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Structural Modifications and Chiral Applications of Brucine

Dong, Ziyang Yang, Zhanhui* Xu, Jiaxi
(Department of Organic Chemistry, College of Chemistry, Beijing University of Chemical Technology, Beijing 100029)

Abstract The recent advances on the structural modifications and chiral applications of Brucine are reviewed. Brucine is a
naturally occuring molecule with multiple functional groups and a complex stereochemical structure. Selective structural
modification of brucine is challenging, and a variety of methods to achieve selective modifications at its specific site are
available. The aryl moiety undergoes demethoxypentafluorophenylation, and the amide moiety undergoes the condensation
with primary amine, deoxycyanation, deoxygenative reduction, and a-oximation. The tertiary amine moiety undergoes
N-oxidation, formal carbene insertions of C—N or a-C—H bonds, three-component reactions with benzynes and phenols,
N-amidation with nitrene, and N-alkylation with halogenated hydrocarbons. The C=C subunit undergoes dihydroxylation and
hydrogenation, while the ether subunit undergoes hydrogenative cleavage. The modified structures have high potential
medicinal values. As a chiral resolution reagent, brucine has been widely used in the resolution of racemic carboxylic acids,
phosphoric or phosphonic acids, phenols, alcohols and some drugs. Additionally, brucine and its modified structures also find
applications as chiral auxiliaries, chiral catalysts or chiral ligands in asymmetric synthesis and catalysis.

Keywords brucine; structural modification; chiral resolution; asymmetric synthesis
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Figure 1 Structures of brucine and strychnine
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Scheme 1 Reaction involved in the traditional processing of
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F. F
Brucine +
1 F F
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Scheme 2 Photoredox reaction on the aromatic ring of brucine

OH
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Figure 2  Primary amine-containing compounds used by
Figueroa-Valverde's group

BE, BL 2% HICRA 2] THIM IIKRIL A 9 (Scheme
3a). KA, Z R A AR F I 7, Bl T

Brucine

THES S A AL FERE R A TP S B A 552
A4 8120 20 2% ) ¥ (Schemes 3b, 3c).

SR IR AN T 5, o & Bt AR, R
VYA 68 ks A O, SR OME R R, B AT B
e R P A A 2% A AR IRAE — k2, B REIA S k5.
% BRI DT AT Y R 2 I e A R —
IR
1.2.2 BRi&yiL R

LR R OSU S RN It e 350 350 ] R AR I R R N, A A
SRR IS A AN TS I ) 5t S5 5 e DL SIC 30 i
T (e PR OE . P 3 2 10 58 R B A TS AL,
AR IR R TR SR, B 5% I R S UM P e e 2K
& R FRAR S R 2 —.

2017 4, Dixon MEIZHETLPY L — RS e (12,
TMDS) A8 R 77, S 15 A 10 T fig 350 4 32 43¢ P ek
Sk RN 14 38 IE BT RA 18, 3t
35k Strecker B N, DL 55%KFREEFE RG] T R IE
1679 13 (Scheme 4). HTHIEREA LM Kkt 7]
HETIRED Y ARSI, o IR AL
YA A BRI ER B TR AN
B4, BT A e BE Y, th AT LATE 13
H I Bt — B SRR .

[F4F, Gagné ¥R I RRE 1A DI 16 1
Lewis FRIGMEERE L) Si—H B, 153 7 M
(super-electrophilic) I #E 1E B+, 1R 47 1 A0 e 220 )5+
%A OE M), B2, WMo E 5k 7% 17
(Scheme 5). %75 R AR, XAk $EPESR, X
BRI G WA AE A = A E I fE 5 L

B(OH)3, EtOH
rt,72h

9
62% yield
(a)

80% yield
(b)

BRI 3 WAL S ARt sk

Scheme 3 Conversion of amide with primary amine into amidines
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Scheme 6 Oximation of the a-methylene of amide
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Scheme 10 Rhodium(II)-catalyzed reactions of brucine with diazo compounds
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Scheme 13 Reaction of brucine with benzyne intermediate

terminal alkene

alkene preservation

NMs
R
ArOH
——> , 37o0r380r39
36
aza-ylide
NMs
R'= _
Me——
Me

alkene migration

B3 EhEk 7B A e 18] A S 7 ) 4 4

Figure 3 Structures of the reaction product of brucine with benzyne intermediate
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Scheme 14 Reaction of brucine with Rh-nitrene intermediate
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Scheme 15 Synthesis of natural product-based cellular probes
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Scheme 17 Reaction of brucine with Ag-nitrene intermediate
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Figure 5 Allosteric interactions of brucine quaternary ammo-
nium derivatives
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JHERIE T 2 BT R R &9 22 e, 3204
N S AR T HRATAE YD 63 (Scheme 20). i 5256 %t EL 2
Br, WA N5 E AL 63 5550 M2 AR 45 A e it T
BRI =1 56 fi5 5 AT, 62 IR AL R TR AT AN 5RO
M2 RIS ARe T BRI 1 /= 115 5 A 4.

n=6,7,8

Yield 85% 91% 65%

B 19 WL TR 62 Ak
Scheme 19 Synthesis of bisquaternary ammonium dimers of
brucine 62

