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Total synthesis of (+)-Haplophytine
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1. Introduction

>>the left-half segment possesses a bicyclo[3.3.1]skeleton that includes
bridged ketone and aminal functionalities.

>>connected by a quaternary
carbon center

>>highly congested C-C bond
adjoining the two distinct
halves of the molecule

(+)-Ha hytine

>>anticockroach /
insecticidal powder

>>ten rings

>>g1x stereocenters
(five of which are
tetrasubstituted)

>>the right-half segment is a hexacyclic aspidosperma class of alkaloid,

named aspidophytine

History

1) Haplophytine was first isolated by Snyder and co-workers in 1952.

Y

Now(2009)

2) Yates, Cava, and co-workers determined its structure

3) Total synthesis of Aspidophytine

4) Total synthesis of (+)-Haplophytine

by X-ray crystallography in 1973.

|
|
|
|
1
'
I
I
]
]
1
i
i
[
|
|
'
'

E. J. Corey --==-=--=m=-msm=smsmmmmmmees 1999 (J. Am. Chem. Soc.)
T. Fukuyama & H. Tokuyama --- 2003 (Org. Lett.)
A, Padwa -=====m==rmmmmsmmssmeee e 2006 (Org. Lett.)
J. P. Marino ---=--=====rssmrmssmnsonees 2006 (Tetrahedron Lett.)

K. C. Nicolaou 2007 (Angew. Chem. Int. Ed.)
T. Fukuyama & H. Tokuyama --- 2007(Sy n/ett)
K. C. Nicolaou 2008 (J. Am. Chem. Soc.)

B

T. Fukuyama & H. Tokuyama -~ 2009 (Angew. Chem. Int. Ed.) :
K. C. Nicolapu ------=-zr-=====smmmmm=- 2009 (Angew. Chem. Int. Ed.) !

Structure of (+)-haplophytine (1)
and its rearrangement.

(+)-haplophytine (1)

aq NaHCO, T l HBr




2. Total synthesis of Aspidophytine NH,

2-1. E. J. Corey's strategy
J. Am. Chem. Soc. 1999, 121, 6771.

N
MeO N
Ome Me
CHO fragment 1
"
(0]
O'Pr
fragment 2
Construction of chiral center a 1
CBS reduction
! Ph
: BH
Br (R)-CBS cat. _ ’ O\B’N @:O,
™S CH,Cly, 94%. T™S : M e{ catecholborane
97.4% ee : o
: (R)-B-methyloxazaborolidine
¢ Corey et al.
asymmetry Ph i J.Am. Chem. Soc. 1987, 109, 7925-7926.
1\ R s : Table I. Borane Reduction of Ketones Catalyzed hyi{S}:EJ:
/ z —_— OH i 1, THF : o s
R B~ /L : 2R,R,CO + BH; —— (RR:CH-0);BH —~ R,R,CHOH
)FO , Ph Ry Rs :
SN | i, 4
Sy P2 ' equiv  equiv  reaction  of product®
H 6 membered : ketone BH, 1 temp ®C (Tee)
""""""""""""""""""""""""""""" o CsHsCOCH, 06 Ol g gmg%
- | CeH,COC,H 0.6 Gl 18 (96,
Corey et al. J. Am. Chem. Soc. 1987, 109, 5551-5553. : c:i.ﬁifﬂ(:i{j:} % A B S1e88
ey | - -BuCOCH & 0.1 -10 R (97.3)
Table I Borzne Reduction of Ketones Catalyzed by{5)-3 ! ;3;?:?;?1 g_ﬁ 0.1 -10 R Eg\}rgjj
3, THF e ; ) X ~ietraione 0.6 023 ~-10 R (26.0)
2R RCO + EH;-W {R;R;CH~O}BH — R |R,CHOH ! 5'55;?1;C0CH3 06 0 ~10 R (343
_ ! 6 06 0 23 R (91)*
canfig of prod.? : sl
ketone equiv BH;  equiv 3 {% ee)® {‘
C4HCOCH, 2 R (97) 1 ) (
C:HCOCH, ! 0.1 R 97y 1 i 0.6 0.1 23 RS
CH;COCH, 12 0.02% R (95) ; I O '
CeHLCOCH;, 1.2 0.005 R {80} ‘ A
CgHsCOC;H: £2 0.08 R (886} ! CA40
CHCOCH, 06 o00s R (50 | CHCOCH)COCH, 06 0 0 Ry
.r-?:‘:uﬁﬁ(t?zl, ' 1.0 0.08 R (81) | CHCOCHO0CH, 066 01 0 RO67
i-BuCOCH, 0.6 0.08 R (83) :
rBuCOCH, ., 0.1 R (g;}m’ '
a-tetralons 0.6 0.05 R (89
C M COCH.CI 0.6 0.05 (o7
- » much more easily

