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Rules for Calculating Step Counts

“Given the fact that every reaction may be optimized... the total number of chemical
transformations is the only variable in the determination of strategic efficiency.” Qiu, F. Can J.
Chem. 2008, 86, 903. In our analysis, a step is defined as an operation that does not involve any
intervening purification/separation, including removal of solvent, commencing with compounds
that are over $50/gram. The longest linear sequence (LLS) refers to the longest route from a
starting material to the natural product. Total steps (TS) account for steps outside the longest linear
sequence. Stoichiometric reagents, such as chiral auxiliaries, that are not commercially available
for less than $50 USD/g that require synthesis contribute to step count. Substoichiometric reagents,
such as catalysts and ligands that require synthesis do not contribute to step count. In formal
syntheses, step counts are calculated up to the fragment that intercepts the total synthesis and
therefrom to the natural product.
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Graphical Summary of Previous Svyntheses of Psyberin (Irciniastatin A)
A. De Brabander et al. J. Am. Chem. Soc. 2005, 127, 11254; J. Am. Chem. Soc. 2012, 134, 17083.

Fragment 1
0 Me OMe ., Me OMeO !
| a-d z e-g : : !
o) OH ! Cl .
o} OH ! OPMB |
+Me | :
Me : @ '
: (8 steps) !

Key: a) (-)-(Ipc),BOMe, CH,=C(Me)CH,Li; b) NaH, Mel; c) PPTS; d) TBSCI, Imidazole;
e) PMBCI ; f) DMP; g) NaCIlO,, NaH,PO,, 2-Me-2-butene h) COCI,.

Fragment 2
AcO OTBS
OH OH OH OH ML Me
a | H | b, c,d Me e-g
—_— _ —_—
Me Me Me Me OH

Key: a) [Ir(cod)Cl],, (R)-Cl,MeO-BIPHEP, Cs,CO3, 4-CI-3-NO,-BzOH, allyl acetate; b) TBSOTf, 2,6-lutidine; c) O3, then PPhgs; d) Ac,0, NEt;,
DMAP; e) Et,Zn, Ti(Oi-Pr)4, N,N-(1R,2R-cyclohexane-1,2-diyl)bis(trifluoromethanesulfonamide), Et,Zn; f) TMSCN, then Znl,, then HCI; g) DMP.
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A. De Brabander et al. J. Am. Chem. Soc. 2005, 127, 11254; J. Am. Chem. Soc. 2012, 134, 17083. (Cont'd)

Fragment 3
Me Me Me Me @
MeO abc MeO def HO Z g.h FMBO CHO i j
CONEt, CO,Me CONEt,
OMe OMe OH OPMB

AcO

_________________________________

Key: a) DMF POCI3; b) NaH,PO,4, NaClO,, 2-Me-2-butene; c) SOCI,, EtoNH; d) s-BuLi, CuBr-SMe,, H,C=CHCH,Br; e) BBr3; f) Me30-BF,,
Na,CO3; g) PMBCI, TBAI, K,CO3; h) OsOy4 (cat.), NMO, NalOy; i) 2, PhBCl,, i-Pr,NEt; j) HB(cat), NaOH; k) TBAF; I) EtOH/ H,0,
[PtH(PMe,OH)(PMe,O)H]; m) H,, Pd/C; n) Ac,0, pyridine; o) Me3;O-BF,4, PVP.

Fragment Union and End Game

@ @ a b Psymberin (Irciniastatin A)
17LLS 32 TS

Key: a) i-Pr,NEt, 1, then NaBH,; b) LiOH.
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B. Huang et al. Org. Lett. 2007, 9, 2597.

Fragment 1  ERERETEEEEEEEREERRE .
Jk/ 0 a-f Me OMe g, h,i ! Me OH O !
s —— Bo_ L _A_0 — = B : :

Me MgBr |A~_-OTBS nO — : nO NH, |
: OTBDPS

(1 step) ; ® |

1 (10 Steps) !

Key: a) Cul; b) Me3;0O-BF 4, proton sponge; c) BH3, then H,O,, NaOH; d) BnBr, NaH; e) TBAF; f) (COCI),, DMSO, NEtj;
g) TMSCN, AICl3; h) TBDPSCI, NEt;, DMAP; i) MeCONH,, PdCl,, H,0.

Fragment 2
Me ! BnO OTBS ; oo OMe
oTMs a-d | ! © NHTs
BnO._~© Me)\( - = TMSO Me ! ~CO,H
OEt ! Me l Me
(1 step) (1 step) ! ' A

Key: a) BH;-THF, A; b) TBSOTTf, 2,6-lutidine; c) TMSCH,Li; d) TMSOTf, NEt5.

Fragment 3
Me Me '
MeO OH a-q TIPSO = !
., .
CO,Et CO,Et :
OMe TIPSO !
(2 steps) :

Key: a) Tf,0O, pyridine; b) Pd(PPhj),, allylSnBus, LiCl; c) BBr3; d) TIPSOTT, 2,6-lutidine; €) OsO,4, NMO, then NalOy; f) (2)-2-butene, n-BuLi, KOt-Bu,
(-)-(Ipc),.BOMe, BF3+OEt,; g) Amberlyst 15; OsO,4, NMO, then NalOy,.
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B. Huang et al. Org. Lett. 2007, 9, 2597. (Cont'd)

Fragment Union and End Game

m,n, o Psymberin (Irciniastatin A)

25LLS 41 TS

TIPSO O

Key: a) BF3-OEt,; b) HB(cat); c) Ac,0; d) Hy, Pd/C; e) DMP; f) CrCl,, HCl3; g) 1, Cul, MeNH(CH,),NHMe, Cs,CO3; h) NaOMe; i) Ac,0, pyridine,
DMAP; j) Phi(OAc),, MeOH, HFIP; k) Ac,0, pyridine, DMAP; 1) H,, Pd/C; m) 4-NO,-PhSeCN, PBus; n) H,O,; o) TBAF.
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C. Crimmins et al. Org. Lett. 2009, 711, 3990.

Fragment 1

s : 5

Me O o Me OH OTIPS Me OMe OH L . Me OMeO
%\) o a,b,c : d-g : h, i, ] ! : :
o > > > | Cl|

A : :

Z Bn | :

; |

/\/O OSEM
(3 steps)

Key: a) TiCly, (—)-sparteine; b) LiBHy; ¢) TIPSCI, imidazole; d) NaH, Mel; e) Ti(Oi-Pr),, n-BuMgCl; f) SEMCI, i-PrNEt,; g) TBAF; h) SO3-pyr, DMSO, i-ProNEt;
i) NaCIO,, NaH,POQO,4, 2-Me-2-butene; j) SOCI,, pyridine.

Fragment 2
OH OMe OMe E OMe |
KH\/ ab K'\\\\\vo c.d ('\ OTBS efg ! oTBS !
e — B — _ = !
0o.__0O o.__0O OTMS o.__0O I | OBn O Me :
\:/ \:/ Me. -~ \:/ Me MeCOZEt : :  Me |
PMP PMP OEt PMP i OAc 5
Me , :
(2 steps) (1 step) ' @ E

7 Steps LLS, 8 Total Steps .

Key: a) NaH, Mel; b) OsO,4, NMO, then NalQy; c) enolate, BH3, Ts-N-valine; d) TBSOTf, 2,6-lutidine; e) HCI, then TFA; f) NaH, BnBr, TBAI; g) DIBAL-H, then
Ac,0, pyridine, DMAP.
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C. Crimmins et al. Org. Lett. 2009, 71, 3990. (Cont'd)

Fragment 3
Me .
TMSO. (COZMG Me -0 Me I\:/Ie OMe E Me I\:/Ie
L a,b,c TIPSO d, e f TIPSO ~ ! A
xOEt Jl E—— e :
MeO,C o S i
OTMS 2 CO,Me )]\ :
(2 steps) (1 step) OTIPS !
P P N3 R=TBS '
Me | R=TBS
n
' 3
(3 steps) !
s

Key: a) neat, then EtsN-HF; b) TIPSOTf, 2,6-lutidine; c) DIBAL-H; d) auxiliary, TiCly, (-)-sparteine, N-Me-pyrolidine; e) (MeO)NHMe-HCI, imidazole; f)
TBSOTT, 2,6-lutidine; g) MeMgBr; h) TBSOTT, i-ProNEt.

Fragment Union and End Game

a-d e-h
2 — RN
OR O OR O
R =TBS R =TBS
i ] - - -
Psymberin (Irciniastatin A)

20LLS 25 TS

Key: a) BF3*Et,0; b) BH3*THF, (R)4-Me-CBS; c) TBAF; d) TBSOTY, 2,6-lutidine; €) Hy, Pd(OH),/C; f) (COCI),, DMSO, Et;N; g) NaCIO,, 2-Me-2-butene; h)

NaNs, EtsN, EtO,CCl, then PhMe, reflux; then CuCl, TMS(CH,),0H; i) 1, i-PrMgCl; j) TASF.
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D. Floreancig et. al. J. Am. Chem. Soc. 2011, 133, 16668.

Fragment 1
Me
Me
o)jLMe
O/
(2 steps)

Key: a) [Ir(cod)Cl],, i-PrOH, Cs,CO3, (R)-Cl,MeO-BIPHEP, m-NO,BzOH; b) TESCI, Imidazole; c) LDA, TMSCI.