Br\H, Br
7

2 ———
MeCN
reflux, 14 h

27% yield

B 20 DA THRATAEY 63 &k

Scheme 20 Synthesis of brucine derivative 63
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2005 4F, Kral WAL A 58 i A6 2k A e &
PRI IRAT A S B, A3 T R Y I R B AT
AW 66 F1 67, 7755 A 77%K1 48% (Scheme 21). /Y
LTI -INRATAE S B 2B, fe5HMmEH
FEREEYFE o WRUER, W LEHE2AN
A BAET, AT URI A S TR A I T R
NMIIR R LA A, A UREAR S A A At
BV REA R, DR EIRaTE B, W5
GO R A, D8 Fo-INRATAE B T B F Lk
ZRPERR, AT DAVEON PR . 2 S N I v O 4
FU Rz A, MR R B AT AR A A 7 R I AT
DA I AR LA B A P e 36 PR TR ) AR = R (ATP) 25
PRI, ATP %5 A 1P I LA 5538 B2 44 57 g nend
L[ S R ER I ], ELnT AR AR T A
AR TR I SRR PR B A R s () 54 1) DY S R T
NhWRAT A B T B b, R AR LA G A SE B T AR
ADP Hl AMP 1778 T % ATP R EMEIR ). BT Rh kAT
VARG HEREMER, ENS5SEEREEESY
Jei, AT DU R B 1) A 2 g 7 140404,

CHCl,

Bruci + R ——
rucine reflux, 24 h

1

66 77% yield

CHCl,

B i + —_—
rucine reflux, 24 h

R2

65 67 48% vield

B 21 DY S8 T-nNRAT AR ) A

Scheme 21 Synthesis of tetrabrucin-porphyrin derivatives

1.4 BEFWH C=C JEL5NRN
C=C Xt HA LR M XE . HAh, XU
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EHBT, B EREENE. DT C=C XU
BT PL = R AL v

2009 4E, Oh IMZHH Ll Y S ALER A AL 7], I N-
PR 5 ) k- V-8 AL D (NMO) 25 S AR TR AT T XAk,
PL 95% I Z 3R 1S T #1447 68 (Scheme 22)

_ NMO, OsO, O
Brucine ——— >

1 actone, H,0, 24 h ~o

68 95% yield

BR 22 DT BRRGR AL SR
Scheme 22 Dihydroxylation of brucine
XERACRTAED 68 L HI RS T HARAT BRI SRAZ 1,
F AR SR A SR AZ IR BN, B 82% O 445 214
240 EATAY) 69 (Scheme 23).

Ph— Br
*N

Br._-Ph _0 — :

g —mmm H &
PhMe, reflux, 2 h \O N
o

69 82% yield

B 23 BET AR AT A YA RIR I
Scheme 23 Reaction of dihydroxylated derivatives of brucine
with benzyl bromide

68 R LR T DURI AR R N, 15 3]
FhOBALIATAEY 70 AT, S E AR 55%
(Scheme 24). iX & Ty B FHfi7 A4 v DAE T 14 e A4,
F T3 4@ A AL AN BR A (L5 3.2 1),

68 (i) DMAP, pyridine
(i) dropwise AcCl

71 55% yield

B 24 DETBRXCRIEAAT A YA AL S 8
Scheme 24 Acetylation of dihydroxylated brucine

2016 4, Hartwig iRAH™IPL Togni 7 72148 =
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S ARG, DU RS B AU(TMSN, ) A & A,
ST BT C=C XU AUE Be k. Togni il A7
Fe(IDf#fL FreAE s =H AR A, s Cc=
C MM E T — a8, 192000 B b5 b () Ak
TMSN: i3k, SIS %k, TR 73 MERT, %
SNSRI T X g 5 1 R ST A 3 R ) R0 R ), DL
T0% M HEAS R TR MRS TEATAEY 74
(Scheme 25). Z 7 VEFIFEE H T HALEH C=C XK
RIRG T, FTREEM =] L2503k, Nk
PR AL 2 pL 2.

N

~ Togni's reagent (2.0 equiv.) /o:©\\\- .
Brucine H d
(o) N

. Fe(OAc),/73 (10 mol%)
TMSN3, MeCN, 23 °C, 24 h

o)
74
70% yield, single isomer

X

’z/NH " HN\Z
/’\

Togni's reagent 73

B 25 DB H =5 RS B AR B
Scheme 25 Trifluoromethylazidation of brucine
2019 4%, Dydio WL B AL TR7E i i e R R
SEHL T AR B C=C XU S SO, AEAZ RN,
USRI S A (] 24K, 4981 122%™ FR K B 1Bk Y
RATHEH) 75 (Scheme 26).

PtO,, H, /0:©:
i H
. 270°C N,

75 22% yield
The absolute stereochemistry at the new stereocenter was assigned.

B 26 SE AL S S

Scheme 26 Palladium-catalyzed hydrogenation of brucine

FERTAEW) 75 W] LAZE PA(ID)FD Ru(INHEAL A 3L [F4E
TSR RN, 38T 7 p-C—H ik
FALHIP= 76, P2%H 33% (Scheme 27). X H 4
75 HIRINEME, FEH T 12U R R 1A N A E

2 DS TFRIEAFERS T

ML SR AR ) T SR A B AR T (1) . TR
(2), AL XSG T RHE Y b HE L) 2E T (77, Quinine).
Z5Je T (78, Quinidine). % 7] J& T (79, Cinchonidine). %

