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Total synthesis of broussonin C with tyrosinase inhibitory
activity and its structural simplification

CHEN Hui-juan' ,ZHANG Xing-ping', LI Ming-ming’* , WANG Kou'*

'School of Pharmaceutical Science and Yunnan Key Laboratory of Pharmacology
Jor Natural Products ,Kunming Medical University ;
*College of Chinese National Medicine , Yunnan University of Chinese Medicine ,Kunming 650500 , China

Abstract : Broussonin C is a 1,3-diarylpropane compound isolated from Broussonetia papyrifera,which has good tyrosinase in-
hibitory activity. Using 2 ,4-dihydroxybenzaldehyde as the starting material , broussonin C has been successfully synthesized in
six steps,which achieves the first total synthesis of broussonin C. The method is easy to operate with high yield. Meanwhile, it

was found that the compound with non-isopentenyl fragment has better activities,which effectively simplified its structure.
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Fig. 1  Structure of broussonin C
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1 ZEHHH
1.1 X5 HA

AM-400 MHz 1 600 MHz # i 3951 ( TMS
INAR) (i1 Bruker 23 H]) ; Finnigan-LCQ " ¥ Ji B
A (22 [E Thermo 4\ 7] ) ; Daltonics Bio-TOF-Q 5%
A (Hii 1 Bruker 24 8] ) 5 A3 €835 £ i (200 ~ 300 H)
FIHEZ O TEREIE GFos (5 BIIEALT) ) o

2,4- T B FOR B (4 98% L, Hit5 D807023) |
XTFEFEIR 0 (215 98% it H810852) U ( =
FEE) A (4l 99.9% b5 T799152) (i 2 Sk
PR AR A WD) ik (&4 10%, it 5
GF60369228 , I 1 FEQI SR AE W B 25 A BRA R ) 5 &
AALER (Ll 98% b5 P431766, iR hi T H 4k
BHEC B A A FR A F) ) 5 4-2 W &0 5 it wE (4
98. 0% , it 39405, 1§ Sigma-Aldrich 5 5 4 BR A
H]) A B 2Tk (Sl 95% |, ditS- C831045) N, N-
TR NI (AR 99% , it N807281) (LA
OB BR A F] ) 5 HoAth B A 350 R o B i 4t
ALY LSRS0S
1.2 EHAESUERIE
L2.1 (E)3-(2',4-=(TREFTAKL)KE)-1-
(4"-F LK) RIR2-H-1-80(2) 095 A%

1 2,4- "R IPEE (1.4 g,10 mmol ) fITAJZ
IR, AU 4-Z H 2 FE L BE ( DMAP) (122 mg,
1.0 mmol) F1 N, N-— S N3 L i [ EIN (iPr), ] (5.2
g,40 mmol) , i & H £ (DCM) (50 mL) , FJ5
AL LR (EOMCL) (3.8 ¢,40 mmol ) , F2 Wi I
TEAE B AME T R 7 h 5,2 65%(TLC)
WSO Atk 1R G =50 1), s A 2 6 58
A TR o FElET IS A, I R £ T
50 mL, EhFR pH 2 ik, K vk 2 W, M AT $h K vk
1R GASHLZ, Wedn 415 2.3 g(91% ) Tk
7/

IR (2.3 ¢,9. 1 mmol ) FIXS R HEIR £
fiil (1.2 g,9. 1 mmol) Jin A ZI 14 S Wi v, £ B
(EtOH) (10 mL) fE ], 1o v i Jo i A & AL BR
(KOH) , @AY FE WM. 12 h J5, TLC W5
(f1illE: CPR TR =21 1) , WA B AR 42 20
IR RN o /DK, KA 2R TR AR B VR
GIFCR CTRIZ , IC/KBRBR A T4, e T 4 , 28
FEZHTaliAl B B R (A ik PR GRS 1 -3¢
1), 295 2.4 g(72% ) A [E 1A,

