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Abstract Cephalotaxine is the parent structure of an anticancer drug homoharringtonine (HHT). This review summarizes the
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SnCl;, DCM/MeNO,

46%
Friedel-Crafts alkylation

<
O

()14

Mori's intermediate

[a13® = -211 (¢ 0.25, CHCI3)

B 10 Hayes

. VL D-(—)-IATR = CERE A FIRIE, &) LA
AR 81, LGP HAAS B T BRI A 84, 5 2-
AR 2 85 A % 86, AP A4 Mz k153
BN e PR AT K 87, iZHTAAE CAN (1,1'-azobiscyclo-
hexanecarbonitrile) f1 = ] 3G AR E R ER P 2L H
H 2 A BRI AS B = A S S 90, R4 2
Tk R AP AR AN T AL 15 3 91, f )5 7E AlH;
FMNEIFEARRAR =R, L 14 B RBLAERN
1.8% (Scheme 11).

67%

2012 4F, Renaud %5DUIGRE 1AL A B B A UL
o] .
TMSCHN,, BuLi
MOTBS (ST, BU oTBS
NT H 74% N
Boc carbene C-H insertion Boc
74 75
(1) TsCl mN
(2)bBU ( 79 <
HO
(3) KOH DIPEA, CH4CN \Q
82% 80

[a® = +20.1 (c 1.74, CHCI5)

Lit.['2 070 = —230.8 (¢ 1.22, CHCly)
IR =

JRLBRAR R 84 2 (1)

Scheme 10 Asymmetric formal synthesis of (—)-cephalotaxine by Hayes and co-workers (II)

(1) TH,O, Et;N

(1) TBDPSCI

o]
EtO,C  CO,Et s P g2 phenylacetylene BuzSnH P Imidazole
2 2EL steps BuL| DMPU AIBN | (2) O3, then Me,S
N - R _ =
HO  OH 3. 0 (3) LiBr, DMF 53% 73%
D-()tartrate x @) 10%aq. HCl s b (om8) g om TBDPSO  OTBDPS
81 radical cyclization 83 84
0
< 0]
< N Bu3SnH ACN { N
| 85 _ EtNPh, DMAP Comap o A j 5-endo
= —_—
Ti(O'Pr), 50% (7- endo) .
TBDPSO" two steps TBDPSO" 27% TBDPSO"
86 OTBDPS OTBDPS  radical cascade OTBDPS

87 cyclizations 88
(1) TBAF
<0 N 0 <O N O (2) Swern oxid. < O N 0
o 3) MeOTMS AlH,
0 S o > ()-1
. / _ 9% 87%
TBDPSO' TBDPSO' [o]?° = 185 (¢ 0.18, CHCly)
0 OTBDPS g9 ©OTBDPS 91OMe Lit.5 [’ =-189 (c 0.51, CHCI3)
Bz 11 Ishibashi 251 RIR ZRIZEA KR 46k

Scheme 11 Asymmetric formal synthesis of (—)-cephalotaxine by Ishiibashi and co-workers
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SR AR S N, I 2% 1% 4 5 BROR IR = RAZ AN
XFRIER AL 55— SRR A2 DA(S)-2-F2 B3 A% (92)
1@%@?‘55@*4, Zn U A R AR IR 96, 15

WA 2 BERETR IR (97) & e B 45 31 98, AR fmilid B

ReA AL AR BB 4B 99, FRERFIRBHEEL] 100 1EF T
Hﬁﬁﬁ“ﬁﬂﬁéum’i@%ﬂa 101, 55185 F A Heck FL13
F|7 Mori B 14, 32 18 P RLEICE RN
2.2% (Scheme 12).

Renaud /MAPHES B2, LL(1S)-2- 38 FE R &
WIE[(—)-1031/E A TR E R, 28 HER T ES
BN AR B2 BT R RS 105, Fid
o T R A O I AR AT B R BERZ 106, RS
TBAF ik F 4 445 262441 Nagasaka #2509 ]
107, 3L 7 8 RBLEIEA 8.3% (Scheme 13).

