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Figure 1 (Color online) Representative chiral building blocks and
natural resource compounds used in the enantioselective synthesis of
natural products and drug-like molecules.
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Scheme 1 (Color online) The synthesis of chiral building blocks (S or
R)-3-hydroxyglutarimides.
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Scheme 2 The synthesis of (—)-awajanomycin (14), (+)-awajanomycin (15), and (+)-11-epi-awajanomycin (16) [27].
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Ji%, PA72%[) 7 345 2156, K ik 5456 IIN-CO,Me ]
AIHLIE JiF A F L 543 21 1 (+)-desbromoarborescidine C
(57); #256, STAEBurgessifjill (V-(= £ HE i ) 22 2k
1 FR VR B T 98 B EN 45 31 (+)-desbromoarborescidine
B (58).

Eburnane M| A WA H 228 2 0% . ARV
B3, 2R GRS S, (—)-Eburnamo-
nine (59)72 \FRATHEEHEYI Hunteria eburneaf 533

F| ¥ eburnane S WA WH, AT AE AU Y E’J[ﬂl”"g
E7 TR 25 R0 il 2 B SE KBS A0 177 177 H.—%¥eburnamo-
nine TV 1 E A FREAIEEE2), 11520- 25K cis
5+ ¥ 4# (=)-desethyleburnamonine (60)[61]. Fitrans-
desethyleburnamonine H ¥ P B Jié it Ji7 Sy 260 4 4 15 D)
159 2 5 AP 5K X I R0 5% i 2 R AR T M ) A e
LA (—)-vindeburnol (RU 24722) (61). 7 —eburnanez
£ W) Tieburnaminol (62)HHHadi/Nasirif 2 T 19914F
My Sk P e 7T Bk BLE A JE W K Kopsia  larurensisif]
LRI Bz 43 85453, Tacamonine (63)/2&eburnamo-
nine (59)IX I R, 19844, van Beek Rl ZH M H
A e 75 D R AR A Y) Tabernaemontana eglan-
dulosa Stapff S BRI A,

20164F, Argadeif i Z4H T & B HL(S)-de
K, K AR F 2R M 5E i T (—)-desethyleburnamonine
(60) (REE10). (—)-3-epi-tacamonine (64)F1(—)-14-
epi-hydroxytacamonine (86) (7~ &l 1)1 7 Ak FE 14

T

(-)- Desethyleburnamonlne
(60)

H
(=)-Vindeburnol
(61)

(=) Eburnamonlne
(59)

14 20
EEI; ;Ell w0

(-)-Eburnaminol (62) Tacamomne (63) (-)-3-epi-Tacamonine (64)

Bl 2 (MEhR ) BA A P IR0 2,3 -a ] e AR 1 i
(=)-BF BT (59). (-)-eburnaminol (62). (+)-tacamonine
(63) X HATEN (—)-KAEAMEE(61). (—)-3-epi-tacamonine
(61454

Figure 2 (Color online) The sturctures of bioactive indolo[2,3-a]
quinolizine alkaloids (—)-eburnamonine (59), (—)-eburnaminol (62),
(+)-tacamonine (63), and their derivatives (—)-vindeburnol (61), (—)-3-
epi-tacamonine (64).

445 i M (-)-vindeburnol (61)FTE 20 A O & K
10)™ T2 B e de 2 M 7] (135 7 (s 725 P8 ) e
A A WE2,3-a e W2 -4 46b. 1L A Hn46bI i B %
AIHE RN L RE66)5, 4L DMPHA L 2515 2
67; A J5FN Z R I 1) A T A R 3R AT IS - PR I S B LA
TT%0 7 A5 3 B — [ B I AN AR K R B A T e ot
FIF=4068. 1k & ¥1681EBurgessikiiI1EH N A4 4MH
Bk, FIHTPOMILEAL, LL2:SHI LRGBS B~ 4
ORI =71, AEDTOTERE . HEERIE (T L

1079



-8l R85 ML-BRD-1 A IRATA (T e R 2 H B I R AR TR AR s Wik 3 4 s A 2

1% o] o}
w Ac,0, Et;N w NaBH, w Tk .
=N
N 94% 0 82% HO 71% N
Ts HO : dr =20:1 AcO™
(S)y-4e 46b
Dess-Martin | Burgess'
_AlHg perlodlnane CH3002Me N : reagent
Ts
85% % 72% LDA : 62% o
HO 98% ee % HOT 2 Z:E=5:1 MeOzC
MeOQC
83"/ KoCO3
MeOH
MeOZ 77%
Hy MeO,C Mg, MeOH )Desethyleburnamomne (60)
PtO, 70 benzene
96%
2 steps

MeO,C H
7

deeburnol (61)

SREE 10 (—)-Desethyleburnamonine (60)I 4K FR & i M (—)- KR AT EE(61) I 2 ™!

