RZMEEPoEIEE
MRS, TUIEERE

XTKBHAEZE : 15ng/mL
XJP388, A549, HT29Ff0MEL284HFEZ: 10-50ng/mL

(-)-Laulimalide

R
2024.6.12



"GhoshiRERZBAI T4E (J. Am. Chem. Soc., 2000, 122, 11027-11028.)
“Total Synthesis of (-)-Laulimalide

2. Dibal-H, then CSA, EtOH
0 0  3.K-10, CH,=CHOTBS

J\/ 1. Grubbs Catalyst I, 4. NaBH,, MZeOH BnO

Me 0F NF Ti(Oi-Pr), , DCM 5. TBSCI, imidazole, DMF

\/;\/'\/\ g - I
BnO N BnO

1 2 3

6. Li, NH;
7. 15, PPhs, Imidazole

- 9. Red-Al, THF

OTBS

OPMB

10. PhCOCI, Et3N, DMAP as cat.
11. Na(Hg), Na,HPO,, MeOH

12. MOMCI, DIPEA
13. DDQ, pH 7 buffer
14. DMSO, (COCI),, DIPEA




Total Synthesis of (-)-Laulimalide

GhoshiEFZEAI T £ (J. Am. Chem. Soc., 2000, 122, 11027-11028.)

1'. n—BulLi, then 11

»  PhO,S

0
H
PhO,S E
10 OPMB
11
o/

PhO,S

14

7'. Dibal-H, DCM

2'. DMP, DCM
3'. L-Selectride, THF

15

4'. Red-Al, THF
5'. CF,COOH, DCM

6'. p~MeO-CgH,~CH(OMe),,
CSA, DCM

>



"GhoshiRERZBAI T4E (J. Am. Chem. Soc., 2000, 122, 11027-11028.)
“Total Synthesis of (-)-Laulimalide

15. n-Buli
PhO,S e o 16. Ac,0, Et;N, DMAP as cat.
2 Z w~_-OTBS 17. Na(Hg), Na,HPO,, MeOH
OH 7
15 9

18. (CF3CH,0),P(0)CH,CO,H,
Cl3CgH,COCI, DIPEA, DMAP

19. AcOH-THF-H,0

20. DMP, DCM
21. K,CO3, 18-C-6

17

23. PPTS, BuOH,

24. Ti(O£Pr),, (+)-DET;
t-BuOOH

25.DDQ, pH7

-«

(-)-Laulimalide




"GhoshiRE4BEY T £ (J. Org. Chem., 2001, 66, 8973-8982.)
“Total Synthesis of Microtubule-Stabilizing Agent (-)-Laulimalide
4a.CH2=CngHzB[(—)-Ipc]2, THF

1. MsCl, Et;N, DCM 4b. (S)-BINOL, Ti(Oi-Pr),,

Me Me o Me . .
2. NaCN, DMSO ihal_ allytributyltin, DCM
HO\/K/OBn > NC\/k/OBn 3.Dibal-H H)J\/k/osn ooy
1 2 3
OBn
Me OBn
Me
OH M 5'. acrolein diethyl acetal, (o) OEt
= € PPTS, benzene 6'. Grubbs Catalyst |, DCM o_ OEt
\/-\/K/OB" - A >
4 | yZ
5 6
5. CH,=CHCOCI,
Et;N, DCM
OBn
o Me
6. Grubbs Catalyst I, 7. Dibal-H, DCM
Me 0)1\/ Ti(Qi-Pr),, DCM 8. CSA, EtOH O OEt
\/?\/K/\ >~ >~
BnO \ P

7 8 9



GhoshiRSiZE89 T (J. Org. Chem., 2001, 66, 8973-8982.)
“Total Synthesis of Microtubule-Stabilizing Agent (-)-Laulimalide

OBn OBn '
Me 9. K-10, CH,=CHOTBS, DCM Me 12.Li, NH3 Me
o oee 10 NaBHs, MeOH ; D0 G ;
11. TBSCI, imidazole, DMF o \ b 3 . o
= _ OTBS > OTBS
6+9 10 11
i. NaH, PhSO,CH,CO,Me < 14. NaH, DMF,
o, V8 EtOH 0 then iodide, 11
[/’—/ > Pho,S . _OPMB >
12 13
14
15. Red-Al, THF