termined by gas chromatography. * Absolute configuration determined prepared than 3
oy wolation and measurement of rotation; ee determined by gas chro-
mitographic anelysis.® ¢ Borane added over § min to a mixture of ke
wne and 3 a1 ~10 °C. “Entries refer to optimal conditions for that
substrate.

?For each entry conversion of ketone to alcohol was >99.7% as de- |

air and moisture tolerance

( NH (l)H

+

improved !!

HO.. B~
S Me”™  OH
Ph” > Ph
(8)-(-)-2-(diphenylhydroxymethyl)  methylboronic acid

pyrrolidine

air and moisture sensitive 2/16



Construction of fragment 1
NH,
CHO
NO,
- e N
—_—
OMe MeO N
OMe OMe Me
fragment 1
Construction of fragment 2 containing chiral center a
o 0 CH
- Br (RI-CBS cat Br
—> TMS CH,Cly, 94%. T™S —
97.4% ee
MeO
CBS reduction

E 5§ . .\{Tﬂ . Og = ‘-i:"

| Qe F<Thuix. it .|

! i) LDA, TBSCI, THF, -78©C ; fo'c \ |

. TMS Clai 1 _> :

: Ireland-Claisen rearrangement ™S O

5 OTBS !

1+2 formation

One-pot Annulation

N
MeO N

OMe Me

fragment 1

TMS
.................. \i——-f----‘-"“"“'"'""'"'/{"_"__"_""— fragment 2

cyclic allyl ester --- boat-like TS

NH,

T™MS
fragment 2

CH,CN, 23°C;
TFAA, 0°C;
NaBH;CN,
23°C, 66%.

/
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Completion of the

i) OsOy4 (1 equiv),
DMAP (2 equiv),

‘BUOH/H,0 (1:1),

then NaSO;

total synthesis of Aspidophytine

i) NaOH, EtOH, 75°C, 24 h, 88%
ii) KsFe(CN)g, NaHCO3, ‘BUOH-H,0 1:2, 92%.

r

i
W oxidative lactonization

1. tertiary amine — iminium ion oxidation
2. subsequent nucleophilic attack of
carboxylate on the cationic carbon

i ) KHMDS, THF,
-78°C,
then PhNTf,,

T

MeO
MeO

-78°C, 54%
%

ii ) Pb(OAC), AcOH,
CHoCly, -20°C, 71%

OYg i) Pd(PPhy)4 (0.2 equiv),
BusSnH (8 equiv), THF,
23°C, 1 h, 86%.

MeO
MeO

MeO

MeO

oxidative lactonization
i) Saponification
i) KsFe(CN)g

MeO

\« de 40 & olefination

i) KHMDS, PhNTf,
ii) Pd(PPhs)s, BusSnH

Aspidophytine

(+)-Haplophytine

Corey Fukuyama Padwa Marino  Nicolaou

Fukuyama Nicolaou

oxidative
lactonization

construction of

g

F 0 O O

O O

de 9
& olefination

L

—

0

J

= Stork-Wittig
Q Z O homologation
l Pd/C
=

O

Se. o

O

Se
" 'Ph

Stork-Wittig
homologation
Ph”

benzeneseleninic
anhydride
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2-2. Fukuyama & Tokuyama's strategy

Org. Lett. 2003, 5, 1891. & Tetrahedron 2003, 59, 8571-8587.