Scheme 10 The asymmetric synthesis of (—)-desethyleburnamonine (60) and the formal synthesis of (—)-vindeburnol (61) [49].

U, FEEIE = LDAFAE T RNAE 32l Ts R 5
P72 R MITHE R R 25 T U LR AT B3
P73, 3% R T (—)-vindeburnol & AT 1A, 1 &4
T2HEK,CO it T BEAT 701 A IMEAT BT 5 1) (—)-de-
sethyleburnamonine (60).

A H)46bik 52 E Fi(—)-3-epi-tacamonine  (64) 1
(—)-14-epz-hydroxytacamon1ne (86) 138 H [l A (7 &
E11). 46blfFEFARY T2 th 2 3 oA KA LI
R B (piv) J5, S NaHDMSHF T SO RE BN A, 1247
BEAh 5 CIEAEDMPUAEAE T SNV, 45 21 B-F2 5 P4 1
HIREY), BIRE YA DCC/CuClis 3 IR B 5
N, BA79% 7 54T ] 4y B ) 3L N B TR S 75
(ZE = 1:2), XA TR BE A (—)-3-¢epi-taca-
monine (64)F(—)-14-epi-hydroxytacamonine (86)f1] %
S A Horb, RERZ R LA S E B

2176 (dr = 9:1). 7655 K1/ I WLAE DGt L FN P e i
PREEIE SR, 728 DU P v T IR e/ N- R R Ik S A )
(tetrapropylammonium perruthenate/4-methylmorpholine
N-oxide, TPAP/NMO)EM P15 2IBHT8. S5, 41t

1080

iR MER67H: 45 il 4% (—)-vindeburnol & & B 48 733 A
HF H425 [ BL(R  E10), BILDARZE 1 A4k 5 1
lig-¥2 1% ) ., Burgessifl/ SIS BE, Mg/
MeOH/ZAE H T BB ORI IAE SO, - BL R PO, AL &
N, A5 3 T (—)-3-epi-tacamonine (64). 4k, M
FEMEXRMIERE-TSH K, & PRSP RN 2
2358 — & MR (-)-14-epi-hydroxytacamo-
nine (86).

20174, ArgadefiiZH I A1H BE I & il de
K, Hkia H FR HES SE R T AE P08 (+)-eburnamonine
(59) (~EK12). (¥)-eburnaminol (62)5 H A S
P)(+)-isovindeburnol (101) R E 13) KR &K,
T SR SRR ORI I A e I e S 2 At AT A e 1
S IR LA38%6 7% 245 31 e 7 1870 Ak A8 71E
Mg/MeOH/Z A 22 1 S B2, BL89Y%r™ #4531 1] 43 25 1 i
TsHf BRI 7= (£)-88F AR AL 7= W) (+)-89 TR 5 1)
[88:89 = 1:9]. = H =489 5 SOCL/MENE [ b 15 AR
I AR HZ R (+)-90, #3E fAEDBUAR 1 N 3L ik £
otk REZIA AN BRFE 191, AL & W91 5 Lawessoniat
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1) K,COs3, MeOH

1)NaHMDS H,, PA/C
%%
DMPU CH5CHO .
s 2) Piv-Cl, Et;N s . 3) DCC, cucl Ts d:(=)09°/:°1
AcO™ DMAP PivO™ 79% PivO™ from Z-75
85% Z:E=1:2
) o _AH TPAP, NMO CH3CO,Et, LDA | HN
Ts _ 71% 4AMS 89% 5 S
PivO" 85% HO”:
H : H
76 Et0,C”
79
Burgess'
reagent
55% MeOH PtO,
EtOzC = 92% TG
81
AlH
Hp PUC R lLHN
" o 5 5 Cen T
PlvO PlvO from 82b HO™ L’H
dr=37 83