16. PhCOCI, Et3N, DMAP as cat.,, DCM

OPMB
17. Na(Hg), Na,HPO,, MeOH

18. MOMCI, DIPEA, CH,CI,
19. DDQ, pH7 buffer

20. DMSO, (COClI),, DIPEA, CH,Cl,




"GhoshiRE4BEY T £ (J. Org. Chem., 2001, 66, 8973-8982.)
“Total Synthesis of Microtubule-Stabilizing Agent (-)-Laulimalide

i'. Isopropenylmagnesium bromide,

CuCN, THF iii". Grubbs Catalyst |
ii". KH, 18-crown-6 as cat., " DrgM > Latalyst L
o, OTHP allyl bromide, THF . iv'. CSA, MeOH .
17 18 19
v'. DMSO, (COCl),, DIPEA H
~ DCM £ 0
vi'. CBry, PPh3, DCM
i". PhASO,CH3;, n-Buli, THF, 1h ||| CSA, MeOH
OTHP then HMPA, 17 iv". DMSO, (CCOCI)Z, PhO.S
Ph DIPEA, DCM 2
o, ii". NaH, PMBCI, DMF - 025\/\‘/\0THP - \/\‘/§o
17 1 22

v". NaClO,, 2-methyl-2-butene,
NaH2PO4, t-BuOH
vi". MeONHMe-+HCl, N-methylpiperidine, o

isobutyl chloroformate, DCM »  PhO5S OMe

rd

PMBO Me
23



"GhoshiRE4BEY T £ (J. Org. Chem., 2001, 66, 8973-8982.)
“Total Synthesis of Microtubule-Stabilizing Agent (-)-Laulimalide

B HO, ';Io
' vii'a(1). n-Buli, THF, then 22 PhO5S —— , PhOS
'
P4
OPMB

24

vii'b. n-BulLi, THF, 1h
then 23

vii'a(2). Dess—Martin, DCM

x'. TFA, DCM
viii'. L-Selectride, THF xi'. p-MeO-CgH,~CH(OMe),,
ix'. Red-Al, THF CSA, DCM
>
/ ®. TFA, DCM
° @. Me,C(OMe),, CSA, DCM

xii'. Dibal-H, DCM 5 PhO,S

PhO,S




"GhoshiRE4BEY T £ (J. Org. Chem., 2001, 66, 8973-8982.)
“Total Synthesis of Microtubule-Stabilizing Agent (-)-Laulimalide

PhO,S

OPMB
=z o +
OH 7
29 16
33

21. n-Buli, THF

22. Ac,0, Et;N, DMAP as cat, DCM A

23. Na(Hg), Na,HPO,, MeOH
26. DMP, DCM
27. CBr,, PPhs, DCM

Y 28. n-Buli, THF

then CICO,Me

24. Dihydropyran, MOMO
PPTS, DCM
25. TBAF, THF

32

30 31



"GhoshiRE4BEY T £ (J. Org. Chem., 2001, 66, 8973-8982.)
“Total Synthesis of Microtubule-Stabilizing Agent (-)-Laulimalide
OPMB

29. CSA, MeOH

30. LiOH, THF, H,0

31. CI;PhCOCI, DIPEA, THF
then DMAP, benzene

32. H,, Lindlar's cat.
1-hexene, EtOAC
-

33 34

33. PPTS, t-BuOH 35. DDQ,
34. TBHP, (+)-DET, pH7 buffer,
Ti(OF~Pr),, DCM DCM
» Me > Me

36 (-)-Laulimalide



"MulzernRE 4B T £ (Angew. Chem. Int. Ed., 2001, 40, 3842-3846.)
“An Intramolecular Case of Sharpless Kinetic Resolution: Total Synthesis of Laulimalide

