Overview of Synthesizing
Merrilactone A

= Contents =

|. Beginning
ll. Danishefsky's Route
lIl. Hirama & Inoue's Route
V. Frontier's Route
V. Conclusion

6th / Feb./ 2008
Literature Seminar ~ B4 part ~

Takafumi Yukawa



|. Beginning
Merrilactone A

extraction HO....

Merrilactone A only 0.004% yield

Ilicium merrillianum

> Biological Feature » possibility for treatment of neuro-degeneration deseases
» Neurotrophic |:> (Alzheimer’'s and Perkinson’s)
* Neuritogenetic » potential alternative for nerve growth factor (NGF) and

other expensive peptidal reagents
» Chemical Feature

very interesting and challenging compound

Densely Oxygenated ! Highly compact and caged skeleton !

‘ — Ooxetane

o = Y

Q
dilactone

It is important to synthesize Merrilactone A in the place of both chemistry and biology.
History

Isolation Y. Fukuyama et al. Tetrahedron Lett. 2000, 41, 6111.
Racemic ® V.B.Birman andS. J. Danishefsky J. Am. Chem. Soc. 2002, 124, 2084. —> Chap. Il
B M. Hirama, M. Inoue etal. J. Am. Chem. Soc. 2003, 125, 10772. —Chap. Ill
B G.Mehtaand S. R. Singh Angew. Chem. Int. Ed. 2006, 45, 953.
B A J. Frontier et al. J. Am. Chem. Soc. 2007, 129, 498. —>Chap. IV
Chiral O Z. Mengand S. J. Danishefsky Angew. Chem. Int. Ed. 2005, 44, 1511.
O M. Inoue et al. Angew. Chem. Int. Ed. 2006, 45, 4843.
O M. Inoue et al. J. Org. Chem. 2007, 72, 3065. —Chap. lll
2000 2001 2002 2003 2004 2005 2006 2007 -
o
. Hirama, Inoue .
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‘ﬁ Danishefsky >0 o o
chiral

Strateqgy for Synthesis ~~ How to construct the five rings (A~E) ~~

Danishefsky's Route : D>C—>A—>B—>E

Hirama and Inoue's Route : B and C>=D—> A—>E

Frontier's Route : AandC>B—>D—>E



Danishefsky's Route
Retrosynthetic Analysis JIA|CIS
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Key Reaction
Q"l Diels-Alder Reaction
Diels-Alder reaction didn't directly proceed with the retro-synthesized compounds.

OR dlrect
DNs-
)\/O =
| o, .0
more powerful dienophile ; necessary to C(.)ndUCt HO
i further reactions o=R {Do
OR o OR o 5 o~ :
Z |
x>
0] @)
Scheme 1
QTBS o TBSO TBSO
ﬁ | 165 °C, mesitylene MeONa, MeOH - -CO.Z :_.COzMe
+ (83 +
R Methylene blue (1415 = 1.5:1) T CO.Me TC0s2Z
colliding = =
11 12 (74%)

CICOzMS. — 14: Z=Na ClCOzMe. |— 19 Z=Na
THFE I 16: Z=CO,Me THF |- 17: Z=COsMe

Methylene blue : elimination of oxygen

1B8SO TBSQ TBSO BSO o

NaBH,, MeOH; E’:[COQZ E’:[COzMe aq. LiOH ﬁc'az“ E,:I:(
[=] + 0
quenchad at -35 °C CO.Me CH,OH : ~COxMe :

1. LiBHEt;, THF

= 19 18
16+18(z2=H) 2. TFA, CH,Cl,

20 (78% from 13)

15, 17—16, 19 : reduction under very mild condition with high chemoselectivity (Synthesis 1987, 647)

I I
| |
| |
loex) THF / NaBH, (3.0 equiv.) / '
: (@) O O drop addition of MeOH :
i CICO,Et 1h, 10°C; |
! OH ————> 0~ oet gOH !
| INHCI ~80% X o ) |
LoX X only carboxylic acid is reduced in the |
I

|

X: Cl, Br, NO, presence of halogen and nitro group. |
ZC 2/15



0’2 Oxetane Formation

Largely, three methods are known for building-up oxetane

» Payne Rearrangement

This time, the situation has been slightly changed
forming oxetane ring structure.
(Fukuyama et al. Tetrahedron, 2001, 57, 4691)