4110 http://sioc-journal.cn/
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Pd-G3 (10 mol%)
RuCly(PPh); (10 mol%)
DPPF (30 mol%), Cs,COs

dioxane, 90 °C, 72 h

Q,,
Pld—L
O OMs

Pd-G3 DPPF

B 27 DETWATEY 75 BRI f-C—H F AL
Scheme 27 Arylation of the f-C—H bond of the hydroxyl
group in brucine derivative 75
AJ7*(80, Cinchonine)(E 6), #2H W 1B A 62235 1
I RIR AP0, XL TR AW ] TR IR . IR (1%)
P2 By SRR VE AN AR AT IRy, BEREE: Wk, B
PER BRI SR W] LRR R BR(BEIR . My S5 mR I o
SBE, T AR R LR [ A . IR, S R T B
BRI SN 7 o B ] e R - S N ¥ N o
HERUBON SEARIE O E L. o T AN R S ik T 2 Al AR 3,
WA TR FE AN, SE R rh A e B AN R, 45 Lhod
T 2 it SEPUA [F] S B TR AR A 2. S8 I xS Ak e
BEATHRAL  BRALACBE, TR HERIE AN, &)m, Bl
HEAZ DT OME I BRIA BRI A LR L

78 Quinidine

77 Quinine 79 Cinchonidine

80 Cinchonine

B 6 TSRS SET RS9I E A
Figure 6 Application of strychnos and cinchona alkaloids in
chiral resolution
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FA1. FAR IR G 2 e AT R ) 2 () 5 440 2 4% 43 S e Ak
AV EEFER. BN, UUH SR HFA
RE T8 A S EL S S R AR (4R 43, 3 75 R I A Bh 1
ik 2. 77~80.

FLZE 1916 4E, Wren 1 Williams™® s A F 25 4% -5
X AT e PR SE BE BRI AT T IR . B S MR,
AR FHE B TR FHR R S H RN T
PEZGH > U Ak, AT IR 8 A AR TR
7 FHEREVR F ok s AR ), BEE AR RS
BT RYR O T 2 L, X5 i AN EE R L)
s B Lok, B TSR NN, DT
B 2 TR TAERC AR AN T F AR R 1.

D% —H 2 FE NI FERR R, BT F N
CUASHERL. TaenP7E 2001 4F 5 4% 7l AR i - s
FHREAT T ARG AR 4, A SC 32 B B 7 AN o AT S B
FAUE R 7033t e AT 53R
2.1 FHONERERER . BE(BHERFERRIIR S

TH BRI T T 4% 43 W e T 1 R il T 1 R R
FALEY). 2008 4E, Wild PR 5T A 15252053047 T
ook, R SE I TR SR T F BRI LA )
81 (AR ¥ 2e, ¥ 81 F1 AR Tl AE 2.1 v [a]
W 2 h, B S 4 Gt R R ARIE R KRR
PIMB R ZISA L, (S)-RIRS TR T IIE Rt £k 82 45
a b . Xt 82 ZURELE N, Bl S ERILALEE I 1(S)-HR
I% 83. X BEE 2 30 AbHL AT 15(R)-FR 2 84 (Scheme 28). 14

EtOH
reflux, 2 h

1

lrecrystallization l

mother liquor

‘0oc R
2 [BrucineH]*

83
(S)-dicarboxylic acid

B 28 FHEE: 81 s
Scheme 28 Resolution of chiral acid 81
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B 83 REHERE L EZANEETE R, 7T
— ANV &R E T4 77 85 (Scheme 29).

NS
N N
O o—" Z
o o
bvaQ
85

BI= 29 e TR IR & O Tilic i
Scheme 29 Synthesis of hexadentate ligand from spiro chiral
carboxylic acid

2012 4F, Yoshida M UEHE BT (7955
T IROO)XAMNEIEZ BRETAY) 86 AT T ¥Ry, T
2j IR 2 (carbonyl guanidine) 744 89 I 1A 5-HTop
A 5-HT, 32 A& X E 5 H177(Dual antagonist) (Scheme 30).
2014 4, Moritomo W ZHB Ui F T Yoshida ¥ 2H 1) T+
AR T77%, B ECT — RYIRIBEATZE 5-HT,p A 5-HT, 52

PR BB,
0.0 COOH

O

86
racemic chiral fluorene acid derivatives

79 l crystallization 1l crystallization

H* lH*

LI oo

5

O COOH

Ne) (o)
87 88
(S)-acid (R)-acid
NH 0N
HN”ONH,  Hol O O ~
86 NH
o)
O L Ha
89

Dual antagonist

B 30 XEIEHUH 89 1L
Scheme 30 Synthesis of dual antagonist 89

2004 4EF] 2005 4F, Solladié H LT H &1
WA 2 BT EIBOR IR 90, s MK L HE K —
AR IS A R (Rl - B 92 (Scheme 31). XA
FA B HaT LA 17 51 A A (nematic liquid crystals) T
P45 4% 7(chiral dopants). 2014 4, Haino #f&HZHB* A [
FERTT SRS T AME R 90, F LAA Ft 4t w71
2E.
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OMe OMe

I COOH 1
‘ COOH

OMe OMe
90 91

OMe
‘ COOR R= OCeHﬂ

] COOR

OMe
92
chiral dopant for nematic liquid crystals

B 31 RSB TS 4450 92 & L
Scheme 31 Synthesis of chiral dopants 92 for nematic liquid
crystals

cooH ROH

—
! COOH

2009 4F, Polavarapu RRRA1E BLAMNY e BERR 93
BE-5 AR TR R R OGS MR B, FFIE T RiR R
RNy AN R AR Gt AR NN fKE«fe? sl T
RIS JE P AT 22 5. (ECRERER T (94) i ST i,
EAF bR 1 (955645 i, AR Red-AIP™
WJR, 19287 PR — G T CZE ) VANOL

96, 97 (Scheme 32).