2016 4, ZAREPILLF U 108 AT,

OH (1) TBDMSCI TBDMSQ (1) Me,C(OMe),

(2) 0s0O, OH  (2) TBAF
84% C{ (3) PDC
(S)-92 OH  (4) MePPh3Br, t-BuOK
96% ee 93 60% (4 steps)

) Red-Al

oo

Hermann's catalyst

0
( ji:(\\N n-Buy;NOAC
¢ |~ 46%

Heck cyclizaiton

[ = -74 (¢ 1.0, CHCl3)

Lit.[12 [ =

N
DIPEA :
[

9 83% \
Lot o H"'

‘; o

Morl 'S mtermedlate
[a]D =-196.7 (c 1.0, CHCls3)
—-230.8 (¢ 1.22, CHCl3)

L5430 2-3-HAC T L)k (109), 2ok & ikl
BEFHEAEY 110, 2855 2-2-F L) FAME 11 )k
A5 3T T AL & 112, FEAE Sn(OTH, fEH &
aza-Piancatellic EHE I FHER BRI S 113, ARG
TERRAL AN R F R 0 S R 5k 58 2R 5 2 = R A A% O B
ZE114, 36 D RMNBICREN 11.7%, G845 15§
AL B AT A3 3R SR =942 B6(Scheme 14).

2 EUTIHIRERE

1999 4F, Tietze Z:P8L) 1,3-3F 1% — i 115 1 A #EIA R
B, 2R R RS IR FRFE RIS S B
13 a-IRARIR G ERATAE 0 116, 59 116 /£ CBS &5
A 117 AR A BRIE JR AT 2D S 203 AT A
18. (L&Y 118 2 AW RO 5 FHAER RRIE A
BRI R EY) 120. (L&) 120 5 2-BRACHIHEE L%

Ee) W PyrSO,N3 H,, Pd/CaCOg
A SN v——
~d EtB, air S > 95%
H 76%, dr >97:3 =0
94 radical carboazidation H 95
¢ N
(1) Hel o | N N7
T /
(2) ImC(S)Im 100

68%

B 12 Renaud S HIAMFRIE Rl A BRR IR = RAZH(T)

Scheme 12 Asymmetric formal synthesis of (—)-cephalotaxine by Renaud and co-workers (I)

+-BuON=NO¢-Bu (init.)

_ EtO,CCHjl, PhSO,N;
PPL, vinyl acetate TBDPSCI OTBDPS BugSn, N, COEL  chromatography
oH 4AMS OH __ imidazol _ N oTBDPS ——————
_— 33% 89%, 1.2:1 d.r.
(+)-102 (-)-103 two steps 104 95% ee radical carboazidation 105
[a]% +13 (c 0.9, CHCI3)
(0] o
co.Et  (1)Hz PdC (1) TBAF
N, 2 (2) EtaN, heat  HN,, (2) PCC HN,, steps
OTBDPS — 00~ OTBDPS - o —— (M1
° 69% Nagasaka's intermediate
[2?® = -65 (c 0.46, CHCI3)
107
105 106 Lit®2 [o)3° = -68 (c 1.0, CHCl3)
B 13 Renaud 25K FRIE 4 & B RAR = RAZHRAT)

Scheme 13  Asymmetric formal synthesis of (—)-cephalotaxine by Renaud and co-workers (II)

Chin. J. Org. Chem. 2017, 37, 1885~1902

© 2017 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1893



BIKE

HoN™ j< * O/\/\
2 steps
Cl

Nal
acetone

Q /y\ o
113

Sn(OTf),, DMF <O

69%, dr=6.6:1 0
aza-Piancatellic
rearragement

_KOH,DMF_ o
.

ZTJ

CIL ™ )
o}
o CHO C o o]
o]

n-BuLi, THF
50% HO

steps
— (M

B 14 ZFrE A I a5 ROR IR =R

Scheme 14 Asymmetric formal synthesis of (—)-cephalotaxine by Jiang and co-workers

(121) & BB 2] g0 122, SRJ5/E PA(PPh), flEALFIAE
&It Tsuji-Trost /N3 e 22 4l R AR IR AL 54
123, &) 1E Herrmann-Beller {E4LFIERH T KA T W
Heck b N 15 35t 2445 Mori B £R b a4 14, 585K
T RAB=ZREBHIE G, 3513 PR SEE T 5%
(Scheme 15).