{quant.} D’f’[\

H Q
= (/P epoxide=3.5:1)

CH.Cls, RT
{71% from 31)

o R3 R3
Rl\l>:yOH strong base > Ri R
: protic solvent R
R2 R4 R5 2 OH R4
mCPBA Qe = O,
CHoCl: " TsOHHO  HO«

N 2 {£)-Merrilactone A

C7-OH is located near C1.

> Peterno-Bichi Reaction ([2+2] Photocycloaddition)

——> C7-OH attacks C1 producing four-membered ring, not C2 doing five-membered ring.
Strong base will open lactone ring. ——=) Acid condition solves this problem, for tertiary C1 carbon is likely charging plus.

. RE R A
IO light Q J" o— o
o 170 g RN ) 2
R R R " R /' B3
Review : J. Chem. Soc., Perkin Trans. 1, 2001, 2983

ex ) Greaney's synthetic study (Org. Lett. 2005, 7, 3969)

Q=50 pymx ﬁlmr
Et0 éA o N3|{::1 ammmtnle
11 16, 47%

cf ) oxetanocin synthesis (Synthesis 1998, 5, 683)
]

, ™ D—

OﬁL v (CeHe)
(5]
EC

——4
1z

0%
Reagents: (a) O3 (CH;Cl): MegS. (b) NaBHy on alumina (CHCl3)
() \1:0(.0(.0(.1 NE1;. DMAP CH3Cls)

Crowr] |

» From 1,3-Diol

B0 g

17, 93%

20

o]
M (aM)
" E)L““'
114 ErCO

EICO0

generally low yield
 difficult to control the position of olefin and carbonyl group

R¢ A3 __ tosyiaton R AP ., NaH (or KOBu-) R* Ro
R* or masylation organic solvent R?
f— R —————
H OH OTs OH o R
(or mesylate) Synthesis 1995, 5, 533

cf) Taxol Synthesis

P ——

s pvr, Pheg

OAc [0, 86% O OAc
DR, wlueme, L
O rellux, 869 HO o
o OMOP O OMOP
14 15

POINT Installation of 1,3-diol moiety should be prior to oxetane formation.

L0
HO S

116 oxetanocin

ZC 3/15



Total Synthesis

Ring C, D |—|o
Synthesis

OTBS TBSO

f Cd 1.0 PP _ NaBH,
f 2. BrNH-TFA CH,Cl-MeOH

PhH, 65 °C o= T8 C

(94°%) [quant)

:/ 22 =23, 24 : Claisen rearrangement by Johnson ortho protocol (J. Am. Chem. Soc. 1970, 92, 741) \:
i R R! R! R i
! CHiC(OEY), + _ j _ j p[ '
i HO” TR2 EtO J\ o R? i
| |

EtO

______________________________________________________________________________________________

COzMe
cat. (S,S)-[Co"(salen)]-OAc
-78 °C, 2 days; -25 °C, 2days o
THF
y. 86 %, 86 %ee

Q

=N, N=
Co
olo

OAc
t-Bu

t-Bu t-Bu

t-Bu (S,S)-[Co"(salen)]-OAC

_ ~O5 .0
Ring A HO N
Synthesis o Ao {_O
TESO TBSO
LIOH, aq. MeOH allyISnBus
2 2 I NaHGOy, THF . 0
- ’ ﬂl - -
(599 26 +35% 25) \O A 0o
\ ) 27
iodolactonization (from 24 (from 23) C-allylation
ead end ! by Keck reaction
_ ~, O .0
Synthesis
y o=~ > o]
TBSO
1. LHMDS; TMsC, TISeH O 0y CHCl;
PhSeCl Y 1-hexene; BusSnH
2. PhSeBr, MeCM ° PhH, NEt, AIBN, PhH Df'i\ 'r\/D
reflux (B0%)
PhSe 5 {77% from 27) 30
r
selenenylation and oxidative free radical cyclization
bromoselenenylation deselenenylation