N e mEEeEm . | Aspidophytine

Construction of chiral center a
enzyme (kinetic resolution)

vinyl acetate,

PG .= Lipase PS, o=
\Q ‘BuOMe = \@

OH "OH

45%y - 48%y.
99% ee

construction of 2 & Construction of chiral center a

First generation total synthesis

viny| acetate,

TMS ——_
\@

0 TMS Lipase PS,
— i
| \Q ‘BUOMe

________________________________________________________

%3,% S

NMe, NMe,

cyclic allyl ester -—- boat-like TS

! vinyl acetate,

5 TIPS — Lipase PS, 1TSS
— t
U=~ Qo

OH
48%y., 99% ee

________________________________________________________

cyclic allyl ester --- boat-like TS

.
7,

' MeC(OMe),NMe,,

xylene, reflux, 2 h,

84%

Claisen Eschenmoser
rearrangement

OTBDPS

fragment 2

CH4C(OEt)3, 'BUCO,H,
xylene, reflux

Claisen-Johnson
rearrangement

Y

YV\

Et0;C”

Eto,c—  CH(OMe),
fragment 2
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Construction of fragment 1

CHO

HO

Aspidophytine

1+2 formation
Sonogashira cross coupling

OAc
i) Pd(PPhg),,
\ X Cul, EtsN,
| = 2 OTBDPS  70°C, 2 h, 78% _
Hs N EtO.C™  CH(OMe), ij) Boc,0, DMAP, -
OMe MeCN, rt., S
. . MeO
fragment 1 fragment 2 15 min, 94%:

Formation of 11-membered

secondary amine.

OMe

OAc

N
N
H

fragment 1

OAc

NN
B! OTB
EtO,.C™  "CH(OMe),

] 1. TBAT, THF 1, KoGOg, MeOH
i 2. NsNHy, DEAD 2. DEAD, PPhy

: Path A PPhy, PhH - PhEd

i 659% [ 2 steps) MeQ 81% { 2 steps)
! Ac OTBDPS

0

Pd/C, H, EtOH,
rt., 3.5 hy 97%

Olefination

T
-

MeO

R = CH(OMe);

: ey OTBOPS
: 1. KaGOs, MeOH : 1. TBAF, THF
- 2. NsNHp, DEAD ' 2. DEAD, PPhy
‘ PPha, PhH : PHH ]
: Path B ) [}
E 89% ( 2 steps) Me0” . : COLEL BBE% { 2 steps)
! MeQ  BOC
: 34
Ha i) TMSBr, CHyCly, -78°C, 15 min,
i) PhSH, Cs,CO,, MeCN, 55°C, 20 min
iii) TFA, Me,S, CH,Cly, rt., 5 min
iv) pH 7.8 buffer

CO,Et
R = CH(OMe),

HCHO, NaBH;CN,
pH 7.0 buffer,
27°Ctort.,

2.5h, 67%

-
¢

Reductive amination

\j

i) NaOH, EtOH, 70°C, 2.5 h
i) KsFe(CN)g, NaHCOs,
5°C to room temperature,
~10min 39% o
CO,Et oxidative lactonization

MeO

MeO

N7:
|
MeH

Aspidophytine
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2-5. K. C. Nicolaou's strategy
J. Am. Chem. Soc. 2008, 130 14942,