Fragment 2

COzMe
a,b,c TBSO

Key: a) neat, then Et;N-HF; b) TBSOTT, 2,6-lutidine; ¢) DIBAL-H; d) (2)-Ipc,NCH,CH=CHMe; e) TBSOTY, 2,6-lutidine; f) O, then PPha; g) 1, BF3-OEty; h)
NaBH,, Et,BOMe; i) O, then PPhs, j) Ac,0, EtsN, DMAP, then TMSCI; k) TMSCN, TMSOTT.
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D. Floreancig et. al. J. Am. Chem. Soc. 2011, 133, 16668. (Cont'd)

Fragment Union and End Game

a, b

@ @ ’ Psymberin (Irciniastatin A)

15LLS 25 TS

Key: a) Cp,Zr(H)CI, then 2, then Zn(OTf),, (MeO)3;CH; b) TBAF.

S10
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E. Hong et al. Org. Lett. 2011, 13, 5816.

Fragment 1
OMe S_S BnO BnO 1BnO
BnO\/k/\ a, b c, d e,f |
'/,o Me _— _— —_— :
| Me |
Me Me Me : Me
OH !
(3 steps) (6 steps) '

Key: a) t-BuLi, HMPA,; b) I,, NaHCO3; c) Et,BOMe, NaBH,, d) MnO,; e) A (cat.), 9-anthracenecarboxylic acid;
f)TBSOTT, 2,6-lutidine.

Fragment 2 O Q

Me i E M M
CO,Me - o . e 3 e
TMSO__~ 6 : Me == HoN  NH,
. a,b,c 1 SEMO ' A
X OFEt - 5
MeO,C ! !
OTMS 2 : CO,Me;
(2 steps) (1 step) ' OSEM !
E (5 steps) |
Key: a) neat, then Et;N-HF; b) SEMCI, NaH; c) DIBAL-H.
Fragment 3
Me OMe : Me OMe O :
O, a, b, c : d-g : 2 |
I/\‘/\OBn — oBn  ———= | OPiv !
OH OSEM ! OH i
(2 steps) . @ (9 steps) :

Key: a) NaH, SEMCI; b) CH,=C(Me)MgBr, Cul; c) NaH, Mel; d) DDQ; e) SO3-pyridine, DMSO, i-ProNEt; f) 2-Me-2-butene, -BuOH, NaClO,, NaH,POy; g)
PivCl, base.
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E. Hong et al. Org. Lett. 2011, 13, 5816. (Cont'd)

Fragment 4

a,b,c

W& ——

I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
1
I
I
I

Key: a) PhBCl,, i-Pr,NEt, then 2; b) Et,BOMe, NaBH,; c) CSA; d) TBSOTY, 2,6-lutidine; e) H,, Pd/C; f) DMP; g) 2-Me-2-butene, t-BuOH, NaClO,; h) Et;N,
EtO,CCl, then NaNs, then PhMe, 110 °C; then TMSCH,CH,OH.

Fragment Union and End Game

a,b
@ @ _ > Psymberin (Irciniastatin A)

22LLS40TS

Key: a) LIHMDS, the 3; b) TASF.
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F. Smith et al. Org. Lett. 2008, 10, 5625; J. Org. Chem. 2013, 78, 4278.

Fragment 1
OMe OMe : OMe O !
: a-d - e, f E Z i
Me 0 T Me OH —— ! Me OPiv !
(0] OSEM ‘ OSEM i
\,<Me | :
Me ' !
(2 steps) l (10 steps) :
I 1

Key: a) HCI; b) PivCl, pyridine; c) SEMCI, i-ProNEt; d) DIBAL-H; e) SO3-pyridine, DMSO, i-ProNEt; f) NaClO,, NaH,POy,,
2-Me-2-butene, -BuOH; g) PivCl, base.

Fragment 2
A B
OH OH a-d OR OR (0] e-h OR OR OO ij k
Me Me Me Me Me Me
R=TBS R =TBS

O OH OTBS O
z o

OMe
Me Me Me

OTBS

OMe
(1 step)

Key: a) NaH, TBSCI; b) SOs-pyridine, DMSO, i-Pr,NEt, DMSO; c) A, B, n-butyonitrile, i-PrOH; d) TBSOT, 2,6-lutidine; €) DIBAL-H; f) (-)-DIPT,

Ti(Oi-Pr),, TBHP, 4A MS; g) TEMPO, NaClO,, NaOCI, pH 7 buffer; h) TMSCHNS,; i) HF-pyr; j) SO3-pyridine, DMSO, NEt;, DMSO; k) 2-
butanone, (-)-DIPCI, NEtz; I) CSA; m) Me30-BF,, proton sponge.
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F. Smith et al. Org. Lett. 2008, 10, 5625; J. Org. Chem. 2013, 78, 4278. (Cont'd)

Fragment 3
Me CoTTTTTTT T o K
CO,Me ! Me O !
TMSO. _~ ! |
J/ a,b,c 'SEMO :
X OEt — 5
MeO,C ' :
OTMS 2 | COMe;
(2 steps) (1 step) ! OSEM '
l (5 steps) :

Key: a) neat, then Et;N-HF; b) SEMCI, NaH; c) DIBAL-H.

Fragment 4

OMe

SEMO O

]
1
1
I
I
|
|
1
1
I
I
I
I
I
1
1
I
1
1
1
1
I
I
1
|
1
§

____________________________________

Key: a) Cl,BPh, i-ProNEt; b) Et,BOMe, NaBHy,; c) LiOH, H,O; d) i-ProNEt, i-BuO,CCl, then NaN3, then PhMe, 80 °C; then TMSCH,CH,OH;
e) TBSOTf, 2,6-lutidine.

Fragment Union and End Game

@) (@ a,b,c Psymberin (Irciniastatin A)
21LLS 38 TS

Key: a) LIHMDS, then 1; b) TASF; c) MgBr,, MeNO,
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G. Iwabuchi et al. Org. Lett. 2010, 12, 1040; J. Org. Chem. 2015, 80, 12333.

Fragment 1
Me Me OMe ' Me OMeO 5
a, b, c - d,e f = :
0 OH OPiv , OPiv !
OSEM ! OSEM
(3 steps) | @ :
i (9 Steps)

Key: a) Eu(OTf)3 (cat.), 2,6-(t-Bu),-4-Me-pyridine (cat.); b) PivCl, pyridine; c) SEMCI, i-ProNEt; d) DIBAL-H; e) 1-Me-
AZADO, PhI(OAc),; f) PivCl, base.

Fragment 2
0] (0]
ad P OH ef g P OTES h i, j BOMO OTI
— > PMBO._ _# 'S HO__# s
HO Me Me TES/O Me TES/O Me
Me é Me Me Me

OMe

Key: a) DHP, PPTS; b) HCCCH,OPMB, n-BuLi, BF5-OEty; c) PPTS; d) TEMPO, Phl(OAc),; €) allylSn(Bu),, MgBr,-OEty; f) TESCI, imidazole;
DDQ; h) Red-Al; i) (-)-DET, Ti(Oi-Pr),, TBHP, 4 A MS; j) BOMCI, i-Pr,NEt; k) CSA; 1) NaH, Me,SO,4; m) TBSOTY, 2,6-lutidine; n) OsO,, NMO,
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G. lwabuchi et al. Org. Lett. 2010, 12, 1040; J. Org. Chem. 2015, 80, 12333. (Cont'd)

Fragment Union and End Game

TIPSO
CHO

CO,Me
OTIPS

(5 Steps LLS, 6 Total Steps)
J. Am. Chem. Soc. 2005, 127, 11254

TIPSO O

@)

h, i
— > ‘ Psymberin (Irciniastatin A)

31LLS 46 TS

Key: a) PhBCl,, i-Pr,NEt; b) NaBH,, EtsB; c) CSA; d) TBSOTY, 2,6-lutidine; ) H,, Pd/C; f) EtO,CCl, NMM, then NaN3; g) TMS(CH,),0OH; h) 1,
LIMHDS, 4A MS; i) TASF.
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H. Williams et al. Org. Lett. 2007, 9, 1093.

Fragment 1 and Reagents

Me E Me : (TTTTTTTEE T EmE T \I :_--_---_--_------_--‘I
o Msle ap HO Me .40 MOMO Me | iTBDPSO\)(J)\ . )o]\ o 5
— — Lo NMe | | 0 N)H 5
CHO 5 CO,Me; ! OMe | ! . Me 5
o) OH ; OMOM v ! i Bn !
! @ E E A E I B !
L (esteps) o1 Bsees) o B8y
. :

Key: a) (CF3C0),0, H,SO0y; b) Zn(CN),, HCI; ¢) MOMCI, i-Pr,NEt; d) NaH,PO,, NaClO,, 2-Me-2-butene; ) DIAD, PPh,.

Fragment 2
A Me Me Me Me
Me Me a, b, c d e
% — = OH
| OPMB OTBDPS
PMBO O OH H
(2 steps)
\OH
. w OHC
J k-o
> e} > >

Key: a) MeCOCH,PO(OMe),, TsN3, K,COs; b) n-BuLi, 2; c) Noyori Catalyst, i-PrOH; d) PPh3, DIAD, 2-NO,-PhSO,NhNH,; e) DDQ; f) DMP; g) HCCMgBr;
h) DMP; i) (S)-CBS, BH3-SMe,; j) DMDO, then MeOH; k) Me4sNBH(OAC)3; ) NaH, TsCl; m) DIBAL-H; n) MOMCI, i-Pr,NEt; o) BH3-THF, 2-Me-2-butene; p) n-
Bu,BOTf, Et3N, 3; q) MesAl, MeONHMe; r) TESCI, Imidazole, then DIBAL-H.
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H. Williams et al. Org. Lett. 2007, 9, 1093. (Cont'd)

Fragment Union and End of Formal Synthesis

D@ 2.