TPAP, NMO CH3CO,Et, LDA Mg, MeOH
4 A MS 64% benzene

76%

|| H
N = N
Ts

o) P
84 H

%
HO

EtOZC

L " on H

)-14-epi-Hydroxytacamonine (86)

SREE 11 (—)-3-epi-Tacamonine (64)F1(—)-14-epi-hydroxytacamonine (86) % Wk £ 44 4 i *!
Scheme 11 The enantioselective synthesis of (—)-3-epi-tacamonine (64) and (—)-14-epi-hydroxytacamonine (86) [49].

U M AF B N EEA% 5, FHRaney #2415 B i 459 2 A
Pt e 38 i =092, A6 192 & Ghosh i 20 L 4R 1)
ERATE, I S — 2 CuCHEAL RS BN B
J87, BPEE K453 T I 1) (+)-eburnamonine (59). %
4, Westwood i fli 411 2.6 (+)-eburnamonine (59)%:2
W RN R 4 85 2 v B i AR ) Melodinus henryil?)
)i (+)-melohenine B (93)"(r & &12).

FEEST /2 & I (x)-eburnaminol (62)H A4, H
FENVRR I S5 T K, et AR sl 7 5 AR E 1)
Eo,B-AHIFIE94, FELPOMEILEAL, FZ&LL98%
()77 BRI R HOAR 2721095, A& YI9SH kil
JiR T e AN R A 2 B S, T-Mg/MeOH/ZR AR 21
JWE 56 25 0 F R P B A9 3 77 4096 IR JE X961 F4 Ak F
TP 2Bk, H4Fujii 8L A (Hg(OAc),/ED-
TA-2Na-2H,0% b i E; EDTA: & —f&IU LR, ethy-
lene diamine tetraacetic acid)'®#3 4% %97. Karvinenif:

IR DN 19 S S NS 4 Y 56 e v 7 N ) 2 SR
984 1¥, (+)-eburnaminol (62)" (R K13), FILi% T
YERI I T (+)-eburnaminol (62)FIJE A L. 1M (+)-ebur-
naminol (62)F528— > P B KBRS 82 E T 5
Fl|(+)-larutensine (99), iX & Fleburnaminol (61)[F i A
Kopsia larurensis™ 73 B 14 2| 1) 73 —eburnane S £ ¥
B S ah, o k955 1EMg/MeOH/ A 2 1 2 i JU]
P33 W Ts B AL 90100, SR8 J5 F b il R T 13
J1EFE P )(+)-1sovindeburnol (101). b &411014 C
SRR M A P 18 e R I 22 1 SR A R S, T B A
FI| )72 B R4 5 [)(£)-vindeburnol (61).
(+)-Julifloridine (104)7& M\ Prosopis juliflora DC
s s h Bl — MY, BA s
PO FoET R IS, B - B JE-3- R
WRIE 455 1) B T AE FL AR e A= e b oA 2 Y, Horp
LG A W TR H BT DNATE T, 7R %2 A R

1081



-8l R85 ML-BRD-1 A IRATA (T e R 2 H B I R AR TR AR s Wik 3 4 s A 2

(©)
W\ ref. 43,44
OAc
@FN]/\/ 0 5 steps
Ts (+)-65 38%

Mg, MeOH

benzene
88%

SOCly, py

from 85
89%

1) Lawesson's

reagent
2) Raney-Ni
55%
o
ref. 66 g H N
— N
2 steps =
HO -

(x)-Melohenine B (93)

SREE 12 (+)-Eburnamonine (59)/IK X4 "
Scheme 12 The formal synthesis of (+)-eburnamonine (59) [51].