&2 ESI-MS:m/z395.1 [M+Na]*;'H

NMR (400 MHz, CDCL,) §:8.12 (d, J = 15.8 Hz,
1H),8.00(d,J=8.8 Hz,2H),7.60(d,J =8.7 Hz,
1H),7.54(d,J=15.7 Hz,1H) ,6.95(d,J =8.7 Hz,
2H),6.89(d,J=2.3 Hz,1H) ,6.74(dd,J =8.6,2.3
Hz,1H),5.30(s,2H),5.26(s,2H) ,3.75(m,4H) ,
1.24(m,6H) ;" C NMR (100 MHz,CDCl;)5:189.9,
60.5, 158.0, 139.8, 131.1, 129.8, 120.4, 118.6,
115.5,109.4,103.5,93.4,93.0,64.7,64.5,15. 11,
15. 10,

1.2.2 4-(3'-(2",4"-=(ZRATFTEL) KAL) R
) KB (3) 698 %

TR MALEY 2(2.2 g,5.9 mmol ) , il
EtOH (40 mL) ¥f# IS , ARG (Pd/C) (270 mg, 48
T 10% ), mAAR, BN, N 30 h, TLC
W Al 2R g =20 1), JFURHGH 4%, 4551k
SO o SO IR 4 e 1, AR JZ B alidb (i ik 2
LME4 1—3:1) 45 2.0 g L ifiRYy , e 94%

&4 3 HR-ESI-MS:m/z 383.183 0 [ M +
Nal]* (3814 C, H, O,Na,383.183 4);'H NMR
(400 MHz,CDCL,)8:7.07(d,J =8.6 Hz,2H) ,7.02
(d,J=8.3 Hz,1H),6.82(d,J =2.4 Hz,1H) ,6. 89
(d,J=2.3 Hz,1H) ,6.74(d,J =8.7 Hz,2H) ,6. 65
(dd,J =8.3,2.4 Hz,1H),5.21 (s,2H),5.20 (s,
2H),3.76(q,J =7.0 Hz,2H) ,3.72(q,J =7. 1 Hz,
2H),2.59(t,/=7.8 Hz,4H),1.86(m,2H),1.24
(t,J =7.0 Hz,3H),1.238(t,J =7.1 Hz,3H);"C
NMR ( 100 MHz, CDCl, ) &: 156.6, 156.0, 153.5,
134.8,130.1, 129.4,124.9,115.1,108.7, 103.7,
93.5,93.3,64.3,64.2,34.8,31.9,29.3,15.10,
15. 09,

1.2.3 2,4-=—(ZaAFEHL)-1-(3-(4"-((2"-¥F
AT HR3"-HAR2"- AR ) FRIR) k) 2R (4) 895k,

Iia) T4 9 S R AR I A A4 3(100 mg,
0. 28 mmol) fREREE A (217 mg,0. 60 mmol) ,\DCM(3
mL) , FEAS(N) PRI AP (= 2R ) 48[ Pd
(PhyP),](6.5 mg,0.02 eq), =, 12 h )5,
TLC Waill (Al MOl =3:1) k&3 B e
M58, ROWASE 1R o AEJE T alifl, e b il B EAE (A
Mt ZFR WG =65 1), LA 80% Y %455 96 mg jil
RYy 4,

&4 4 HR-ESI-MS:m/z 451.245 4 [M +
Nal* (i} %814 C, H, OsNa,451.246 0);'H NMR
(400 MHz, CDCl, ) 8:7. 04 ( overlap,3H) ,6.91(d, J



1228 KIRF=YIBE R 5T K

Vol. 36

=8.4 Hz,2H) ,6.84(d,J=2.3 Hz,1H) ,6.66(dd,J
=8.3,2.4 Hz,1H),6.16(dd, J =17.6,10.8 Hz,
1H),5.22(s,2H),5.20(s,2H) ,5.17(dd,J =17.6,
0.7 Hz,1H) ,5.13(dd,J =10.8,0.8 Hz,1H) ,3. 74
(m,4H) ,3.72(q,J =7.1 Hz,2H) ,2.62(t,/ =7.3
Hz,4H),1.89 (m,2H),1.45(s,6H) ,1.25(t,J =
7.0 Hz,6H) ;" C NMR (100 MHz, CDCl;) 8:156.7,
156.0,153.8, 144.6, 136.5, 130. 1, 128.6, 124.9,
121.9,113.2,108.7,103.7,93.5,93.3,79.2,77. 4,
77.1,76.7, 64.2, 64.1, 34.9, 31.8, 29.4, 27.0,
15.13,15. 11,