0 1. TBSCI, imidazole 0 SPh SPh
DMAP 3. LiBH,, THF 5. MsCl, Et3N, DCM
o | 2. Me,Culi, Et,0 . o 4. n—BusP, (PhS)?> OH 6. TBAF, THF o o, |
OH OTBS OTBS
1 2 3 4
7'. PhSO,(CH,),C(OMe)3, 7. MMPP,EtOH
n-Buli, THF 8. CH,=CHMgBr,
then BF3+Et,0, 4 Cul, THF
8'. TFA/DCM 9. CH,=CH-CH(OEt),
9'. DBU, DCM PPTS, toluene, 80 mbar
\
SO,Ph SPh SO,Ph
10'. MMPP, EtOH
Me 11'. Dibal-H, DCM wMe <Me
) <12 EtOH, PPTS H H
EtO, O J.» OO EtO, O J.
U 1@ J Q
7 5 6

T |

10. Grubbs Catalyst |, DCM
11. EtOH, PPTS




"MulzernRE 4B T £ (Angew. Chem. Int. Ed., 2001, 40, 3842-3846.)
“An Intramolecular Case of Sharpless Kinetic Resolution: Total Synthesis of Laulimalide

SO,Ph SO,Ph SO,Ph
Me 13. NaBH,, MeOH M 15. n-Buli, THF
wMe 12 CH2=CHOTBS, A 14. TBSCI, imadazole, wiie then BF3¢Et,0
Ho. O H‘\\\ K-10, DCM . o H“\‘\ DMAP, DCM__ o H“‘\\ then (5)-O-PMB-glycidol
‘ |
16. MOMCI, 17. n-BuLi, THF/HMPA
DIPEA, DCM then ICH,MqgCl

o

18. DDQ, DCM, pH7 buffer
19. (COCl),, DMSO, DCM,
then alcohol, DIPEA

o




"MulzernRE 4B T £ (Angew. Chem. Int. Ed., 2001, 40, 3842-3846.)
“An Intramolecular Case of Sharpless Kinetic Resolution: Total Synthesis of Laulimalide

OH OH
HO™ ™
OH OH

D-mannitol
14

el

17

then p-TsOH as cat., toluene
”°WLOH iii”. PMBOC(=NH)CCls, CSA

(5)-malic acid
19

OH

i. Acetone, H,SO,
ii. AcOH, H,0
iii. TsCl, pyridine o

o
15

o
ix. TFA/DCM
X. HIOy,, Et,0
4r E12 > | H
o
18

i'. dimethoxypropane, p-TsOH as cat.
ii". BH3*DMS,

v. CH,=CHMgBr,

vi. =BuOK, THF
vii. CH,=CHCH,Br

Cul, THF
o o

iv. CHqOH, K)CO:; »Iyl7/<cl)
(o)

OPMB i, MeP(O)(OEt),, n-BuLi, THF

DCM

g
vii. Grubbs Catalyst |,

.~ E>: then 20, then LDA, then TESC|
o
(o)

20

?
OLi
. OLi
Eto\P OPMB
Et0” YO
21




"MulzernRE 4B T £ (Angew. Chem. Int. Ed., 2001, 40, 3842-3846.)
“An Intramolecular Case of Sharpless Kinetic Resolution: Total Synthesis of Laulimalide

xiii. CeCl3*7H,0,
NaBH,, MeOH
xiv. HPLC separation>

o xii. LiCl, Et3N,
- . OTES THF, then 18

Eto\P 5PMB
Et0” YO

OTES

22 23

xv. MOMCI, DIPEA,
DCM
xvi. TBAF, THF

PPh3, 1-phenyl-1H-tetrazole-5-thiol,
DEAD, THF
(NH4)6MO7024'4HZO, H202

>

21. DDQ, DCM, pH7 buffer
OMOM 22. (CF3CH,0),P(0)CH,COCI,
: DMAP, DCM, then pyridine
23. AcOH/H,0O/THF
o« 24. DMP, wet DCM

X

20. KHDMS, DME, 3
PMBO

then 13

MOMO

>
N

T B SO o \\\\‘
A) M e %\J

27, E/Z=11.41




"MulzernRE 4B T £ (Angew. Chem. Int. Ed., 2001, 40, 3842-3846.)
“An Intramolecular Case of Sharpless Kinetic Resolution: Total Synthesis of Laulimalide