23/24 = 1.8
(23:a,24:B)
Desired

ZZ 4/15



Ring E HO
Synthesis o

o
30 TQDH'HED- TEU"'HE{] HIDH-
PhH, reflux o i {quant.) D“J”'"‘*D : CHJCLs, RT 0N
{98%%) © [P epoxide=3.5:1) = (71%6 from 31)
n 2 (£)-Merrilactone A

toal 20 steps
10.7 % overall yield

< Free Radical Cyclization >

Free radical cyclization is another key reaction for all synthesis route.

1 1
Danishefsky X Hirama and Inoue | Frontier
TBEDI ' W iras o : 2 e ' TP | Omes
_ 2 | '8 = BuySnk, BEty Oy ! —
0F . Fa) ;E:H o, "I\\_,)C'E X o B DCH  icluena | - oTes .ﬁ\é)(—g}\/grgs
] IW“'GEI 0" : é s -QDCH : 07 g F 0T gy F
- w  "nL ; = o0
B ! oet e I AIBN, Bu,SnH, PhH, reflux; p-TSOH, H,0 (one pot)

~., O .0 .
) HO ! EWG EWG
ﬁ Important method to construct ring B J —

General Feature react under mild conditions undamage the other functional groups
attack the closest reactive site |:> high regio and stereoselectivity
irreversible retro reaction doesn't occur

Frontier Molecular Orbital

The reaction is accerated as LUMO becomes lower

# LUMO by the effect of electron withdrowng group.
somo - o
c- =
EWG rxn rate : EWG = -CHO > -CO,R > -Ph

FMO intereaction of a nuelephilic
radical with an electron-poor alkene

Z£ 5/15



Hirama and Inoue's Route
Retrosynthetic Analysis

OH*
viii

Key Reaction

o Desymmetrization by Transannular Aldol Reaction
Advantage of taking desymmetrization strategy
» making the process shorter
» possibility to achieve enantioselectivity by desymmetrization

[C[S

it o Vol Y1 BEETY

Total Synthesls of Merrilactone A

by Transannular Aldol Reaction

Masarukl Insus,” Takaaki Sala, and Masabirs Hirema®

Vi
Desymmetrization

7

OR enantioselective
OR deprotonation

N

OM

Y

diastereoselective

C-C bond formation p

Y

()5

(@]
H
OR
OH OR
Desired (+)-5

M  Condition Check

optimization of base reagent

Table | [hasterensslective transannular aldol reaction. Base
effect.
o
HoJ| Me
QBn
QBn
HO Hc
(ti-13a
" 2
+)-5a  (t}13a
iy reeenandomdion WSO e
1 DBU, CHyCl, 0 °C 11:1 B3%
2 LiN{TMS]y, THF, -100 °C 31:1 85%
3 LIN{TMS);, THF, 40 °C 28:1 TE%
4 MgBHN{TMS), ELO, it 1:30 B1%
& LiN[TMS)ZElN, toluene, TB*C  1:5.1 0%
&  LiNMePh, THF, -100 °C 571 0%
7 LiNMa(m-CiPh), THF, -100 *C 58:1 87%"
B I LiNMe(p-CIPh), THF, -100 *C 11.2:1 89%

* The yields wene based on recoverad starting material

[B0% conversion (entry 6), B2% conversion (entry T}

optimization of protecting group

Table 2 Diasterecselective transannular aldol reaction:

Protective group effect.

5 M.R=il;© LiNMe{p-CIEn)

cl

' |
I |
I 1
| 1
| 1
I 1
I |
' |
X base, THF Me u@ !
! 100 'C. %, -
! ':'“ oR o« |
: -OR |
| [!]-5 ey i
1
| — — v - |
1 . combingd !
: eniry base (£)-5 : (£}-13 yisid i
|
I 1
! 1 3aR= \/C LNTMSE  31:1 as% |
J |
i !
! 2 MR- m LNTMS); 3201 o2% |
] L |
|
i FaC !
! 3 3R \;{::j LMN{TMS); 381 B3%
- |
! !
! cl !
| 4 3dR- \;[i’] LINTMS); 601 BE%
1 ; !
' cl i
|
| 16.0: 1 7% |
' |
! :

(DCB)

e prnit, Tamkad SEELATTE Jadeis

p termra{lykEn chem fof




From condition check

entry 1 and 2 : LIN(TMS), was better than DBU in selectivity
el . -
entry 2 and 3 : high selectivity under lower rxn temp.

