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MeO OH

Hasubanan alkaloids:
X
RO_  OR NR;
(0]

OMe
OMe

—

R1=Ry=R3=Me, X=H,, Hasubanonine

R41=H, Ry=R3=Me, X=H,: Homostephanoline
R1=R3=Me, Ry=H, X=H,: Aknadinine
R1,R2=CH;, R3=Me, X=H,: Delavanine
R1=Me, R,=R3=H, X=H,: Aknadicine
R1=R3=Me, Ry,=H, X=0: Aknadilactam

Bisaknadinine

(-)-Cepharamine

(Stephania cepharantha)

MeO OMe NMe

H "'lo OH
Metaphanine

X

MeO OMe NMe

“'"OMe
H "'lo OR

R=Me, X=H,: Stephamiersine
R=Me, X=0: Oxostephamiersine
R=H, X=H,: Stephasunoline

MeO OH 0

NMe )\\R

0
H "l, WOMG
0" ome
Ph: Stephabenine

4-OH-3-MeO-Ph: Stephavanine
CH=CH-Ar: Stephisoferuline

R
R
R

Isolation and/or structure determination:

Cepharamine: Tomita Tetrahedron Lett. 1966, 6229. Hasubanonine: Tomita Chem. Pharm.
Bull. 1965, 13, 538. Metaphanine: Tomita Tetrahedron Lett. 1964, 3605. Bisaknadinine:
Kunitomo Heterocycles 1980, 14, 175. Stephamiersine: Watanabe Tetrahedron Lett. 1973,
4263. Stephavanine: Kupchan J. Am. Chem. Soc. 1970, 92, 5756. Stephisoferuline: Kupchan
Tetrahedron Lett. 1970, 4975. Stephabenine: Chem. Pharm. Bull. 1983, 31, 2547.

Total syntheses reported:

Racemic: Cepharamine, hasubanonine, aknadilactam, metaphanine.
Enantioselective: (+)-cepharamine (unnatural).

The structure of hasubanan
alkaloids resembles that of

morphinan alkaloids, OMe OH

comprising the same OH

phenanthrene-like skeleton, but o)

with the nitrogen of the side C o O OH
aminoethyl chain attached on

C-14 (phenanthrene e :ﬁ ae
numbering) and without the oxo F OMe < -

bridge of morphine. Most N =

important: the stereochemistry Me NMe

at C-13 is the opposite of the
morphinan alkaloids and
hasubanans do not display
analgesic properties.

(-)-Cepharamine Morphine

Conversion of morphinan to hasubanan skeleton:

MeO (o) MeO OMe

AcOAg
| AcOH

OAc Me

G. W. Kirby. J. Chem. Soc., Perkin Trans 2 1973, 363.
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Hasubanonine and Aknadilactam
Cepharamine
1. Pb(OAC), o o)
1. Pyrrolidine BF3 EtO
OMe 2. CICH,CN CN 2.PyiHBr;, MeO. OAC[ NMe AONa Moo OAc [ Wne
MeO 0 3 MVK, NaOH OMe EtONa AcOH AcOH
MeOH MeO g v A — wBr — )
—_—— >
G ‘ 42% o 75% OAc
OH AcO ° (o]
1. 2% HCI O
0 1. HO(CH,),OH o - <70 AL,
2. Mel, NaH , o OAc 5% H,SO
OMe 3. KOH, H,NNH; - Bra, AC MeO NMe e
MeO NH 4. Acetylation MeO OAc NMe 3. CHaN, Br DME
5. Ketal hydrolysis \ .
> 98% OMe 30%
(o) (o) 0]
A o) 0
0 0 meo_.  OH [ Nme CHN2  meo. OH [ \me
(o} o 10%
1. Bry, BF ~10%
Acon MeO OAc NMe MeOsH MeO OAc NMe —
> (o) » 0 OMe OMe
2. AcONa, N (o) MeO
AcOH o OMe DL-Aknadilactam
+
(0]
1. LAH OH
2.DCC,DMSO,  MeO NMe Meo. OMe[ Nme 1.LAH  meo. OMe[ ‘e
H3PO3 fo) o 2. MnO,
—_— (o)
— 4_
OMe — —
MeO OMe ~15% OMe
DL-Cepharamine e MeO