AcO AcO

e e e e e e e e e e e e e e e e e e e e m

Key: a) BrB(cat); b) Ac,0, pyridine; c) HF-pyridine; d) DMP; €) NaH,PO,4, NaClO,, 2-Me-2-butene; f) (COCI),, then
NH;.

Formal Synthesis to Natural Product

According to De Brabander:
J. Am. Chem. Soc. 2005, 127, 11254.
+3 steps LLS, +11 Total Steps Psymberin (Irciniastatin A) Formal Synthesis
29LLS 47 TS
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Graphical Summary of Previous Syntheses of Neopeltolide
A. She et al. Org. Lett. 2011, 13, 5916.

.................................

Fragment 1 S . OMe
N MeO O ‘Me HO___O: ; o=( :
' ' ! HN H
OH OH a | OH OH | b (o) c,de (o) : ' Os OH o) / :
S — S — — ! P I/\/[ p E
: : : DS N :
OH 5 OBn ! i (13 Steps) E| 5
;  (5Steps) E| ; : J. Am. Chem. Soc. 2002, 124, 13670. !
Key: (a) Allyl acetate, [Ir(cod)Cl],, (R)-Cl,MeO-BIPHEP, Cs,CO3, 4-Cl-3-NO,-BzOH:; (b) PdCl,, CuCly, CO; (¢) BNO(NH=C)CCls, MsOH; (d) Grubbs' II;
(e) LiOH.
Fragment 2
o
OH O OH O Me Et)LO OH Me : OH OMeMe
/\/E\)J\ o _>a’ " : —»C /M ke : - :
Me N"""Me Me Me — > Me ;
M : . :
(4 Steps) ! (9 Steps in LLS) |z|'

Key: (a) Raney-Ni, Hy; (b) MethallylMgBr; (c) Sml,, EtCHO; (d) Me3OBF,, proton sponge; (e) K,CO3, MeOH.

Fragment Union and End Game

Me
MeO,,,
a = b
|z| E D Me OMe O O — 3 Me
Me Z (@)
OBn OBn

Key: (a) MNBA, DMAP; (b) Hoveyda-Grubbs' Il; (c) Pd/C, H,; (d) 3, PPh3, DIAD. Neopeltolide

13LLS 31 TS
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B. Panek et al. Angew. Chem. Int. Ed. 2007, 46, 9211.

..........................

Fragment 1 !

mQ
T

9 Me Q a-d (\s Me OTBDPS ¢ ¢ Q Me OTBDPS g_j

MeO OH S WO nPr + nPr '
: E

(1 Step) Me” N
S1 (2 Steps) Semmmmmmmmmmsmmemoemmoe ‘
Key: (a) BH3*SMe,; (b) TBDPSCI, imidazole; (c) DIBAL-H; (d) HS(CH,)4SH, I,; (e) tBuLi, $1, HMPA,; (f) CaCOs3, Mel; (g) Zr(OtBu),, iPrCHO; (h) Me3OBF,,
proton sponge, 4A MS; (i) 49% HF(aq.); (j) (COCI),, DMSO, Et3N.

Fragment Union and End Game

nPr-

\\\O\n/iPr

OTMS MeO,,, 0]
0SO,Mes a b-e f
= —>» Me 0SO,Mes ——» —
SiMe,Ph
(7 Steps)
from propargyl alcohol
Me
MeO.,, 4 OMe
: o :
o h Me (0] i E HN !
—_— — E = / E
OMe 0 |4 '
o= R N :
= HN i .
= ; ' 12 Steps) 1
o) o Neopeltolide ' ( |z| '
P(OCH,CF ' !
\g/\c')'( 2CF3) ,>:/> 20LLS41TS \J. Org. Chem. 2002, 67, 6812.

N EE T PEEPEL PR EEDEEEE

Key: (a) TfOH; (b) NaCN; (c) DIBAL-H, Et,O; (d) DIBAL-H, DCM; (e) NaCIO,, 2-methyl-2-butene, NaH,PO,+H,0; (f) TCBC, DMAP, Et;N; (g)
Hg(O,CCF3),, then NaBH,; (h) (CF3CH,0),P(0)CH,CO,H, EDCI-HCI, HOBT+H,0; (i) 18-Crown-6, KHMDS, then 2.
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C. Scheidt et al. J. Am. Chem. Soc. 2008, 130,804. pTTTTTTTmmTmmmmmmmmmmmstoctTTIooCS

' OMe
: o)
Fragment 1 ; =|-'|<N
Me)(l\/le Me)(l\/le ' Me)(l\/le F Ox-OH o
TBSO O a b,c,d ! ; ;
| 00 —3 ™SO OH 00 —5 ! O O0OTBSO” O ! I/\/EN/
) A B GSW
NOTMS o} ‘HO 0! : (13 Steps) E
(1Step) (1 Step) i @sters)  [1] 1 Chom. Soc. 2002, 124, 13670.
Key: (a) Ti(OiPr),, (R)-BINOL, 4A MS; (b) TBSOTY, 2,6-lutidine; (c) PPTS; (d) PDC.
Fragment 2
j\/@i/\ abc § QFMB d, e TBSW f,g,h gTBSO Me  OMe OH
EtO Me > Me > Me > Me:
TBSO  Me ! (9StepsinLLS) E| :

.............................

S1 (3 Steps)

Key: (a) MeNH(OMe)<HClI, iPrMgBr; (b) PMBO(NH=C)CCIs;, PPTS; (c) DIBAL-H; (d) tBuLi, $1; (e) MeOTf, DTBMP; (f) DDQ, pH 7 buffer; (g) 4-NO,-
BzOH, PPh3, DEAD; (g) K,CO3, MeOH.

Fragment Union and End Game

Me Me Me Me

Key: (a) TCBC, DMAP; (b) HF+py; (c) TEMPO, PhI(OAc),; (d) Sc(OTf)3, CaSQy; () DMSO, H,0; (f) NaBHy; (g) 3, PPhs, DIAD. Neopeltolide
16 LLS 38 TS

S21
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D. Lee et al. Angew. Chem. Int. Ed. 2008, 47, 3242. e

--—

:' OMe
Fragment 1 : O=<
mmmm e . : HN
TBDPSO  OPMB abc | O OPMB ! ! Oy _OH o
W ; Jj\/-\/\: : |4
X 'HO X ' X N
@ Steps) L (osters [1] ; . asers) 3
Key: (a) TBAF: (b) DMP: (c) NaCIO,, NaH,PO,, 2-methyl-2-butene. vJ. Org. Chem. 2002, 67, 6812,
Fragment 2 ToTTTTTTTT s
Me Me

OBn O _0

O(e-DPPB) . ; OMe

OH oBn KL Me  —> oH (_.Me
Me :
Me :

OMe

(1 Step) ' (11 Steps in LLS) OMe

....................

Key: (a) CSA; (b) NaH, BnBr, TBAI; (c) O3, then PPhj; (d) CH,=C(Me)CH,TMS, TiCl; (e) 2-Ph,P-BzOH, DCC, DMAP; (f) Rh(CO),(acac),

P(OPh)s, H,/CO; (g) HC(OMe)s, H,SOy; (i) NaH, Mel; (j) H,, Pd/C.

Me

Fragment Union and End Game
MeOQ,,,

Me

MeO,,
a, b ! E c,d
E| E| 3 Me (SN 3 OMe
0 HO o=(
s HN
S Omo /
/>
OH X N
Key: (a) DCC, DMAP; (b) DDQ, pH 7 buffer; (c) TESOTf, TMSOAc; (d) K,CO3, MeOH; (e) 3, PPhs, DIAD. Neopeltolide
16 LLS 36 TS

S22
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E. Paterson et al. Chem. Commun. 2008, 4708.

Fragment 1
Me OEt a, b, c Me d, e, f Me OMe g-j
\/\I(\n/ N \/Y\II e s
o O TBSO O TBSO Me 0
0 HNJg
Key: (a) (S)-BINAP-Ru(ll), Hy; (b) TBSCI, imidazole; (c) DIBAL-H; (d) Methallyl-B(Ipc),; (e) NaH, \\\LN
Mel; (f) O, then DMS; (g) (MeO),P(O)CH,CO,Me, NaH; (h) DIBAL-H; (i) DMP, NaHCO3; (j) tBu | C1

C1-TFA, Hantzch ester.

Fragment2 s

OMe
O=< a, b, c
— NH
)

IO/>\/ —
Ho Z N

(13 steps
J. Org. Chem. 2002, 67, 6812.

(@)
7 5
T
ZL.0 T
pd
J

...........................

Key: (a) Hp, Lindlar cat.; (b) DMP, NaHCO3; (c) NaClO,, NaH,PO,, 2-methyl-2-butene.

Fragment Union and End Game

OPMB
T R
OTES

(5 Steps)
from 3-buten-1-ol

Key: (a) Cr(lll) cat., 4A MS, then H*; (b) DDQ, pH 7 buffer; (c) DMP, NaHCOj3; (d) NaClO,, NaH,PO,, 2-methyl-2-
butene; (e) TBAF; (f)* TCBC, Et3N, THF; (g)* DMAP, toluene; (h) NaBHy; (i) 3, PPhs, DIAD.

* The Yamaguchi lactonization is considered as a two-step sequence because experimental protocol involves evaporation/exchage
of solvent and more than one functional group transformation. See "Rules for Calculating Step Counts" section for more details.

S23
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F. Maier et al. Org. Lett. 2008, 10, 1239.

............................

