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Progresses in the Total Synthesis of Huperzine A

b

Zheng, Shuyan” Yu, Chunhui” Shen, Zhengwu*
(“ School of Pharmacy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203)
(® Basilea Pharmaceutical China Ltd., Haimen 226100)

Abstract Huperzine A has been widely used for the treatment of alzheimer in China, and has attracted widespread attention.
It has been entered into phase 3 investigation in US and phase 4 investigation in China for the treatment of alzheimer and re-
lated disease. Due to the trace content in the herb Huperzia serrata, the chemical synthesis of huperzine A becomes the attrac-
tive option for drug supply. During the past two decades, significant progresses have been achieved for the stereoselective
synthesis of (—)-huperzine A. The total synthesis of hundreds of grams of (—)-huperzine A has been achieved recently. In
addition to the efficiency of the synthesis, the safety of the process was also significantly improved. The progresses of the total

synthesis of huperzine A made from 1989 to 2013 are comprehensively reviewed in this paper.
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1989 4, Kiiliz GBI, Michael-Aldol £ B [ W 2k 5%
D TR VR S8 AT AZ BT 1) 4 £ F(Scheme 1), flATTEA
LW R LT RIG JER, S A IR T L E Y
3, BEE LI b A T AR 2-FRAR -6 - 7,8
TA-S-MEMIRIRER(T), RIS SR T S R I
R R R N AR B AL A 8. Bl G IR ER AL,

IR LLIRAR, A 30%. Bl S FR&E Wittig W R IR
ANUUEE, BT T BONUSE 1A A 1K 4 DA Al BRARL ) I =
a4 Curtius FHEA L AR 56 LA ME e A AZ B (1)
AR MR AT 200 ROV ST AR ] R, BRI
PR 1%. [[)4F, Kozikowski ZEVRIRIE T AN i A
K00 1 42 & (Scheme 2). ABATT ARG 5 & 0 T
WEY 7, BEIE SR EATE R T A . AHAEAb AT
Lk h, JBid PhSH/AIBN [ b U IR Bz 4 4k fit
YT REHIE A i 26 R XNUBE R TR ) L, AL A 14
(E/Z=10 : 90)¥6At K 15 (E/Z=95 . 5).

FFAAA 7, BRT Schemes 1 12 & AR IEN,
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Huperzine A

Reagents and conditions: (a) acrylonitrile, NaOEt, EtOH, r.t. (63%); (b) conc. HCI, 0~5 C (86%); (c) 30% Pd/C, Ph,0O, reflux (60%); (d)
Ag.CO3, CH3l, PhH, THF, 60 ‘C (92%); (e) LAH, (CzHs),0, reflux (83%); (f) PhLi, HCHO, Et,O, —15 C (88.1%); (g) SOCI,, CHCI3, reflux
(80.6%); then NaCN, DMSO, 50~70 C (75.6%); (h) HCI, CH3;OH, reflux (85.7%); (i) NaH, THF, r.t. (90%); (j) methacrolein, NaOMe, MeOH,
—70 C, r.t. (96.3%); (k) MsClI, EtsN, DCM, r.t. (62.2%); (I) AcOH, AcONa, reflux (30%); (m) PhsPCHCHj3, THF, r.t. (73.6%) (Z/E=85/15);
KOH, MeOH, reflux (56.1%); (n) DPPA, DMSO, Et;N; EtOH, reflux (72%); (o) MesSiCl, Nal, CH;CN, 65 ‘C; KOH, 18-crown-6, Tol., reflux
(62%)

Scheme 1

14 15

Reagents and conditions: (g) methacrolein, tetramethylguanidine, DCM, r.t. (93%); (h) MsCl, Et;N, DMAP, DCM (96%); NaOAc, HOAc, 110
C, 24 h (50%); (i) PhsP=CHCHs, THF, 0 C to r.t. (73%); (j) PhSH, AIBN, 170 °C, 24 h (100%); (k) 20% NaOH, THF, MeOH, reflux, 2 d (78%
based on E ester); SOCI,, toluene, 80 C, 2 h; NaN3, 80 C; MeOH, reflux (80% overall); (I) TMSI, CHCls, reflux (92%)