2012 4R, Bk EREEPILLER K 2T 1 S semi-
pinacol HHEME A 4% FLC R IMAE N s )R B, SEHL T
RIRZRICTAM RGN E B LA TMS 25 1241
EIRJFRL, PP EAS BIRIEIN T IE 126, RJE(ETF
PERERR BT 127 FERN, S ARk FEvEm R B
F N A& /semi-pinacol FEHE ¢ B 4 33 %6 2% HOCHR IR,

&%) 123 7£ Herrmann-Beller #ALFIEH FT&4F N
Heck PRk [z S 15 3% 2240 Mori # £k (a]44 14, 1H ee
ERH 80%, il MWL ENT 72 BT 14 1) ee (8
ILE] 99%, TEEINNRKE T FHESE, frsaiER
MERERR . L 12 20 S NLELER 4.9% (Scheme 16).

3 FHRRZE

SR A 22 37 23 075 B2 0 Bl X e 1 A 7 4 it
1T EEY I, BT e St A AT R oy Je E i A
PR BDEA AL E bR I TR i, 2ot
AERIRPIIIL GEIT 5. AE B R IR = IAZ Tl 1) SR
Hi, S AR SRR T TSR A, B = ARPVA

BRI A 128, FABIIBIGLIHLS 2.8 Robin FUUBURHMLFEYRIM 0T BARR A YI0 1 1
REIEZBE 132 RAEE AL, BLa 123 (b BRRRTWRATIR G206 A 40 e ZRAZ . Na-
Ph
<%'/L.\\Ph
o (1) HBr, KBrO; Br Br
(2) 3-Chloro-1-propanol 21/\/ 117 Me ACzo Et3N
(3) TsCl T BHgTHE " 96% yield
() 40% enantioselective (two steps) 119
115 reduction (87% ee)
< T
OAc o NH, < 0
Busor o PO(PPh), TMG ( N/\\
92% TBAI, THF, reflux T e O B D
72% Tsuji-Trost
120 OTs 123

Hermann's catalyst, n-BusNOAc
DMF/CH3CN/H,0 (V:V:V = 5:5:1)
110~ 120 °C <

81% )

Heck cyclization
(-)-14

Mori's intermediate
[2]8°~200.4 (c 1.0, CHCI)
Lit.[2] []2°

B 15 Tietze 25

steps

)>-1

~230.8 (¢ 1.22, CHClj)
(KIRIR = RAIZIA XTI FRIE 304 ik

Scheme 15 Asymmetric formal synthesis of (—)-cephalotaxine by Tietze and co-workers
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n-Buli, I:NTS TsHN Cyclobutanone TsHN . PhNTf,
g 20Ctort s mBuLi 78 °C OH 127 (10 mol%), 5A MS OQ LHMDS OQ
K,CO3, CH;OH :_) 75% = 90% yield, 80% ee
124 One pot semipinacol
63% 125 126 rearragement

< D\/\ Hermann's catalyst
[Pd(PPhg3),Cly] n-BusNOAc

n-BuzN, HCOOH O@ LiAIH,, THF 4_>E> < N DMF/CH3CN/H,0
_ = - = —> _— £
94% ¥ reflux N NaBH(OAc); 0 Br 69% yield
S H
(two steps) 63% (2 steps) Heck cyclization
130 131 123
oo
- o PO Ar = Anth I
r=An cen
o, A
Mori's intermediate Ar
80% ee 127

B 16 IRAKSEE AR FRIL A ORISR = RAZT
Scheme 16 Asymmetric formal synthesis of (—)-cephalotaxine by Tu and co-workers
gasakal> 'l El Baily 25° R 6 22 4lifb S 45 40 iR A0 2 ZRIZEANE[(—)-4]4 1 NaBH, i& 5453 256 4l A g =
FEARIA A AT TR R B Al (), SRl JAZH(Scheme 17).

I SCHR T I3 B S 4 A i = RAZH. Mariano 2504 2015 4E, Robin 2018 TR FH T ERYF 411 He
K FH A= WD BT BB ER T [ AR HEAT T F MR 013 2 e 2 I = RASHH IS 6 2 2 = RS &R, BASE
g (a8 4). %ﬁﬁz(MahC acid) AT MR, T8 HEEGH 47 etk (1)

1994 4F, fh = {7200 ] Weinreb 560505, LL “bMﬁw%uaﬁxﬁ&ﬂ%Wwﬂem$%
WL BER(134)F1 L- B ZFRA35) NG R R, £ 14 25k FR(137) Rk £k, I8 I 45 f 1 77 V5 43 il 45 21 (3S,48,5R 28 -
B, Lh 9% 1SRG BT i = AZBIR[(+)-4]. FFH (—)-ZRIHE B2 25 (138) FI(3R,4R,55,2'R)-(+)- =2k
L-(+)E A R A A e = IRAZERIR[(+)-413F 5 M (+)-—= FEBT R £ (139), 543 7 FH IR ER SNV =17 pHL A

RAZEATR(+)-41F(—)- = RIZERATE[(—)-4]. )5, (—)- K 8.5, 1FE(—)-ZRIZHA(+)- =R A2, (Scheme 18).