1.2.4 4-(3'-(2",4"-=(LRAFTEL)XE) R
A -2-(3"-F AR T A2 R ) KB (5) 695k,

TR AL S Y 4(50 mg,0. 12 mmol )
AN, N-—F L kR (DMF) (1 mL) , f800% 150 °C
AL b B EAE RERCAEZ AT (AR TR
fif =6:1) 455 35 mg yHARY) 5, U 69. 2% .,

&S5 HR-ESI-MS:m/z 451.245 3 [M +
Na]* (i {4 C, Hy, OsNa, 451.246 0);'H NMR
(400 MHz,CDCl,)8:7.03(d,J =8.3 Hz,1H) ,6.92
(overlap,2H) ,6.82(d,J=2.4 Hz,1H) ,6.72(d,J =
8.7 Hz,1H) ,6.65(dd,J =8.3,2.4 Hz,1H),5.32
(tt,J=7.1,1.1 Hz, 1H),5.22(s,2H),5.20 (s,
2H),5.01(s,0H,1H) ,3.74(m,4H),3.33(d, ] =
7.2 Hz,2H) ,2.59(m,4H),1.86(m,2H) ,1.79 (s,
3H),1.78 (s,3H),1.24(t,J =7.0 Hz,6H) ;" C
NMR ( 100 MHz, CDCL, ) §: 156.6, 156.0, 152.2,
134.8,134.4,130.1,129.9, 127.2, 126.5, 125.0,
122.1,115.5,108.6,103.7,93.5,93.3,77.3,77.0,
76.7,64.2,64.1,34.9,32.0,29.9,29.4,25.8,
17.9,15.13,15. 10,

1.2.5 Broussonin C #945%,

TR AR I AL #) 5 (15 mg, 0. 035
mmol) , HfEE(1 mL) ,3 M £ (0. 3 mL,0. 9 mmol) ,
60 °C RIS, 1.5 h, TLC Waill (A imk: 1R OB
=3: 1), JFUBHR N 58 4, IR Ak iR S M 1K, 15 1k
S o RN R BRI =R, B IR LA,
TOKBRBREN T4, e T FE2AT, Ak £/ 41
=3: 1R, Ao iR YY) 8. 6 mg, 73 80%

Broussonin C HR-ESI-MS: m/z 311.165 5 [ M-
H] (3184 C,H, 0,,311.164 7);'H NMR (400
MHz,CDCl,) §:6. 94 (overlap,3H) ,6.73(d,J =8.8
Hz,1H) ,6.36(dd,J =8.1,2.4 Hz,1H) ,6.32(d,J

=2.4 Hz,1H),5.32(tt,J =7.2,1.7 Hz,1H) ,5.06
(s,1H),4.96(s,1H) ,4.88(s,0H,1H),3.33(d,J
=7.2 Hz,2H),2.56(m,4H),1.88(m,2H),1.79
(s,3H),1.78(s,3H) ;" C NMR(100 MHz,CDCI,)§:
154.7,154.3,152.3, 134.6, 134.5, 130.7, 130.0,
127.3,126.7,122.0, 120. 5, 115.7, 107. 6, 102.9,
34.6,31.7,29.9,28.7,25.8,17.9,

1.2.6  4-(3'-(4"-FKF ) ") K-1,3-=5(6)
896 A%,

50 mg broussonin C 4 B iz i A5 21 i) v 1]
A 3 £ 3M HCI: g s o A4 R oK i, 7521 JE (i
ARYIED A G ) 6(28. 2 mg, K3 86% ) .