I 1
: Scheme 1. Refrosynthelic Analysis of Aspidophytine :
i i
: F ol Radical -~ i '
' Elal] e S, H |
! ’?l M‘: [ oysitzation "‘? (N BN !
' \q "‘\-——-r G | '
i A # lod :3' Ié‘ F"’” 2 | 1
i r1»4:1”x‘v"R "”L‘V') " )\E/\ MM | :
1 H 1 g Owdative | |
! MeO  Ma } MO Mo jactonization | |
: aspidoghyting (2) ' 4 |
: I 7
I Y "7 ;
: i Met._0._ :
‘ 5 Gj‘-{,m SE T !
______________________ \ In, 5 ) Viliemmar Hagek !
""""""""""" - e
[ ] e )
_ . : eGP N BN, MeO” T N GOTNSE !
Construction of chiral center a | MaG s MaD  Me N Bumk couning [
1 i - 1
Chiral auxiliary approach R oSN SN =5 B SO =SS B ;
, TS
:
1
B X
Br CO,TMSE '
& _ OBn
KHMDS, DME, M o
-78°C—>-30°C |

2 h, 66% ' CO,TMSE E

Construction of fragment 1

i) 1BuLi, THF, 25°C, 1 h
|| i) B(OMe)s, 30 min, 69% |

MeO N " MeO N” “B(OH),
MeO Me MeO Me
fragment 1

Construction of fragment 2 & chiral center a

i) NaH 250 BSO
: :4' r?PgBF‘;/c: N L KHMDS, C, DMg, iy
i) LDA, THF; 78°C—-30°C, 12 h,
Hjl\/) B, -78°C, 2 h, 89% o 66% @ ;OZTMSE
______________________________ > P e e
0 : (e 9 ; o Me | | 0
' tBso ™"t M _oBn! | Br” “CO,TMSE |
. A . ' MeO - : OBn | c ! OBn
______________ 1 i “_/Ie E :A.._____._.______ﬁ--_T
RN S—— Chiral auxiliary approach
i) Hp, PA(OH); (cat.),
EtOAc, 25°C, 4 h, 82%
ii) NaBH,, MeOH, 0°C, 15 min
' .TBSO TBSO
iiiy NalO,, MeOH/pH 7 buffer (3:1), >~ "N NaHMDS, PhyPCH,ly, ~N
25°C, 2 h, 79% " o THF, -78°C, 30 min, 88%.
o2 Stork-Wittig homologation |
07~ CO,TMSE CO,TMSE
fragment 2

7116



Stork-Wittig homologation
Stork et al. - Takai et al.
Tetrahedron Lett. 1989, 50, 2173-2174. J. Am. Chem. Soc. 1986, 108, 7408-7410.

H H CHXg, CrCly, THF
R-Gub-| ! RCHO » RCH=CHX

1)NaN{TMS),

(PhaP CHly I

2ARCHO :
< Z selective 5 E selective

e e )
.' O

chiral auxiliary approach

Stork-Wittig homologation

_____________________________________________________________________________________________

5 Suzuki-Miyaura TBS
; cross coupling O\/\N
f 2
: o ragment
! |
: | 7 CO,TMSE
| MeO N~ “B(OH),
; e~ S PdCl,(dppf), Cs,CO3,
! DMF/H,0 (10:1),
, fragment1 25°C, 12.h, 86%
- i) NaH, CS,, THF,
~N -78°C—> -25°C, 1h "BusSnH, AIBN (cat.),
i) Mel PhH, 85°C, 58% {

O | CO,TMSE CO,TMSE radical cyclization

MeO N MeO
MeO Me

i) TBAF, THF, 25°C, 12 h
ii) K3Fe(CN)g, NaHCO»,
{BUOH/H,O (1:2), 25°C, 63%.

oxidative lactonization

Aspidophytine

8/16



Other works toword Aspidophytine

cyclization/dipolar cycloaddition pMeO

Padwa's strategy R - v
Org. Lett. 2006, 8, 3275.
0 E
N e
Rh(ll) _ @ !
COeru - | O/ COztBu E
Rh(ll)-catalyzed MeO N NNy ;

Marino's strategy
Tetrahedron Lett. 2006, 47, T711.