AT, 4t ulifloridine (104) K14 BT 78 AR X
b AU RS R R A BT e o A
S0 It 5 B S A B — S A e Ak T AR
20204F, BB LLF 1A BIIER(R)-SE AL UG JFURL,
AW L, LA25% I T R T (+)-julifloridine
(104) 1 F A BROR E R 14) ™ 5 5e R AT R F st
S 1 e DX R 7 i 8 5 DB Ry v,
B 2 AT A% BRI N &, 5 FHBF;-EL,O N T 11
Zn(BH,, 1B 5, LA H60% 1) 7= %45 3 T 5-"F A Bk-6-H
FEWRIE 102 (dr = 88:12). 3 B3 M)A cis-1023@ 1T 4t 4]
R B T/Cu [IrCI(CO)(PPh;),/CuBr] X 4 & i1k
W JFBRFEALTTVESY LL64% 7= AL A [ 3 1103
(dr = 5:1). WREE1037ERRYESK A T & Pearlmanfi {477
[PA(OH),/CIEIL A/ AR, — L3I iE 5
JRBE, DL 2 (90%) B K (+)-julifloridine (104).
S-FREE-2-MRNE R KRR T A RE L W R

1082

PtO,, Hy
98%
1) AlH; Ac,0,
84% Pyr.
2) Mg/MeOH 88%
benzene

97%
Hg(OAc), |

N

EDTA-2Na-H,0
89%

ref. 69
3 steps
(+)-Eburnaminol (62) (#)-Larutensine (99)
|LH\ o MgMeOH
Ts benzene
MeO,C 83%
(£)-95

(+)-Isovindeburnol (101) (*)-Vindeburnol (61)

71—'\‘%‘.%]] 13 (+)-Eburnaminol (62)F1(x)-KFAAEL(61)FIHE
B

Scheme 13 The formal synthesis of (+)-eburnaminol (62) and
(£)-vindeburnol (61) [51].

IrCI(CO)(PPha), (cat.)

OBn
1) MeMgl TMDS, CuBr (cat)
(R)-5f
2) BFg-Et,0, Zn(BH,), 07 N7 "Me H%NB
B
60%, 2 steps .Bn _— n
dr=88:12 cis-102 s
OBn OH
(\/E 10% PA(OH)y/ C, Hy (j:
3 HO 4
_2"""N"Me  conc. HCI, MeOH NN Y Me
/ 12
BHOM én A
90% h
10 (+)-Julifloridine (104)

SFREE 14 (H)-Julifloridine (101)1 75 284 k™
Scheme 14 The concise synthesis of (+)-julifloridine (101) [80].
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FEREAVEENE M 5- R 2 -4- 3 R, I H 2R R
P8 AT A 2 G 30 7R FE 7% B JE (Tofaciti-
nib)™. (=)-FR901483", xestocyclamine A™!. fasi-
cularin™!, (—)-deoxoprosophylline. (+)-cis- 195A 4
X2 2 AN A PRI SR B TR LT, TR A
f(—) FR901483 (34)1& b PAD- B &R N R KL,
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SR R P I % FR B B ek 3 S =), B = g
TR T (TE,0) % Hh Bk % 45 A B(C4Fs), M40 191,1,3,3-11Y
PR —RES5E(1,1,3,3-tetramethyldisiloxane, TDMS)4],
TEA N, BL63% 7™ 2K (R)-3 ¢ il IR N 2 B N iR
105a, #%, 105afENaH{EHE R 34K T #2558 P ik
[#2106a, 106af S5BnBrlifi7 I, LPL91%7= 2 «—jfk”
BRINE34 OrEE1S), MK &b AU =4
B YL E RN EOR], R IR, 4R
A5 J RN AT 4G B 5- R 4 JE-2- IR E R (S)-107. £, 18
FEAGATT R B T i« — 0308 SR e B Ak 77 97 B
T6% 17 ZA5 B AL S Y0108 K Fo Ak X e 374K T4 4K (dr
= 13:1). 1082 M 4b Ef# LLOT% 7= 245 21 35 A= Y0k
(—)-epi-{B 2 5L 55 Fr i £R 2 5. ((—)-epi-pseudoconhydri-
ne-HCI) (109)™). (hitk, M T &0 ML R (S)-3d R,
L VY E I R PLA3 % I = RSB T (—)-epi-pseudo-
conhydrine- HCIJ 5 205 K.
19804F, Hootelé M/l ZH M 5 K JE Y Sedum acre
43 B AR BB SAS T b O RITRRAE 13- 72 FE R I B
B2 (A D (—)-sedacryptine!™. BT 4/ R ZH S
T (-)-sedacryptine I AR 4 & 0 B, B
Y LAFHE A i (S)-4g N R, R 41 P Wittig /2
7RV ATY 2 (1 32 - Ik B 3% A 14 i S 2K (Knoevena-
gel-type) i 3 34 52 i T X AN E M I 2R B
OREEN6)"™. (i aghe AR 2L SR S TE i3 -1
OPBRE B 110, Bl S, BEWIZ1105 =R AL BEAE
FHAE RS £, FTE = ZHE 3 21T 401 P Wittig
N, BA78%[ 77 HAZ B =111, FEHE N B 1 AT
AL (40 atm (1 atm = 1.01 x 10° Pa))&Abx
JO7, 19 31 B — A AL O B S P 2. B, TG
% N EE1127E THO/DTBMPE H R iG LBk IZFk3E, 5l