&4 6 HR-ESI-MS:m/z243.102 6 [M-H]"
(4414 C, H,50,,243.102 1) ;'H NMR (600 MHz,
CD,0D)5:6.98(d,J=8.4 Hz,2H) ,6.81(d,J =8.2
Hz,1H),6.68(d,J =8.4 Hz,2H) ,6.28(d,J =2.4
Hz,1H),6.23(dd,J =8.2 Hz,2.4 Hz,1H),2.50
(m,4H), 1.78 (m, 2H);"” C NMR (150 MHz,
CD,0OD) §: 157.1, 156.9, 156.0, 135.0, 131.4,
130.3, 121.3, 115.9, 107.3, 103.4, 35.8, 33.5,
30.2,

1.2.7 3-(2",4"-= &K FK)-1-(4"-5 LK K) R
J7-1-8 (8) 4 A%,

) 52 IR o AL & 2 (100 mg, 0.27
mmol ) , ] &R LR i, BN A Pd/C(5.0 mg) , 58
AN, TLC Wal, R4 2 48 B g 58 42, H%
S i 38 B 2= Pd/C L FH s S0HCH 25 2 -k
(90% ) 43 EgAs B )R 7, )ik 7 258 3M HCl 7E
R s 70 R oK A5 31 56 me TG THRIR YD, WA IR
81% .

&8 ESI-MS:m/z257.1[M-H] ;'H NMR
(600 MHz,CD,0D)§:7.89(d,J =8.6 Hz,2H) ,6. 86
(d,J=8.2 Hz,1H) ,6.81(d,J =8.6 Hz,2H) ,6.27
(d,J=2.2 Hz,1H) ,6.20(dd,J=8.2,2.2 Hz,1H) ,
3.15(t,J =7.4 Hz,2H),2.83(t,J =7.8 Hz,2H) ;
“C NMR (150 MHz,CD,0D)§:200.6,162.6,156. 4,
155.8,130.6, 130.1, 128.5, 118.6, 114.9, 106.0,
102.2,38.6,25.3,

1.3 ERSERERHDHE N E F E

R AL & W 5 22 0 2 1 (L-Dopa ) ( 24 ¥ Jif
1.25 mmol/L) B4, A F& 24 I Bl ( 49k JiE 25 U/
mL) FIR [, %€ 3 N EE AL, R EA F 25
F9 25 0] AL R (kojic acid ) BH P XS IR, 226, S
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min , BB AT & KOG B2 B (A ), A 3 K oy 490
nm, AR (1) T35 2] 1 20 R B 15 1 410 1) %
(1) ,IC4, 3% Reed&Muench #:i]%,

I=(1-A,/A,) x100% (1)

A RN RS ZHTE 490 nm KB REE ;
A, RN X IRALAE 490 nm Ab ARG REAE
2 FR5WR
2.1 Broussonin C &

Broussonin C &4 1,3- 57 FNLE Y FEA 5242,
AL Aldol 4545 S P28 3 it 2 by A g, S+
5] AGE T Claisen HHEAS R, A pGE FE
A B QB AR IR J5UR 2,4- R SR

OMOE

OH
t CHO i CHO
—a
HO EOMO

1

B R AR RIS W 1, 78 S A AL F 1L T R 1
50 R B Gl Gk A SRR 2, Al A
2 2 R . AW 2 SOV SRR R IR,
1E Pd/C AL T 24 F, LA EtOH i3, 4E K 52y
A lE) AT — 2R Ik 1,3- 5 I e 2tk &4 3. H%
SCHRARE 8 i T R S TR A 2-H 23T 0
2-FE T A AR 2-F L3 T M-2-BE R T TR (A) L, 1k
A3 5 A fE PA(Ph,P), AL 5147, fhh
Yy 4 ¢ Claisen T HE N A5 276 75 L5l A 006
OGS, ALEW S KA O3 5L J T 45 21

broussonin C,

(e}
A
——
EOMO OMOE OH
2

.. - M.
EOMO OMOE OH A EOMO OMOE 0~
3 4

e f
EOMO OMOE OH
5

A /XOE/OJ\

HO OH OH

Broussonin C

a. EtN(iPr),, DMAP, EOMCI, DCM, tt; b. p-hydroxyacetophenone, KOH, 25°C, EtOH; c. H,, Pd/C, EtOH; d. Pd(Ph;P),,

DCM, rt; e. DMF, 130°C; f. 3 M HCI, MeOH, rt.

