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Synthesis of Resveratrol, Piceatannol and Pinosylvin

Li, Li*

Xiong, Hangxing Liu, Shengpeng™**
(“ School of Chemical Engineering and Pharmacy, Wuhan Institute of Technology, Wuhan 430205)
(® College of Chemical Engineering and Pharmacy, Jingchu University of Technology, Jingmen 448000)

Yao, Ming**
*,a,b

Zhang, Jingjing*’ Sang, Dayong”

Abstract A convenient method for the practical synthesis of resveratrol, piceatannol and pinosylvin is described.
Resveratrol, pinosylvin and piceatannol can be achieved through a simultaneous demethylation and isomerization process from
stilbenes with the aid of aluminum and iodine. The overall yields of the reaction were 68%, 78% and 56% (based on aromatic
aldehyde). The solvent of the reaction can be reused after filtered. At the same time, quantum chemical calculations and
control experiments show that iodine radical may be the key factor leading to cis-trans isomerization of double bond in the

process of demethylation.

Keywords resveratrol; stilbene; demethylation; Wittig reaction; cis-trans isomerisation

I TR CIRRRIR YA RE PR 5T
IR R 98 S5 A VG PN, G 2R S A AT SR T i
YER 9 BB, AR PTRE AR R R
AT ) FE L Ih RE PRI IR, X 2R RAR =/ (e
Y S EEUR, AEANTHIRIRKIEAE LUK R RS, 1L
S BT T2 AT DR K B ] 2 2 R AR ) S FL 2R
Y, W WA T A Perkin 2N . Heck V. Wittig
K Wittig-Horner <. Suzuki 5. Knoevenagel
SR,

Resveratrol, Piceatannol 1 Pinosylvin #& —Ff it 4 1]
ZIFE IR CIRERIRY, EE 1 PR, KRTIE
KRR & Bt H B J7 %2 Wittig A1 Wittig-

Horner B, HoAdsiet Fi a2 SR FH F 5 O 1 e sl 5 ol -
7 A BT TR R R S ST B SR AR A ) 2 R TR O,
T s FR R SR AR = 6 . K Wittig B Wittig-
Horner /I 5231 Resveratrol [f1 4%, 4% % SCHkARiE"Y,
T Wittig B¢ Wittig-Horner [ 845 2| FF R4 1) 22 72 2k
TORCIHHIRFRATE LT, &) A R e =R
P2y, P A B IR Tk A T T ) e A e BT
B — S A B, e fE b R R4S 2 H AR 4.
Scheme 1 Fiow, CEIMIA BT ELE R H P AR — L )5
R, —RmEZm P NI Wittig B Wittig-
Horner < N =) 2 B AR =R A, — W 385
FIN AlLy 803 BBrs (AL A BeILHIILA, A5 1/ 1%; BB,
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Bt FF 2 S L BEAEARR T HEAT, SONLERAEHTZD). H Al
R BUIE v R0 T ¥ Al K A AR TE ) AT DL R AL AR
I R ROOUB N S 52440, (RGBS 1) 4, 43R
{52 20 DR G T S W18 5 e A0 4 P 2 PR AR
() K CHRR RN D5 R A B E X

O HO
a O OH OH

Plnosylvm Resveratrol ©H

HO:‘\/\,/OOH

Piceatannol OH

B AR ARZEENIRA R4
Figure 1 Chemical structures of Resveratrol, Piceatannol and
Pinosylvin

= ; R
MeO N MeO
W I, or (PhS),
_—

OMe OMe
Z, E complex E only
R =H, OMe A||3 or BBr3

Al 1, SN
This Work One-Pot Reaction
Simple Operation

Solvent Recyclable R H, OH

B 1 A R A R R R LR R R A

AE 25 R 2L TS0 41 T R A B I HY A T A A A

1O AT DR T DA SRR R BT O IS S A
AR R, — B SN S BRI M 2 2k — 2R

Wi A 0 TR e S e R0l PR, € v A M S TR T
Resveratrol, Piceatannol fll Pinosylvin ffJ& k. 7EHES T
AN ) S 00 O FEA b, $R e T ol S 3 P
SR S SEATLEE.