Scheme 2
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FRARATAZHE (3% T 2 TR WA PE ) 38 A0,
LW A AR ME LR 2 B 2 CRAR, DR A L
HeFEW M A2 B E R . 191 4,
Kozikowski 25748 H 37 A £ A AT A2 B 1R O B A2
FEFHER B (—)-8- A KL WAy WEAT A MDA AE (R 4 AF T 3E
AT HIASKHFR Michael A1 Aldol FR e f, e ee i 7] PLik
£ 80% (Table 1). {HIXFhFME4 Bl A 75 L1k &= H.
FLBcE Bt 1995 4F, B TFEEBILL 10 mol%Zs T Hdadt AT
EAAFIR =I5 1, bk 10 )5, SELE N ee HN]
IEE] 65%. Bl AT 58 B T 625 A AZ B )
H T PR R N R S AR BT, Terashima Z5M7E K
B JGERIL 1 equiv.iI(—)-E0] JB T RS HAL B 1k
SNV 8, FEEA 43%, FHAkh 10 5, ee {H1k 2] 64%,
LG HEIA 2] 99% ee {H, {H 10 1) %A A 37%. 2003
A, RO OHE AT S AR 5 N B AZ R AR
SRR, AR IR 20 mol% I Ak, 71 B A T 1E 1
(B B-HilE 5 benzyl (S)-lactate A4 i) 55 H 5 7 47 1k
HEATARIFRI Michael-aldol K2, 775k 92%, %Ak A
10 5, J ee fHIAF] 73.2%. 2012 4F, WO R84k
IAE 10 mol%& i AN AT E AL T, 45 70 PO 1) 52
ISP = ) 10, I ee {HIA 2] 95% (Table 1).

R IRIMAFIBCAIRAT 7 5 N ee fH
Table 1 Yields and ee values by different ligands

Author ROH Reaction condition  Yield/% ee/%
. . (—)-8-Phenyl Tetramethylguanidine,
Kozikowsh 5 80
OZIKOWS 1methol THF ?
Chen Methanol (—)-Qulhmne 90  65¢
(0.1 equiv.)
. —)-Cinchonidine,
Terashima Methanol §) Ci\/l /ITILCI. omdme 45 64°
Benzyl Guanidine (0.2 equiv.),
M 92 73
a (S)-lactate THF
Yao Methanol Cinchona derivative 57 95

(0.1 equiv.)

R T SR

2 SEEMERINUE R E B R RAAE = BRI ML
a1

1993 4F, Kozikowski /s ZH U200 40 i Ak 44) 2 XU FR
[3.3. 1R e MR 3R 2= 40 () 7 VL2 N P 21 s e A A2 Bl
H 1424 B (Scheme 3), A ATTLL p-WilE 7 KR4, (LR
FRAEEAL T 230 R R T I 1R 15 O A T PR S AR
SN, BL92% 1) 77 F 45 B G B b [l — B MR IR LA 1)
16.

1997 4, Terashima /NH MR8 T 4E1L 7 AR
RIS IR s N A AT T3 ek — R B 9 e I ek
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1E = R AE FH R e AL A IR I SUBEF= 4 10, ee A
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1998 4, ARG/ N HARIE T p-HilE 7 /A a4k
TRASKIFRIIRORE N, AT TR T —AN & %Rk F
PEWERL A 18 REAEIL N4 16 11 ee HIAE] 52.1%,
HP=ZAN 49%. B, ABfRE!e T —mErm & —
BRI F-MEBERC AR 19, REREERLT=Y) 16 (1 ee HIAZ
90.3%, [All =R WIREE] 82.0%, HALL 40% (K77
KT N B-HEG 7 BITFPEA AT B

(ii\ PPh,
PPh,
PPh2

PPh
18 2

2000 4, Langlois 25!'7HRI#& T 4L ML T4 p- 1K
WNBEAL SN, (—)-2- KN O S B-E 7 K ANRAS
)5, LEVYH LR PA(PPhs), /77E I, LL 92% ee {HAN
75% FEEIFFIAZH) 21 (Scheme 4). {EHAF 41
&, MATRIGEY) 22 FRAMUUSE A 0 R P XU DL &%
C15—C 14 RUBE N2 S A6 A0 o] LUAE — i PN 308 3o = 5 FP
P A 30 56 i, SEEI e B DX RN A B, T AN b R H]
L EH 36 52 I3 1 A XU B I J S 440 4.