% [BrucineH]*

EtOH

‘ crystalllzauon

Ph Q //O 1
Ph X

OOH

0 DCM O
93 crystallization O
(+)}-VANOL O
Hydrogen Phosphate l [BrucineH]*
Salt |1
Red-Al Red-Al
94 — (aS)-VANOL 95 ——— (aR)-VANOL
96 97

B 32 FHEBEER 93 mdwsr KATAA
Scheme 32 Resolution of chiral phosphoric acid 93 and its
derivatization

2002 4, Kral AP E T S PR E &
FIFPEIR A SZ 42 101 (Scheme 33). % BR A4 A S 4% 70
1 6-1R CLER(98) [ N AS 2 T AH M. I 28 2h AT AR 99, Fi

4112 http:/sioc-journal.cn/
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N 3-FFE AL 100 45 G752 7 A IE AT ST
B FEIR A 320 101, Z S 4EmT DR A B [ e A, *t
T REEM T 255 102 F1 103 AT HR .
PR R IR, ZIR T E R AL N B BT A A
H, 5 HE3#H ST TR0 7L FE, AW K&
Zfi oy SR L I VER.

Brucine + J/H _—

HOOC

OO COCH gy l l COOH
OH OH
ool

102 103

BR 33 FIEUUISCAE 101 5 B
Scheme 33 Synthesis of chiral recognition scaffold 101

B TR IR B T IR ZR By A, ] LLE 2
ST

2009 4, Tanaka Al Urbanczyk-Lipkowska {47!
SEHL T BRI BB ZE Y 104 1 TR
7r(Scheme 34). PIMREAE G TESRLR], a2 fEH
AL E 5 DT O R A .

2016 4F, Bedekar SRAIZLSISEHL T AN B R IR L1
() FHEEEZE M) 107 94753 (Scheme 35). %448 T HIE
ECEX A EYIRIIR Ty, 25-2,7- B Fp AN
H 5 B TR & -l S E R 4 . 24k O ik
B, HE 107 5587 6se e b i,
IR 108 5 S TI 4G a1k, BREHS A AR
17 109.

Bu
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O
OH
OH
)
GO, | e
oH 1 105

OH
1)
HooC 104 OO
OH
—
ses
HOOC

106

B 34 FUEBZEM) 104 (475
Scheme 34 Resolution of chiral binaphthol 104

L
HO. l OH
l E OH 1 108

in precipitate

HO. OO OH MeOH, reflux
107 GO OH
S
HO O i OH

109
in solution

B35 TAHHAR 107 (0575
Scheme 35 Resolution of chiral binaphthol 107

A FH 5 BT B8 TT BLY B TR R HEAT IR
2004 4%, Otto PRAHMEH DM IMAIER -
Fe-N-FRERE- - P L IR (110) 45 23t T S-A4 L A x
W R AR 111, 25 LS 22 JR W A5(S)-S- "R 2k -f- i
B2, a2 0 N 2 5 T AT AR N i
112 (Scheme 36).

OHC. OHC.
NH O 1 @ NH O
SMOH fractional S\/'\/U\OH

110 crystallization 11

(S)-S-Benzyl-B-homocysteine

\
TBDMS = %—/Si—é

S-Benzyl-N-Formyl-
B-homocysteine

o TBDMS
NN o
1m_— °=%

OH
112

B 36 T B-lE % 112 Ak
Scheme 36 Synthesis of chiral f-sulfonyl lactam 112

2008 4, Czarnocki - F3 4 LK 5 7 R FE 1) - A Bk
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113 7l AT o, & AREQ)EH, 737 2538
F1 2R 3R FEBLFNT BE RA4 4 114 F1 115 (Scheme 37). 114
AT LB BT S e HEAT 35 70 (PR SR 2.2 77).

COOH
i1

@H- OTON

COOH l

S 114
D — (28,3S)-acid

SN

| COOH
()

115
(2R,3R)-acid

BR 37 FHmR 13 1S
Scheme 37 Resolution of chiral acid 113

2005 4E, Doyle iR COISZHL T X trans-2-2K3EIR R
SEHER(116) 147 4> (Scheme 38). Z J5# 2-ZKILIF L
R 120 A DKM KT 229 119 A 120 (Scheme
39), ATLAMEN Rh(IDAEALFIEC A T 88 R 5= 2 5 AR
R C—H #'E e F0 = BRI 5 XU I A0 F) 44-Diels-
Alder FNE .

\\\-AWOH
—_—
=7
\WA‘/OH 1 117
0
116

OH

L= T
118
CO,Me

117 _>_>©‘%‘/QNH

0 (0]
119

COZMe

118 _ =~ ,\/,/<NH
@A Y
o) (e}

120

B 38 2-RFEIR N FER YT o K AT

Scheme 38 Chiral resolution and derivatization of trans-2-
phenylcyclopropane-1-carboxylic acid

2011 4, White @120 A 4% T4 4 T 43R
ST HR 122, ZEELER T C-XFRIIY
Wi F MR 123 (Scheme 39), AT CrAIfELIIEE S
U AN K] B 2% -Diels-Alder ¥4 0K s S AN S 504 14 3
BRIAXI R Nozaki-Hiyama-Kishi [ 3.
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—»1 —
CO,H crystallization CO,H >

CO,H CO,H
121 122
(%)-dicarboxylic acid (-)-dicarboxylic acid

123
(+)-diiminephenol

B 39 FHEmR 121 K75 RATENL
Scheme 39 Resolution and derivatization of chiral acid 121
2007 4E, Carlier UREEZH 1 H 4% FodF7 2 FHERR
124 J5, FMNIRR 125 &7 FHE& RIRF 127
(Scheme 40).