1 GRS

H AT B AZ BN IR AA 2 1A R 26101 Scheme
2 fiizs. BhO3,5-HVEASEREEA I RL, 4 = RAEERAR
Ja 5 =R IR S SR R I LA 3. A 3 fEER
WHELRIER R, 5 =FAFRRIE T Wittig VT RO
N SR 2 323 IR O da~de, NI A4
BREY), ZIEWAEH KT 1. WEY) 4a~4de fEEE TR /E
T 58 R R 1 B B A e S A 45 31 1 22 T T Sa RS
fiz S¢ FlRFA 2 Sb.
1.1 BRBPESHERMMKKE

TERHATEE AN FE B I AR v, B ol AT A B P
HIE R I, 19 B 254 G BT B R AZ A 7R AR
R, PFRSRINE 1 PR, BRI G 4a 1) H 2
i, Jeil& All, FR¥ da B9 CIEEBIMAGFTE 82 TR
N JERNE 2, AEE T B A5 2 = o8I SR S
Y, WU LAE A 1 4, 5 CERVHRIE i 5 — e U B e
WA — 5 (Entry 1), # B VA7 B & KB <0.01%H)
HPLC 4 2,57 9 SCHRUPME F i 1 85 o0 M i 2 B (K
B<0.3%), RIS, AR 255515 2] 8 5= 1)
FI AV E Y, W LEAE A 1 2 8 (Entry 2). H4ZLL

?h | Sunthesic of ool doiated sibonee v PRCEE L H AR LB B R
cheme ynthesis of trans-polyhydroxylated stilbenes via . o sl
i I E AR, FATZAAE B K <0.01%1) HPLC ¢ &
demethylation
CHO R3
2
OMe j©/ R
PBF3 PPh3 RS MeO AN R
- - Al l
y SHeCle CH,Cl, 0°C. Tomene on- o 2 5a ~ 5c
OMe LiOH ino, 60 °C m CHaCN
PPh3B ProH OMe .
OH 4a:R', R®=H; R? = OMe
4b:R",R?%, R3=H
OH 4c:R', R2=0Me; R®=H
HO
OH
5a, Resveratrol 5b, Pinosylvin 5c Plceatannol
B2 AR A RACEERIRA 2 1A i 2k
Scheme 2 Synthetic route toward resveratrol, piceatannol and pinosylvin
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BIHE
R RBFARA
Table 1 Optimization of reaction conditions
Entry Substrate Ether-cleaving reagent” Temperature/C Product Yield/%
1 4a All; (3.3) 82 5a 65°
2 4a All; (3.3) 82 5a 624
3 4a AL T, (3.6 AL, 541, 75 5a 81
4 4a AL T, (3.6 AL, 541, 75 5a 66°
5 4a AL T, (3.6 AL, 541, 82 5a 62
6 4a AlLT,(39AL5851,) 75 5a 82
7 4a AL T (3.3 AL 4951y 75 5a 73
8 4a AL T, (3.6 AL, 541,) 75 5a 80°
9 4a AL T, (3.6 ALL3.61,) 75 5a 42
10 4a AL L (3.6 AL, 7.21,) 75 5a —
11 4a AL T (72 AL3.61,) 75 5a 56
12 4b AL T, (2.4 Al 3.61,) 75 5b 87
13 4c AL, (4.8 AL, 7.21,) 75 5c¢ 68

“ Unless noted otherwise, the acetonitrile used in demethylation is HPLC grade. The water content of the acetonitrile is less than 0.01%. > Demethylation reagent and
its dosage. © The obtained product was a mixture of two isomers in a ratio of 1:4. ¢ Acetonitrile is a commercially available analytical reagent with a water content of
<0.3%. The obtained product was a mixture of two isomers in a ratio of 1:8 (cis-5a/trans-5a). ¢ The yield is the average yield of the two reactions.” After reacted at
75 °C for 7 h, the reaction could only provide the starting material and unknown polymer. ¢ Acetonitrile is a commercially available analytical reagent with a water

content of <<0.3%. The obtained product was a single isomer of trans-5a.