26. Me,BBr, DCM
27. NaHCO3(aq.)/THE

25. 18-Crown-6,
o then KHDMS

29, E/Z=1.8:1

28. (+)-DIPT, Ti(O~Pr)y,
t-BuOOH, molecular sieves>

30 Laulimalide



"MulzerlFBBK T E (J. Am. Chem. Soc., 2001, 123, 10764-10765.)
“"Macrocyclization via Allyl Transfer: Total Synthesis of Laulimalide

COOEt CONMe,
COOEt COOEt COOEt o o
w w W
' 1. BH3*Me,S N 2. DMP w3 (-)-1pc,B-Allyl HO,,, 4. Et,NH, EtOH  HO,,
HO > Ho — > 0 - >
1 2 3 4 5
CONMe, CONMe, CONMe,
o R o
5. acrolein diethyl acetal, '
TsOH toluene EtO, _O,, 6. Grubbs  Et0, O 7. TBSOCH=CH,, LiClO, o Ox o
I > . % R
6 7 8
(0] oTf
CONMe,
\‘\\\ \\\‘\ ‘\\‘\
8. NaBH4, MeOH 11. KHMDS,

9. TESC], pyridine» TESO o o 10. Meli, Etzo >TESO o o CGHSNTfZI THF» TESO o o
X X X

9 10 11



"MulzerlFBBK T E (J. Am. Chem. Soc., 2001, 123, 10764-10765.)
“"Macrocyclization via Allyl Transfer: Total Synthesis of Laulimalide

TMS TMS
12. Pd(PPhs),, LiCl 13. K,CO3, MeOH

TMSCH,MgBr, Et,0 14. DMP o
' > NS (o] N
V\gj

TESO (o) ‘\\\\
\/\gj

12 13
1'. DMP .
OMOM 2'. (R R—(+)-2,4-pentanediol, K-10, toluene OMOM
o H : oH 3 TBAF, THF H : 15. KHMDS,
. 4'. (CF;CH,0),P(0)CH,COCI, DMAP . O XINANF then 13
OTBDPS \E 0\9
14 P(0)(OCH,CF;),
16. EtAIC, «Me 17 bmp
y r

>



"MulzerlFBBK T E (J. Am. Chem. Soc., 2001, 123, 10764-10765.)
“"Macrocyclization via Allyl Transfer: Total Synthesis of Laulimalide

Me 19. Me,BBr
W —_—

20. (+)-DIPT, Ti(O/Pr),
t-BuOOH, molecular sieves>

Laulimalide



"Wenderig BB T (J. Am. Chem. Soc., 2002, 124, 4956-4957.)
“Total Synthesis of (-)-Laulimalide

o o 3. (COCl),, DMSO, Et;N, DCM 6. Bu;SnSnBus,
MeOZC\< oM 1. LIAIH4, THF TBSO o 4. 3, n-BuLi, THF/HMPA 300 nm Av,
e 2 NaH, TBSCl, DMF H 5. TBAF, THF
. 2 a . \(o - benzene .
1 2 4, Z/E=4.5:1

6. (COCI),, DMSO, Et;N, DCM
7. TBSO(CH,)3PPhsl, NaHMDS, THF

8. HCI, THF
9. TBSOTf, Et;N, DCM

5 6, R=—C(CH3), 7

11. DMP, DCM

10. CAN, /'—PrOH> 12. DBU, CHCl;




"Wenderig BB T (J. Am. Chem. Soc., 2002, 124, 4956-4957.)
“Total Synthesis of (-)-Laulimalide

CO,Me

co,Me 1'.(55-Cr-Salen, M.S., TBME
2'. Danishefsky's diene
3. TFA, DCM

4'. CuCN, Meli, tributylvinyltin, 11, THF
5'. Comin's reagent, THF
6'. LiCl, Bu3SnH, Pd(PPh3),, THF

CHO

10

7'. TMSCH,MgCl,
CeCls, THF

8. Silica gel, DCM *

13. 14, EtCN

OR O CO,H

14

OTBS Ar:3,5—(CF3)2C6H3
R=FPr

15




. Soc., 2002, 124, 4956-4957.)
15. BH3*DMS, cyclohexane

THF
16. HZOZI NaOH, EtOH
17. DMP, DCM, H,0

"WendernEFZBHH TE (J. Am. Chem

“Total Synthesis of (-)-Laulimalide
OTBS

16

15

20. HF+pyridine, THF

OTBS H
: 18. MeC(=0)C(=N,)P(=0)(OMe),
K,CO3, MeOH
OMOM  OTBS 19. n-Buli, CICO,Me, THF . 2 21.LiOH, H,0, THF
'