——> Diastereoselectivity is achieved under kinetic control.
+
entry 1~ 4 : selectivity was changed under protecting group

Diastereoselectivity depends on the size of
ortho-substituent.

The mechanism (shown left) can be supported.

Me 4A  ont5 and ent13

1. Only 2 protons circled (a and c) in the chart
will actually be deprotonated and stable Hp
cis- enolate (4A and ent-4A) should be formed.
2. After deprotonation, steric interaction occurs
between C7-O bond and C14 in the
conformation of 4A to generate 4B. HYZ O
3. Enolate flips downward kinetically before d He
stabilization by chelation like 4C.

|;'aO

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

] |

! |

| SR :

| |

| |

| |

! confgrmalional ! . . .
| ! Explanation of Possible Mechanism
i change ’/l‘ \\ i B
| | . .
e s

| |

| |

| |

| |

| |

| |

| ]

] |

| |

| |

! |

| |

| |

Moreover, Hirama and co-workers succeeded in synthesizing chiral Merrilactone A by using chiral base
in desymmetrization process. (J. Org. Chem. 2007, 72, 3005)
Asymmetric Desymmetrization @ Condition Check

Table 4 Enantioselective transannular aldol reaction.

o]
H Me gnt-5d + ent-13d

] 1
| ]
| ]
I |
] |
] |
1 1
| ]
| ]
| |
] |
] |
] 1
| ]
| ]
I |
] |
] |
1 1
| DocE i
|
! HO me— OPCE i
1
| ]
! (Sd-+ani-5d) - ) combined !
E entry R (13dvent3d) 59 jn_r:sd viskd i
1 1
L1 oo 190 1:24  @1%
Apply to Total Synthesis ! : |
] |
enl-46g ""* ' 2 TSiMetBu 48b 15:1 1:13 TI% |
| ]
@ s O '
] |
B LIOLTHE T8 Q onca E 3 46c 6.0:1 1:1 100% E
ODCE 0 ! . Me !
HO Me P )\Q 484 701 18:1 8% |
- ant-5d (57%ea) ! !
recrystallization, 54% ent-5d (99%ee) ! 5 CR 5 B4 1 2a-q G4% i
|
D, Me 0 ! |
; {+}-memilactone A [(+}-1] ' [ /(%E 45¢ a0:1 2.7:1 8449 E
HO 1.4% overall yield, 23 steps , ) N !
1
! [3 . /[S-j 459 6.0:1 47:1 50% !
1 5| 1
| ]



Total Synthesis

Ring B, C |—|o
SyntheS|s

i benzophenone Me O 1.7Zn, TMSCI, Ac0 Me 1. DCBBr, NaH
1 . o hv, acetone Gl z 5 foluene, 85 °C ID:i:OH DMF
Ci Me oI 2. LiAIH,, THF ~.OH 2 0s0, NMO,
Me Me |
® 2 O {21 photocycloaddiion 7 - O 60% (3 steps) . ; ?:S;az:;f;;omﬁzo
o, HO Me
v~ “oDce o Cvapn
Me (COC)>, DMSO Me L \_ODCB (o Ru™
HO 3 oDCB o : ODCE an% H.D ME retiux
ODGB by Grubbs’ catalyst
HD ME 11pp first generation
HO Me
[~ obcs TooR. oDCB
A ODCR o5% -~
12 Criegee oxidation 0 4 (£)-5d

Cl

O . 0
Synthesi
ynthesis OAO ; o)

mCPBA, CHClz

IBX, DMSOC
oDCcB -

0DCB 77%, 3 steps

DBU | CHyCly -

Br

EtDO Br18
PhNMes, CHaCla

- Ot
75% 17 D;:‘t\@ free radical cyclization 19 (14%) 190 (73%)
I C3A, EtOH. 100% T