Y. Inubushi, T. Ibuka, M. Kitano. Tetrahedron Lett. 1969, 1611.
Chem. Pharm. Bull. 1971, 19, 1820.

) ~25%
DL-Hasubanonine

T. Ibuka, K. Tanaka, Y. Inubushi. Tetrahedron Lett. 1970, 4811.
Chem. Pharm. Bull. 1974, 22, 782.
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Metaphanine
OoM COCF
MeN 3
(0] HO
1. HO(CH,),0H, Ko,CO4
TsOH, PhH OMe MeOH HO _NMe
e0_ DPAc[ NMe  2.CrO; AcOHH,0 —>  MeO SN—OMe
3. Na,CO3, MeOH 90%
4. CH2N2 MeOH (o] (o)
(o)
(0]
HCI HO NMe
1. Al(i-PrO)3 0 MeOH o Cepharamine isomer
2. DHP, —_— MeO
TsOH —
3.CrOzpyr MeO AcOH OMe 1% OMe
DCM HQO
T. Kametani, T. Kobari, K. Fukumoto. J. Chem. Soc., Chem. Comm. 1972, 288.
T. Kametani, T. Kobari, K. Shishido, K. Fukumoto. Tefrahedron 1974, 30, 1059.
THPO H™ "0 OH
Cepharamine
1. Me30+BF4- MeO OMe
2.NaBH, 0 CF
DL-Metaphanine 3
3. HCI P Y OMe COCF,
H "o OH h

T. Ibuka, K. Tanaka, Y. Inubushi. Tetrahedron Lett. 1972, 1393.
Chem. Pharm. Bull. 1974, 22, 907.

Cepharamine isomer

(o)

YCF;,

MeO
Q MeO NMe
HO NMe  1ran 160°C O

VOCl,

2. H,, PtO, HO
—» _>

O 62%
MeO °

OH MeO

26%

Reticuline OH

MeO C NMe OH NMe
K,CO4
HO TI(CF3CO2)3 O OMe MeOH
we O B
O 15% o
MeO

75%

OH
OH HCI
MeO . NMe meoH  Meo_ N [ Nme
N—-OMe  ---» 0
o] = ~0Me

M. A. Schwartz, R. A. Wallace. Tetrahedron Lett. 1979, 35, 3257.
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(+)-Cepharamine

OMe
MeO
\' 1.K, NH;, ~ MOMO
' t-BuOH O 1. BF3 Et,0
Ar 2 LiBr, 2. NaBH,
o0  _OMe 3.PTSA
_.' >
MeO “\N <
Br Q 88%
MeO OMOM
95% ArO
A0 B OH 1. AcOCHO

2. t-BuOOH, CuBr

3. (TMSOCH,),,
‘ Q OMe ™ rysoty
—»

(0] %
o 50%
0 0’>
1. BugSnH, AIBN
2. Na,COs3 o) 0 1.NaNH,, NH; ~ HN 0
3. MOMCI, NaH OAr  2.Bry,, NaOMe OAr
 —— e —
OMOM OMOM
55%
OMe OMe
M
momo_ _CMe
1. Swern MeN HO
2. KH, Mel OMe
LAH MeN 3 PTSA o
—_— (o) — 4
99% Co 54% MeO
HO
(+)-Cepharamine

A. G. Schultz, A. Wang. J. Am. Chem. Soc. 1998, 120, 8259.
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(-)-Cephalotaxine

Cefalotaxus harringtonia variety drupacea
(Japanese plum yew)

Gy . )vyga

Ho *
RO /
M902c M902c
OMe
Harringtonine Isoharringtonine
o)
< ON
0 / /
MeOZC Meozc
HO v
< Homoharringtonine Deoxyharringtonine
OMe
Drupacine

Cephalotoxine's natural esters (especially homoharringtonine) display high
antileukemic activity.

Homoharringtonine currently undergoes phase lll clinical trials for the treatment
of chronic myelogenous leukemia.

Cephalotaxine shows no activity against tumor cells.

Hemisynthesis of homoharringtonine from (-)-cephalotaxine: TL 1999, 40, 2931.

Biosynthesis

Phenylalanine ___g,
or tyrosine e

HO
HO

homoerythnna alkaloid
intermediate

Ho rear
¢
0 D
by
o) OH

HO
CC &
OH
phenethylisoquinoline intermediate

oxidative phenol
coupling

)ﬁ

benzilic acid
rangement 0

G >

HO l

OMe
Cephalotaxine

R. J. Parry. JACS 1980, 702, 1099.

Total syntheses reported:

Racemic: 8. Enantioselective: 3. Enantioselective formal: 2
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o)
o)
Prolinol g < j@(\(N
o //Q
/
(o)

Pyruvic acid
CICO,Et
NaHCO3

MeCN <

— 0
73% o

Me,CH(OMe),
TsOH { N
" o J

45%

S. M. Weinreb. JACS 1975, 97, 2503.

1. BF3 Et,0
2. LAH, THF < N
—_—

87%
Dolby-Weinreb
enamine

o]
Mg(OMe), { O N
MeOH [0} / )
: »

(o]

Desmethylcephalotaxine

NaBH, 0
MeOH < N
T 0 J
85% "
HO
OMe

DL-Cephalotaxine

Friedel-Crafts Acylation

1. TFAA
CHCl, o)
( 2 SnCI4 { N
0 N \
88% o]
1. NaBH, o)
2. Hy, RW/ALO; N
3. Hg(OAC), o _ B. Weinstein. JOC 1976, 41, 875.

