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ulearin Natural Products

|solated from marine Madagascan sponge
Fascaplysinopsis genus
(Salary Bay north of Tulear)

Biological activity:

O Tulearin A exhibits potent antiproliferative
activity against 2 human leukemic cell lines
(K562, UT7).

0 ~60% inhibition of proliferation with 0.5ug/mL

tulearin A, R = C(O)NH,
tulearin C, R=H

Org. Lett, 2008, 10, 153-156
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Synthesis of a Stereoisomer of Tulearin A

o Cossy and Curran were the first to synthesize an unnatural isomer of Tulearin A via
ring closing olefin metathesis

0 Relative and absolute stereochemistry were assigned by X-Ray crystallography by
Kashman and co-workers in 2009.
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Tet. Lett. 2009, 50, 3820-3822
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Furstner’s Approach: Retrosynthetic Analysis

RCAM & frans-reduction

tulearin A (1), R = C(O)NH
tulearin C (2), R= H
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Synthesis of Non-Terminal Alkynes

Cl Cl R
=
CCI4 PPh, | 0 RLi C
_—
THF reflux OH

multigram
synthesis
Entry RLi Solvent Temp [°C] t[h]  Additives (mol%) Yield [%]°
1 MeLi (2.1eq) Et,0O RT 96 50°
2 MelLi(5eq) Et,0 RT 48 20
3 Mol THE =T ) 80 (GC) Cu(acac), and Fe(acac),
I facili h
4 MelLi Et,0 RT 4  Cu(acac); (10) 89 cata yStS acilitate the
20 metal/halogen exchange
5 MelLi Et,O RT 2 Fe(acac)z (10) +
1,2-diaminobenzene (50)
6  nBuLi Et,0 RT 4 76
7 sBuli Et,0 78 1 84
_ 82
8  (Buli Et,0 -78 1
9  PhLi Et,0 78 <1 [d]
10  MesSiCH,Li Et,0 RT 4 86
11 Me,PhSiLi Et,0 78 6 83

O PhLi was unsuitable (got readily oxidized with formation of biphenyl)
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Mechanistic Explanation
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Pathway B supported by a control experiment using 1-chloro-1-heptyne: treatment with
MeLi merely furnished 1-heptyne after aqueous work-up suggesting that a lithium
acetylide was formed but not trapped by the methyl chloride generated in situ.
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Optimization Studies of y-Butyrolactone Derived
gem-Dichloro-Olefins

0.

9
CCly, PPhs
THF, reflux

91%

Cl
iron-catalyzed ph\©¢<0| allylic / Yield [%] \

lcmss' coupling deprotonation l Entry Solvent t[h] Additives [mol%] 12 15 16

10
thj&k l
16 Ph\@ffjt 13 4 Et,O 4  FeCl, (10) 32 <5 (GC) 46
| l 5 EHO 2 Fe(acac)s (5) + 85  <5(GC) <5(GC)
1 K 1,2-diaminobenzene (25) j
OLi
Ph)\/\/
y 14 Suppression of allene unit by addition

of catalytic amounts of Cu(acac), or
Ph)\/\ l Fe(acac)s/1,2-diaminobenzene

1 EHLO0 72 - 60 10 <5 (GC)

3 cl 2 THF 3 - 25 58 <5 (GC)
Ph©
3  Et0 20 Cu(acac), (10) 58  5(GC) <5(GC)

12
OH

Ph
15
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Scope of Methodology

Dichloro- Dichloro-
olefination olefination
Substrate [%] Method Product Yield [%} Substrate [%] Method Product Yield [%}
(0]
A
o:tl/ 81 c 80
OH
o0 0 = Z
\‘(I [d] B HO ~ S 56 O 88 A Z <20
N A O‘ N C 60
OH
(0]
OH
O A 90 Ph e}
\)‘:k 92 B HO\/\l/\ 7 \E)=O 91 A Ph 58
C 85
0 OH
o 95 g‘ HO 89 D Ph)\/\ 85
TN ¢ S

87
OH

o° RO™N\-0, 62 R=MOM, 83%
O 92 B Ho/\/\/\ 88 /I):O 88 D RO\)\/\ E:EnM,%oez%
oo d H
O 92 (B; HO\/W\ 88 @:(}:o 95 A C(\ 84
A A OH
HZ
Method A: MelLi (5eq), Et,0, rt Method C: MeLi (5 eq), Et,0, Cu(acac), (10 mol%) D : 80
Method B: Meli (5eq), THF, rt Method D: MeLi (5eq), Et,O, Fe(acac); (5-10 mol%) = oH
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Substrate Limitations
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Decomposition for substrates containing oxygen substituents a and/or 3 to
the former lactone carbonyl
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Total Synthesis of Tulearin C: Synthesis of

1. CCly, PPhs
THF, relux, 92% oH NM
2. MeLi, Et,0, rt Ph ©2
_90% Oy Zn(OTf),, 28 CsHqq P S 28
2. DMP, CH,CI A CsHq1 P " \/\/Y\
2-12 51 57% (2 steps) z A
\/\\\ OH
=——MgBr dr 98:2
Pd(PPh3),
(3mol%), 72%
CsH11\/\|
1. Me,Zn, (dppf)PACl, CH,Cl,
(5 mol%), THF, NEt5, 65 °C,
90%
>