I OMe
0. .0 Zn(Cu), ClzCCOClI,
BnO | OMe THF, -45°C, 84%
e NBoc, Marino annulation

H
MeO Me

Aspidophytine

Cl
9/16



3. Total synthesis of (+)-Haplophytine

3-1. Fukuyama & Tokuyama's strategy
Angew. Chem. I nt.

! (+)-Haplophytine

Construction of chiral center a
Noyori asymmetric reduction

N =N
H

MsO CO,Me

(R,R)-TsDPEN-Ru'' complex,
HCO,H/Et3N (5:2), DMF, 0°C

Ed. 2009, DOI: 10.1002/anie.200902192.

____________________________________________________

+)-haplophytine (1)
3 i
Fischer Indole
Synthesis
PG
SN
P U,
‘ /N ]
MeO LOHC_
i L
|| Oxidative Skeletal o CO,Me
Rearrangement 8 )

|L J Friedel-Crafts 4a
Alkylation /Ij'
PGO e
L
|~ MeO” 7 NPG
6

MeO

! |
' 1
! 1
! '
! '
! '
! ]
! i
! [
! '
! '
' ]
1 1
' 1
' 1
! |
! 1
! '
! 1
1 i
! 7 e 1
| O"\N / .14 Intramolecular |
: | - e Mannich Reaction :‘
| PGO._ - -Q PR + H l \\\\ i
' E ¥ = .,

i |, 1 \7]\ o’ COMe ™ H |
: ~P e’ NHNH, :
! i
[ 1
' 1
[ |
' '
4 1
i 1
! 1
! i
: i
! I
! '
1 '
! '
[ '
|

'

|

1

'

|

'

'

Q*.;zil
(R.A)-Ru”
Rawal et al.
J. Org. Chem. 2004, 69, 1283-1289

Construction of chiral center b
Chiral auxiliary

iy Ph

HN” Me . N

ii) ethylthioacrylate, THF, 0°C
i) AcOH, EtOH/H,0 (5:3), RT

benzene

o reflux

é/\COgEt

SEt

B ﬁ
I CO,Et
CO,Et

74% (2 steps), 97.8% ee

1+2 formation
Friedel-Crafts alkylation

N,N-diallyl-2, 3-dimethoxyaniline,
AgOTf, CH,Cl,, -10°C, 61%

Allyl< - Allyl
y N y

OMe

10/16



(+)-Haplophytine

1+2 formation

| —> Friedel-Crafts alkylation
- S ———
! N - NCbz N,N-diallyl-2,3-
n dimethoxyaniline,
Me0 COMe | AgOTF, CH,Cly,
-108Z, 61%
\
Allyl< Allyl
NHFmoc e
OMe OMe
-
OMe -
N NCbz
MsO
o

mCPBA, NaHCO3;,
CH,Cl,, RT, 84%

Structure of (+)-haplophytine (1)
and its rearrangement.

{+)-haplophytine (1)

aq NaHCO, [ 1HBr

MeO
left-hand segment (1+2)

11/16



Construction of chiral center a & fragment 3

' ' +)-Haplophytine 0O
i1 Me [ LrHHeplopny iy Ph A
l \ : enzene
: : O HN/\Me , reﬂux @) SEt
| : é/\COZEt ii) ethylthioacrylate, A
. THF, 0°C |
iii) AcOH, CO,Et

EtOH/H,0 (5:3), RT

Ns i) 1M HCI, THF, 50°C
N ii) PhSH, Cs,CO3, MeCN,
I OHC RT to 50°C; evaporation
S _
0 iii) silica gel, CH4Cly, reflux
Q, CO,Et V) TMSCHNy, NH,CI, CO,Me
O MeOH, RT, 83% (4 steps) fragment 3