Fragment 1

//Ar FAr

wN, S T N, _— o i Oy, OH o
Q lSi\/\/ (? OBn Hl OH OBn Q ’Si‘/CI\/ Ph3P§)J\ : »
e o L) — "N S N K

i

r

e mm - —.——

T
Z
J

\\
A
Ar (11 Steps)
1 . T ‘ $1 (3 Steps $2 (3 Steps
(3 Steps) (1 Step) (3 Steps) (3 Steps) Chem. Eur. J. 2008, 14, 11132

-~ ’

Fragment 2

..........................

0 a b, c TBDPSO O d-g TBDPSO  OMe O hi,j : TBDPSO OMeMe O!
/\)J\/U\ - /\/:\) - /\/:\/k) - i /\/:\/k/:\):
Me OMe Me Me ' Me :

(10 Steps in LLS) |z|

..........................

Key: (a) (S)-BINAP-Ru(ll), Hy; (b) TBDPSCI, imidazole; (c) DIBAL-H; (d) S$1; (e) Me3OBF,, proton sponge; (f) OsOg4,
NMO; (g) NalOy; (h) S2; (i) MeMgBr, CuBreSMe,, (S,R)-Josiphos; (j) Et3SiH, Pd/C.

Fragment Union and End Game

MeO,,,

78—

Key: (a) TFA; (b) K,CO3, MeOH; (c) MOMCI, DIPEA,; (d) H,, Pd/C; (e) DMP; (f) NaClO,; OMe

(9) TBAF; (h)* TCBC, Et3;N, THF; (i)* DMAP, toluene; (j) HCl(conc.); (k) 3, PPh3, DIAD. - O=I$N

* The Yamaguchi lactonization is considered as a two-step sequence because experimental protocol (o) (:) o Neopeltolide
involves evaporation/exchage of solvent and more than one functional group transformation. See I / 21 LES 43 TS
"Rules for Calculating Step Counts" section for more details. ™ N/

S24



G. Taylor et al. Org. Lett. 2008, 10, 5047.

Completion of Synthesis

OBn OH

Key: (a) BH3*SMe,; (b) MeNH(OMe)+-HCI, iPrMgBr; (c) DMP; (d) $1, BF3+OEt,; (e) BOMCI, DIPEA; (f) $2, nBuLi, LiDBB; (g)

Sml,, PhCHO; (i) Me3OBF,4, proton sponge; (j) ICI, Na,S,05(aq.); (k) Ethyl propiolate, PBus; (1) AIBN, nBusSnH; (m) KOH; (n)

TCBC, Et3N, DMAP; (n) H,, Pd/C; (o) (CF3CH,0),P(O)CH,CO,H, EDCI*HCI, HOBT*H,0; (p) 18-Crown-6, KHMDS, then 1. Neopeltolide
17LLS 34 TS

S J
™ /\/ oH

B

5(,,

U

0

O

E‘\

Z\OI
zZ

U

$1 (3 Steps) S2 (2 Steps) (12 Steps) |E|

\J. Org. Chem. 2002, 67, 6812.
PR LA S B .



H. Kozmin et al. Nat. Chem. Biol. 2008, 4, 418. (racemic)

Fragment 1 ST mmmmmmmmmmmmmmns \
9 e mmmmmmmmmmmmmmemm———n ' OMe !
Os_OMe ; OgOMe' : o= :

! ; : HN :

A O~ ) a X o b, c iMe o ' : O~_ _OH :
~  OMe e ' 5 ~ N/ :

(1 Step) OH : _OBn ] 5 (13 Steps) El ]

1 (4 Steps in LLS) El : ' :

. S 1J. Am. Chem. Soc. 2002, 124, 13670.!

Key: (a) TFA, then NH3*H,O; (b) BnO(C=NH)CClIs;, TfOH; (c) PdCl,, CuCl, O,

Fragment Union and End Game

HO Me
S
e —_—
. 0 OMe
(3 Steps) o
OBn OBn OBn

=(OMe
s HN (¥)-Neopeltolide
Os 0O e} /> 15LLS 31 TS
I/\/[N/

Key: (a) Cy,BCl, Et3N; (b) PhzPMeBr, KHMDS, then HCI; (c) Et,BOMe, NaBH,; (d) TMSOK; (e) TCBC, EtsN, DMAP; (f) H,, Pd/C; (g) 4-NO,-BzOH,
PPh3, DEAD; (h) K,CO3, MeOH; (i) Me3OBF,, proton sponge; (j) Hp, PA(OH),; (k) 2, PPh3, DIAD.

S26



l. Roulland et al. Org. Lett. 2009, 11, 4700.

Fragment 1

Me OEt  ab,c Me\/Y\"/\I/ d e Me i
\/\n/\n/ abe _de E | i
O O OH O Me OBz O '

Key: (a) Ru(ll) cat., (R)-SYNPHOS, H,; (b) MeNH(OMe)-HCI, AlMe3; (c) MethallylMgBr; (d) PhCHO, Sml,; (e) Acryloyl chloride, DIPEA; (f) Grubbs' Il;
(9) Hp, Pd/C, then PPTS; (h) Me3OBF,, proton sponge; (i) DIBAL-H.

......................

Fragment 2
(0]
MeO—{
OH a 0 b O _ NH . g4
BnO\/\/E > BnO\/\)I >=S - BnO\/\)I: — >
O N 0O N
H Jj\ H
(2 Steps) ///\” OMe

S$1 (1 Step)

Key: (a) KSCN, HCI; (b) $1, Pd(PPh3)s, CuTC, Cul, EtsN, MW; (c) H,, Lindlar cat.; (d) BCls; (€) DMP, py; (f) (CF3CH,0),P(O)CH,CO,Me, KHMDS,
18-crown-6; (g) LiOH.

2
T
Z\ O T
Z
J

......................

Fragment Union and End Game

QH MeO,,,

a  Me
—
T™S
(1 Step)
T™S
Key: (a) InBr; (b) K,CO3, MeOH: (c) $2, [CpRu(MeCN)3]PFg, AcOH, then LiBF,, H,0: (d) OsO,, NalO,; (e) NaClO,, KH,PO,, 2- .
methyl-2-butene; (f) TCBC, Et;N, DMAP; (g) NaBHy; (h) 2, PPhs, DIAD. 1"_{‘*:5‘3’“;;'_‘:'_63

S27



J. Hong et al. Angew. Chem. Int. Ed. 2009, 48, 7577.

Fragment 1 T OMe
Br R ., E o=|$N i
Coy o L) N )
S _S U : I/\/[/
~ ; J : N :
OPMB : ; ; ;
(2 Steps) | (4 Steps) EI 11 Steps) El
1

-------------- Chem. Eur. J. 2008, 14, 11132.,

~

Key: (a) nBuLi; (b) TSOH. . mmmmmm s s nnnnn e

Fragment 2

(3 Steps)

Key: (a) nBuLi; (b) nBulLi, then (R)-epichlorohydrin; (c) EtMgBr, Cul; (d) Mel, CaCOg; (e) PhCHO, Sml,; (f) Me3OBF,, proton sponge; (g) AD
mix-B; (h) NaH, N-4-toluenesulfonylimidazole.

Fragment Union and End Game

Me
a MeO,,, g h
|E| E > Me (:)Bz —
OH ~ OMe
OH o=<
S S

HN
OH O~ .0 o Neopeltolide
/ |19LLs34Ts
~ |,
Key: (a) tBuLi, HMPA,; (b) MnO,; (c) Dimethyltriazolium iodide, MnO,, DBU, 4A MS; (d) LiOH; (e) MNBA,

DMAP; (f) Mel, CaCOg; (g) NaBHy; (h) 3, PPhs, DIAD.

S28



K. Floreancig et al. Angew. Chem. Int. Ed. 2009, 48, 4567 .

Fragment 1 yemmmmmmmmmam—aeaas e mmdcma—————.
™S ; TMS® / =<OMe :

: : : o :

"y oo ey e By

| O _CClj HO.,, A ! E o /7

NH 0 ; El o: : N :

OEt i OEt | E (11 Steps) E| !

(2 Steps) (4 Steps) ! (5StepsinLLS) ! | Chem. Eur. J. 2008, 14, 11132..

..................

Fragment Union and End Game

It
- Ve E a Me

OSi(H)iPr,
(3 Steps)
TMS
MeOQ,,,
f.g
> Me
Key: (a) (PPh3)PdCl,, Cul, iProNH; (b) Pt(DVDS), then H,0,, KF, TBAF, KHCO3; (c) EtCHO, Sml,; (d) Me3sOBF,, proton Neopeltolide
sponge; (e) LiOH; (f) TCBC, EtzN, DMAP; (g) [Ru(p-cymene)Cl,],, (2-furyl)sP, 1-decyne, HOAc, Na,COs3; (h) DDQ, 2,6-Cl,py, 18 LLS 34 TS

LiCIOg; (i) Hy, Pd/C; (j) NaBH,; (k) 2, PPhs, DIAD.

S29



L. Fuwa & Sasaki et al. Angew. Chem. Int. Ed. 2010, 49, 3041.

Fragment 1
Ph Ph
HO,,, a, TBSO,,, TBSO,,, d e-h
—_— —_—
\ MeO

Key: (a) TBSCI, imidazole; (b) OsOg4, NalOy,, 2,6-lutidine; (c) (+)-Ipco.B(OMe), allylMgBr; (d) Methyl acrylate, Grubbs' II; (e)
BOMCI, DIPEA, TBAI; (f) TBAF, AcOH; (g) DBU; (h) TMSOK.