EHRER . G AR BE R LN 3.6 ¢ 5.4)F 4a Vi
&, FINE] 75 CRM T h, FEEN B LR R —
XA B G Sa, BLIIUCEN 81 (Entry 3). B
=it AT R o b, AR RIS R =), fEiX—
AR F L, R FARIREAE 9 Iz ) X TR a3 U I
KA A EEAR, OB 3 2 18] SN % ALy S2H]
H LA R, K5 SO P 70 B N TS il 20, I
LR B R B, (HE AR~ Sa 5 — i Y
PN (Entry 4), Ut BV I B BB IR A R )
AL Ot 7/ R AL UNER I AL S Y A0 b Y A}
82 C, MU I & K (Entry 5). 7EASBAS B 4R
R B R R LU, K R N R PR, OB )
WCRBEA; Bt F I 3w, ROBIRCR AR A K
(Entries 6, 7). &40 4a (191 35 58 UG K B IRA E,
ST IEAE MBS 5 —HR I R R S B, B
AT LA 2 H bR AR, P9 UONE (P 35053 mT LA #
80% (Entry 8), i B IS 751 .55 T LU ik 17 5 1 ik
JEJE E AT, S i R R H B R AL JEE R
s, N CE K (Entries 9, 11), 4572 4K
Tl B 0 P B (Entry 10), K A8 215 2] H A28 5a.
KL, FACEDD 4a Bt H SE T RAL &4 Sa i AL 214
N CEEERER, 45, AN 4a MIEER 4 ELLN 3.6 ¢
5401, RNEERNTS C, RN Th TEREAKAHE
fih b, XHbE40 4b F de BEATHL 2L, ATCAEEL S
Sh(FRFA )M Se(HFEAZEE), RPN 87%F1
68% (Entries 12, 13).

1.2 BREESHERRINEHRR

AAR RS O], EaY) 4a fEBMLERAE
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FH T 6 FF 2 £ [ e o 26 XU R B S ). AR 7k S5
WS RE R —5& Ally 76 ZE [ R, S0
R AR SR N R bR O, TR SR BB
e T AR A 00 e A e I B S o e R 2 A

TEG R E RSB, H5E 0L AL AE I R 2R,
BN RAFE] 104 R MBS, BMER RN
BEWE RN 82 C, AR — AR 2
M. b6 CLHRIE [ SR o RHURN — 2R R I (i 22 P USRI fse
SR T, A H S SORUE B RS 1 R DR AT B ER T
HIAFAE, B INHCT Sl B 2. i Pl 2 0
HI4E F AT Be i IR 4%, 20 Scheme 3 Fizs. WX FEE
THEEK AR A, Tl B B SEEE SO0, R HT B B ]
A7, 15 AL IOAE AR 58 R 24 TR IR PR T B TR) 44 8, 5
T I R T R R R E B R R AR 9, R BRTS R
s 10, KA B R B 225 i (path A). 5
Ah—FpEgE B, W ELE I E RS S &
W, PRI IE . R e R ) e S R 15 3 v ]
10, 5T R 2R B (1) 1 225 B (path B). T7E All,
It PP 2 S R R A TR UG s S A0, U T A2 ER Tt £
BT AR, S5 TR I T R R R
T RUBEE NG S 4.

RT B IGAE O AL A HE, AT T T A
FH 34 FE SR L0 A SO ERAS 118, 21 Scheme 4 Fiow,
ITE S LALMEAEY) 4a AEERL 1A ONARZHIIAN 10%
flt, =R 30 min, BT LAAS B4 R A da(ZE A ). T
MAE RNAR RN 1 equiv. i Tempo I (5644 d), i
SRR TE AT, SEI0 45 F R BITERILIE 52 1 OB
P, TE BT R DGR 2. TEURERAL LML A
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O All3
OMe T
6 Al +1, L 7
- Mel, rotation
_ =
I
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........

1LAIO X |
- Mel O
—_—
OAll, ‘

OAll,
8

rotation l less hindered radical
OAll,

OAll, 9
anti-elimination | | °

OAll,
L

10
hydrolysis l

HO AN

OH

1LAIO O

OAll,

OH

B3l R SR A S TR

Scheme 3 Proposed mechanism for demethylation/isomerisation process

da JJERL, TER MR R FIMN H IR, [
W2 AN B AR = I S R A ) B A A i 5. 2 mA
2,2,6,6- U B JL Wk i 4246 ) (Tempo) I, s B R Ny
82%, {HAEHFY 5a N 14 IR FHIARIR S,
LN 2,6- BT HXS HEBHT)E, 724 5a NH—)%
AT =), N I 70%. I\ BHT i, Byalfig
515 F R R R S R SR B R R, SR
Bl A BEMER. I Tempo ] LASEH H b5 4
(1) S R A A1), I SE 1 ER 26 70 OUSOT Je Hh DK  AE
i, #—5¥ Tempo =1 INZE 6 8% 10 equiv.i, i
FH L S B A 56 A4, SR REAS 2 H A5 =) Sa.

OMe OR
e0 X ©/ RO N O
\©/\/ﬁ O

OMe
4a, Z.E=1.1:1 OR

(@) 3.6 equiv. Al, 5.4 equiv. l,,CH;CN, 75°C
1.0 equiv. Tempo.