Z//\ 8/15




~, O o)
RingD HO
Synthesis 04\0 { Do

1 :N'— I
2. mCPBA

e mCPBA, BF 3 Et;0

TMSOTH, i-PraMEt
_-\ CHECI"J

CHyCl, -78 °C

198 i - ODCB -
; 70% (3steps) __A-0 pa-ODCB B9%
H 20 (R=TMS) B0 % 24
Methylation by
) Eschenmoser’s reagent
LiBH{s-Bu)s, THF
Cl Pd(CAz)s, PPhg (]
18 “c=m NBus, HCOOH
N BMF, 40 °C
32 ——
T3% 2%

C3 protons are hidden by DCB or ethyl moiety.

l

C1 proton can be regioselectively deprotonated.

2132 : oxidation of ketal (Tetrahedron lett. 1978, 19, 419)
reaction mechanism

[ S B

Etg)H HO. o

BF3
Cl \@O
Cl

At this stage, the problem is how to reduce C7 carbonyl group.
—> At first, they use DIBAL-H for compound 22 (model substrate), but desired product wasn't selectively obtained.

]
AgzCO, on Celile Me ‘?_Q_ Me
O8N toluene, reflux g o8
OBn 25-26+27)=141 TN_0oB
d HOMe™
25 45% 26 21% 27 1%
Desired Undesired
22>24 : reduction by DIBAL-H i 2425 : Ag,COg/Celite oxidation  (Synthesis, 1979, 401)
i mechanism
! H H
h R"‘~ ’ R"-C/-‘—) slow .
:: /C\ - Fa "‘t"—‘.{_’}g (CZG\ B s =0
¢ R0 Ag® R g0 R ™ 4" R
:= 4 H

i Celite : easy to separate Ag residue from product
! R R

f
i A |
h 2700 /Celite
! advantage QH - {JQ . EDL 5

) i very mild condition (neutral)
Ketal blocks the attack of hydride |

}
from downward ' disadvantage ’_? 18 19
¢ h excess amount of Ag,COj is needed " i e wme e
Undesired products (26, 27) :i low selectivity R = neCyHy W 80 SEY,

_______________________________________________________________________________________________________

== Then, try another reductant : Birch reduction.
g//\ 9/15



Ma, NH3

Ma AgaCOy on Celite
THF/EtOH, -78 °C
A S——

toluene, 130 °C

44%, 37:38=12:1.0
(2 steps)

38 (undesired) 37 {desired)

Sodium cation is chelated
as shown in the chart above

|

Desired

oxidation easily

)
I
|
|
|
|
|
I
|
|
|
|
|
I
|
|
|
|
|
|
|
. cf) if the alcohol is protected by TBS, the structure is changed that TBSO directs pseudo-equatorial way.
I
I
|
|
|
I
I
I
|
|
|
I
I
I
|
|
|
I
I
I
|
|
|
|

Ring E HO
Synthesis

p-TsOH, CH5Cl»

96%

’ N

37> 38 : epoxidation by dimethyldioxirane (DMDQ) (Chem Rev. 1989, 89, 1187)
reaction mechanism

ES
H Hayls - = H i
+ wll! —e j_ﬂui — o + c\
O | &
.j(:q - a” "y i R R R
R

not commercially available ; preparation by oxidation of acetone is inefficient (y. ~ 3%).

total 23 steps
3.0 % overall yield

however, advantage is larger. preparation
byproduct is only acetone
good selectivity despite of high reactivity o NaHCO,. H;0 . AP
inexpensive for preparation F AN ETHEGrKHSG.:'Kzsm

|
|
I
I
I
|
|
|
I
I
I
|
|
|
I
I
I
|
|
|
I
I
I
|
|
|
I
I
I
1

the triple salt "oxone” DMDO
10/15
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V. Frontier's Route
Retrosynthetic Analysis