O : COZMe

_______

\Ieft-hand segment right-hand segment/

i) 50% aq Hp,SOy, 1,4-dioxane,
0°C, 80%;
ii) pTSOH, 'BuOH, 80°C

Y

Fischer indole synthesis

I
]
]
]
!
U |

HCHO (37 %), NaBH4CN,
ACOH, CH,Clp/MeOH (1:1),
-78°C to RT, 55%

i) benzeneseleninic anhydride, o
THF, reflux, 61%
» MsO

Y

ii) BBrypentamethylbenzene, -
CH,Cl,, -78°C to -25°C, 67%

reductive methylation

i) 1M NaOH, MeOH, 60°C
ii) Ka[Fe(CN)g], NaHCO4, 'BUOH,
07 to RT, 70% (2 steps).

T
-

Oxidative lactonization

_________




3-2. K. C. Nicolaou's strategy

Angew. Chem. Int. FF'd. 2009, 48, DOI: 10.1002/anie.200904588.

(+)-Haplophytine

Construction of chiral center a
Noyori asymmetric reduction

|

=N

CO,Me

(R,R)-TsDPEN-Ru'" complex (0.03 equiv),
HCO,H/Et3N (5:2), DMF, 23°C, 0.5 h

radical cyclizafi
-0 A
- / e \filSMElRI-HaaCK

1

1

1

i

1

! HO e L

! § ) jT [ o1
| ~FF Sl 2PN
I

1

I

I

|

!

1

h‘ﬁ;\

ﬂ Chz
1 \ /N
TTBSO. .~ /\/! \
! )
D
' o’\ﬁ *
1
I
! ~ CO,TMSE Mao
| 6 MeO c:o?Me
i
! oxidation /
! 2 rearrangement
R 4
Iow
HOT T N < y-COMe
HO  COMe \ A ome
Ay coupling :E 1
< '\::/ ‘OMe

1

1

1

I

!

: ] oxidalive
! +
1

'

'

'

'

'

|

Construction of chiral center b
Chiral auxiliary : :
O O ! :
Br~ “CO,TMSE —_— :
KHMDS, DME, OTBS - | |
-78°C®-30°C, ! oM%m s | :
2 h, 66% 2 : :
1+2 formation N,COZME
3 HO N OH
| OH CO,Me
N2 NCbz 1.0 equiv
H -
AcO COMe  p|FA (1.1 equiv), MeCN, -30°C, 36 h,
2.0 equiv then 23°C, 1 h

Danishefsky et al.
Tetrahedron Lett. , 2006, 47 4839-4841.

“‘1 /
uﬁzm

CF,

R, !
o~ —n R SN <NN.C {1 O O,
| :\ e 5 E P C-{o {
8 {desired) In : 3 \
v 2 i
L Ph-I_ O |
L 0 |

------------------------------------------------------------- J 13/16



Structure of (+)-haplophytine (1)
and its rearrangement.

Me
N.

04( Og\l/\\)) ﬁN/j
> /

HO /1\_ 2 .\ ;

[ 1ok

/7\0

(+)-Haplophytine

\

|
T Y ';‘v
MeO Me
{+)-haplophytine (1)

aq NaHCO, ? lHBr
|

1+2 formation

I &87 M}ﬁ"*

895 ¢ wes

HO N T Lo
OH CO,Me soMeo 1N
NCbz 1.0 equiv zk o .
CO:Me  piFA (1.1 equiv), MeCN, -30°C, 36 h,
CO,Me
b CO,Me - (Lo -
OH N
OMe mCPBA (1.5 equiv), OMe

NaHCO3; (5.0 equiv),
CH,Cl,, -5°C, 12 h,
78%

DDQ (5.0 equiv), PhH,
75°C, 12 h, 63%

—_— —e =
|
s — COzMe
sz
N
. . ; @) 8}
LiTMP (0.67M in THF, 4.0 equiv), N

MeOBPin (5.0 equiv), THF,

-100°C, 15 min e O
- gl |

MeO |}| BPin
MeO  CO,Me
left-hand segment (1+2)