2012 4, HHOElE EIRE. 36 BRI AR 2 R
KA HBAIRIE T — 5 A0 & 1 T2 (Scheme
5). AAITESRE T H Kozikowski /NHAE 1993 fF4RIEN &
LA E N 4, RIS K] Terashima A1 Qian 2k
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Huperzine A

Reagents and conditions: (a) PTSA, PhH, (1R,2S)-2-trans-phenyl-cyclohexanol, (84%); (b) Pd(PPhs)4, 1,1,3,3-tetramethyl guanidine, dioxane,
r.t., (75%); (c) PhsP=CHCHjs, THF, (89%) (Z:E=39:61); (d) TfOH, 1,4-dioxane, 90 C, Ar, (86%); (e) LAH, THF, r.t. (100%)

Scheme 4

o 0 N._o N_ _OMe N.__OMe
LT = o O O™ O
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° \)L/
0 OAc N 9 Php=/ i

Pz = 7\
o] e O OMe

OMe  h R ~ )—ome

o
COzMe SL-T002-1 OMe OMe o oms

%om %om

MeOZC
Reagents and conditions: (a) i-PrOH, NHz in MeOH (7~8 mol/L), 135~140 C, (43%); (b) 1 mol/L NaOH, DCM, Benzyltriethylammonium
chloride, Mel, Ag.CO3, 25 C, (92%); (c) H3PO4, H2O, 25 C, (98%); (d) 50% NaH, (MeO),CO, 85~90 ‘C, (65%); (e) Taniaphos ligand
SL-T002-1, [C3HsPdCI],, TMG, Acetone, 25 C, (45%); (f) DCE, TfOH, 25 C, (80%); (g) THF, 2.5 molsL ™" n-Hexyllithium; (h) PhSH, AIBN, Zn,
98.5% E-isomer, (67%); (i) THF, MeOH, DPPA, 6 mol/L NaOH, 65 C; (j) Toluene, DPPA, TEA, 25 C to reflux; (k) acetonitrile, TMSCI, Nal, 25
C to reflux, >99.5% ee, (37%)

(-)-Huperzine A

Scheme 5

o LA N, P RO AR AR AL, SEER T PEVHEL R =R AN 3.2%. =, fEALFIE AR B ot
v A A (A R, _'*?é/l\nﬁlzﬁﬁéiafﬁT 9 ket itk e m AL 6, PR 5 2 A pl. L=, XUEE I
PUEIGTAEENT, T AEF=A T T T RIGH R A HERAT, BT ORE A R (8.7 equiv.), fif
el LR B W PR 2RI G IR, BFST N A 0T SIS MR IEAE N P, KRESENEYSERIR K
T =12 AR, KILT BAUEC A Taniaphos ligand B(DPPA)HI# ], @Ijkf{ﬁiﬁﬁf*%%ﬁlﬁﬁ‘fi.
SL-T002-1, [A] i ABATT 5o Wit i« 95571 AR SRR 1

HEAT T 552, BALL T3%007 A 99% ee fifbaiege S BT TAEY Heck REHE ZHARIAR R
HRIAA 16, AL T 207 RiG A I, (BT 2000 4. 2003 4FA1 2007 4F, Mann /N4 =
SRR R 2 A, e, RN, R R IE 1 5L IRIE T A Heck KPNVAE K Sk %ﬁﬁﬁﬁﬁ}ﬂiﬁﬂﬂ’ﬁﬁ
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BEESY, AATTER > 7 Heck S X Bk BEMERIAR T
Tﬁﬂ%éﬁé, B R SE T AR08 L 2R 1 205 ik
(Scheme 6). fBATTLL 2-38 LA (29) 0 5kl o scim it
Baylis-Hillmann J N 2E47 52 H 34k, Bl TBS fRi715 21
30, X5 5 AT 31 BT XS 2L G 32, tEW 32
7F Luche 41 N JEURIEAS 2L G4 33 (syn/cis=92/8,
KB, B EAIRFIEAL R R4 Heck SOV, 15EI4
R TR 4) 34 K1 35, 35 FE4 T — R A LS EI
AR 10, 528G BT AAZHRF T e, A itk 2k AL
A, B PREKIE 198, R E deR g
KT, RO,