2R 3R)-butane-2 3-dio H 0
(@) O H ( ’ ) utan ! ol N
m

OM (-)-139 (+)-138
(+)-Cephalotaxinone Nagasaka (1997)[%?
l L-(+)-tataric acid l
O
< HN

D-(+)-mallic acid ‘o

OMe (£)-143
(-)-Cephalotaxinone El Baily (2002)[33
Zhong (1994)130 N (97 Cephalotaxme
0 Q § {)'(23) malic acid \ RNG RN,
ko Q ACON"QMOH LEEACE AcO:,,@,\\OAc
R=H, A
HO  OMe ()15 e
(£)- Cephalotaxme (+)-149
Robin (2015)31 Mariano (2006)134

B4 Pro ikl & RIR = RAZM

Figure 4 Asymmetric synthesis of (—)-cephalotaxine via chiral resolution
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L-(+)-tataric acid
—_—
optical resolution

[o]p=—-184 (c 0.51, CHCI3)
Lit.5 [a]p = —189 (¢ 0.51, CHCI5)

(-)-4 [clp=-146.3 (c 0.047, CHClj)
R 17 B =FF M TR %6 & RIR =R

Scheme 17 Preparation of (—)-cephalotaxine via chiral resolution by Zhong and co-workers

racemic mixture or partially racemized mixture

4 A
o] O
O OH { N < o OH
o] o] j + 0 4 . O
How ' ; HO>_\—/<
OH v OH
(-)-(2S)-malic acid OMe OMe (+)-(2R)-malic acid
136 (-)-cephalotaxine (+)-cephalotaxine 137 o, oH
1 (-1 >\‘—\_/<0
O_
- OH
o ,

N32003 OMe

", N32003
pH 8.5 pH8S (3R,4R,58,2'R)-(+)-cephalotaxine
HO <
hydrogen malate
139

(3S,4S,5R,2' S) ( ) cephalotaxine

hydrogen malate
138 OMe OMe

(3S,4S,5R)-(-)-cephalotaxine  (3R,4R,5S)-(+)-cephalotaxine
(= (+)-1

B 18 Robin % () FHEHF4 M 4 R AR =R

Scheme 18 Preparation of (—)-cephalotaxine via chiral resolution by Robin and co-workers

1997 4, Nagasaka 2552 FH B K /B R 1k 2000 5 56 A4 ik IS B AR B SR A (—)-143, TS5 IR 2 B B 2R
- PR B AE R DG I L, B A 3 3 T 20 2% W BA v [ PR 16 (144) A2 ot 644 J5 0 R PE 25 At /K e Il 75 6 2 2l 1)
(F)-142, HeW R EIE 565 4li(R, R)—(—)-2 -7 Kuehne #2815 Ak (—)-145, 3L 6 5 B RleR

B AT AR AT 2] — X HEXT B e A iR 143, B E L N 17% (Scheme 19).

(1) isopropenyl acetate HO OH

o CO,Me p-TsOH, 110 °C o CO,Me Zn o o RY—R)
(2) TFAA, NH,NO, AcOH-EtOH W ) A
49% NO, 80% p-TsOH, quant.
two steps allylcation cyclization . .
141 (£)-142 optical resolution

140

<°I>“
144 < j@m % Kuehne's route 1 [o]2¢ = ~184.6 (¢ 0.5, CHCy)

é’ /\4 1) NaH, 86% ﬁ 9 steps Lit ! [o]2’ = ~189 (¢ 0.51, CHCl3)
2) 5% HOACc, quant.