14/16



[ [Pd(dppfICly] (0.2 equiv),
N PhsAs (0.5 equiv), TIOEt (3.0 equiv),
DMSQ, 23°C, 1 h, 87% over two steps
}—gl)-} Suzuki-Miyaura cross coupling
L. Co,TMSE
|
MeO  CO,Me 1.5 equiv
Cb (?bz TG
z ! .
i N L, OTBS
N OTBS i) NaH (3.0 equiv), s ol T !
o) Mel (7.0 equiv),
DMF, 23°C, 0.5 h, BnO
BnO. A X7 TN 87% -
ii) Tf,O (2.0 equiv),
, DTBMP (3.0 equiv),
N CO,TMSE CH,Cly, 23°C, 0.5 h CO2IMSE
P H MeO Me
MeO -’
e ' i) NaH (3.0 equiv)
! i i) NaH (3.0 equiv),
’ , N Qi CS, (34 equiv),
i) NaBH4 (1.5 equiv), 0] THF, 0°C— 23°C, 1h
CHyCl/MeOH (2:1), i) Mel (26 equiv), 238C, 1 h,
-78°C, 2 min, BnO 70% for the two steps

A

76% over two steps

i) HF=py (excess),
THF, 23°C, 0.5 h

iii) NBuzSNH (3.0 equiv),
AIBN (1.0 equiv), PhH,

COTMSE 85°C, 2 h, 32%

Radical cyclization

i) TBAF (1.0min THF, 5.0 equiv),
THF, 232, 2 h

ii) Ka[Fe(CN)g] (10 equiv),
NaHCO3 (20 equiv),
‘BUOH/H,0 (1:2), 0.5 h, 71%

i) TESOTTf (5.0 equiv),
2 6-lutidine (10 equiv),
CH,Cl,, 23°C, 0.5 h,
68%

i) HCHO (37 %),
NaBH;CN,

AcOH, MeOH,
23°C, 0.5h

Reducive amination

BCl; (1.0m in CH,Cl, 10 equiv),
pentamethylbenzene (5.0 equiv),
CH,Cly, 0°C, 1 h, 58%

T
r

i) K3[Fe(CN)g], NaHCO3, 'BuOH,
0°C to RT, 70% (2 steps).

Iy TBAF (1.0M in THF, 10 equiv),
THF, 23°C, 0.5 h

-
'

R ' Oxidative lactonization
; CO,Me:

15/16



4. Summury

1) Haplophytine was first isolated by Snyder and co-workers in 1952.

2) Yates, Cava, and co-workers determined its structure by X-ray crystallography.
Total | yield PG |de PG
t

3) Total synthesis of Aspidophytine i (%) steps | steps
E. J. Corey ----==r-=sm--=srmmmmssesnaaes 1999 (J. Am. Chem. Soc.) <--~""- 15 3.44 0 4
H. Tokuyama, T. Fukuyama-—--- 2003 (Org. Lett.) <-----------===" 24 0.882 3 7
A, Paflips so-omsssits bt 9006 (Org. Lett) tcznrp--r-==-a57 18 6.52 0 &
J. P. Maring -=+---==--==-===--===--==== 2006 (Tetrahedron Lett) =<------ 22 1.16 1 5
K. C. Nicolagu =-===-======r=-===s==== 9008 (J. Am rhem.Soe.) <---=~ 14 5.23 1 4

4) Total synthesis of (+)-Haplophytine
T. Fukuyama, H. Tokuyama ----- 2009 (Angew. Chem. Int. Fd) <"~ 26 0.434 4 8
K. C. Nicolagu =------=-===s=ss-sas-- 2009 (Angew. Chem. Int. Ed)=-- 34 |0.00348 10 6

Y
Now(2009)

(+)-Haplophytine

Direct connection has not been achieved yet. — Difficult??
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