2012 4, FMPIEFIARE iR/ ORI T — 2% misk
A E AR, b — N R S WA &l it Heck [V
K5 = IR E 28(Scheme 7). A1 AT 3% _EAEH 5 151
(R)-HHAT I(39) 4y Ji bk, 30 i I iy — 3 TR R PR IR . L
A4S Buchwald-Hartwig ZIEA =0 e NV #5321 B 5L
iR A 41, BG5S 5 — A B 42 RHEAR B =) 43,
SRTTAEAIH Heck Je NVASEE =T IRRS, SREAL 54 43
REAS BIHAR AL, I HAGEY) 44 K Z 5
ANFEOR A IE AT AR RE S B H FRIME 7). 2%,
AT A BAC S P 41 PR ERIEIE SRR ), a-FR A p-

OH
TBSO% TBSOWOMe_e,
——» TBSO . P
OMe OMe OMe i OMe OMe
OTBS OTBS TBSO - TBSO OTBS TBSO OTBS
37a 37b
——>, Huperzine A
OMe OMe
HO “on 0" oMe

Reagents and conditions: (a) 37% aq. HCHO, DMAP, THF, r.t., (63%); (b) TBSCI, imidazole, DMF, r.t., (74%); (c¢) NaHMDS, THF, —78 C to
—50 °C; then 30, —30 C, (64%); (d) NaBH,, CeCl;*7H,O, MeOH-DCM, r.t., (89%); (e) Pd(OAc). (10 mol%), PPhs;, Et;N, DMA, 167 C, 72%
for 35; (f) TBS-OTf, DMAP, Et;N, DCM, 0 C to r.t.,, (93%); (g) BH3-DMS, Et,0, 37 C; then NMO, crushed 4A MS, DCM, r.t.; then TPAP (5
mol%), r.t., (60%); (h) MeMgl, Et,O, r.t. to reflux, (55%); (i) SOCI,, pyridine, 0 'C, 11% for 37a, 63% for 37b; (j) TBAF, THF, r.t., (90%); (k)
PDC, DMF, r.t., (63%); (I) CH2N,, Et,O, 0 °C, (80%)

Scheme 6

i \¢ BocHN\¢ BocHN\¢ U
BocHN g h i
U N J Huperzine A
OMe OMe

Reagents and conditions: (a) LDA, Tf,NPh, THF, —78 ‘C~r.t.; (b) O;, DCM/MeOH (V/V = 5/1), —78 °C, PhsP, 69% for two steps; (c)
Pd(dba)s, t-Bu-XPhos, BocNH,, 91%; (d) LDA (2.5 equiv.), THF, DMPU, —70 °C, 75%; (e) NaHB; (f) Pd(PPhs)s, EtsN, DMA, 130 C, 3 h; (g)
TPAP, NMO, DCM, r.t., 63% for three steps; (h) EtMgBr, THF, —25 °C, 74%; (i) SOCIy, toluene; (j) HBr, 57% for two steps

Scheme 7

Chin. J. Org. Chem. 2013, 33, 2261~2270 © 2013 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2265
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IR AWM Heck SONZAT T AHBEST T =#AFEA
P, AR RIOCH AR 45, BUAR Wittig SN AT
Julia Ji 6 SN R RE S I AT XU, (H RS AR A B
ToH AT, SOCL, BEA bk 2 I e Al Ay 475 S 1] I
BT Boc fR¥FIE. ek, fEBMLEUKIEHT, HLEY 46
i 25 HEE AT A B AZ 08T . BEk k3t 10 2D

HROLER, BCRIAE] 17%. FIX AL, A TIRA
4 BEBIDFAHBR-RENTR=RFTRE
LRI

1998 4, Mann /NPIEER T 501 W IRIEREFEAL R
VLG AT AZ B i e b ) 8 (Scheme 8). AT 56
B Y 47 B EEAEL S 48, BEJE SAEIL S 49
HEAT Michael MBS B, F=21k 80%. £id Bifry . itk
KA 52, PR FLL LDA AbH, (Hi5 2433

-
S
S
N Br a
L
MeO~ N
47 48
e
f S
»
MeO™ N

o:GOTBs
/(\ICLJ(CN)Liz
MeO™ N~

PR =40 A2 LR ML e I 54, 170 AR BE A5 21 BAT AZ I 11
KpErh a4 53.