Pubssha] o b L3700

Total Synthesis of (+)-Merrilactone A via Catalytic Nazarov Cyclization

Wei He, & Huang, Kiufeng Sun. ' and Alisan J. Frontier

Dieparrwent of Chematry, Umivernne off Rockenter, Kochesier, New York 14677
Retereed Mowarmgsr 14 200, E-msl SorterfBchem ocheilsl oo
Ref. J. Am. Chem. Soc. 2008, 130, 300
O
X
74 | | o= Q
—> RO — —
OR (0]
o /\)L H
— R—— R
i IV Nazarov Cyclization V vi vii
Key Reaction
& Nazarov Cyclization
Lewis acid-catalyzed Nazarov cyclization
LA : o
o] : I o LA 0
o lag 2, | g R R A R i R ) r MR
51 [ =
- r e i,
J/g\[ Acid it HJHQ -?«: I |.R: 34 I
R1 5°R, R; R, q H R g PR LU ¥ Ry
Conretatory
L] E
general Lewis acids : -FeCls, BF3 Et,0, SnCl,, Cu(OTf),, PdCl,(MeCN),, AlCl3, Sc(OTf)3, etc
Eisenberg and Frontier developed more powerful Lewis acid ; Ir (IIl) complex.
T \
Haclt BES ' synthesis of Ir (Ill) complex  (Inorg. Chem. 2002, 41, 2095) i
F"'“-uj _ | |
# [ ay

OG?iI—P CFy | Ph, T R . T B i
| = - | oC P P [P b 1
| | 2B ! N s Mel (excess) _ r/_;) _AgoTe_ _rf_;) _M.2-diodobenzens = am (BARFY, '
,’.I/l*q‘u/ 4 i I/"\Pj - ml/l| CHCly Tﬂ/i CH,C, GCI/T—P !
} . I
L"‘-j) - CF 4 i th 11ICH-| o % ! :
Ir (Il) comlex ! a b c b g X

____________________________________________

Feature ex) - . |
o o
. o o o
Strong :> * increase the reactivity < M\mn < m)\ﬂcm
Lewis Acid » lessen byproducts under mild condition o A fa} e
R = 24 6-trimethoxyphenyl
/ mechanism i
| 0 o :
| L :
P rDIBL & | OMe i, |
Pl
| 1 Ry a5 P2 0 i Blagg i
I o Fot - —_ M
I OMa |
: /;unmlatnw R N ol Base !
| cyclization H H H* +H \ !
| Ry |
T 2
i /IrI\_\n—| 2+ 22 ,lan_l + :
LY
’ NG S
1 L. I
' <" | Festing state of ~OMe
| W the catalyst H i
i RS PR, R Ry |
1
| 21 » :
| product- '
| ! ::aial}rsi produdt j." |
X urnover exchange .
! |
| o o © \ .
| L, 12+ "F//'—-::a\~ o) :
| . e I
| Lﬁl\ohﬂe - PP :
i R 1" product n' subsirate | | OMe | !
X ! Rz s + rans B \ :
| 25 24 Ry 20 Rz I
I )
11/15