oh B 1 Ph Br
SN
Ph COOH Ph COOH
124 125
() (S)-(+)
Ph Br 'PrMgCl Ph MgCl
125 —— "
P " cN ELO  pr’ " on
126 -100 °C 27

1
(S-(+) (S)-(+)

B 40 FrERS RBUR 127 16 AL
Scheme 40 Synthesis of chiral Grignard reagent 127
2014 45, WA H S8 TR T F
PERR 128 (Scheme 41), H LA FLESEM &) a-C—H
TSN AR ST AR AN

0] 0]
1
H50O, reflux
HO,C recrystallization 4 times  Ho,C
128 129
(R)-acid

B 41 FHRE 128 FS
Scheme 41 Resolution of chiral acid 128

Thiele’s 2(130) /& — i B A7 SR NI I M 1 20 1,
SR B 3R 5 T AT A4k, #oaT LURIF 130 filfFE
o7 T8 4 1 BRAE AL S AT 43 T S 48104 2017 4F,
Waulff Ak T TR T (79) L-RBR LB L-
T G BRI IS5 MR8 &, T2 RR 43 M e
1) Thiele’s BR. &, 1 8 7B AE A4 73 1250 I,
(—)-Thiele’s BR(131) 5 W 73 T B0 LA ER T 2 b
BT, (+)-Thiele’s BR(A32) PR A 7E T B . S E#HTIR

4114 http:/sioc-journal.cn/
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TEALEE, SEEL TR 130 (9 FM4F 73 (Scheme 42).

i
crystallization y* ’
—

H MeOH HO,C CO,H
4 1 131
[ -

130 mother liquor H* 0

H
HO,C COzH H
(+)-Thiele's acid !

HO,C CO,H

132
)

B 42 HMHJE Thiele’s M5
Scheme 42 Resolution of racemic Thiele’s acid
2017 4, What 25 VA4 ST S AR AR 28 7 (77) S
G4 T ANEIER 2,3- I A R(133). /£ LT,
PLZE 7 (77) 70 355 T LAAR 31(2S,35)-2,3- = I A
FR(134); 1E/KEHRAH, ULSE 0083 55 o] LS 3
(2R,3R)-2,3- - I A R (135). WAF 4011 2,3- — HIFE
FIRAETFIEYR 7 T A0 55 AU R A — 2 IR I 7).

O Me OH
77, EtOH R
- HO™ ™ OH
OHO Me recrystallization HO e &
oH 134
HO |
Me OH O (25,39
(e}
1(3)3 1, H,0 HO_ Me on
- recrystallization HO 3
Me OH o
135
(2R,3R)

B 43 HMETE 2,3- 2 H A AR I 1R 4

Scheme 43 Resolution of racemic 2,3-dimethyl tartaricacid
2.2 FINHIEEZHREE IR S

TR RARE S TSR, s 2 —E H K
WS BEAE . H TN W AR B = ARG B,
W S0 e (R A PR S L, 1) RS XoT k S A 1)
S0y RS KA, AT DATA)RE M AR 20 o SR A . {81,
FIHI Scheme 37 H111(2S,38)-FR R 114 FIHMH Tl s ¥ m]
DA — X AExt B R A i B, 8 A E 7 CaT
O A AR R34S B X HA o S
M 55, FR A REE G M R OB S A
BRI EUBEAE ], SEBLE IR, =, KB AIAL R
PRI I, #3204 — W, ol A sk
PR T RS, FKARERE, (MR SEEL T R
XA AR B . XA Tk, BT — R
A K RTINS AR R o HLEEA
RIE, AR 2 i 5 —Fh g

1926 4F, Kenyon'*" 4R FH T 1 A= 40080 43 25 40—
FIRFIR, 7K~ G R 1245 2 FIERE 07 i A A0, IExE
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TR T VER BIHER (Scheme 44). 1456 F AN e 1-
FR L B2 (137) A4 2K — R R I5F (136) [ L1 21 AH B 1)
Fig 138, #45 FH G705 - Ba sk 139, SLilfsr. ff
F SRR AT AGE Sh B PR 5, Zoad ALK 2 T Wik
B e R R AR B R DT 140 AT 141.

le) H3C * n-C6H13

@I:/é OH 137 CO2CgH17
_— (a)
COOH
136 © 138
! CO,CgH17
138 __acetone__ ©i BrucineHT* (b)
(resolusion) coo" [BrucineH]
(Dand L) 139
[BrucineH]*CI" |-|3(3\‘/n_c;6|-|13
HCI
39 OH
EtOH @ECOZCBHW NaOH 140 ©
_NabHr_ +
COOH H20' HyC_ n-CeHys
(Dand L) H
OH
141

B 44 FHEEF 137 104750
Scheme 44 Resolution of chiral alcohol 137

H Kenyon AR 772 J5 1) 80 2B, %554
[z ST 2 R eI AR 43, AE Jaen M Z5E H
A R H 2, A AR A, AT DU % VA R 4
AROR LB, B S 2K, 9B F S
e,

2.3 XtMHEREZAYINNRS

BT B0RT DL SME R 25 AT 35 4, %7V R R
BRGNS T EARRIERR LS R L. BARZE S K
Jii _Ed e R AN AR (5 2.1 7)), (HE T HATZ
Y& BAEA NGB FE b R S 2 AL, AR SR AN e 24
YA 3 BB A1) H K.