(-)-143 [a¥ = —60 6 (c 0.75, CHCI3) ()-145

Bl 19 Nagasaka S5 FHEIFMEE X G HRR =R

Scheme 19 Asymmetric formal synthesis of (—)-cephalotaxine via chiral resolution by Nagasaka and co-workers
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2002 4E, El Baily 2510 3 4-1F 1 —4-p-TE 3L 2
15 (146) AL IR ERL, 5T Tkeda B& 2812517 V4594 g (14
BAEIMEEYN(£)-147, T D-(+)-E KRB AT F1%
Wiy, BRDEELR(+)-147, ZEWE Boc,0O R
4 0sO4/NalO, 261 T EMWZ C=C H#, 1532] Ikeda
LRI (A A R MBI AL A HI(+)-148 (89.3% ee), T
ﬁﬁ Ikeda [¥)771:75%) T Hanaoka f#%2kP0 b [E]44(4-)-149,

14 WRBLSWCE N 1%, JFEEE TP AL EIR

ZRAZHH(Scheme 20).

2006 4, Mariano £B4]LLXTW§WTHE’J¥?HEP@

RBEEF 2 SEL T (—)- =R IANFRIE A A K. —
XY THE 1 X 2 Tt A R ke e e (£ )-153 K FH HE W7 I
EEACE (electric eel acetyl cholinesterase)i?t{T 5l /722 4%
g7, 13BPDEEEAEN B L AL IRIE ST 154 (90% ee). T
PER B EY) 154 5 A IR R B 155 47 N-fidk
WS H A-B/C MEIML G 156, T340 i 2 2
Fe st 5 5 AL 3] Mori B2 R4l Al A 12, 3t
14 5 PSR A 1% 20K (Scheme 21).

MR E M = LB A IR AL b 161 &2
EEACE g3l 77254755, 192065 400 £ A0 R s e
162 (90% ee). D5 4EMRNLIE Kt 162 S5 7E AIBN/ n-Bu;Sn-

o]
xNO, Ref. < HN
< e O
o lkeda 1993
(£)-147

0 Boc
¢ N :
o ot

Ikeda 1993

(+-148 O
[23® +1.42 (c 1.07, CHCIy)

(+)-149 O
Hanaoka intermediate [oe]D +58.3 (¢ 1.4, CHCl3)
89.3% ee

B 20 El Bally

D-(+)-malic acid <O

optical resolution

H 1EH TR EARNE FUK R 515 2R R g bE 164,
Mit—5 A FH B 165 KA N-Filk b8 3] A-B/C 12
IHIMEEY) 166, Fea F AIH; I8 J5 515 2156 24l 1)
Tietze H£ZPrhia{k 168, b4l 53wk — 55",
312 BN 9% (Scheme 22).

4 FDHRPMAPTNFRERMAEIE

2003 4, 2= PR /N T 7K 3 25 P8 O i A HE
3075 A= A 1SR I 7 ] PN 1 RSB T AN T = RAZ IR
éAﬁiz ZJa, MWATVNA— BB T =REWAE KT

SR« BT VR B AN R A 7 VR i 70 T A
fJ\éﬂHzifHéHj%%T:ﬁeﬁwaﬁéﬁﬁmﬁn, AL ¥Rk
SRIOL 2% RRMUL SRR PRI SkEAM e
(31 1 Btz 22O

2012 4E, ZETUHRNMKZEBELEIFS o-F 2
REfTA 4 169 {E NACIR AL, £ % Btk Bischler-
Napieralski #0453 2] S R EMATAEY 172, BAENE
NGRS IR R G R A N R TR 564075 2100
SEMEMATA ) 173, A& 173 £2[2,3]-Stevens HHHS
FI(RR)FI T (B e 174 (R, S)FHY (B s 175. ¥
Bk lg 175 7€ V(HOAc) : V(conc. HCI)=1 : 1 f& &t [m]

(1) Boc,O, EtOAC
HN/\\\ (2) OsOy4, NalOy
Y S

72%
two steps

82%

3 steps

FRTFHEINEE 2GR IR =R

Scheme 20 Asymmetric formal synthesis of (—)-cephalotaxine via chiral resolution by El Baily and co-workers

_ hy (1) HOAc )\ (1) Ac,0 I\ HN o
ClO4 + N/\| (2) Boc,0 BocN_ . (2) TFA HN EEACE  AcO.. 2N\_.OH
N aq. KOH m . » NCO/. it
N —— > Hi. T fro, . AcO. WOH ™~ AcO:.. OAc i X
| 10H 50% 76% optical resolution
= (3 steps) 154
151 152 153 90% ee
(1) NaOMe
W ) MeOCOCOCI (2) Swern  MeO N/\|
AIBN n- Bu3SnH (3) DBU HO, A.n
AcO:, Q OH p 0)zAl MeO -
800/ 65% ACO l r
° o L|AIH4 12

