene 79% yield
* 0 e 140 °C b yie OTBDPS
32 = OTBDPS dr 9:1
39
38
: ; : N 9 steps
so2 soz/ — » 175 °C
32a 32b 27%
(2R.39) (28,3R)
72% yleld 15% yield (+)-bakuchiol (1)
2 steps
u 55% B9 Esumi /NG R+ )-$0E R 5 26
Scheme 9 Esumi’s synthesis of (+)-bakuchiol

o)
\©Y\<\ I:eOﬂSLB gpg'%\©\/\<\ SE T AN E RE T I e AR 11 & i (Scheme  10). 1% £k 11
éu s — ANKIFRAr A HE SR

2) MeMgl
— 180 °C, 91% —
MgBr
33 (+) bakuchiol (1) SO p-MeOCgH,MgBr
\ y s 0, 0,
B 7 Takao /N #B(+)-4h B B2 THE, 63% | THF, 91%
Scheme 7 Takao’s synthesis of (+)-bakuchiol 20
vinylMgBr, Cul —
S 2steps THF, -30 °C Pogils x
6 — oNo pyrl ine
BnO 76% 73%
OBn 95% MeO |
34 35 21
7 steps
— MeMgl M
< 91%
1) MeSOZCL Et3N
DMAP, CH,Cl,, r.t.
272 OH HO rac-bakuchiol (1)

2) MeMgl, 175 °C
(+)bakuchiol (1) 00 for 2 steps MeO 33 OH BEISR 10 5 /N2AL 2 R B I I i 2
Scheme 10 Li’s synthesis of rac-bakuchiol

B3 8 Takano NG R(+)-FME T Bk 2 -
Scheme 8 Takano’s synthesis of (+)-bakuchiol 3.3 EEHRM
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