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Fukuyama’s Important Findings
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Y. Fukuyama et al., Tetrahedron, 57, 4691 (2001)
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Synthetic Strategies

opening of epoxide
« radical cyclization (all groups)
Danishefski (2002)
Hirama (2003)
Inoue (2006, 2007)
Frontier (2007)
Greaney (2010)

* Diels-Alder reaction
Danishefski (2002, 2005)

¢ [2+2]-photocycloaddition
(o] Hirama (2003)
Inoue (2006, 2007)
Mehta (2006)
Greaney (2010)
(o) Greaney (2012)

« alkylation of B-dicarbonyl
compound

Mehta (2006) /\ s
o ~

* Nazarov cyclization;

« reductive coupling of (0] alkylation of 3-dicarbonyl
dicarbonyl compound compound
Zhai (2012) merrilactone A Frontier (2007)

¢ domino 1,4-addition and ¢ Johnson-Claisen rearr.;
aldol reaction aldol reaction
Greaney (2012) Zhai (2012)

- Today’s Topic
Danishefsky’s Syntheses: p5~p7 (racemic and asymmetric)

Hirama and Inoue’s Syntheses: p8~p11 (racemic and asymmetric)

Other Total Syntheses: p12~p15 (racemic)




Danishefsky’s Synthesis First Total Synthesis

1) 03
OTBS 2 methylene blue g:ZF?'Z;'gig":v ‘;8 °C;
collidine 3k, — o
~ . | o 5 steps o > 1) LHMDS o
mesithylene 78% 2) BnyNH-TFA I;F’ ]7?,;(:’ | CH,CI 3—78 °C;
x 165 °C benzene, 65 °C SOC ; PhSeC 2l =S
(o] -78°Ctort 1-hexene;
94% (2 steps)
4% 2) PhSeB 0
. ebr EtaN
Diels-Alder rxn. MeCN, rt benzen; reflux
TBSO (o} TBSO I} 85O o y
MeC(OEt)3 .
NaBH,4 PivOH 77% (3 steps)
—_— >
CH,Cl,-MeOH, -78 °C mesithylene
135 °C OTBS OH

intermediate of racemic synthesis
S. J. Danishefsky et al., Angew. Chem. Int. Ed., 44, 1511 (2005)

*+ (MgBr)HMDS, Et,0, rt: 81% (A:B = 1.0:3)
+DBU, CH,Cly, 0 °C: 63% (A:B = 1.1:1)

quant. AIBN o0 1) mCPBA
92%, dr = 1.8(desired):1 BusSnH TsOH+H,0 CHCly, rt
—_—
benzene, reflux T2 o benzene, reflux B o 2) TsOH+H,0
1) LiOH AIBN 6 ¢ 46 ° CHoCly, rt
MeOH-H,0, rt allylSnBu, 90% o 98% o 71% (2 steps)
—_— . N (+)-merrilactone A
radical cyclization
2) 1, NaHCO; benzene, reflux
THF-H,0, 0 °C tort ! S. J. Danishefsky et al., J. Am. Chem. Soc., 124, 2081 (2002)
59% (2 steps) 75%
N N - n
Asymmetric Approach Hirama and Inoue’s Synthesis
cl o OMe OMe 1) Zn, TMSCI
o ome neat, 180 °C; MeO /¢ LDA, HMPA MeO /"o c : 9 Ac0-toluene :
MeOH, reflux; ol Mel o ! hv, benzophenone = 85°C z OH
+ 0O — > —_— o >
¢ OMe TMSCHN, cl 4 come THR.-78°Ctort 4 TO,Me \L acetone rt 2) LiAlH, ~.°H
cl o benzene-MeOH, rt Cl co,Me 5% Cl co,Me Cl I';;’&aci ) B
steps
92% [2+2]-cycloaddition ) P
M CO,Me - COCl),, DMSO OH - .
CO,Me CO,Me (5,5)-[Co(salen)]-OAc 2 1) NaH, BnBr HO : é $ Cl)z oy : Grubbs' 1st
5 steps DMDO o THF-DMF, rt, 99% = 0Bn 2Cla, = H = 0Bn  CH.Cly, reflux;
—_— —_—
/ _ _95 0 — —_—
\—OH CH,Clj, rt THF, =78 to -25 < 2) 0s0,, NMO wo” G OBNn  EtN; allyMgBr .~ OBn  ph0Ag), 1t
OH 86% 86 t-BuOMe-t-BuOH =
%, 86% ee -H,0, rt, 94% 78% 95%
desymmetrization
E. N. Jacobsen et al., Angew. Chem. Int. Ed., 38, 2012 (1999) o] o]
OBn *LHMDS
CO,Me
2 OBn  THF, 100 °C 0Bn OBn
6 steps MeO _ H fo):] H oB
= 85% (A:B = 3.1:1) HO * n HO * n
HoOg_—(] MeO,C
CO,Me A (desired) B (undesired)



Hirama and Inoue’s Synthesis

0,, Et;B
4 steps Bu3SnH
-
OBn > o
toluene, rt q
0Bn Br /\2/ S
57% (3-OEt), 16% (c-OEt) EtO
radical cyclization
o 1) DIBAL
CH,Cl,, -78 °C
4 steps 88% (dr = 6:1)
OBn ’
P 2) Na, NH3
N OBn THF-EtOH, -78 °C
quant.
OH