(2 steps)

Mori intermediate
[2Z+ 99 (c 0.26, CHCI3)
Lit."2 [¢]2? + 86.3 (¢ 1.02, CHCl5)

56%

B3 21  Mariano 2B 5 TE 4 & R IR = RAZTH(T)

Scheme 21 Asymmetric formal synthesis of (—)-cephalotaxine via enzymatic resolution by Mariano and co-workers (I)
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hv (1) HOAc ™\ I\
*N\ aq. KOH |, NF’\ HO0 H, N/’/\ (2) Ac,0, Py ch B EEACE ACSCN o OH
. - A I " 1. o
| _ @ K) 50% ¢ @ OAc optical resolution @
< ‘OH (3 steps)
158 159 160 161 162
90% ee
(1) MeOCOCOCI 1) Hp, Pd/C < Iji\f
(2) AIBN, n-BugSnH ACN _@8mollL Hel Y \
sl Mt S
(2 steps 163 164 3 steps
(1) p-TsCl
(2) DBU _ AHy []3%-32 (c 0.08, CHCl5)
85% /> 60% @ Lit.*7) [o]3 ~44 (c 1.0, CHCly)
(2 steps) 168

B 22 Mariano ZHEFITS

Tietze intermediate

A E ORI = RAZIAD

Scheme 22 Asymmetric formal synthesis of (—)-cephalotaxine via enzymatic resolution by Mariano and co-workers (II)

W, H MeOH-HCI 4b21 )5 BL 2% 453 2 dr {A
A2 YRR ORI AATR A1 176. TR 176 £ERU ] IF
HYER R & 2E Deckmann 454+ 4 mol/L EhERVE R T
iR . Swern AACHI S 2] —FR 177, &1 Robinson
AL R AT 45 20 2205 P ) S HE AT A 2K JE R 178, 1E
Davis Reagent II {EHIF, ZRIFWERR 178 544 Hh 3 1) i
23t Davis @LGI NI, &5 B T03,4,5- = FAEE
B 5 BT 181 FEEEN /B R 26 AT T & 2E Clemmensen-
Clemo-Prelog-Leonard & Jii 55 HE/5 21 6 52 41 1) = 2RAZ
B 182, (B EA AT N, KA T #ar Wi,
FAF I 182 7E =9 SR N /KMERR & = AR 15 2
FRILMN 183, ANEiE AR R AL ) L =
RIZERTH 3. 218 Mori 17 R @G Bk L TS
W JF BT A5 B R AR =R, 35 19 B RPN AIE R
1.8% (Scheme 23a).

F4b, W1 Scheme 23b Fi7R, (RR)FBLH] 174 i1t AH
] (A0 45 (S, R)-F B AR I 184, 7E KOH 5B 2% 1 T
123(S,S)-1#EH 185, H#HEMEZL T retro-Nazarov 571k
HLFE.

2011 4, 2= T A /N R U8 DL v b R 77 A=
Y 186 fENRLRERL, 5o6F40 dixoanone RS
187 £t S A% B Horner-Wadsworth-Emmons (HWE)
S N A5 S 4(EE)-F) B dioxanone XU /fifig 188, FR7L
DIBAL-H {EHF, KAEAKFRILE oxy-Nazarov HLH L,
R, 13 B G A R TR N IR A W 189. SR 5 e fhyr 2 Ak
FBLFR N-Boc 3 FBRMEIKEE 190, 5 3,4- ~HAIIR L
P SU(191) K A N-BE R A0 15 2Bt 192, BR3ABEIZ 192 24
FARI R FLIR WA AR 32 2515 B &R L S 2 PR IR
7R 194, FEEER /ISR 261 F i SR LA 15 230 K
Il 195, fJaE =% FRRIEH T4 Friedel-Crafts 31
1k 453 Hanaoka #%£kPHig2airha)fk 196. XAf, Bt
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FHEHIS FRIANFRE BGE, &8 R LL 4.3%MH 5
Wz 4% Hanaoka PSR ICHEH A1 196, STHL TR
AL AR FRIE X 425 Bi(Scheme 24).
2011 4F, 2P AN ECIRHiZ N AP K
J& [ VH Tié = 9 A2 B8 1) 15 B A K BR A A A KT TR EE
(Scheme 25a), it F M EEE FHIAXFK oxy-Nazarov
AR R IR, S T RIR =R AR &
B, AR 5310 cis MMEEE 197 1 RRIGEER, 18
TrocCl £ F4id Hofmann FFMEFFIASR] E- M
198, 575703 & dioxanone T-IEHERRHE 187 4 HWE
S, 51N dioxanone F-PE5H A B - Al ) (E,E)-#) Y
XU 199, F{E DIBAL-H i 5 AE R FEAXFR oxy-
Nazarov HLIRLI, P 4.6 0 1 [ dr (H15 2S5
200, #RJ57E FHORTE R 25 41 T 7K AR, 7 = A3 31 6 & 4l
1) trans-¥2 IR IGHE 201, [F]0 5 i DA 21 2
gy 2,3- T 0, n] DGR T & F iR iE 187 1)
fil#%. HEY) 201 R B OB ORY . BSIRIAME
N 23 SRR S 2T 35 DL % Ji PR R — R A e Y
WA EAIE SRS 5 SDHAIT BIRIR =DM, ee HN