[

TFAA O 0
( BF3 B0 { N 1. AllylBr, NaH
o 2.120°C
—»

1. PACly,
o) 0O,, CuCl PhIO
{ N—® 2 KOH <° O KOH
o 3. Hy, Pd/C MeOH
] - —
| 42% 58%
(0]
O  1.LAH
< N 2. TsOH
o / e
HO 65%
MeQ OMe OMe

DL-Cephalotaxine
M. Hanaoka. CPB 1988, 36, 4229.

o)
MeO <°
N —_—
o) 0 )
MeO
HO

MeO OMe

1. LAH
2. TsOH
—

78%

DL-Cephalotaxine

M. Hanaoka. TL 1986, 27, 2023.
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Allyl cation cyclizations
MeO
Naphthyl 1. HCI TBSO Cyclobutanone Aux_ 0
1. TMSOTTf, EtzN 2. TBSOTf ~ Bf; Et,0 N
< :@/\ Pb OAC < @A 5 Pd OAC 2’ 3 /kNHZ + o | —_— AUX_NQ —_— /
benzoqumone o 54%, 77%
78-94% Me OH
92%
1. (CH,OH),
0O Aux 2. Li/NH3, EtOH o
1. Ti(i-PrO), HCl 0 3. N-Alkylation o
< m |PrOH 1. 0sO,4, NMO —_—— ___740 4. AcOH <o
2. SnCI4 2. Me,S, NCS = §
—>
100% 88% J. Royer. JOC 2004, 69, 3087.

o 1. MeOTMS,
< N o) TfOH 1. H,SO,
o 2. LAH 2 steps 2. Boc,O
) ‘e, 3. NaBH, DL-Cephalotaxine D-Proline —> 3. CH,N,
Ho 9% 97%
0
0 M. Kuehne. JOC 1988, 53, 3439.
1 TEA MeO 1. LAH
. e 2. S0Og, pyr
o . fo) BocN 2. N-Alkylation N 3. Me;SiSnBu;
> st
CO.Me 1.Zn, AcOH /—( < OTs \ COzMe MeO /N —
¥ ———>  0o__OH 0 | 88% :
2. OH N —_— I CO,Me 85%

NO: )\l/ é,jo Nar
OH 40% 86% MeO 1. PPA fo)
U\ 2. BBrs { O N
3. CHzBFQ
MeO B e o] 4 )
9 steps Q .

0,
- (-)-Cephalotaxine 34%
Kuehne's 4 steps
route —

— 3 (-)-Cephalotaxine
T. Nagasaka. Tetr. Asymm. 1997, 8, 191. 17% M. Mori. JOC 1995, 60, 115.
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Heck cyclizations

TsO

1. CBS reduction
2. ACZO, Et3N
Br 3. BusSnH, AIBN
4. N-Alkylation
—>

< Pd(PPhs),
TMG

(0] 88%

64%

Herrmann's
<0 N catalyst <0 N
, BuysNOAc
o Br " —_— 0
81% g

4 steps

R (-)-Cephalotaxine
L. F. Tietze. JACS 1999, 121, 10264.

BrMg

DCM, -78°C i .

SiMe; > / SiMe;
1 1
COZMe COZMe — > COZMe

72%
1.-2e", BuyNBF,

) DCM, -78 OCB = Grubbs 1. TMSI
. u .
Etzn” N~ = catalyst N 2. N-Alkylation
éO Me Bu ! ’
2
62% 92% COyMe 52%

Herrmann's

o N catalyst
< Bu4NOAc
O I T
60%

J. Yoshida. JACS 2002, 124, 14824.

[4+2] Cycloaddition

H} SO,Ph
o)

o 0 1. t-BuLi

P 2. Allyl-Br <

0 o)
<° Br )(o

1. t-BuLi o)
2. TsOH

3. NH,OH (o]
_>

80%

2:1 mixture
of epimers

1. Na(Hg), EtOH
2. MsCl, Et3N
3. NaH

; 1. Hy, Pd/C

2.BH; MeOH ¢
3. HCI
—

75%

46%
(+ 23% epimer)

1. Swern
2. Me,CH(OMe),

3. NaBH,
—_

74%

DL-Cephalotaxine

P. L. Fuchs. JACS 1988, 110, 2341;
JACS 1990, 112, 9601.
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e e
=

94% 80%
BnO
Bn
° 1AOCOOO|2: j Hanaoka's
1. Hy, Pd/C .- .rc.’Lft?_ > DL-Cephalotaxine
<° sOCl, 0 O 2.DMP 55
Et3N < N 3. LICH,CO,Bn o .
o o] = 4. DMP W.-D. Z. Li. OL 2003, 5, 2931.
—»
76% 52%
Transannular cyclization