.................................

: : 5 OMe :
i Me OMe ; ' O=( i
E : E HN :
' OH Me | ; OsOH o :
: E : |,
' \I\;/\/[N '
5 (8 Steps) El ] E (13 Steps) E
\ Chem. Eur. J. 2009, 15, 12807. } J. Am. Chem. Soc. 2002, 124, 13670.

...............................................................

Fragment Union and End Game

i HO O Ph
E \\\O"l E
i oBOM i
1 (9 Steps in LLS) Eli

.....................

Me
Me
a,b z c,d €
E| El . OMe O _O _ " o .
Ph (0)
z OMe
o=
: HN
OBOM OH OO e} /> Neopeltolide
Key: (a)* TCBC, Et3N, THF; (b)* DMAP, toluene; (c) Grubbs' Il, 1,4-benzoquinone; (d) H,, Pd/C, Pd(OH)./C; N | N/ 14LLS35TS

(e) 3, PPhs, DIAD.

* The Yamaguchi lactonization is considered as a two-step sequence because experimental protocol involves evaporation/exchage
of solvent and more than one functional group transformation. See "Rules for Calculating Step Counts" section for more details.

S30



M. Yadav et al. Tetrahedron 2010, 66, 480.

Fragment1 e
TBDPSO” "N TBDPSO” "X ' HO X
(3 Steps) , (8 Steps) El

..................

Key: (a) VinylMgBr, Cul; (b) PMBO(C=NH)CCI5;, CSA; (c) TBAF; (d) DMP; (e) NaCIO,,
NaH,PO,, 2-methyl-2-butene.

................

@)
7 5
T
Z\OI
Z
J

...........

...........

Fragment 2
i \ e y AT
HO a,b,c  BnO d BnO e-h BnO -l ' MeO :
° 7 HO : MeO :
HO™ HO : .
Me” “Me EW OH =z OTBDPS ! Me OH'

S$1 (3 Steps)

! (13 Steps in LLS) [2]

A L

’

Key: (a) BnBr, NaH, TBAI; (b) H,0,, (PhSe),, tBUOOH, MgSOy; (c) O3, then DMS; (d) $1, TFA, then K,CO3; (€) TsCl, Et;N; (f) TBDPSCI, DMAP,

imidazole; (g) Nal; (h) Zn; (i) Me3OBF,, proton sponge; (j) Ho, Raney Ni; (k) DMP, NaHCOg; (I) PTSA, CH(OMe)3.

Fragment Union and End Game

MeO,,,

[ B > w

OH

N
| >:/>
Key: (a) DCC, DMAP; (b) DDQ, pH 7 buffer; (c) TESOTf, TMSOAG; (d) K,CO3, MeOH; (e) 3, PPhg, DIAD. | /4

S31
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N. Jennings et al. J. Org. Chem. 2010, 75, 4095.

Completion of Synthesis

IO a,b,c OBn IO
_>
Me/\) Me
i, j, k TBDPSO OMe Me O
> H |
Me
Me
q,r
_>

SMOM

Key: (a) (-)-IpcoBallyl; (b) BnBr, NaH, TBAI; (c) Og;
(d) TiCly, CHy,=C(Me)CH,TMS; (e) Acryloyl chloride,
DIPEA; (f) Grubbs' II; (g) H,, Pd/C; (h) TBDPSCI,
imidazole; (i) MeNH(OMe)+HCI, Me3Al; (j) Me;OBF,,
proton sponge; (k) DIBAL-H; (I) (+)-lpc,Ballyl; (m)
Grubbs' Il, methyl acrylate; (n) PhCHO, KOtBu; (o)
H,, Pd(OH),; (p) MOMCI, DIPEA; (q) AllyIMgBr; (r)
TFA, Et3SiH; (s) Og; (t) NaClO,, NaH,PO4, 2-methyl-
2-butene; (u) TBAF; (v) TCBC, DMAP; (w) HCI; (x)
(CFgCHzO)ZP(O)CH2C02H, EDC"HC', HOBT°H20,
(y) 18-Crown-6, KHMDS, then 1.

(0]
d e OBn QJ\/ f g, h
—_— 2 —_—
Me
Me
TBDPSO OMe Me
I, m
_>
s, t,u vV, W
—_— —_—
wn-Bu
Me
X,y
—_— Neopeltolide
25LLS 37 TS

Me

1J. Org. Chem. 2002, 67, 6812.

v

TBDPSO

OMe Me

HN
9

Ox (
(12 Steps) E|



O. Sharma et al. Org. Biomol. Chem. 2012, 10, 3689.

Fragment 1
Me
Me . . ST TTToneemm e .
*O a-i o OPMB j-m ! OH OPMB '
O\)\/\/\ - l>\/'\/\ — :
NX"oH OTBDPS 1 Z COH '
(3 Steps) ' (16 Steps) E| ;

......................

'
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

HN
"
OV\/[ N

(12 Steps)

Key: (a) (-)-DIPT, Ti(OiPr),, cumene hydroperoxide, 4A MS; (b) Red-Al; (c) NalO4, NaHCOg3; (d) PMPCH(OMe),, PPTS; (e) DIBAL-H; (f) TBDPSCI,
imidazole; (g) CuCl,*2H50; (h) TsCl, Bu,SnO, Et3N; (i) K,CO3, MeOH,; (j) VinylMgBr, Cul; (k) MOMCI, DIPEA, DMAP; (1) TBAF; (m) TEMPO, BAIB.

Fragment 2
Me
Me .
ﬂ-o 0 a-h OTBDPS i1 OMe OTBDPS m - p
O\)\)I - (l)}\/k/\ - /\/\/:\/k/\ -
Me HO =z Me
(1 Step)

.........................

.........................

v

Key: (a) n-PrBr, Mg; (b) (COCI),, DMSO, Et3N; (c) LAH, Lil; (d) TBDPSCI, imidazole; (€) CuCl,*2H,0; (f) BzCl, Bu,SnO, Et;N; (g) TsCl, DMAP, EtsN;
(h) K,CO3, MeOH:; (i) nBuLi, BF3*OEty; (j) Mel, NaH; (k) PPTS; (I) Red-Al; (m) (-)-DIPT, Ti(OiPr),, cumene hydroperoxide, 4A MS; (n) Me3Al; (o) PPhs,

I, imidazole; (p) TBAF.

Fragment Union and End Game

OH OH

Key: (a) DCC, DMAP; (b) Grubbs' II; (c) DDQ; (d) BusSnH, AIBN; (e) HCl(conc.); (f)
(CF3CH,0),P(0)CH,CO,H, EDCI*HCI, HOBT+H,0; (g) 18-Crown-6, KHMDS, then 3.

S33
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P. Raghavan et al. Org. Lett. 2012, 14, 2346. cTTTTTETTETTETTETI LTI ,

: =<0Me ;
' o '
Fragment 1 HN :
a s b, c :' /O‘: E O> /: E
(\l —_— —_— ! . ! OQ/\/E / '
Me OH Me OH '‘Me OTBS ' N !
osuen [ s ]
1J. Org. Chem. 2002, 67, 6812.
Key: (a) Allyl acetate, Krische's Ir cat.; (b) TBSCI, imidazole; (c) O3, thenDMS.  (rmmmmmsmmssssssssssseosees
Fragment2 .
SPh SPh SPh ] SPh |
SPh wMe «Me MeO O «Me ' TBSO «Me;
o) a,b c,d e, f g, h ; :
| _ —_— 0., —_—— 0., —_—— WO, —_— w0, E
Me 0 | | ' :
N : S '
(3 Steps) Mel\ll\Jg H ! '
0] Me__O : i '
SN ' (11 Steps in LLS) :
Bu N c1 hig 1T SePS I RS EI ,

Key: (a) Hantzch ester, C1.CCI3;CO,H; (b) Danishefsky's diene, Jacobsen's Cr(lll) cat., then TFA; (c) NaBH,4, CeCl;*7H,0; (d) Ac,O, EtsN, DMAP; (e)
LDA, TMSCI, then HCI; (f) CH,No; (g) LAH; (h) TBSCI, imidazole.

Fragment Union and End Game

OH

Key: (a) LDBB; (b) IBX; (c) TBAF, AcOH; (d) Isobutanal, Zr(OtBu),; (e) NaH, Mel; (f) K,CO3, MeOH; (g)
PhI(OAc),, TEMPO; (h) NaClO,, cyclohexene; (i) TCBC, DMAP; (j) Hg(OTFA),, then NaOH(aq.), NaBHy;

(k) (CF3CH,0),P(O)CH,CO,H, EDCI*HCI, HOBT+H,0; (I) 18-Crown-6, KHMDS, then 3. Neopeltolide
23 LLS 38 TS

S34



Q. Ghosh et al. J. Org. Chem. 2012, 77, 9840.

: OMe :

Fragment 1 ' =< :

: O :

TBSO O ab : TBSO O O : ; HN :

H I ’ ! s 1 1 O OH O :

B0 — i R-OMe : I Y, :

n pon OMe ! : X 7 :

(7 Steps) : (9 Steps) : l ]

from 3-buten-1-ol L. S . ' (13 Steps) |E| :

Key: (a) nBuLi, MePO(OMe),; (b) DMP. \J. Am. Chem. Soc. 2002, 124, 13670.
Fragment 2

Me a b, c Me d-g Me OMe _  ph.m 'O Me OMe OBn Me!