2 Broussonin C f& &2

Fig. 2 Synthetic route of broussonin C

2.2 Broussonin C IS K
DU HRTEA 2 #1034 JERFE4T broussonin C
ALK 3) o B 3 B A 1S

o
a
EOMO OMOE OH
2
c ‘

#] 6,5 broussonin C L, Z5#y o /D T —> 5 M
I BRI LR LT, LAY 2 T g ARk
AR EAR RS 7,7 RS 2k 59 8.

o] o
joan oIt At ol
EOMO OMOE OH HO OH OH
7 8

d HO HO O OH
EOMO OMOE OH
3 6

a. Pd/C, Hy, EtOAc, rt; b. 3M HCI, MeOH, rt; c. Pd/C, Hy, EtOH, rt; d. 3M HCI, MeOH, rt.

3 Broussonin C Z{UHIHIE X

Fig. 3 Synthesis of broussonin C analogues
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2.3 ERSEREEIDHIEE

L L-Dopa KR, & T 464549 6 .8 1 brous-
sonin C X P 7 & G2 IR i () 400 ) 35 1, = M B
P 2, AV ) 5 2 W 08 B o) B i R (L3R
1) , 4% 6 5 broussonin C {HH:AH Y, fbA& 4 8 X
i 22 R it 9 TR S5 A 0 ) 35 42 o

&1 LA 6.8 F0 broussonin C AR RERERHN 5 iE 14
Table 1  Tyrosinase inhibitory activities of 6,8 and broussonin C
1
R 1G5 (pg/mL)
Sample
iR Kojic acid 4.702 +0. 004
6 0. 158 £0. 007
8 0. 069 +0. 003
Broussonin C 0. 145 £0. 008

3 #ig5itie

LT broussonin C I 25 1 & 4 8 il #1011 7 HH
Bz IR T 26 M, i Aldol 4
AR 1,3- 375N b | Claisen FHES| AR
MRS 226 AN, L 17. 6% (R 725 RS
I 8806 B broussonin C, FF X HHEA 74544 ML 3145
&M 6 F1 8, &8 H NMR . C NMR #1 HR-MS j#
FTES R o T 2 1R A o1 3% M S I 2 SR R, B
BT AN S5 IO HE 1 2589 254 55 broussonin
C G PEAR S, LR A5 48 v 0 57 00 S 508 155 2 52 i A
K, A2 broussonin C 171 il 1% 22 2 Bt 1 1 1) G B 24
ST (BRSO 5 AFRIE AT LA S G P, X — S50
Ja it — S5 B TE WA T 7 .

F T % 2 il 7 2 0 2 1 A R AR AR 2o R P
FIOCHRAE H , PR M 38 o 7 32 P 21 ot 411 1 390, 49 ]
ZTRIFOE MR T R AR A N, © Bk T G
7 R AR TUE 1 FE PR PR (AN A8 3 B4 B 2 4F
BERAE S R UUESE) WEHI 36 B AR | B 1k 2R
b M SRR ™ e AR IR EE R ORI SR EE
B A TP RUORIEE A [n) A, AR A % 2 I il
TR RRAEAE Al R A, BRI, SR B = ORIG
R FH 3 41 T 500 7 10 577 Ay T (8 R D0 o
PR T EA ST o ARBFTE R BT G54
fAT LI 1 B 47 1) broussonin C Z5 4 24, HLAT1E
Sy T TR i A o) 5 R SR AT T

% 30k
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