____________________________________________________

Reactivity compared to Cu(OTf), i active spieces
| substrates coordinate to Ir (Ill) by O, O' chelation.
Substrale Catalyst Time Temperalun Yield !
. i [ A : FI--.
Lj_;l ] : ,-"'_'_.\-\_ __é) DCHy
o K i w0 3.7 = ! oo M R, 2
| J QGHy Cult¥T i, uh 65,0 Ml : \iﬂ > Y :-?'-_"?- |
- | ) \ ) n, ] \_.,?_ .-\\ - zp -
11:1[" : \- QO or o \\} / D--zhz_p
| A P | /
(] M N, AT Ly I |
O. L 1 | OCH; O slr—FP o CHy
y CufCIT {1 | ¢’ ;
- : ! o~ |
. TMP CHy .
th , dicarbonyl type (2a)
D |
Q. A Cl ] 1.5 5.4 i : R o
¢ Il CuT1s i) BE il 82 : | I"" "‘.":'l"' ‘>
Y ., | o
o 5 TMP : ) Ao
(s} ! N 4] -
o Y ] 138 i ] Uiy E \—e:‘ z"P | ¢
n- . L‘ CulOTI " 70 51 71 : 1.__-'_ D'_'z"' Ir P
o ' G, x % cn,
1 :Ir (1) complex | i
| o, o
(Tetrahedron 2005, 61, 6193) ! e monocarbonyl type (2c, 2d)
compound 2a, 2c, 2d T N
short reaction time i (1) complex is superior E possible structure of Ir (1ll) chelation i
low temperature > ! e lr .
high yield to Cu(OTh), i o :
i . cyclization can't proceed !
compound 2b : <O‘M ~ R in this binding !
Cyclization didn't proceed with 2b. ! O~ |
The possible chelate structure is shown right. N . y
In Merrilactone synthesis, 15j is the substrate for the key reaction forming ring C.
OTIPS
Ir (1) complex
_—
oTBS CHCla. 1t OTBS
87 %
™S 23j TIPS : triisopropylsilyl
However, Ir(1ll) complex can not be the only catalyst of Nazarov cyclization. TIPS* produced is also thought to be a catalyst.
This presumption is suggested by these experiments.
entry Ir(I) complex TIPSOTf TIPS BAr" reaction CF3
BAI": 2B

0 O X X
1 O X O
2 X O X
3 X X O

Possibility

entry O : Ir (1) complex works as a catalyst. .
y () P y j 1. Ir (Il initiates and catalyzes.

entry 2: TIPSOTf doesn't work as a catalyst. 2. Ir (1) initiates only and TIPS™ catalyzes, in stead.
entry 3 : TIPS* BAr™ works as a catalyst. 3. Both Ir (Ill) and TIPS* catalyze.

Total Synthesis

CF3l4
entry 0 : using Ir (Ill) for general substrate (unprotected by TIPS)
entry 1 : using Ir (1ll) for 15j (protected by TIPS)
entry 2 : using TIPSOTf for general substrate
entry 3 : using TIPS*BAr" for general substrate

OXOO

They examined three procedures, and only No.3 was gone well.
OTIPS
O

O o
4
1 TIPSO O| | O ><,
TMS—= 2 T™S

o)
%
TIPSO | | , ‘
> gb\/o s : : 0
TMS—=— (g TMS—= : Q
o o — > Merrilactone A
TIPso—<¢ 1 |
o otrBs — > O
TMS—= . TMS—=
15j 23 12/15



Ring A, C HO
Synthesis
MTMS EIDW ;41/\ TIFSO’<‘L/\

3 X=5nBuy
9 X=Br
7 Reaction conditions: (a) (COCL:, DMSO, EisN, CHa2Cla, =50 °C,
90%: (b) ethyl propiolate. #-Buli, THF, =78 "C. then 6 88%: (¢) (Bu;Sn)-
Cu(CN)Li2, THF, =78 °C, 90%; (d) Bra, CH2Clz, room temp, 93%: (¢)
TIPSOTY, Et:N, CH2Cly, —78 to 0 °C, quant
w]

r..ren,u)i\( 20 OTIPS
Br ] i %,Lh
TIPSO— TIPSO— key reaction =i
g ~Buli, ether (\l l OTBS o=t il—h__k\_,mas

R =78 °C 10 room wemp.
10 Bas TME—==
R = CHyCH,CCTMS

15 "

______________________________________________________________________________________________________

| 7—8 : lactonization by higher-order stannylcuprate

Cu
) Me
MO x| o
‘,,,f' St 0 Sobuy . .
b 3b high stereo- and regioselectivity

|

|

|

|

I

I

|

|

|

: .

| BuySa{BujCuli LICN compared with general stannylcuprate
i ! ' L] u { 1,4-addition of tributylstannane
I
|
|
|
|
I
I
|
|
|
|
I
|

high temp. : E-isomer (3'b)
Cu low temp. : Z-isomer (4'b)
b hieﬂ.:m:s‘nﬁn MeD y  BuaSng
—— ——