HOM —» Tteopso A _~] ——> mopso AN _A K] — ' 2 :

(2 Steps) ! (15 Steps in LLS) El 5

Key: (a) TBDPSCI, Et;N, DMAP; (b) mCPBA,; (c) Jacobsen's (S,S)-Co(lll) cat., H,O; (d) VinylMgBr, Cul; (e) KH, Mel; (f) mCPBA,; (g) Jacobsen's (R,R)-
Co(lll) cat., H,0O; (h) EtMgBr, Cul; (i) BhO(C=NH)CCl3, TfOH; (j) TBAF; (k) TsCl, EtsN, DMAP; (I) NaCN, Nal; (m) DIBAL-H, then NaOH(aq.).

Fragment Union and End Game

Key: (a) LiCl, DIPEA; (b) HF+py; (c) Pd(CH3CN)4BF,; (d) H,, Pd/C; (e) TEMPO, BAIB; (f) NaCIO,, NaH,PO,4, 2-methyl-2- Neopeltolide
butene; (g) TCBC, EtsN, DMAP; (h) NaBHy; (i) 3, PPh3, DIAD. 24LLS 46 TS

S35



R. Hoveyda et al. Angew. Chem. Int. Ed. 2015, 54, 215.

Fragment 1
me M a’b, N
MeO” A © MeO”
(1 Step)

Om

Me_>

iMe\"/Y\/\/Me:
: OMe OH ;

(7 Steps) El

........................

Key: (a) C1, By(pin),, DBU; (b) NaBOs; (c) methallyMgCl; (d) Sml,, PhCHO; (e) Me3OBF,, proton sponge;

(f) KOH, MeOH.

Fragment 2

()

OBn
(4 Steps)
Fragment 3

MeQ
=o

MeQ

0]
(1 Step) |
_<\N]\/0H

(2 Steps) S1

BuO
a 0 I b, c
X 0nBu —> —_—
OBn

Key: (a) C2; (b) HCI (aq); (c) NaClO,, NaH,PQ4, 2-methyl-2-butene.

.................

OBn

MeQ

(0] (0]
HN{ \\_B(pin) a,b HN>= c, d HN>= e f, g
\ <\ (3 <\ 53
\N]\/OH \N]\/\/

............................

............................

Key: (a) C3; (b) S1, Pd(dppf)Cly, K3POy; (c) PPhs, CBry, 2,6-lutidine; (d) CuCN, allyIMgBr; (e) C4, 2-buten-1,4-diol;
(f) DMP, NaHCOg; (g) NaClO,, NaH,PO,, 2-methyl-2-butene.

S36
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R. Hoveyda et al. Angew. Chem. Int. Ed. 2015, 54, 215. (Cont'd)

Fragment Union and End Game

Me\n/Y\/\/Me ( F
El El a |OMeO o) EF F
D —— . =
O Et3$|O N F F
|, 0, N
U I'MO\
OBn OBn F /
(@)

Neopeltolide
11 LLS 28 TS

Key: (a) EDC, DMAP, Et;N; (b) C5, 7 torr; (c) 10% Pd/C, Hy; (d) 3,PPhs, DIAD.
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Graphical Summary of Previous Syntheses of Mandelalide
A. Flirstner et al. Angew. Chem. Int. Ed. 2014, 53, 4217; Chem. Eur. J. 2015, 21, 10416.

Reagents:
Me 4-BrBn =~ oA
Me
Ph I\E/le o \ ‘\\[lj f\ Mes/N\\'(N\Mes @) (”)
Si cl. P(OMe),
Y\N)J\ O=P-OMe QN/ \C| Clleu_ )J\H/
OH Me Me ! | ! N
OMe 4-BrB ! 2
ren O SOzNMez
A B c Me\( E
Commercial 1 Step 2 Steps Me D Commercial
Fragment 1
= E !
o : 5
OH OH a,b,c | d-g : :
RN — ' '
OTBS OTBS 5 OTBS 5

(9 Steps LLS, 10 Total Steps)

__________________________________

Key: a) [Ir(cod)Cl],, (S)-Cl,MeO-BIPHEP, 3-NO,-4-CI-PhCO,H, allyl acetate, Cs,COg; b) I,, NaHCOg3; ¢) TBSOTT, 2,6-lutidine; d) LDA, LiCl, A; e) LDA, BHs;-
NHs; f) methyl acrylate, HG-II; g) DMP; h) LIHMDS, B; i) Me3SiOK.
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A. Firstner et al. Angew. Chem. Int. Ed. 2014, 53, 4217; Chem. Eur. J. 2015, 21, 10416. (Cont'd)

Fragment 2
Me
a, b, c |
(l)>/\ OH OTBDPS Me
(e} OH g BnO
Me TESO OTBDPS
d, e, f = (6] OH
OBn OH OBn OTES
k,I,m

e e e e e e e e e

Key: a) TBDPSCI, imidazole; b) Co,(CO)g (cat.), CO, N-(TMS)-morpholine; c) Me(H)C=CHMgBr; d) [Cu(MeCN)4]BF, (cat.), bpy (cat.); TEMPO, N-Me-
imidazole, air; ) C, Sc(OTf);3 (cat.); f) TESCI, NEts; DMAP; g) D; h) i-PrCHO, Smly; i) TBDPSCI, imidazole; j) CSA; k) N-(PhSe)-phthalimide, TFA,
Ph3P=S; 1) BuzSnH, AIBN; m) Pd(OH),/C, H,; n) DMP; o) E, NaOMe; p) DIBAL-H.

Fragment 3

1 (6 Steps)

Key: a) Allyl alcohol, H,SOy,; b) butane-2,3-dione, MeC(OMe)3, TsOH-H,O; c) NaH, Mel; d) TFA, then Ac,O, DMAP, NEt;; €) SeO,, HOAC; f)
CI3;CCN, Cs,COs3.

T
o)
o::\<
T
Q
o
>
Q
Q a
O
o ©
. §
(0]
l,m
>
& 5
o
o ©
Z
(0]
(@]
o)
w

S39



A. Firstner et al. Angew. Chem. Int. Ed. 2014, 53, 4217; Chem. Eur. J. 2015, 21, 10416. (Cont'd)

Fragment Union and End Game

Me

OTBDPS

OTBDPS
© ©
a, b c,d, e f,g,h
Do - ron
C6H4OMe
I
i Q' H
0SiPhs
F

Key: a) DCC, DMAP; b) DBU; ¢) F, 4 and 5A MS; d) Zn(Cu/Ag); e) TsOH-H,0; f) 3, TESOTf, 4A MS; g) K,CO3; h)
HF-pyridine.
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Mandelalide A
21LLS 42 TS




B. Xu & Ye et al. Angew. Chem. Int. Ed. 2014, 53, 6533.

Fragment 1
g Me Me
Me BnO HO
a, b, c d-g h-k I, m, n
(\ll —_— — o | — 0"~ OTBS  ——
OBn O OoBn O
OH
(1 step) OH
Cl Cl jmm e ‘
Me i Me 1
07~ OTBS o,p | o7~ OTBS :
—_— 1 1
OH E OTBS !
OH i 0 :
! (MeO),P !
, (0] i

(17 Steps in LLS)

Key: a) (Z)-2-butene, n-BuLi, t-BuOK, (+)-(Ipc),.BOMe, BF3-OEt,, then H,O,, NaOH; b) NaH, 2,6-Cl,BnBr, TBAI; c) 9-BBN, then H,0,, NaOH; d)

DMP, NaHCOy3; e) LiCl, (MeO),P(O)CH,CO,Me, i-Pr,NEt; f) DIBAL-H; g) Io; h) K,COs; i) Cul, vinylMgBr; j) TBSOTF, 2,6-lutidine; k) DDQ; [) DMP,
NaHCOs; m)(ICH,PPhs)l, NaHMDS; n) AD-MIX-; o) TBSCI, imidazole, DMAP; p) (MeO),P(O)CH,CO,H, 2,4,6-Cl3BzCl, Et;N, DMAP.

Fragment 2 OTBDPS -

S ‘

OTBDPS Me .\Me 5

Me HO OBn a, b (0) OBn c-g (0) OPMB h, i .
—_— —_— —_— E

_O X !

OH OPMB E

(3 steps) (2 steps) .

Key: a) TFAI; b) K,COs; ¢)Pd/C, Hp; d) NaH, PMBBr, TBAI; ) TBAF; f) DMP, NaHCOj3; g) MeC(N5)P(0)(OMe),, K,CO3; h) HB(pin), Cy,BH; i) DDQ.
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B. Xu & Ye et al. Angew. Chem. Int. Ed. 2014, 53, 6533. (Cont'd)

Fragment 3

OH OH

T
5 5
EO
o
T T
0
o
o
(@]
I <
o o
II< o
o o
= 3
o
0]
b =
O o
EO
o »
= 3

OTBS
(2 step) )
f (7 Steps)

___________________

Key: a) HC(OMe)3, 2,2,3,3-(OMe)s-butane, CSA; b) NaH, Mel; c) TFA; d) TBSOTT, 2,6-lutidine; e) m-CPBA.

Fragment Union and End Game

Me

d, e Mandelalide A
22 LLS 43 TS

Key: a) Pd(PPh3)s, Ag,0; b) TEMPO, Phl(OAc),; ¢) LiCl, i-Pr,NEt; d) 3, 4A MS, 2,6-(t-Bu),-4-Me-pyridine Tf,0;
e) TASF.
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C. Altmann et al. Chem. Eur. J. 2016, 22, 1292.