(b) 3.6 equiv. Al, 5.4 equiv. l,,CH;CN, 75°C
1.0 equiv. BHT

(c) 10% |, CH3CN, r.t., 30 min

(d) 10% I, 1.0 equiv. Tempo, CH;CN, r.t.

B4 =i ie

Scheme 4 Control experiments

82%, Z:E = 1:5, ba

70%, only E, 5a

E only, 4a
Z.EE=111, 4a
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PR 15, {1 Gaussian 16 (Revision B.01)#f4
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FLEE AR A BT, TP SRR, AlL 5 XU
MM AR S, A CME o SEWR R A e W ek, A
I S5 9 30 3o 40 i S AR HE O HLER IR 47 f T A R AR,
T AR 1 ST PR USRS ) 0 B AN 75 A7 T E B RE S R 2
HEAELN, Wk 2 Fow, IS L B AR

2 i

DL 3,5- = FARE NN R B 2 3, 5K
PR . o B4R L 2R FE S AN 3,4- — FR AR 3R FR 88 e S A5 3
HER 2323 K L (da~4c). (L&Y 4a~4ce 1
FEFIRILIRI A FH T 5 i HE 25 1180 M o AR U0 P L e 4, 5
AR, E AR ARIA R G 8. %6 TR
DA J52 7 S B O (140 I sz S ) AR 2 R R P66 5t
W T BRI, SN R AE SR N 5, [
B s R 3 751 3 908 i 7 81 (1) 8 R TT DA FEAE S i R I
N A, Gl B RO B e SRR R R, AL
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Figure 2 Free energy profile for the cis-trans isomerization of double bond

/!
=l

3 Sty
3.1 UESHF

KRG IR 113 : Bruker Avance 400 MHz BY A% fif 3
PRAXG; 5 sS4 YRT-3 2406 sS4 AT JEATHENR: 200~300
H G BHEPE). 2559 HPLC Z0A7F(E /K& <0.01%),
Foe s ms By AR R A A gl A BRI
% H Gaussian 16, Revision B.01, #EEmH T MI1HH
778 @B97XD 2 BR, def2-SVP L4 Ak 8 i g it
HE A ET E B EEERE, TN T IEFPCM 5B, e
BRI CIE, N 350 K.

3.2 ZLWAHE
3.2.1 Aub4h 4a—~4dc B9 bk

£ 100 mL 1) EELEHLH A28 3 (12 mmol)
140 mL SRR, fiiEE T IS E (16 mmol), HN5E
Ja ]V 15 min, FEAIA G EFEE(1T mmol), N#E 60 C
SN2 EVH AE5E 4 (TLC ). A 40 mL 7K K Y,
F .1 2.18(80 mL X 3)AHL. A ALA 5 B A S L an sk,
PR TOKBR BN T4, 8, R B LA, 132K
Y, RERAEE N B[P V(LR LR - VR
Bfy=1 : 20"

1,3- = F 58 5 -5-(4- 1R 3 2R 20 35 ) 7K (4a)):
2498 g PR 84%. Z I E=1.1:1, TOWRY. 'H
NMR (CDCls, 400 M Hz) d: 7.45 (d, J=8.8 Hz, 2H), 7.22
(d, J=8.8 Hz, 2H), 7.05 (d, J=16 Hz, 1H), 6.929~6.891
(m, 3H), 6.77 (d, J=8.8 Hz, 2H), 6.65 (d,

J=2.4 Hz, 2H), 6.53 (d, J=12 Hz, 1H), 6.462~6.437 (m,
3H), 6.38 (t, J=6.4 Hz, 1H), 6.346~6.285 (m, 2H), 3.83
(s, 6H), 3.78 (s, 3H), 3.78 (s, 3H), 3.67 (s, 6H).
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1,3- A IE-5- K 2B H K @b)): 2379 g, FEX
90%. Z : E=2: 1.7, EkY. "H NMR (CDCls, 400
M Hz) 6: 7.522~7.503 (m, 2H), 7.380~7.342 (m, 2H),
7.288~7.186 (m, 6H), 7.12 (dd, J=16 Hz, 2H), 6.68 (d,
J=2.4Hz, 2H), 6.62 (d, J=12.4 Hz, 1H), 6.53 (d, J=12.4
Hz, 1H), 6.411~6.399 (m, 3H), 6.344~6.290 (m, 3H),
3.84 (s, 3H), 3.77 (s, 3H), 3.64 (s, 6H).