X X 070
b, 3b, 4b X = OTHP #'h db b
1 10—15
' o M The metal is strongly chelated by the amide moiety.
: L o, _FBM ' H 0
! RTTNTCH, — > R/LF\N'G‘CH:: o RoR U
| " . .
! CH; R CHs : make it possible not to overadd to the substrate,
i Woainreb Amide producing a tertiary alcohol.
A e
cf)
/ TIPSO
TIPSO 5 I o
TMS— TME—==

45 (R=H)

RingB,D HO
Synthesi
ynthesis |
d L e 46 (R=COLEY) 4748 = 1:1

{a) AgNO;, then KCN, THFH-O/E1OH, 87%:;(b) (i) AIBN. BusSnH. PhH. reflux. then (11) p-TsOH-H:O (one pot), 91 %:
(c) 3 equiv TBAF, (1 °C, 99%: (d) DMAP, Py, CICO;EL, 95%:; (e) 20 equiv NaH, THF : (D p-TsOH-H-0 (90% from 46). 13/15



23i—44 : selective desilylation of alkyne

I I
| i
E AgNO A® T\ R © AP E
| _ gNO3 A __ ©® @ KCN/H,O — (o] - |
R————TM - — R— A _— — !
E S R—=—TMS H20 9 @) R : |
e e
| 23i—=44 : free radical cyclization E
1 |
| |
OTIPS !
i AIBN | BuzSn OTIPS TsOH H OTIPS |
: BusSnH \ H,0 \ |
| otes~— - |
' 0 B OTBS 0 B OTBS |
:\ z z /:
cf) When Me group was pre installed (31), desired lactone formation didn't proceed
OTBS ; E oG
| OTIPS
EN 3
G"‘-'{‘ OH O:-'-I\O oco,r Lewis Acid :J.J'\ Failed
' 32a R = Ph
& 126 R=El .o hay
TBAF ,
3 —
o7y OCO,E
(a) LDA, CICO:R, 90%: (b) TMSOTY (72%), TiCL, or BF+EwO.
3T Bases examined: m-BuLi, LDA, NaH, NaOMe, Nall'KH, KH, KO'Buy
What is the dlfference ?
%ﬁ; o
D,J,\ DCD;EI 3
E h'aa? 52
* CU] mH + NEI%EI + HOEt
+ HOE!
In the case of R=H, stabilization makes the equilibrium shift rightward.
Ring E
Synthesis

b

48

total 17 steps,

0 ’
21 « 50b 14.4 % overall yield

(k) NaH, Mel, and then HMPA (97% vield): (¢) NaBH,, MeOH gave 50a (42% vield) and 50b (51% yield):
(d) Dess—Martin periodinane (99% vield): (¢} p-TsOH-H.0, beneene, rellux, 4 h. 92% vield: () m-CPBA:
(g) p-TsOH-H-0, 68% vield over two sleps.

{2) NaH. Mel, gave 33 (84% vield) and 49 (14% vield): 6:1 ratio:

{b) NaH, Mel. and then HMPA, gave 33 only (97% vield)
——————————————————————————————————————————————————————————————— ’ 14/15



Conclusion

Evaluate these three routes by Baran's 8 rules

By Baran, short synthesis is defined as follow.
short synthesis : maximized C-X(C) bond forming, minimized redox and protection-deprotection.

—— see Mr. Kuramochi's lit. seminar

This time, three total synthesis are summerized
Route Total Yield Fo(r:rr-:i(ng Ratio Redox Ratio gg;iigg;oi Ratio
0, 0, 0, 0,
Steps | ) | geps) | ) | (Steps) | ) | (epsy | (*0)
Danishefsky 20 10.7 10 50 2 10 3 15
Hirama & Inoue 23 3.3 12 52 7 30 3 13
Frontier 17 14.4 10 59 2 12 3 18

j Frontier's route will be good.

Danishefsky : Formation of A ring by Diels-Alder is difficult. Stereoselective direct Diels-Alder would be nice.
Hirama & Inoue : After desymmetrization, formation of ring B was problematic.

Frontier : Smart synthesis, but asymmetric Nazarov cyclization should be the key for asymmetric total synthesis.