1]

Key: a) DIBAL-H; b) (CF3CH,0),P(O)CH,CO,Me, KHMDS, 18-crown-6; c) DIBAL-H; d) D-(-)-diethyl tartrate, Ti(Oi-Pr),, t-BuOOH then imidazole, DMAP,
TBSCI; e) FeCl3*6H,0; (f) PPhs, I, imidazole; g) (BusSn),, UV, A; h) AcOH; i) PPhs, |5, imidazole; j) NaH; k) vinyIMgBr, Cul; (I) TBAF, then TBSOTf, 2,6-
lutidine; m) AD-mix-a; n) TBSCI, imidazole.

Fragment1
Me O Me ‘
a-d e f '
OXO OXO L oTES : OTES;
(2 Steps) TBSO OH '
Me Me Me Me o ,

A (1 Step)

....................

Fragment 2 GOMe

; : Z :

Q ab Me OH 5 ' EtO 5

Me’ ! ' OEt :

TIPS : l (2 Steps) '

:~ Vem e e e e e e e e E .- »'
- !  Me,, O._O._CCls :
Key: a) TIPS-acetylene, [Rh(C,H,4),0Ac),, (S)-DTBM-Segphos; b) (S)-BINOL, Ti(Oi-Pr),, AllylSnBus; c) 3, TFA; d) TBAF; : :
e) Bn3SnH, Pd(dppf)Cly, I,; f) TMSOK, then Ac,O, DMAP, Et3N. ! ., NH :
: TESO Y~ “OMe :
Fragment Union and End Game : OTES
Me, : |E| '
OTBS \ (7 Steps from rhamnose) ,

b S Mandelalide A
o 23LLS 39 TS )

Key: a) [Pd(PPh3),], Cul, EtsN; b) MNBA, DMAP; c) DBU; d)
K5,COg3; €) Zn/Cu/Ag, TMSCI; f) 4, TESOTT; g) HF<Pyr, Pyr.

OAc OAc

S43



D. Carter et al. J. Am. Chem. Soc. 2016, 138, 770.

Reagents
Q cl
=N_ N= cocl
/CO\
t-Bu (0] 0] t-Bu cl cl
t-Bu t-Bu
A B
Fragment 1
OH
OH OH X
=
J k,1, m
@)
PivO  OTES
v O\ﬂ
Me
— Me

PivO  OH

| IPhsP

Key: a) p-TsOH, PhCH(OMe),; b) (COCI),, DMSO, Et3N; c)PPhs, CBry; d) n-BuLi; e) p-TsOH; f) pyridine, PivCl, then DMAP, TESCI; g) p-TsOH,
acetone; h) PCC, 3 A MS; i) CH,l-PPhgl, NaHMDS, DMPU; j) Pd(PPhs),, Cul, i-PryNH; k) (DHQD),PHAL, K,0s04,, t-BuOH, H,0; 1) BzCl, EtzN, m)
HF-pyridine; n) AgBF, (cat.), then MeLi-LiBr; o) TBSOTTf, 2,6-lutidine; p) Cp,TiMe,; q) Rh/Al,O3, Hy; r) DIBAL-HI s) Ms,0, Et3N; t) Nal; u) PPhs.
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D. Carter et al. J. Am. Chem. Soc. 2016, 138, 770. (Cont'd)

Fragment2
| CNHCClg;

Me:C)J,OH ad Me:C)J,O\/\ efg | MG:CJ/O |
HO” > "OH HO” > “OMe \TBSO” > “OMe |
OH OH , OTBS :

E (7 Steps) E

Key: a) Allyl alcohol, H,SOy; b) butane-2,3-dione, MeC(OMe)3, TsOH-H,0; c) NaH, Mel; d) TFA; e) TBSOTf, 2,6-
lutidine; f) SeO,, HOACc; g) CIsCCN, Cs,COs3.

Fragment 3
X
Me
a-e 4
H O
Q NJ\ — TIPSO~
Me
Bn q,r
(3 steps) -
NN_oH f . .0Bz

Key: a) NaHMDS, ally! iodide; b) LiBHg; ¢) TIPSOTY, EtsN, DMAP; d) m-CPBA,; e) A (cat.), HOAc, H,O; f) n-BuLi, TMSCI, then HCI; g) PCC; h) BusSn-allyl, (R)-
BINOL, Ti(Oi-Pr),, 4 A MS; i) BzCl, Et;N, DMAP; j) TBAF; k) n-BuLi, BF3-OEt,; I) AgBF, (cat.); m) NaOMe; n) TBAF, o) DMP, NaHCO3; p) PhsP=CHCO,Et; q)
NaBH,; r) 2, TIPSOTY, 4A MS; s) DIBAL-H; t) DMP, NaHCO3, u) Grubbs II, H,C=CHCO,Me.
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D. Carter et al. J. Am. Chem. Soc. 2016, 138, 770. (Cont'd)

Fragment Union and End Game

— > Mandelalide A
27 Steps LLS, 52 Total Steps

OR OR

Key: a) NaHMDS; b) TFA; ¢) TBSOTY, 2,6-Iutidine; d) DIBAL-H; €) MnOs; f) NaClO,; g) B, Et;N, DMAP; h) TASF.

S46



E. Smith et al. J. Am. Chem. Soc. 2016, 138, 3675.

Fragment 1

a,b,c d, e h
HO\)L > OQk/TMS T™MS ~— |
Me o ij, k
o L~ S OH /% —
) e
D B &
HO o Me l = o Me

Key: a) n-BuLi, TMEDA, then TMSCI; b) H,SOy,; ¢) MnO,; d) ICH,CI, n-BuLi, TBAI; e) (R,R)-Jacobsen Catalyst, H,O (HKR); f) PCC, 4A MS; g) CHI3, CrCly; h) 1,3-
dithiane, n-BuLi, then epoxide, HMPA then CuCN, vinyl iodide, then TBAF; i) Mel, CaCOg; j) NaBHy,; k) K,OsO,4, PNO, Cu(OTf),, citric acid; 1) TBSOTT, 2,6-lutidine;
m) (Ph3P)3RhCI, Hy; n) HF, pyridine; o) DMP; p) PhsPCH,l,, NaHMDS; q) CeCl3-7H50, (CO,H),; r) TBSCI, imidazole.
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E. Smith et al. J. Am. Chem. Soc. 2016, 138, 3675. (Cont'd)

Fragment 2

O O
)k a,b,c Me
Q N — > TroO 3
Me M
Bn
(3 steps) j
S

OPMB

'
'
'
'
1
1
1
1
1
1
1
1
1
1
1
I
1
1
'
'
'
'
'
'
§

Key: a) NaHMDS, then allyl iodide; b) LiBH,4; c) TrtCl, pyridine, DMAP; d) m-CPBA, Na,HPOy; e) (R,R)-Jacobsen Catalyst, H,O (HKR); f) n-BuLi, TBSCI; g) n-
BuLi, then epoxide, then HMPA, then (S)-epichlorohydrin, then vinyl-MgBr, Cul; h) MsCl, Et3N, then TBAF; i) Mel, CaCOg; j) NaBH,; k) PMPBr; ) PPTS; m)
methyl acrylate, Grubbs II; n) DMP, o) sulfone A; p) LiOH.

Fragment3 .
s 9

Me__O-__SPh a b, c Me__O-__SPh de ! Mea _O_ SPh !
SIS O SR e o S

HO” > “OH HO” > “OMe 1 TBSO” Y “OMe !

OH OH E OTBS 5

(2 step) | © |

| (7 Steps) 1

Key: a) HC(OMe)3, 2,2,3,3-(OMe),-butane, CSA; b) NaH, Mel; c) TFA; d) TBSOTf, 2,6-lutidine; e) m-CPBA.
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E. Smith et al. J. Am. Chem. Soc. 2016, 138, 3675. (Cont'd)
Fragment Union and End Game

OPMB

Key: a) 2,4,6-(Cl)3BzCl, EtsN, DMAP; b) DDQ; c) 3, Tf,0, 4A MS, 2,6-(t-Bu),-pyridine; d) Pd(OAc),, Cs,COs3, Et3N; e) HF-pyr.
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Mandelalide A
23 Steps LLS
51 Total Steps




Graphical Summary of Previous Syntheses of Oridamycins
A. Li et al. Nat. Commun. 2015, 6, 6096. (racemic)

Fragment 1 Fragment2 e .
Me ; Me : Br ~NH i X N=S0,Ph
a, b ! Me ! Me c Me d, e, f . Me
o —> .0 ; Me o Me > Me - Me > xMe
CO,Et ; CO,TMSE! BT
(2 steps) [1] ! E
T : ! (4StepsinLLS) E|

L .

Key: (a) TMSEOH; (b) Mel, K,CO3; (c) Indole, NH4HCO3; (d) PhSO,CI, TBAB, NaOH; (e) SeO,, TBHP; (f) MsCl, Et;N, LiBr.