17

o
I
wmXI

23. Lindlar's catalyst,
quinoline, H,, EtOAC

2 24. Me,BBr, EtzN, DCM.
v

22. 2,4,6-trichlorobenzoyl choride,
Et;N, DMAP, benzene -




"Wenderig BB T (J. Am. Chem. Soc., 2002, 124, 4956-4957.)
“Total Synthesis of (-)-Laulimalide

25. (+)-DIPT, £BuOOH,
Ti(O~Pr),, DCM

21 (-)-Laulimalide



Uenishil®S1ZBH9 T1E (Angew. Chem. Int. Ed., 2005, 44, 2756-2760.)

Total Synthesis of (-)-Laulimalide: Pd-Catalyzed Stereospecific Ring Construction

of the Substituted 3,6-Dihydro[2H]pyran Units

OMe
| _OMe OHC
i

+ |

1'. K,CO3, THF/H,0

OTBDPS

2

4
6'. HCI, MeOH
7'.DDQ, m.s., DCM
8'. TBDMSC],
imidazole, DMF
OH H ?O' B;\%I—H, DCM OTBDMS
_ .
| 11" PhsPCHCOOMe, 100Xy =
benzene
OYO o > OPMB (o]
PMP
7 8

2" NaBH4, CeC|3'7H20, '\/IeOH>

3'. DEAD, Ph3P, PhCOOH,
benzene
4' TBAF, THF

>

5 6
i. K,CO3, MeOH
ii. PACI,(CH;CN),, THF
OTBDMS
T A e
> OPMB o)



"UenishilREZB A9 T £ (Angew. Chem. Int. Ed., 2005, 44, 2756-2760.)
“Total Synthesis of (-)-Laulimalide: Pd-Catalyzed Stereospecific Ring Construction
of the Substituted 3,6-Dihydro[2H]pyran Units

1. TBDMSCI, imidazole, DMF

2. 0s0O, as cat., NMO, THF/H,0

OPMB 3. NalO,, THF/H,0

4. (F)-4-benzyloxy-1-iodo-1-butene
NiCl,/CrCl, as cat., DMSO

OPMB OPMB
R=TBDMS

DMP
H5+THF, (5)-CBS, THF

B
OBz 7 TBAF, THF

5.
6.
7' OBz

8. PdCI,(CH5CN),,
benzoquinone, THF

>

14. DDQ, DCM,
pH7 buffer
15. DMP
16. CBr4, PPh3, DCM
>

9. K,CO3 MeOH

10. DMP
11. CBr4, Pphg, DCM

12. n—Buli, THF, then (HCHO),
OBz 13, (O#Bu)Ph,SiCl, Et;N, DCM

0SiPh,(0 #-Bu)

17. Pd(OAC), as cat., PPh;,
Me;SiCH,MqgCl, THF

0SiPh,(0£-Bu) 18. PPTS, THF/CH3CN>

0SiPh,(0 £-Bu)




"UenishilREZB A9 T £ (Angew. Chem. Int. Ed., 2005, 44, 2756-2760.)
“Total Synthesis of (-)-Laulimalide: Pd-Catalyzed Stereospecific Ring Construction
of the Substituted 3,6-Dihydro[2H]pyran Units

SiMe, OTBDMSH
OTBDMSH 19. SnCl4, DCM Pz
P 20. DMP
OHCT X | 21. BH3THF, (R)-CBS, THF
OPMB O + >
OSiPh,(0£-Bu) OSiPh,(0#Bu)
9

22. TBDMSCI, imidazole, DMF
23. K,CO3, MeOH/THF

24. DMP
25. DDQ, DCM, pH7 buffer

26. NaClO,, 2-methyl-2-butene .

27. 2,4,6—trichlorobenzoylchloride,
Et;N, DMAP

28. HF+Pyridine, CH;,CN

29. Lindlar's cat. H,, quinoline,
EtOAc, 1-Hexene

30. (+)-DIPT, +BuOOH,
Ti(O/-Pr),, DCM

19 (-)-Laulimalide



"CrimminsIEBEN T /E (J. Am. Chem. Soc., 2002, 124, 5958-5959.)