one-pot
H 1) TH,0, 2-F-Pyr. H H
04Q<CONHR —_— OQ@N‘R
2) TMDS/ B(CeFs)s
R = allyl, (R)-3¢
() -

from D-glutamic acid 63% R =allyl, (R)-106a

R =Bn, (S)-3d 69% R =Bn, (S)-105b

from L-glutamic acid

one-pot OBn N OBn
| LY . LY
— |p o

N 1!
2) BnBr |'Q R
0
2% R = allyl, (R)-106a R = allyl, (R)-34
R = Bn, (S)-106b R = Bn, (S)-107
one-pot .OBn OH
1) T,O, DTBMP " 10% Pd/C, H,
07 —— I ——
2) n-PrMgBr J N HCI, EtOH H, cI~
3) LiAlH, Bn 97%

(-)-epi-Pseudo-
conhydrine*HCI (109)

RERE 15 & RS- FR I -2- DR IE B A AP (—)-epi- T
FEH AR R A5 (109) & ™

Scheme 15 The synthesis of building blocks 5-hydroxypiperidin-2-
ones and (—)-epi-pseudoconhydrine-HCI (109) [86].
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PMB choa cone
114 75% 115
Ref. 91 OH O /
OH
74 steps

(-)- Sedacryptlne (116)

SREE 16  (—)-Sedacryptine (116)[f1TE 4 k!
Scheme 16 The formal synthesis of (—)-sedacryptine (116) [18].
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B 232 A i (B13), Hgit = fFFEEﬁaaX—
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31 2106 1 H Fr.

20104F, PR IRE |7 MNF 1A BIEL(R)-4a
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Bl 3 (M&MER) (+)-Sarain AMIZER

Figure 3 (Color online) Structure of (+)-sarain A.
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Scheme 17 (Color online) The construction of the diazatricyclic core of sarain A [99].
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FH 3 R R ITEP 2N L- B E W R, LINH, %
I8, 230 R BAFRIEIL(S)-3e; ARG AEAUT BEARAEH]
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(62%)FH It 75 [ F MG IEL(S)-4h  (23%). T Bt e 3€
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SR L T9% 7 2 R R ST AR 0 5 Mk ML 7E N-ouffk
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Figure 4 (Color online) The core structure of stemona alkaloids and
the structure of stemocurtisine (126).

07 ~o” ~COH 0" g  ~CONH, —————~
2) NH; (9) (S-3e tBuOK, TBAI
73%

\OH 3
H ~ Il \OH
O%N\/\/\Jfo N"SO  NaBH, I\/L‘
o
+BUOK

N~ "OH
(§)-3f —— X

g7% O
(62%) 91% (S)-4h Q

(23%) 127

Stemocurtisine (126)

__ B(OH) G OH

1 ond
PH (0.55 equiv) Grubbs' 2" cat.

= 0?7 N Pn benzoquinone O~ N '\
BFsK
J— 84%

Ph (0.55 equiv) & 129
BF;-Et,0
128

0,
[ dr=98:2

o O

R(O) OMe
e, Y
130 . (0] (] m-CPBA

——= 0 N "r\ R i
Et;N, DMAP Q 48%
50% (30% SM recovered)

(36% SM recovered) 131
R OMe OH
Q \H/\ﬂ/ Base H pozMe
07 N7 ¢ & € = 07N 0
O
132 H
AEE 18 (AU IE) Stemocurtisine (126) 1] A-BXUIR 4,
kg™

Scheme 18 (Color online) The construction of A-B bicyclic ring
structure of stemocurtisine (126) [102].