2001 4, Kozikowski 522 5% oy b i ik 3 5L a-fr 75 5
A T A AT TR A1 22 (Scheme 9). &1 55 48 2
equiv. LDA BRI B+, i S5E&4 56 KA
B o 5 REWAS BN E W 57, RG240 0T LDA AbBE
KA SNAr BUIRAR S B AE = R L AL A AL T R R
51 P 0 B A R S I OGP B A2 A% O 484k
H ) 58, ABATIIE A ERAE B 22 SR A 4N 3~4 equiv. DY T3
WRIEEAREE T, tbE59) 55 5 56 v LL—%a s NI 7 A
AR BG5S, B seid 200 ) N 58 A A0 I
. MERE R R AR A A B A A, R LA TS
RS K, DRI T S . 1) B SR A o S0 R AL 6

2011 4%, Herzon /NAP LIS G BRIE I 7 25 .
SER T AT AZHE ) A i(Scheme  10). ML &4 59
42 AR JGURE, 280 5 156 I L0 0 e R s e e R A4S

49

b

o/\\ N
© /‘{ o=~ d—ome
53
g
= OMe
) o) \
pRve
Br (0) ‘
O
54

Reagents and conditions: (a) n-BuLi, Et;O, -78 °C; then lithium 2-thienylcyanocuprate, Et,O-THF (V:V =1:1), —40 C; (b) Et,O-THF
(V:Vv=1:1), —40 C, (80%); (c) ethylene glycol, oxalic acid, toluene, 110 C, (92%); (d) TBAF, THF, r.t., (77%); (e) NBS, AIBN, CCl,, r.t.,
(60%); (f) oxalyl chloride, DMSO, Et;N, DCM, —60 C, (62%); (g) LDA, THF, —78 C tor.t., (50%)

Scheme 8

=

N

0]

N02 OMe

LDA
or KOBu-t, 70 °C
Pd(PPhz),Cl,

OTos
N_ _OMe Huperzine A
+ X —
O ‘ O NG OMe
NO, | NF 4 equiv. 2
55 56 N 58
Li
Scheme 9
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0 B
O

r 7\ OMe
a —N b
N _—
z Br /—0
ChHy 5;;> \ :i: VSi(CHg)oPh
59 42 CHs g9
Br

Br
(0]

Si(CH3),Ph

CHj

/N OMe (0]
—N c NC |

- Ph(H3C)ZS| /_N\ OMe —»d

62
61

h
OMe — (-)-huperzine A

Reagents and conditions: (a) Ph(CHs).SiLi, Cul, HMPA, THF, —78to —23to —78 C, then 42, —78to —23 C, (84%~91%); (b) LHMDS,
p-TsCN, toluene, —78 °C; (c) Pd(Pt-Bus), (5 mol%), NaOBu-t, toluene, 110 C; (d) EtPPhsBr, LHMDS, Et,0, 24 C, 71%~76% from 60, E :
Z=5:1; (e) TfOH, DCM, 0 to 24 C, then TBAF, H,0,, K,CO3, DMF, 40 °C, E : Z=5 : 1; (f) toluene, 110 °C, E : Z=5 : 1; (g) EtOH-H,O (V :
V=2:1),957C, E:.Z=5":1; (h) PIFA, CH3OH, reflux, then TMSI, CHCls, reflux, then CH3;OH, reflux, (56%~70% from 63)

Scheme 10

FMLAY) 60, BJSTEEN )15 F IR, 1EIE a5 ]
NGRS R ED 61. NLEY) 61 3] 62 T/l — i 24
BRGSO IR, V20 B U A SR AN ik
T T s, & Hfie T Pd(Pt-Bu)y/NaOr-Bu 1A%, LUJL
TS B P A B SR () 62, Al AT A BT | N XUBE R
Wittig W 75 ZAEWR A 0.01 moleL ™' N A A i sy
WXV E 2 Z (5 DA, bl S 2R g | A2
J, 7F Burgess iRFAEH R 2k 2o — 43 T K= AR IR P XU,
SR AT TAE 7K e A I S 21 T R M, b2 R A7 L P A
E, FERR T —RAEM G &R & B M54 65
R 06 A7 200 b K 5038 8 46 b W e, A DA s O LK )
PIFA %A AL id Hoffmann EHEG| NG KL, il FH RS
B . AT =T AL D B, B
RN 35%~45%. LD Lk, % k] LS
S B T S B AZ IR . SR AR 1 4k A7 AE — L
A2 b, AE A LS T A Bk 4. He—, Ak 7
Pd(Pt-Bu); FIE1AF] 65 # /& ARH & o ik, eAr 1AL
FRKE S TR, = JHrgsrbhin @, —H3R
SERECRAPIE 5 NI bR K Wittig S 77 A2 K ) =
FEWHA LY. =, FRMLa Y 5945 42 i3
Z AR, RIS A EE. 00U, Wittig )V, XY
B E: Z I RE R R I S VIR BE R (0.01 moleL ™ ") A B
RBE IR, BT RE Z MEIFIRIAAE, &)
(R 24k, L8 R A