“Asymmetric Total Synthesis of (-)-Laulimalide: Exploiting the Asymmetric Glycolate Alkylation Reaction

1. NaH, BrCH,CO,H, THF
2. Me3CCOCI, Et3N, THF,
(S)-lithio—4—isopropyl-oxazolidin—-2—one

3. NaN(SiMej),, THF, iodide 3
4. LiBH,, MeOH, Et,0

r

~J

N
OPMB

OPMB 5 (COCI), DMSO, Et3N OPMB

6. PPh3=CH2

7. Grubbs Catalyst |, DCM

Y

8. m-CPBA, HCIO,, NalO,
9. Me2N+:CH2
10. NaBH,, CeCl;

11. MsCl, EtzN, DCM
12. Bu3SnLi, THF

-

'



"CrimminsiRIAK TE (3. Am. Chem. Soc., 2002, 124, 5958-5959.)
“Asymmetric Total Synthesis of (-)-Laulimalide: Exploiting the Asymmetric Glycolate Alkylation Reaction

o 2'. LiOH, H,0,, THF oTBS
VI 1 NaNGiMeds THE N 3'. HCIMeNHOMe, DCC
pMBo\)\‘N o 1 NaN(SiMes)y THF O o 4.LCHPOOMe), _ &,
— TBSO
o XN Y ONTY
T pmeo L/ Y
—Pr’ OPMB
9 10 11

9'. (+)-DET, Ti(OFPr),,
t+-BuOOH, DCM
10'. DMP

7'. TBSOTf, 2,6-lutidine
8'. PPTS, MeOH

'




"CrimminsiRIAK TE (3. Am. Chem. Soc., 2002, 124, 5958-5959.)
“Asymmetric Total Synthesis of (-)-Laulimalide: Exploiting the Asymmetric Glycolate Alkylation Reaction

13. Me3Al, DCM
14. TBSOTT, 2,6-lutidine .~

18. DEAD, PPh;, THF

16. MnO,
19. Et;N-3HF, CHyCN

17. NaClO,
—>

17 18 (-)-Laulimalide



"NelsoniRFHMTE (J. Am. Chem. Soc., 2002, 124, 13654-13655.)
“A de Novo Enantioselective Total Synthesis of (-)-Laulimalide
o 1. 2 as cat., MeCOBr

2 as cat., MeCOE o 2. Me,AICl, (MeO)MeNH,CI O OTBDPS O OTBDPS
, N-bBUyNbBr (o] 3. -BuPh,SiCl, imadazole : ihal_ H
P -~ 2 > o A _A_ 4Dibal-H )
e “, I
FPry, Pr
" N
1 (\Mﬁ’ 3 4 5
| T
2
\.

5.2 as cat, MeCOBr ©,

O Me OTBDPS 7.BH;:SMe, O Me OTBDPS
DIPEA O  OTBDPS g MeMgBr, CuBr-DMS )l\/'\/‘\ 8. PCC J]\/l\/'\
y = = » HO —_—>

0TBDPS11 NaBH4, CeC|3‘7H20
9. 2 as cat., MeCOBr °

12. Ac,0, Et;N, DMAP
" Me OTBDPS o«  13.n-BuyNF
DIPEA . L/v\/\ 10. Am-15, THF, 10 14, PDC
> H

mQ

11




"NelsoniEBAE TE (). Am. Chem. Soc., 2002, 124, 13654-13655.)
“A de Novo Enantioselective Total Synthesis of (-)-Laulimalide
£-Bu0,C

15. n-Bu3SnOTf, DCM, 13 |

>
4 )\
|
C
t—BuOOCJJ\Snn—Bu3
13 14
\ J
0 1'. Me,AlICl, (MeO)MeNH,ClI | ‘51:- EhézfﬁHCOZEt
2'. PMBO(C=NH)CCl,, triflic acid N ' Dihal_ - 21al— .-
o ( )CCl > TEDPSO” N 07 3" Dibal-H _ 1pppso 3 " 6. TrCl, 2,6-lutidine
Y PMBO O PMBO O
OTBDPS
15 16 17
7'. n-BuyNF
TBDPSO/\_/\/\/OTr 8' DMP _ OMOH
OPMB OPMB