1. Hp, Pd/C OTBS OTMS /\)\o

2.100°C
3. Hy, PA(OH), 0 1. BrMg
o-rMs % O 2 MsCl. Et;N
> o __/  3.HCl
—_——
(o)

Ring expansion 0
1. t-BuOK, A 1. Oy, PdCly, < O
fo) 1. DMDO, 2. CaCl,, DMSO, Cucl o N
0 o) MeOH 150°C__ 2 tBUOK
< N LHMDS :Q/jN 2. BF3 EL,0 Q
H AGOTf g y 90/ 62% o

73% 1. BF3. Et20
2. TFA 75%
90%
OMs
o o 1. Hp, Pd/C

< N = 2. Boc,0O
o) Hanacikas 0 1. BnNH,, (o) 3. LDA,. Pa_Vls'
.IoU® o DL-Cephalotaxine < NaCNBH, < oxaziridine

o] ‘ 2. i-Pr,NEt o) 4. Swern

T. Nagasaka. OL 2002, 4,885. o
(o) 64% 65%

(0]
2 steps
TMSOTf ( O N g
—_— (o) j —>» DL-Cephalotaxine

50% HO ' 70%

o
P. S. Mariano. JACS 1994, 116, 9791; JOC 1996, 61, 7335.

CO,Et

CO,Et 0
< \)/ 1. Allyl-Br < N \)/
2. tBuOK o

CO,Et ] EtO,C
78% \
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M. lkeda. Chem. Comm. 1990, 1436; CPB 1993, 41, 276.
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Pummerer cyclizations Li
o 1
Sille 0 1. Me acrylate 2 steps 1. O
OAc NO, _ [riton-B 2. Boc,0 <
< <0 2.2Zn, HCI D-Proline _>_> 2 “‘.
2 Pd OAC 85%
0
P(i-PrO); 81%
90%
mixture of diastereomers
1. Op, PACly, o 1. Hy, PtO, o
1. 0804, NalO MeS o 1. aq. AcOH CuCl Boc, 2. NaBH, Y Boc,
o . 0sOy, NalO4 -8q. AC 2 +-BuON N 3. Ac,0, pyr N
2. (CHy0H);, 2. NaBH, - t-BuONa - Ac0, py (
0] —_—
HN TsOH < N/> 3. Ac,0, pyr 0 O —_ (o)
—_— 4.NalOy4 0 '
o 3. Red-Al o] e 29% 77%
4. MeSCH,CO,H,
oo 2C0; o 93% 0 OAc
(o)
84% N
1. TFA 2 MeS
_.0 2. MeSCH,CO,H, ~S o " P
s o _ DCC \\< 0
1. Raney-Ni 3. NalO, o TFAA
2. K,CO;4 — { N —_—
< N T_IF_AOAH < 3. Swern 819% o)
or Ts (o] —_— o 85%
0,
850r77% 83% OAc
OAc
0 (o)
0 1.Phl(OAc), O 3steps O
2. Red-Al N N 3 steps
< N : — o
o J 3.TsOH o) / — ---3  (-)-Cephalotaxine
55% HO DL-Cephalotaxine
o) OMe (0]
88% ee

M. Ikeda. CPB 1999, 47, 983.
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Photoinduced cyclizations

1. Na-K alloy, o)
CO,Me TMSCI HN < m
D%/ 2.Br, ONs
o I
N _ =

CO,Me 3.CH2N,
—>

OMe i-ProNEt
88%

ST )

DL-Cephalotaxine

=
o

63-66%

<KI:QD

M. F. Semmelhack. JACS 1975, 97, 2507.

t-BuOK, NH3
Hanowa 450W

Cl o o
0 \_( hy 0 1. LAH
< N EtOH < N 2. Hg(OAc),
o > (0]
27% 38%
0]
< N Dolby-Weinreb
o _ enamine
L. J. Dolby. JOC 1972, 37, 3691.
1. |2 CF3C02AQ 0
2. MeMgl o]
3.TSOH { N
(0] I VY
49%
hv
Et3N o
PhH ¢ O
(o)
46% == = V. Snieckus. Chem. Comm. 1976, 505.

Radical cyclization
(0] NH2 1. cyclopentanone N
( 2. Acryloyl-Cl o
—>
0 Br <
64% 0 Br
BusSnH o o

— < Nj
s% O

H. Ishibashi. JOC 2005, 70, 1922.

{ S RnoAgy  ( N
o) CcOo,Me — O =
TsHNN 79% MeO,C
0
N
o) Qs { N
4 P(OEt) 0 =
0 —_— S

o)
o 24% j/

S. J. Danishefsky. JOC 1990, 55, 831.