5 i@t HMmERNERZE R = BRFTRZ
EER

2002 4F, Yang /NPHRIE T —Fh kg @4 A2 0
I ZR138T 845 (Scheme 11). ABAT TR FH BT AHRIE L 11 =
MR 42 A AR 1 R 3R BE 0 iR, esh szl T
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P BTSEARE ) 16 AR =T IR AL PR W] LUR A 5
AL LS 10.

Mn(OAc)3

OMe Cu(OAc),

+ N
0= 7 N—oMme

0" oMe 409
16

Scheme 11

2006 4§, Caprio /NHAPHRE T 5 4h—Fhid it 1 i3
A K AT AZ IR T AT 1 4214 77 1(Scheme 12). b T3l
PR IRAR G T R A 70, AT LA 47 5
3-IR CU-1-W K A2 25400 Alder [, —3R34E & 70,
HF=2AR 9%. U Ja 52 03 il PRI IR [N 22 22 D44
A LU I (7= A B A 70, (bE4 70 [INERE A7
DL 25 R 1 J5 5 AR Al e AR B A 71, tb
Y1 71 AE AR R R A T NI LR A5 R AT 3
SRR 72, (HIZ RN AR R 2 R P24 70 %y
PRI S P KK AL Bt i, Caprio /NHPEAL T3X— 7
e ABATRBL, Mtk a 71 TR = 2SRRI (TES)
PRYE, AT CAKE FE MR S 3R s B IR 7= 2R, =)
5 73%(P= 40k 72 R FR LR TES IR9). 185944 A 1k
&2 (Scheme 13), fATTLAMEA Y 73 JyJokl, ik Ak
1k, ZEAEUAS, Wittig [N AT Diels-Alder J W J id J§i %%
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Reagents and conditions: (a) n-BuLi, DMF, THF, —78 ‘C, 1 h, (80%); (b) but-3-enylmagnesium bromide, Et,0, 0 C, (73%); (c) Dess-Martin
periodinane, pyridine, DCM, 25 C, (80%); (d) allyimagnesium bromide, Et,O, 0 ‘C, (40%); (e) 3 mol% Cl,(PCys),Ru=CHPh, DCM, 25 C,
(94%); (f) PhSeCl, t-BuLi, DMPU, —78 C, (75%); (g) n-BusSnH, AIBN, PhH, 80 C, (46% for 72, 50% for 70)

Scheme 12
oTBS
cHo CoMe .~
B CHO A 77
X" a | = c f | NMe,
L = MeO” “N”
Meo™ N oo Mo N “e SePh MeO™ "N~ ’
OH OTBS €
73 74 SePh

OTBS

78b SePh

Reagents and conditions: (a) TBSCI, imidazole, DCM, (92%); (b) n-BuLi, Et,O; then DMF, (89%); (c) TBAF, THF; (d) MsCl, E:N, THF; (e)
PhSeNa, EtOH, (27% for 3 steps); (f) PhsP=CHCO,Me, THF, (96%); (g) 77, Microwave, PhMe, (80%); (h) LAH, Et,0; then 2 molsL ' HCI

(aq.), (97%); (i) n-BusSnH, AIBN, PhH, (29% for 80, 48% for 81)

Scheme 13

20 R NAFENL G 79, RTEHE13E] B AR~ 80, (H
1% B ARG R P20 29%. FINILEY) 74
G 75 PR R AREAR, =P ROV R
H 27%.

6 i MHE1E-1E B FIR{k(cation-olefin cycli-
zation) & =i IF B 42

2009 4F, Fukuyama /NHPHRIE T M0 FES
FAAZIR T R A, SO BN RS 3 a1k
BRSO K Tl = 1A PR (Scheme 14). At AT LA A e i T
82 VE MR F KL, EZ TGS SEIL 20 FRArs 2
W44l 1E (93% ee) IR 83, fiEfb AT B NERILGY
84. {2 equiv.ifik KHMDS 745 F 4T IR ER, [R5
FH 5 A Y0 S5 I, I B I 358 ST A e 5 P T e S A T 4