1) DOWEX 50WX2 o 1) DMDO
CH,Cly, rt, 96%

THF-H,0, rt

— >
2) Ag,CO3, Celite <3 o 2) TsOH*H,0
toluene, 130 °C o ~ CH.Cly, rt, 81% o
64% (2 steps) o (x)-merrilactone A
M. Hirama et al., J. Am. Chem. Soc., 125, 10772 (2003)
Asymmetric Approach
(o] (0]
3 st AD-mix-o. 12 steps
| o s epg | OMe | 3
t-BuOH-H,0 /
| 0°C <
o ~OH
90%, 90% ee
(65%, 99% ee after recryst.)
BTBO TSB OBn
NaHMDS

THF, -100 °C
TSA:TSB = 4.5:1 i
75% (isolated yield) merrilactone A

M. Inoue et al., Angew. Chem. Int. Ed., 45, 4843 (2006)

(o}
| 8 steps 15 steps
Licl obDCcB
THF, -78 ODCB
0o , =78 °C Ho
° 79%, 57% ee ent-merrilactone A
M. Inoue et al., J. Org. Chem., 72, 3065 (2007)

DCB: o-dichlorobenzyl
(53%, 99% ee after recryst.)

10
Diastereoselectivity in Transannular Aldol Reaction

OoP!

P20
o J( trans-enolate >L°
— —> ent-A
P10 \ ) oP?
cis-enolate
NR,
20+*M OH
P20 el o P10 ’
'\H —)—on
P20 M=Mg 7 pio = i z
[0}
P20
P10~ \ P20
M =Li, Na — H
P10 - H P10 .
O “om OH "o
(desired)
P! =PZ racemic synthesis When P! < P,: diastereoselective deprotonation
using chiral base: dinamic kinetic resolution
y .
Mehta’s Synthesis
Q DBU
HCHO aq 10 steps Grubbs' 1st
[EE—"S -
THF rt CHCI,, reflux
o 95% 76%
alkylation of p-dicarbonyl
compound
1) 0,
oTBS MeOH, -78 °C;
hv NaBH,, 45%
_—
O~ 2)PCC
65% CH,Cl,, rt, 80%
(dr =2:1)

[2+2]-cycloaddition (major)

OoTBS

G. Mehta et al., Angew. Chem. Int. Ed., 45, 953 (2006)

(x)-merrilactone A
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Frontier’s Synthesis

t-BuLi o)
Br Et,O [o]
TIP! 2
6 steps so—7 / —-78 to -50 °C; TIPSO—/ MeO N
/\/\ OH o / | I |
amide A o oTBS oTBS
TMS—— -78 to -20 °C N amide A
82% —
OTIPS 1) AgNO;, KCN Me,, —12*
Ir cat B THF-EtOH-H,0, rt OTIPS 3L
(2 mol%) 83% ocljuhj i
>0 | Ph, [BArT,
CH,Cly, rt oTes 2 AIBN, n-BusSnH ‘o 3 otBs (j BAr = BI(3.5-CoHa(CFa)d]
™S benzene, reflux; N
87% TsOH<H,0, rt, 91% catB

Nazarov cyclization

radical cyclization

NaH, Mel

4 steps HMPA

THF, rt

97%

alkylation of p-dicarbonyl
compound

15

(x)-merrilactone A
A. J. Frontier et al., J. Am. Chem. Soc., 129, 498 (2007)

Zhai‘s Synthesis

OH 1) propionic acid
CH(OEt)3, 135 °C

>
| 2) TsOH+H,0

TBSO

(3 steps from

hydroxy acetone) rearr.

6 steps [Mo(CO)3(DMF)s]

THF, rt; CO

69%

88%
(dr > 20:1)

reductive coupling of
dicarbonyl compound

(o)

MeOH, rt, 89% (2 steps) 0
Johnson-Claisen (dr = 2.9:1) /H

LDA
THF, -78 °C;
Ti(OPr)5Cl

—78 to -30 °C;

(dr=1:1)
™S
81%

1) TBSOTH, Et;N
CH,Cly, rt, 87%

>

2) MVK, Tf,CHCH,CHTf,
CH,Cl,, —78 to —20 °C
69% (dr = 7.2:1)

o §

HO**'

6

(x)-merrilactone A

H. Zhai et al., Angew. Chem. Int. Ed., 51, 5897 (2012)

14

16

Greaney‘s Synthesis

o N7 COE
MeO OMe hv 3 steps oBn  BFs*OEt;
\"/ MeCN-acetone a0 OBn  CH,CI, 0°C
96% Meo o 88%

[2+2]-cycloaddition

OBn

oTBS
Cp,TiCly], Z oTicrCl
0Bn [Cp2TiCly], Zn - .

OBn
OBn

THF, rt
OBn
69% HO OBn
radical cyclization

(x)-merrilactone A

M. F. Greaney et al., Angew. Chem. Int. Ed., 49, 9250 (2010)

Summary

merrilactone A

Group Years Steps Asymmetric Features

Danishefski 2002 20 first total synthesis

Hirama 2003 27 transannular Aldol rxn.

Danishefski 2005 29 (o] desymmetrization with Jacobsen's cat.

Mehta 2006 31 double alkylation of 3-dicarbonyl compound
Inoue 2006 31 o desymmetrization with pseudo chiral compound
Frontier 2007 20 Nazarov cyclization

Inoue 2007 23 (o] desymmetrization with chiral base

Greaney 2010 24 Ti"-mediated radical cyclization

Zhai 2012 18 hetero PKR