5,5- 2K LN Tk IR (145, PHT) 2 — Fhufat ik 2542,
TEAE DR 3 AT AR AN IR FE R A Bl R AL O AT A )
(142, f&# HPPH). 1975 4E, Claesen 14 F 4% T
Bt HPPH HEAT 7 FVE4R Sy, BEF0 1 AHSCI AE AR
F(Scheme 45). 2004 4, Vogel #1523 1 % HPPH
FINTLERK, FEH Claesen W@ R 54T T F IR
77

2003 £E, Nielsen URARZHOS2Hl 1 RHIE 25 10255
#:(146, Saphenamycin)ff14>& ik, 1 S8 75 dF 7 th
T(—)-1LZF 8 (147) (Scheme 46). @it % H D% 75l
I X JEHTE T, B T ITR(—)- ISR E RN R 1
it
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O \N//; EtOH H
HO 0 - T

142 NH
(+)-5-(4-hydroxyphenyl)-5- HO 0]
phenylimidazolidine-2,4-dione 144
(HPPH)
g
NYO
O NH
O
145
5,5-diphenylhydantoin
(PHT)
anticonvulsant

B 45 T HPPH 142 [0 5
Scheme 45 Resolution of chiral HPPH 142

OH ; :OH
0 O
o}

0 1 HCl
—_— > —— >
Ny MeOH N\
o
N/: £ N i
0% “OH 0% “OH
146 147

Saphenamycin antibacterial (R)-(-)-Saphenamycin

B 46  SMHTELZTE R
Scheme 46 Resolution of racemic compounds
2005 4, Challenger MG R T N 2 & H5 P
UK-350,926 (148). 7EFAPIERHAT4E & R B SR
LB TR, WA BERT LSRR S R AR 150
(Scheme 47).

MeO Me
o IV
\
S H*
O// \NH 0 —> 149
o= 1 (R)-enantiomer
O ) acetone Moth
. Lo Mother
O { crystallization liquor
EtO,C
N .
H v

150
(S)-enantiomer

148
UK-350,926

B 47 N ERIESUT UK-350,926 (3770
Scheme 47 Resolution of endothelin antagonist UK-350,926

2009 4, Kim S8 RS [5] (AE A, s2
LT PR BB 2K FEEEER (151, Etodolac) M e 44 1)
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ooy IR S ¥ e T (194 RE, 45 FIR I As 2
23S BRI (—)-IKFEERR(152). 52 Mk, 554k
TN R AR 2 T LA T A 245 1 i T B i 1 (- )- IR 4
JFE#2(153)(Scheme 48).

COOH
. H
79 H NS
ation /| o
COOH |crystallization
y 152
/ o — (R)-(-)-etodolac

/COOH

151 Nz
(+)-etodolac 1 H* ) o
i : =
anti-inflammatory crystallization

and analgesic

153
(S)-(+)-etodolac

B 48 SN HERIEIERAOTR
Scheme 48 Resolution of racemic etodolac
2012 4F, Kuo IREH 14 1L 1 1R Nt # R I0 T
PERUARBERR MG, 12U A B A UBE IR 154 A0 58k B4
T PIEE R, WS S R I BRACBERR 5 BT ha
#h 155 LAREART H, R MR 25 156 B Or B AE VR T, K
VAR RAT R T AL B R 2L K P RIRE 820 0l v T
AN IR, K2 S TR E AT . 2>
ol FH DU S B e % S, 7K FH 36 158 R A A5 4 Bt I8 Ui
B S B ) A BOKAR 5, 9 He e 4 T 43— X it
AR IR X W S K44 157 A1 158, 18 3R AL 2 (160) 52
SERARBERR 157 )5, L5t 2 A1 20 F s AR
P& 15 159 (Scheme 49).

3 {EAMW. FHEE. FHEETIZFIERF
A Rz A
31 EABESHREN

AR FHE RARAEVINR, 5 T RS & 423
BN, AT, DT K HA e
a7, AR R mT LLE I 5 R R R R A e
RO e b T % R AT LR A AR TR, 2 Sk 1)
AL N BT AR TR AE A LR AR T
IO HAS S B A, AN 15

2019 4F, Gates ¥ HZH 7 ] AR 7Bt FLRC A7 A
PUBRER 161 XL F1k, 1538 7 5 D4R iU /5 i
ML A 162, BT X SHRATHHE T TS LS
) 524K 45 44 (Scheme  50). 3 o/ Be AL (4 B A & 4 1 8
TEIBLE R FE B T R A 5] R,
3.2 fEAFMEIFAIRFA

2002 4E, Yamamoto AL AR T A T MERD
W, TESEIL T EEAVIL S 164 X 3,5-— H K

4116 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

o}

[|
Ph—P.
/ OEt
HS
154
acetone
crystallization

l :

o) o)
Il [BrucineH]* Il [BrucineH]"
Ph=P. PhuP.
< OEt "¢ “OEt
s- S-
155 Solid 156 Filtrate
(i) NaOH (i) NaOH
(i) HCI (i) HCI
0 9
- PhuP.
Ph=Ps okt "¢ “OEt
HS
157

(R)-phosphonothioic acid

0 .
I (i) CycoNH
Ph=Psoet T ed
HS (W
157

BR 49 Fhams R FIEmAUBERNS 159 19 E K
Scheme 49 Synthesis of chiral phosphonothioate 159 as neuro-
toxin

Qg , |l gep0
T\é ace:one T% [BrucineH]+
NG = |
161

o L 0 .
162

B 50 SECALBEIL AP 162 HIA AL
Scheme 50 Synthesis of hexacoordinated phosphorus 162
R e RIS B RS BE AL S, LT BASE B 7 5445 2
T 165 (Scheme 51). Bk vHfud it 5EAV)ELALE ]
FYEE SRR, X5 44 I 6 (enantiomeric excess,
ee){E N 61%.