PRI A B 1 EE HE S 87 oK 44 ZE stemocurtisine [ A-B-C

=R RI33, (HEE ).

4 FEAALSS AL LR A 45 A T R S
FEHEB S RN BT, MUK E R RAF

1085



-8l R85 ML-BRD-1 A IRATA (T e R 2 H B I R AR TR AR s Wik 3 4 s A 2

Vi 2o TSR AL TR T ERE R AL, T H
WA R Z P o T 45K R0E T F & T e, 23
B RBCR S RIh R R E R, F, WERH
WA T S G, CARai. i i & s e 45
PR IR B, S22 A MG RO 1) B B0 AL 4.
1ER 2 R 1A B, (S)-3-F255 % Bt 4
E G A g oy A& Z R H. N-
T IV ¥ $53 A2 Tk T B AR i 24 B 2 S e IR H ) 5 e o 1]
R, EH20084FE 4L, Pyneif @il 4l 4t %t 1 & i bedfiT £
FRIN-ToE U R B P I R JR T 7 B e e 1, R 1L
I A e e ) AR A B T 5- R gk -6- N- ot e s R e
i = BRI R A = B e ) 4 BT

5-F2E-6-N-BE B R WE S5 WA AE T 2 A B
TR RSN B =R, B A R T AT B-
7 W T TR A A1) P 1 K SR i B R Y TRR 4 R B
(siastatin B)''", B HCAH 5 1 FE T L 0B R 40 M 4 B 0
ek A0 400 o) Pk R L R B XYL M- 2 OB
L RO R A R % 2 MRS R 2- 2
P FE R IE RTAE ). 20084, ARATT A TFPERIEL(S)-4g
AT 5-$8 FE-6- N- Tk i FE IR W 45 749 5 0 O 2 B
19", ¥ S dgif 5 R A 2 4134707 ) SR 5134
TEBF; ELOE R AR s 1 v TR A4 0 % 845135, 5
G TRItter B, LA R T5 (1) 7= 6 I =Gk PR 1
HAF 2 7 REREIR137, (EAE SR A M55 ) 4- R B R
G, AN B RGBS AR 134, =ik e
PETT B2 BT 11 5 B 0 845 135 1] [ Ritter [ B A2 AT 3
[, R, 2 RitterF (8] 1A cis-136 M trans-136
FIREYD;, BT cis-136 70 443 F2 5 A1 S ALV Jiz #5540 T It
3, FrCAE 25 5 A0S B Bk 137, 16 54137a
37O IR /K ff 15 EAH B 15,6 =X 1) 6- 9 i 5 - 5 -k
WERE138a. 138b; X 57 HEHUARATAEY138¢. 138d1E=
BT AT AL R /K AR S S R B R SckS 46 S5k, B8 fR
FURAE(S0C) N 2= = A AR IR G ). A2, e
RG22 B BB ML bR 137 a~137d A1 2- Bk i JE R E 138a
138b#BZAMH etk &4, 138bftiMosherfis A% i LR
('H NMR)4MHr it —HIE S 73X — . XA Be 2 T4
I G134 5 TT IR B R O A0 S 139°, AR5
3 3 5 HE S 45 M (H B ELO AL I B AL L FE S 80 1 4k
ek, FEEDHIAK, T RANE BE I RZ 85135 )5 K
A= Ritter [ M.

20124F, Pyne B4 DL 3- W 14 i A el 4 1

1086

OH

\OH \OH
_ . <
07 N0 07 >N""OH O” °NH "0

|
PMB PMB PMB

(S)-4g 134 139
BF3-Et,0-mediated
BF3E,0
wOH OH
R'CN ' -0
L) Oy S
07N 07 N7 NFERT | AN N

racemization

PMB PMB .
135 \TN cis-136 (£)-137
OH a, R" = Me (99%)
n > b, R' =/Pr (91%)
07 N" IN=CR' ¢, R'=Ph (58%)
PMB d, R = 3,4-(Me0),CqH5
trans-136 (79%)

e, R'= 4-O,NCgH4 (0%)

For 137b wOH

Q"‘OH For 137 o

O Si02 or a

LN (£)-137 N

07 NT NP 67% Houmeon O N NT Me
PMB RET PMB
(£)-138b (£)138a

REE 19 5-FREE-6-N-BiRELIRIE SR 0 Ky gl
Scheme 19 The construction of 5-hydroxy-6-N-acylaminopiperidine
moiety [109].