18 19



"NelsoniEBAE TE (). Am. Chem. Soc., 2002, 124, 13654-13655.)
“A de Novo Enantioselective Total Synthesis of (-)-Laulimalide

CHO i. 21, DCM H , H
ii. KHMDS, CH,CHCH,Br 0 iii. Schrock cat. 0 J - SnnBu; iv.NIS o
X - . i
Snn-Buj \/g A A X
llpe-(-)1;B Snn-Bu;
20 21 22 23 24
v. £Buli, B0 - . 10'. TBSCI, imid.
vi. MgBr -
gBr, 0_1 . _MgBr oTr 11'. HCOOH, MeNO,
9'.19, DCM 12'. DMP

>

25 26



"NelsoniEBAE TE (). Am. Chem. Soc., 2002, 124, 13654-13655.)
“A de Novo Enantioselective Total Synthesis of (-)-Laulimalide

16. 28, -Pr,NEt, DCM 17. 27
> ’

s N
Ph Ph

N\
Ar0,s-N~g-" ~SOAr

|
Br

28

14

Ar= p—C6H4NOZ

O 19.DDQ, CH,Cl,, pH7 buffer

20.TMSOTH{, 2,6-di-tButylpyridine

18. TBSCI, |m|dazole> 21, pH5 buffer




"NelsoniEBAE TE (). Am. Chem. Soc., 2002, 124, 13654-13655.)
“A de Novo Enantioselective Total Synthesis of (-)-Laulimalide
OoTBS H OTBS

O ANF ©  22.246-Cl,CeH,COC, OL AN °
. ~Pr;NEt, 4—pyrrolidinopyridine . 23.H,, Pd-CaCO;
\“\ o \“\\ ’ ?

32 33

24. CH2|2, Zn, PbClz, T|C|4

26. Ti(O/~Pr)y, (+)-DIPT,
o~ 25, HFepyr

t-BuOOH

>

Laulimalide



“TrostiRZHAY T £ (J. Am. Chem. Soc., 2009, 131, 17087-17089.)
“Evaluating Transition-Metal-Catalyzed Transformations for the Synthesis of Laulimalide

1'. DEAD, PPh3, .
1-phenyl-1H-tetrazole-5-thiol, N 3" EtyZn, PA(OAC), N
2' TC|_l|,II|: propenylmagnesium bromide '\r Y PPh, allyl acetate r\; N
. I I N ! ! ’
o, OH THE . HO,,, SJ\N' THF - /\/o’n S/Ll\{
L~ Ph Ph
1 2 3
N-N
4'. M070,,4(NH4)¢*4H,0, o 91 N
H,0,, EtOH ﬁ)\l‘{
5'. Grubbs Catalyst I, DCM
rubbs Catalys N o) Ph

i. CH,=CHMgBr, Cul, THF

S ii. MOMCI, DIPEA, DCM — HO OH
H H _ <
W iii. Mel, CaCOj, MeCN/HZO> Z NN iv. (RR)-8, THF : _
S o
o omMom Et o ( Ph éH OMOM
Ph Et o
o"\ll /
5 6 7 Zn . A" 9
N
8
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“Evaluating Transition-Metal-Catalyzed Transformations for the Synthesis of Laulimalide

v. p-MeOPhCH(OMe),,

~ 10-CSA, DCM PMP oPME
vi. NaBH,, THF o viii. 4, LIHMDS, DMF/HMPA H :

vii. DMP, DCM s ix. Dibal-H 0

> H\[I/\/W >

OH OMOM

o O OMOM N-N )
H o | ‘N
10 o gJ\ N’ 11
" \
\ (0] Ph
4
\\§

X. (CF3CH,0),P(O)CH,CO,H,
2,4,6-trichlorobenzoylchloride,
DIPEA, THF
then DMAP, PhH

F\OCH CF
CF3;H,CO 2='3

12
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“Evaluating Transition-Metal-Catalyzed Transformations for the Synthesis of Laulimalide