4-(3,5- " WA FE A 20 FE)-1,2- — F AL TR (40)P
2709 g FEE 82%. Z:E=1.1:1, LOHRY. 'H
NMR (CDCls, 400 M Hz) 6: 7.056~7.015 (m, 3H), 6.91
(d, J=16.4 Hz, 1H), 6.871~6.832 (m, 3H), 6.75 (d, J=
8.4 Hz, 1H), 6.66 (d, J=2.4 Hz, 2H), 6.52 (d, J=12.4 Hz,
1H), 6.486~6.456 (m, 3H), 6.38 (t, J=6.4 Hz, 1H), 6.32
(t, J=6.3 Hz, 1H), 3.95 (s, 3H), 3.91 (s, 3H), 3.86 (s, 3H),
3.83 (s, 6H), 3.68 (s, 6H), 3.65 (s, 3H).

322 4LA&d S5a~5c B4R

£ 250 mL [FRFHE AT, R KK A SRR A n
ANZ 150 mL), £5(15 mmol), fif(21.6 mmol)F1L &4
4a~4c (4 mmol), M5EJETHRZE 75 TN 7 h, BAIE
FEim. FRBFEE TV T, A 20 mL 2 mol/L HCI
W, TEEE 0.5 h, iR 5K, LR ZBE(S0 mLX3)
FE, A HUAE RS E T, TOKBRER N T, i
VB, R BR ZHUE N, 43 B BRI AE E AT o
[PeWiA: MR AER) @ VR M) =150 : 1.26 ~
26071

H 2P (5a): 739.5 mg, 7% 81%. I AfE K, m.p.
257~259 C (lit""™ mp. 259~260 ‘C); 'H NMR
(DMSO-ds, 400 MHz) J: 9.58 (s, 1H), 9.23 (s, 2H), 7.40
(m, 2H), 6.94 (d, J=16 Hz, 1H), 6.82 (d, J=16 Hz, 1H),

Chin. J. Org. Chem. 2020, 40, 1062~1067
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6.76 (m, 2H), 6.40 (d, J=2.4 Hz, 2H), 6.14 (t, J=2.0 Hz,
1H); *C NMR (DMSO-ds, 100 M Hz) §: 159.0, 157.7,
139.7, 128.5, 128.3, 128.3, 126.1, 116.0, 104.8, 102.2.

TR F(Sb): 738.6 mg, = 87%. FHA[EK, m.p.
152~154 C (1it."® m.p. 149~151 ‘C); '"H NMR
(DMSO-ds, 400 MHz) 6: 9.28 (s, 2H), 7.58 (d, J=6.8 Hz,
2H), 7.38~7.34 (m, 1H), 7.27~7.24 (m, 2H), 7.09~
7.01 (m, 2H), 6.45 (d, J=2.0 Hz, 2H), 6.17 (t, J=2.0 Hz,
1H); “C NMR (DMSO-ds;, 100 MHz) d: 159.0, 139.2,
137.5, 129.4, 129.1, 128.3, 128.0, 126.9, 105.2, 102.8. 'H
NMR (400 M Hz, acetone-dg) J: 8.26 (s, 2H), 7.60~7.58
(m, 2H), 7.39~7.35 (m, 2H) 7.27 (m, 1H), 7.12 (dd, J=
16.8, 16.8 Hz, 2H), 6.61 (d, J=2.2 Hz, 2H), 6.33 (t, J=2.2
Hz, 1H); BC NMR (100 M Hz, acetone-dy) d: 158.7, 139.5,
137.5, 128.9, 128.6, 128.3, 127.5, 126.5, 105.2, 102.3.

H A2 (Se): 664.3 mg, 723 68%. HMAEA, m.p.
233~235 C (lit!"" mp. 231~234 C); 'H NMR
(DMSO-ds, 400 MHz) 8: 9.20~8.97 (m, 4H), 6.95 (d, J=
2.4 Hz, 2H), 6.84 (d, J=16.0 Hz, 1H), 6.83 (dd, J=8.0,
2.0 Hz, 1H), 6.70 (d, J=8.0 Hz, 1H), 6.71 (d, J=16.0 Hz,
1H), 6.36 (d, J=2.4 Hz, 2H), 6.10 (t, J=2.2 Hz, 1H); *C
NMR (DMSO-d,, 100 MHz) §: 158.6, 145.6, 145.5, 139.4,
128.7, 128.4, 125.6, 118.7, 115.8, 113.4, 104.4, 101.8.

HBh# &L (Supporting Information) {454 4a~4c Al
Sa~5c MIRZHLLARIE B, OBV B & it 5 ah R
X et L m] BA A 3% AT I 355 (http://sioc-journal.cn/) _E
T
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