R

Pb(OAc);
OLi ©/(2,5 equiv.)
164
/©\ 1(3.0 equiv.) 'Pr O Pr
163 toluene, -20 °C

165
99% vyield, 61% ee

B 51 3,5- R B A FROUE Be Atk
Scheme 51 Asymmetric bifunctionalization of 3,5-dimethyl-
phenol

2009 £E3 2010 4E, Oh PR Y DAL TH XU 5L
TN 68 1E AT-PERCAR, FIAS[F 4 i Ak 75 A AR
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[E IR N, 45 3] 76 BRGE B AN [F B 7= 4. HH b4
DA TR 4 J& A 8 - BlosUR 2 A T AR P i A 5 =04
. H Ag(D)RRENTFIE, H M5 TSEFXE R
T e AR, H R A SR T AR R FRLAL(166); LA
Cu()F Cu(I) AL, FIEFFR g AR TS5
%4167, 169); T RE7> T S8k T I UR BT A1)
Al LAAITFAN Zn(1D) iR+ FELf7(168) (Scheme 52).

_ o _
Ho. : §
Zn(OTf),
N
) AgOAc
HO o () Ag
/ AN
L AcO" N-Ligand |
166 68
N-Ligand
Pl
Ho. : §
Cul/CuOAc
Cu(OTf),
HO / HO /
L O—cumy O—cuoTf _|
(m

B 52 AFEGJEE 7R B T IAT A 4 AR A
Scheme 52 Complexing forms of different metal ions and
brucine derivatives

2009 4F, Oh BB Ag(DEL Cu() AEALT,
B FIRGRI AT AR A A, Bl T 2 1,318k
HEYIN C=C SURIA X FRIF IR M. (Scheme  53).
MfEH Ag(DELT] 166 B, DLRUTHI SRR 2
TN 28,4S,5R HIF=H) 172, RN 79%, ee 1
74%. 44 Cu(DEAL 7] 167 I, BEBS AR = XS N 3k
FEPERIR = 1 7= R RAF RN 2R 4R,58 P> 173, 7=
R ee fH 5 1119 98% 1 95%.

‘Bu0,C

—

Ph=">\~ ~CO,Me

Ph H
& 0 172 (2S,4S,5R)
N + “)J\O’Bu ] 79% yield, 74% ee

(@] 171 tBUOg%

MeO170 167 / \
Ph™"\~ "/CO,Me

H

173 (2R, 4R,5S)

98% vyield, 95% ee
BR 53 L&Y 170 FUGEAEBRAT ERATO RIS AR N %
\_\L

Scheme 53 Asymmetric cycloaddition of compound 170 with
tert-butyl acrylate (171)
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[F{4E, Oh HRGHM™MEH Cuak Zn(ID) AL,
SEHL T RS BE(1TS) S EE 174 B9 AS 6RO K B
(Scheme 54). DL 2-Wkmg H R 2 5 ) B, 1 H
Cu(D)fEALTT] 167 W1 2] S HBLF=H) 176, F=Z N 82%, ee
fHEIE 97%. fHH Zn(I) NHEMFIES, FTE5E] R HRY )
FEI 1T, FEERAN ee 437N 88%A1 90%.

OH
167 /i\/No2 82% yield, 97% ee
~ R (R = 2-furyl)
JOL 176 (S)
R-SH * MeNOo, — on
175
174 168 R/'\/Noz 88% yield, 90% ee

177 R) (R = 2-furyl)

B 54 AL AT S 174 A FR N R
Scheme 54 Asymmetric addition reaction of nitromethane with
aldehyde 174

2010 4, Oh iR AZH M ILL Cu(ID) AL, SEZBL T mg|
WL AW 178 SREFEIEIE 179 1w ek 504 in
(Scheme 55). 24 R' NE H R* NZEFEERS, feiELL 50%01)
R FD 86% (1) ee fE IR S #4274 180.

Rz NO:
R! NO, R!
Ty - ST O
N 2 N
H R 179 H
178 180 (S)
50% yield, 86% ee
(R'=H, R?=Ph)

B 55 WIS Ak B4 55 il 5 0 U DK AR 38 A i
Scheme 55 Enantioselective addition of indoles and nitroal-
kenes

3.3 {EAFMENFISFIERIFIA A

1904 £E, Marckwald"” ™ F D&% Bl A (AL, S2El
T 2-WR-2-Z KR TR (A8 LE il N HIAS KRR 25 B3k
1 Ni(Scheme 56). fEi1ZS N, B0 ST
B ek 182 2 F MR FYR. 1987 4, Toussaint,
Capdevielle A1 Maumy! ™ Ffj Cu(1)A1 T 4% 15l A1k 571,
SEHL T IR FE TR TR FATE (184) 7E IR AN 4 F R AN KRR 25
B S AL [ B (Scheme  56). i PR F 7= W) 1 )l 2 46
(optical purity, op){E 12 ATE 10% /5 45

1985 4, Mikotajezyk @47 I8 T 0k A T
BhFSEEl 7 WRRER TS 187 MIAXIFR & R, 1E1Z% R M H,
B TR SR AZ I 1 5 B 1l 5 4% IR i 1 1%
AE) B AR G 186 & ZE N FR N,
LA 84%H #4331 R # B (1 ILAA TR 187, ee fH N 62%
(Scheme 57).
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1k SR