TBSOTf
2. TBAF, THF, 96%

2,6-Lutidine, CH,Cl,

1. Red-Al, Et,0

3AMS, 0°C
—_—

2. 15, -20°C, 99%

very labile

5/1/2015
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Synthesis of Fragment B

EtOAc, LDA EtO_ O 1.H, (10 atm), RuCls (1mol%)  EtO~z©
- ° 0,
o\l\;oJ THF, -78 °C, 90% o (R)-SYNPHOS . JOH
2. TBDPSCI, NEt;, DMAP
: _ OH CH,Cly, 95% ' OTBDPS
1. LDA, THF/DMPU, -78 °C
to -40 °C, then Mel -78 °C EtO O 1 y EtO.__O 1. (Z1né011; %ltiecne/DMA
o p . . TBAF, THF, 83% ),
to 0 °C, 79% (dr 85:15) . OMOM . ovom o
2. MOMCI, (iPr),NEt oOTBDPS 2 '(%L.Pg.h&g'('ll; | 2. Pd(PPH3), (5mol%), 60 °C
CH,Cl,, reflux, 97% v 2Llo, °
212 ° é é | S //
72%
] ( b
-mi EtO.__O A
EtO__O \\ Mesg?\llilmxtfxBuOH 1. 2,2 dimethoxypropane |HO_ _O \\
OMOM 2 - WORHO p-TsOH, 91%
o . ) > WOR O
| H20,0°C 2. aq. LIOH -
83% v OH MeOH/THF
E = quant. Y 0O
R = MOM L R =MOM )
4 N\
<
HO.__O X
1. HCI, MeOH, 99%
PPh, 2. TBSOTY, 2,6-Lutidine, 90% ~ORRO
'
PPh2 3. aq. LIOH R
[ MeOH/THF H
99% =
(R)-SYNPHOS R =TBS
N\ J
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Synthesis of Fragment B

CsHqq
4 C (5 mol%), 5A
HO. .0 \\ EDCI, DMAP MS 15min
> WOR O toluene, 50 °C
WOR O CH,Cl,, 0 °C, 84% 98%
H @) H O
Y O =z =
5 R=MOM R=MOM
R=MOM
Me,BnSiH, SiBnMe,
[Cp*Ru(MeCN)3]PFg TBAF, THF TFA cat.
(10 mol%)
> 78% CH,Cly, 46%
neat, 67%
= O 4 N\
© R=MOM = Ph
(+ regioismer) Ar3$iO/,,!Vl OSiAr,
o
— 1® Ar;SiO’ ©0SiAr,
| ®
K
J
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End Game Strategy

CsHi
C4
R EDCI, DMAP mol%)
_——
HO. O AN CH,Cl,, 98% tl\czlgesrf g26rg}M)
) o
WORRO Y OR
H OR R=TBS R=TBS
R=TBS

Ph

Arssion, Il osiAr,
Mo

(EtO),SiH, .

[Cp*Ru(MeCN)3]PFg Si(OEt)s
(10 mol%) 1. AgF, THF/MeOH/H,0 g

> Ar;Si0" ©OSiAr,
2. TBAF, THF ®
43% (3 steps) c K
.
: OR X OH
(+ regioisomer)

5/1/2015

Tanja Krainz @ Wipf Group Page 13 of 15



28/03/2015 Tanja Krainz @ Wipf Group

otal Synthesis of Tulearin A

HO 1. MOMCI, (iPr),NEt MOMO cl MeL!, Fc-.:(acac)3 (5 mol%) 4 1. 'IC';E'S((:)le,QZO,S-Lutidine
o. CH,Cly, reflux, 94% o 1,2diaminobenzene (25 mol%) 212, IV 70
© > ~ > HO >
2. CCl,, PPhy cl EL,0, 93% 2. Me;BBr, CH,Cl,
THF, reflux, 87% 90%
MOMO
3. SO3°py,

DMSO, CH,Cl,
o OR [ 03%
= MeO MeO. O = 1. DMP, CH,Cly, 90% MeO.__O FZ
2. L-Selectride, THF, 79%
TBSO, - ~OR RO - wORRO
CrCl, 3. TESOTY, 2,6-
0% cobalt phthalocyanine (5 mol%) . OH Lutidine, 93% Y OTES
DMF, 54% H H
R=TBS
Ar
Ph S'O'I\III|
I 0. . .
PhysiG OSiPhs 1. (Et0)sSiH
EDCI, DMAP 5 mol% [Cp*Ru(MeCN)3]PF (10 mol%)
CH,Cl,, 86% toluene (2mM) 2. AgF, THF/MeOH/H,0
5A MS, 96% o
56% (2 steps)
Y OTES
B OTES H very unstable -->
- rearrangement

( h YT storage at -4°C

1. CI3CC(O)NCO, CH,Cl,
then MeOH, NaHCO3, 50%

2. 3HF+Et3N, EtzN, MeCN
68%

1
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Conclusion

o New methodology affords non-terminal alkynes in excellent yield

o Methodology offers entry into chiral building blocks required for both total
syntheses in excellent yield and optical purity

o Highlights the remarkable selectivity profile of the latest generation Mo-
catalysts
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