FIE N EEAL A 86. = ZAAIEEAL HUHEAL IR AL &
Swern A ALL5 H AL RN 47 1 88. 1'%’*%88{%*%&%36%@&
AL 8 X 95 T (140 s A T — e A 4
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PR 61%. BJRLe— RN T 2- AL E 7
1 AT RIS 96. 96 FERAL A I NFE AL 97 ),
K = CFENE AR IR [ K TMST i FF S SEBL T A A2 0%
TRA R IEE Bt s T 23 DRV, B 1.8%
(11 5™ 543 2 H AR ).

7 B9 FHAEY Aza-Prins &N = BRGFIR
=W, 21

B2

2013 4, 2 [ White /NHPORIE T — & B B4 %
%4k (Scheme 15), JLARFCLE T I 238 T Se 8%
N AT E SEAH I Aldol 24 s N AE A 4& 105 T3
AL TE RO e [ BA, AR 0 FH o TR A4 S TR 0 2 28 T
113 AT AR N, BUILAE BRI 454 B O i, 15k
B TFINESY Prins W [A] B REREIA T 258 B BEL BH 3 75
R ) A B N i B 2t — e AR 4 28, AR
Hee B R At L, %A Kk 23 20, I HAML
SN FE AR T 40%, DRI AE K 1= 1 2% A 34
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Reagents and conditions: (a) quinine, BnOH, toluene, —55 °C; (b) CICO.Et, Et;N, THF, 0 ‘C, then NaBH,, THF-MeOH, —78 “C, aq. HCI; (c) Ha,,
Pd/C, EtOAc (3 steps: 84%, 93% ee); (d) KHMDS, 18-crown-6, THF, 0 “C; then methallyl bromide, —78 °C; then TBAF, THF (80%); (e) VO(OEt)s,,
TBHP, MS4A, DCM (95%); (f) (COCI),, DMSO, DCM, —78 C; then i-Pr,NEt, —78 C to r.t. (95%); (g) TfOH (5 mol%), DCM, —78 ‘C (61%); (h)
MOMCI, i-Pr,NEt, TBAI, THF, reflux; (i) KOH, PhSH, MeOH, reflux (90%, 2 steps); (j) DPPA, Et:N, PhH, reflux; then MeOH, reflux (89%); (k)
m-CPBA, DCM, 0 C; (I) K.COs, toluene, reflux (95%, 2 steps); (m) 93, +-BuOK, THF, 0 °C; (n) toluene, reflux (65%, 2 steps); (0) aq. NHs, reflux; (p)
Mel, AgCO3, CHCl5, reflux (52%, 2 steps); (q) TMSCI, Nal, MeCN, 0 C; (r) (COCI),, DMSO, DCM, —78 C; then i-Pr,NEt, —78 °C to r.t. (66%, 2
steps); (s) vinyllithium, THF, —78 C; (t) SOCl,, DCM, r.t.; (u) LiBHEt;, THF, 0 C (46%, 3 steps); (v) TMSI, CHCIs, reflux; then MeOH, reflux (80%)

Scheme 14

11

OMe— (-)-huperzine A

MeO,C~
112 113 28

Reagents and conditions: (a) trans-crotyl bromide, Ag,O (59%) (b) hv, DCM (58%); (c) KHMDS, TIPSCI, THF, 0 C; (d) PhlO, TMSN;, DCM,
—19 ‘C (73%); (e) LAH, Et,0, 0 'C (89%); (f) a-phenylselenylacrylic acid; (g) 5-(NO,),CsHz;COCI, DMAP, DCM (69%); (h) AlMe;, DCM, 80
C (69%); (i) HF (48%), MeNO; (90%); (j) NalO4, MeOH-H,0O (83%); (k) Mel, Ag.CO3, CHCI; (91%); (1) Zn, NaOH, MeOH-H,0, 90 C; (m)
DMP, DCM (93%); (n) MeMgl, Et,0, —78 ‘C (76%); (o) DMP, DCM (92%); (p) PhsPMeBr, n-BuLi, THF, —78 °C, (27%); (q) TsOH (anhyd),
NH,CO,Me, CeHs (37%); (r) TMSI
Scheme 15
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