BIHE
HO,C HO,C
2/ _CO,H . 1 MZ/\C\— [BrucineH]*
Me™ g, 170 °C, -CO, 0" g
181 182
~~CO:2H
183
ca. 10% op
BOC co,H  cuch1 Ph_CO,Et
A CH3CN, 60 °C H
Ph Me s =
184 185
10% op

Note: no explanation yields

B 56 DETBAE T AOASKIRR & Bk Ak S
Scheme 56 Asymmetric decarbonylation under the action of
brucine

0 , o)
"B g "Bu 4>BUMQCI g "Bu
"o 0" 1 Bu~3 0"
186 187 (R)

84% yield, 62% ee

B 57 Jeran TR 187 KA A

Scheme 57 Synthesis of optically active sulfinate 187

2009 4E, Kolesinska 5 820 5O f) 5 4% 7B F0 - 2-
H-4,6- —HEI-1,3,5-ZH(189) ) b, 53] T RERAGIG 1L
B AR G IR (O TR Bh 7] 190. 48 F Bh7) 190 52
BT AE S SRR R AN I A R IR 191 AT iRy,
M55 —FEIEER 194 455 % K 195 (Scheme 58).
V2SN P06 B S R AR JiE Ll (enantiomeric ratio, er){f
Tk 99.6 1 0.4 (D fAY @ L Fy#d).

Cl

e
o SN o7
NH,BF, 189
—_—

NaH003

[BrucineH]*BF
188

) o) 2 rac-Z-Ala—OH
N 191
N
+

o— - HO—Z-L-Ala
192

190

0 RO—Aaa—NH,
PR 194
“>N — > RO—Aaa—NH-Z-D-Ala

I M 195

er (D:L) 92:8 t0 99.6:0.4

B 58 Ik 195 M1k
Scheme 58 Synthesis of dipeptide 195
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2010 4, Kimachi ¥4 % = 5 F B &(196)
FNEER 70l S A4S 21 1 B Sh i fk 197, & [alfk 52K
FHE R Darzens JVAERE S,S MR IR E AL &4 198.
12 S AR B A Bl i S v T4 P 0 25 39 AR 2 ) 7
BHL, S 3L 77 X B R < 0 Bt 3k 5 14 1) X0 = 4% ) (Scheme
59). %SRBI I AR W S 44 440 R BE L (diastereomeric
ratio, dr){E N 17 & 83 (cis : trans), ee [H N 65%.

jon
FsC

196

_—_—

THF, reflux, 3 h

0
PhCHO, t-BuOK
197 — o~
rt.,
FsC 198

dr (cis:trans) = 17:83
ee =65% (S,S)

B 59 FEMLAY 198 15K
Scheme 59 Synthesis of epoxy compound 198
2017 4F, Nicolaou ¥4 d ] Oh ¥ 8H4H it 75 1%
133 7 BTG I IRTAEY) 68. BiJE, FH UK
RISEIZNE, X =5 P A IRA99) M, Bh 92% 1L
KA T FH NI ER 200 (Scheme 60).

@{%

68—>

THF, reflux

200 92% yield

B 60 #Eh 200 15k

Scheme 60 Synthesis of ammonium salt 200

B dh 200 7T LAY T IR AL HEALTR, R AL TR
201 [IASKSFR A A 2440 S S (Scheme 61). 7E1% KR M. H,
T 201 19 10 5 045 25 5T 7645 BUAR R A BR 5085 1.
TR ER 200 R T A ERA, LSRR T
TERL, MCEETF IR £ 200 (0 FPESCHL 142 10 5S4 E A
PRI I 38 I v SRR A 12 B L )k
WA, dr (108 10REAN 56 & 44. 4R, JEid 24522
RIRH 5 RS AR AL TR T LA SEBAR AT 1 TF 5 5 2R

Chin. J. Org. Chem. 2020, 40, 4101~4121



Chinese Journal of Organic Chemistry

REVIEW

0 OMe
MeO . TBSO 200
O‘O Me >
KOH, H,0, DCM
Me Me
OBn O OH
Br
201 202
Me
14
TBSO Me
Mé OMe
OO
OBn O OH
202

dr (10S:10R) = 56:44
Bz 61 I 201 AN FRE Re AL S

Scheme 61 Asymmetric functionalization of anthrone 201

4 REMRE

ARSCERIR T 50T Sy B Bl 2 M A2 i A T S
BOpTERE. S TR T BEL Bhg. Bk, C=C
XU S AL BTN % (IR VIR MRIA S ARG R, X
Hp T g e LA R xR, Hafca 2
TIESEIL T AR FRS AT R R IRONL. G5 R MR I Y
PR EAT IR B RS T, AT AR D T A BB N
BIAXSFRA . PR, STy TR
SRR, TN TANE AR SRR B BEA
WY, BeAh, SR TIRAS B B R AN FR A R
S RO R LR 2 NN R 1 4 R I B G =i

H ATEE 6 ST IR A A e 8 AL H—,
KABI> LA AN Bk it AT 1 45M i, it
— M S B T IAT AR AR, B, K
R BAT A Rt B R AR A N HME, Wi
T 22 AL BAREE, AF0F R TR A R bR,
=, MENFHESRTBGIIR 2510, TS 8 T e
PR, —BASISR . AN ST BT 2R W v i i
Syl g BARF LRI R A A TT R 7 1.

X BRI FEAT AR R I SEBr N i L, CAESE
TR A B A EROME. SanT
BV TEN G TR, BT s F e ) B E A5
B 7RIy AR, BS T AET A A Z 18] AR
BRI, A 2B, SRR ARG, Bk T R T
AT E N SE R 25, ARIMEEIIEIE, RKIET
FOR A A F AR TN 8 51
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