CO,Me
Q . | | . (o) (o) .
2 1. methyl propiolate, 2. Cul, MelLi, THF, X =
BulLi, BF3+Et,O, THF ,
n-Buli, BF3°Et, > Ho, then AcOH, PhH . 3. Pd(OH),, H,, EtOAc> 0.,
OBn
OBn OBn OH
13 14 15 16
5. TEMPO, NaOCl, KBr,
NaHCO;, DCM/H,0
4. Dibal-H, DCM o 6. ethynylmagnesium bromide, o HO
then Dowex 50WX8, THF 8. ACOH, H,S0,,
MeOH o, 7. NaH, BnBr, DMF H0 o,
> ’, - > .,
X
OH OBn
17 18 19
9. dimethyl-1-diazo-
\\\\\ 1 O. [Rh(COD)CI] \\\\\
2—oxopropylphosphonate, . 2 X
K2C03: MeOH HO [m—F(C6H4)]2PCH2CH2P[m—F(C6H4)]2 o H
> ‘, DMF Y

4
Y
<

OBn

20

\\\\\\
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11. CH,=CHOTBS, K-10, DCM
> H

23, E/Z=1:5

13. [CPRU(CH3CN);]PFy,
acetone

14. PPTS, -BuOH
> e

\“\\\

24 25
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16. DMP, DCM

17. (R-Me—CBS,
BH+THF, THF

18. (+)-DET, Ti(-Pr0),,
TBHP, M.S, DCM

15. O3ReOSiPh;, Et,0
3 3 FLY

25 26

19. DDQ, DCM, pH7 buffer,
tBuOH

27 Laulimalide
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“Total Synthesis of the Microtubule-Stabilizing Agent (-)-Laulimalide
oM TBSO HO
o € oMe 2 Et3SiH, BF3°Et,0, DCM Ho
TBSO/\f N | 1.3,MS. ' 3" HCl. DCM/MeOH : J
e 2 =
1 2 4 5
\
N..S
©:"> (;Cr\c. 4'. DMSO, (COCl),, EtzN
3
\_ J
6
1. TBSCl, imidazole, DCM 6. Dibal-H. DCM
2. PMBOC(=NH)CCl5, 4. DMP 7. TBDPSCI, imidazole,
OH TfOH as cat., Et,0 otBs 5. (MeO),P(O)CH,CO,Me, OTBS DCM
/\) 3. LiAIH,, THF DIPEA, LiCl, MeCN MeO 8. p-TsOH, EtOH
Me0,C” > - > TN >
OH OH OPMB o OPMB
9
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Total Synthesis of the Microtubule-Stabilizing Agent (-)-Laulimalide
9. Swern [O] 12. (c-Hex),BCl, Et3N,
OH  10. MeMgCl o Et,0, 6, H,0, o
N 11.Swern 0]~ : 13. MsCl, EtsN, DCM_ _ : 14. Zn(BHa)2 E20
OTBDPS OPMB OTBDPS OPMB

OTBDPS OPMB
12

11

10

15. TBSOTf, 2,6—lutidine
16. TBAF, AcOH
17. DMP

>

OH
H

OTBDPS OPMB

13

ii. K,CO3, MeOH
iii. DMP

i (CF3CH20)2P(O)CH2COZMG,
18-C-6 KHMDS, THF
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“Total Synthesis of the Microtubule-Stabilizing Agent (-)-Laulimalide

iv. (MeO),P(O)CH,C(O)Me,

OMe 18, (+)-Ipc,BCl, Et3N,
DBU, LiCl, MeCN

v. Me,Zn, Ni(acac),, Et,0 Et,O, 14, H,0,

OTBS

20. Dibal-H, DCM
21. DMP
22. NaClOZ, NazHPO4,

Me,C=CHMe, ¢-BuOH
23.DDQ, DCM,
pH7 buffer

22 23
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“Total Synthesis of the Microtubule-Stabilizing Agent (-)-Laulimalide

27. (+)-DIPT, Ti(O~Pr)y,

25. Zn, Pbly, TiCl,, THF
TBHP, DCM

26. HF+pyr, THF

r o

24 Laulimalide
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