n\\#

96%, 3£ 9 R MU A 4.6% (Scheme 25).
5 RHESRE

ARk, BB RZ R EAIES N T % K
I.Mﬁﬂvﬁ‘!ﬁ(ﬁn%% 1 flizR), B3l 18 AN KET 23
ﬁ:ﬁ/z HoLFEMHIRE S ER, § 10 MARET
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Table 1 Summary of asymmetric total synthesis of (—)-cephalotaxine

Wi FA TR/ TR 3 3R AR BB BCR% SR 7k
Mori /NH 1995 D-(-+)-proline 19 1.8 [12]
Tkeda 7N 1999 D-(+)-proline 19 7.0 [17]
Royer /NAH. 2004 (5)-1-(1-naphthyl)ethylamine 16 9.0 [19]
Marguerit /M 2015 (S)-1-(1-naphthyl)ethylamine 16 10.0 [27]
Gin /AL 2006 fS,S)-4,5-Fllhydroxycyclopent-2-en0ne 19 10 [20]
isopropylidene acetal
Stoltz /ML 2007 (R)-3,4-(methylenedioxy)mandelic acid 1 6.0 [21] TR
Hayes /N1 2008 D-(+ )-prol%ne 16 1.3 [16]
2008 D-(+)-proline 13 4.7 [18]
Ishibashi /NH 2008 Diethyl D-(—)-tartrate 14 1.8 [15]
Renaud /M 2012 (15)-2-methylenecyclopentanol derivative 18 2.2 22]
(S)-2-methylenecyclopentan-1-ol 7 83
Jiang /NeH 2016 (S)-(—)-t-butylsulfinamide 6 11.7 [23]
Tietze /N 1999 CBS-catalyst 13 5.0 [28] TSR
Tu /M 2012 chiral phosphoric acid 12 4.9 [29] A HE
Zhong /N 1994 L-(+)-tartaric acid — — [30]
Robin /N 2016 chiral organic acid — — [31]
Nagasaka /N1 1997 2R,3R)-(-)-butanediol 15 4 32 .
agasaka /) (2R, 3R)-()-butanedio [32] FHER A
El Bialy /MH 2002 L-(+)-malic acid 17 5 [33]
. EEACE 14 3.5
Mariano /M 2006 [34]
EEACE 12 3.8
2012 -phenylethan-2-ami 19 1.8 47
- o-phenylethan amnTe [47] 5 T4 N
Li /M 2011 (2R,3R)-(—)-butanediol 9 43 [48] T T
2010  (2R,3R)-(—)-butanediol 9 4.6 [49]

M 1963 =AM H A BLLK, BHAR 1
R G5 LI BEAT R 2 U e, Bk
B G EE FIRZ I & ORI, 2012 4, fER =R
K BatsAE FDA HtbiE Bl 677 18 MR i 254 LA
K, VERIZEY R = RAZT I & R 7T, L TR
ZHRNG. IR, T =R B A% S T AL,
FERRZIRAN e B R RS, HikZ MRk
vt SRS (RO, R 24 A DR A FE M K T 0 i 2 4l e i
ZARIZIRITE R, SR IT AW G AN K v e 1 3
I T i%, PR R R IR = IRAZ AR 7] .
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