FHEE R (S)-4i, FF LA A SeHE A )44, 3 I kg
TRV IV i 45 1) F4D S5 02 %o W T s P T 5 A O R A AT T
FROREER20)MY. (& Y4iZNaBH, X 8% £ 130
JEON A AE 140, 53X AN 86 5 AR 7E = 90 O TR
(TEAYER R, #A 8RR F IR =9, 12
RAET BN, LASA%H PG 3) 7 R A — =
MEE141 OREE20a). BB, HEY1404E
BF;-Et,OfF I ' #3 21] (1) 52 43 1) P e 60 P ST i 845 i ol
P42, (B AN 29%; ¥ 1405640 — 2R ER143, 1
MR PR RS 144, RIETEKOHIER T
M2 WL, MIATLAPA3 A 56% B = K15 8142 R =
F20b). T 3G FI K 41 18] SN (R 43 1 A 3R
TSN, ARV TR IR S A% S A £, RO BE B A |
[(IC5-F2FL ARG IA EICShL, 5 3 H 2B R A0
FRIRIE T35 07, 3 FH R 12 DR R o 55 H 3 [,
AN 2 IR R AR AV Wk g 7 A A s B o ) S P O 2 T
20c). FLAASRAE R s b di 5 N-JLAR TS FE B 0 % (N-bro-
mosuccinimide, NBS) 5 .45 2| #H B (1R ALK IR 145; B
Jei {f FINaBH G 145 3HAT X 3k BRI S5, Ar il — i
146; 4 2B 1531147, 147 5TFARN, A
DL LASA% 1) 7= 205 21 B — R B UR T 1508 9 e 148, HL
AR IR R PR C3A AL = 4); T 7ESc(OTHA71E 2%



REFR: b 20254 H55%F S5

WOH 0\
( NS
3
il A (i 0., N_O
@JJ)E. 54% Ij Lj
\_0o 07 N7 o
(S)-4i, X=0 NaBH,4 X )3 141
140, X=H,0H- 75%  \ g
b)
07 N"TOH  BFgERO
29%
o}
\ /140
Ac,0, Pyr.
98% |~ Siap 98% | KOH
WOAC
J/\/j\ BF3-Et,0
07 "N "OAc

58%

146, X = OH
147, X = OAc

REE 20 BTG A B mH g
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L- or D-glutamic acid-derived chiron: versatile chiral building blocks
for enantioselective total syntheses of natural products
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Fujian Provincial Key Laboratory of Chemical Biology, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China
*Corresponding authors (email: yejl@xmu.edu.cn; pghuang@xmu.edu.cn)

Abstract: The effective utilization of resource compounds stands as a pivotal choice in advancing sustainable organic
synthesis. Employing chiral building blocks is imperative in the enantioselective synthesis of complex natural products
and pharmaceutical molecules. Both natural L-glutamic acid and non-natural enantiomer D-glutamic acid are
commercially available and cheap resource compounds. This review summarizes the applications of chiral building
blocks (S or R)-3-hydroxyglutarimides and their derivatives, derived from L- or D-glutamic acid over the past 15 years,
in organic synthesis. These applications include the enantioselective synthesis of natural products such as
awajanomycin, swainsonine, and FR901483, the construction of complex natural product core skeletons like sarain
A and stemocurtisine, assembly of useful structural units such as 5-hydroxy-6-N-acylaminopiperidines, spiro-tricyclic
moiety, bridged azatricyclic compounds, and oxygenated indolizidines, as well as a platform for developing synthetic
methodologies. Additionally, the review offers a perspective on the prospective development of glutamic acid-derived
chiral building blocks and their applications, exemplified by improved synthesis efficiency of 5-hydroxy-2-piperidone
intermediates via direct amide transformations.

Keywords: glutamic acid, chiron, building block, 3-hydroxyglutarimide, natural product, total synthesis
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