Fragment Union and End Game

a X V=S0,Ph b XV =S0,Ph
[ BB — e —
X Me
Me
O (6] A
CO,TMSE CO,TMSE
NH NH
c,d e, f
. Me — Me
@‘ @ (¥)-Oridamycin A
o A HO A 10LLS 12 TS
CO,TMSE CO,H

Key: (a) KH, then nBuLi, HMPA; (b) Mn(OAc)3*3H,0, Cu(OAc),*2H,0; (c) Mg, NH,4CI; (d) Pd(OAc),, 1,4-benzoquinone;
(e) NaBHy,, CeCl3*7H,0; (f) TASF.
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B. Trotta Org. Lett. 2015, 17, 3358. (racemic)

Fragment 1 Fragment 2
Me S Me K SN K
a : Me bec 1 :
o) —> 0 : —_— :
CO,Me COMe | XN L 1~ N~Boc!
(1 sen) [1] 2 stepa) [2]
Key: (a) Mel, K,CO3; (b) KOH, Iy; (c) Boc,O, Et;N, DMAP.
Fragment Union and End Game
OAc OAc OH OH
Me a,b,c Me d Me e Me
Me x> Me g Br x> -Me - x> -Me -
: GO
o) o)
COzMe COzMe
N= NH NH
f,g Boc j, k
—_— —_— Me —_— Me
(@) (@) A HO A
CO,Me CO,Me COzH
Key: (a) SeO,; (b) NaBH,; (c) MsCl, EtsN, LiBr; (d) 1, NaH, then nBuLi, HMPA; (€) Mn(OAc)3+3H,0, (¥)-Oridamycin A
Cu(OAC)»*2H,0; (f) DMP; (g) 2, EtMgBr; (h) TFA; (i) Air, then TFA; (j) NaBH,; (k) NaCN. 11LLS 14 TS
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C. Li et al. Nat. Commun. 2015, 6, 6096. (racemic)

Fragment 1
Me a. b E Me E
o —_— E o Me E
CO,Et 5 CO,TMSE |
E |I| (2 steps)

________________

Key: a) TMSEOH; b) Mel, K,COs.

Completion of Synthesis

Br

L, m,n (*¥)-Oridamycin B ’

14LLS 16 TS

Key: a) NH4HCO3; b) PhSO,CI, TBAB, NaOH; c) SeO,, TBHP; d) MsClI, NEtj3, LiBr; e) 1, KH, then n-BuLi; f) Mn(OAc)3-2H,0, Cu(OAc),-H,0; g)
Mg, NH4CI; h) Pd(OAc),, benzoquinone; i) NH,OMe; j) Boc,O, DMAP; k) Pd(OAc),, Phl(OAc),; 1) HCIO,4; m) NaBHy4; n) TASF.
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D. Trotta Org. Lett. 2015, 17, 3358. (racemic)

Fragments 1 Fragments 2
Me a ' Me E a, b :l E
o o Me !
CO,Me ; CO,Me ~NH 5 (AN NBoc |
E |I| (1 step) | E |z| (2 steps) !
Key: a) Mel, K,COs. Key: a) KOH, I,; b) Boc,O, Et;N, DMAP.

Completion of Synthesis

[

OAc OH
Me a-d Me e, f,
Me X Me . X Me _g>
Me
(@)

COZMe

k, I, m
—_—

(¥)-Oridamycin B
13LLS 16 TS

Key: a) SeO,; b) NaBH,; ¢) MsCl, NEts, then LiBr; d) 1, NaH, then n-BuLi; €) Mn(OAc),, Cu(OAC),; f) DMP; g) 2, EtMgBr; h) TFA; i) MeONH,-HCI,
pyridine; j) Pd(OAc),, Phl(OAc),; k) HCI; 1) NaBH,; m) NaCN.
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Graphical Summary of Previous Syntheses of Xiamycin A
A. Baran et al. J. Am. Chem. Soc. 2014, 136, 5571.

Fragment 1
Me Me Me
| a,b,c Me | d, e Me |
X OH — OBz e OH
Me'\"e 0 0
OH OBn

Key: (a) BzCl, py, DMAP; (b) SeO,, TBHP; (c) (+)-DIPT, Ti(OiPr),, TBHP, 3A MS; (d) BnBr, NaH, TBAI; (¢) NaOMe, TBAI;

(f) SO3°py, Et3N; (g) PhsPMel, nBulLi.

Fragment Union and End Game

"nn
T

\OBn

a,b NBoc c NBoc
[ — —
Me Me
ol ce
0 HO
OBn

d-g
_>

Key: (a) 1, 9-BBN, then 2-bromo-9H-carbazole, Pd(dppf)Cl,, NaOH; (b) Boc,O, EtsN, DMAP; (c) BF3°OEt,; (d) H,,

Pd(OH),/C; (¢) TEMPO, NCS, TBAI, NaHCO4/KHCO3; (f) NaClO,, NaH,PO4*H,0, 2-methyl-2-butene; (g) EtOH, H,0.
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OBn

1(7 Steps in LLS)

................... .

HO

% 5
5

Om
’\JOI"l
T

Xiamycin A
14LLS 14 TS

...................

.
[]
[]
]
[]
]
]
]
]
[]
[]
[]
[]
]
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B. Li et al. Nat. Commun. 2015, 6, 6096.

Fragment 1
a,b c
—_— —_—
QU NH |—XNBoc EBu3Sn A _NBoc

(3 Steps) E

..................

Key: (a) ICI, py; (b) Boc,O, DMAP; (c) nBuLi, TMEDA, then BusSnCI.

Completion of Synthesis

OAc OAc OAc
Mela_Me @b Mel_Me c.d Mel_Me
Me Me | Me
>
(0] (@)
Me
OH

CO,TMSE

CO,TMSE

NH h N
—_— Me
HO o

L

~NH
e f Mel_Me
—
Me
(0)
CO,TMSE
H i NH
)
@‘
A 9LLS12TS
HO g
CO,H

Key: (a) SeO,, TBHP; (b) (+)-DET, Ti(OiPr),, TBHP; (c) AZADO, Phl(OAc),; (d) TMSEOH, EDC-+HCI; (e) 1, Pd,(dba)s, LiCl; (f) DMSO,
150 °C; (g) Cp,TiCly, Mn, DIPEA, TMSCI; (h) Pd(OAc),, 1,4-benzoquinone, AcOH; (i) TASF.
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Graphical Summary of Previous Syntheses of Triene-Containing C17-Benzene Ansamycins
A. Smith et al. J. Am. Chem. Soc. 1995, 117, 10777; J. Am. Chem. Soc. 1996, 118, 8308; Tetrahedron Lett. 1991, 32, 1627.

Fragment 1

0 : :

a, b c : :

0 OH L o — > ! 0 :
oM - :
MeO)l\)\ﬂ/ ° OH i :
. ;

(17 steps in LLS)

O
1(3 steps)
Key: (a) BH3*Me,S, NaBH,; (b) CF3CO,H: (c) Ag,0, Mel.
Fragment 2 emmmmmmmmmmmemmemeeeeaaaaas .
OBPS ' OBPS '
oH oBPS v@ s s
a-e f h ' PhO,S :
PhO,S E i
HO NO, 2 NH, o) : o :
o) OMe 5 2] OMe i
OH {_..(steps) omBS |
Key: (a) BH3; (b) CBry, PPhs; (c) PhSO,Na; (d) BPSCI; (e) H,, Pd/C; (f) AlMes, 1; (h) TBSCI.
Fragment 3
(0] (0] (0] a j)\ O OH b-e (0] OTBS f OH OTBS g, h,i
Me ———— Me ——>» Me —>» 2 e
OJLN)H H)H( o N e H)KH\IT e %\/\‘/'\I(Me
\3—/,, Me }_/,’ Me Me Me
PhH Me Ph Me
Il Me CT Mew r '
—_— M ' :
9 (o) o e o Me : o Me ;
X Me M %\ : :
2 e W Me W 1 M W [
o/\/\fk[r d o oTBS WA oTBS WA OTBS !
Me O ! E '

Key: (a) n-Bu,BOTY, NEts; (b) TBSOTF; (c) LIOOH; (d) CDI, MeO(Me)NH+HCI; (e) DIBAL-H; (f) (-)-B-allyl(diisopinocampheyl)-borane; (g) TBAF; (h)
Me,C(OMe),, PTSA; (i) O3, PPha; (j) LIAI[OC(Ets)lsH; (k)TBSCI; (I) NaHMDS, CIPO(Et),, t-BuLi; (m) t-BuLi, CICO,Me; (n) Me,CuLi; (o) DIBAL-H; (p)
MsCl, LiCl; (q) Nal.
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A. Smith et al. J. Am. Chem. Soc. 1995, 117, 10777; J. Am. Chem. Soc. 1996, 118, 8308; Tetrahedron Lett. 1991, 32, 1627. (Cont'd)

Me+ W
M (@)

e

Relay intermediate
(26 steps in LLS)

Fragement Union OBPS OBPS OBPS
Me [ PhO,S a b Me
z NH —_— —_—
Me
o Me o (o)
Me#\ W Me+ -
wd O 0TBS E OMe Me OMe mé ©
oTBS , .
OH : :
o cl, : :
c,d,e Me H
Me - s = E :
o O CIBuzPN\-FBuCl : :
: :

Key: (a) NaHMDS; (b) Na(Hg); (c) KH, CICH,OCH,CCls; (d) TBAF; (€) Pyr-SOs; (f) NaHMDS; (g) TBSOTF; (h) Na(Hg); (i) CSA.
Trienomycin F End Game
OTBS OTBS

W

o™ OMe o)
[ H |

M
H
N N
Me (e} Me o (+)-Trienomycin F
O Me O Me 30LLS 40 TS

Key: (a) (FMOC-D-Ala),, DMAP; (b) Et,NH; (c) BOP, NEt3, tiglic acid; (d) TBAF.
Trienomycin A End Game (Smith, J. Am. Chem. Soc. 1996, 118, 8308.)

OTBS OTBS OH
M
© NH Me NH
d
M
HO © o — HO Me o
o™ OMe o™ OMe
H H
N\(&o N\‘/&o (+)-Trienomycin A
o) Me o Me 30LLS40TS

Key: (a) (FMOC-D-Ala),0, DMAP; (b) Et,NH; (c) BOP, NEt3, cyclohexanecarbcgg%c acid; (d) TBAF.



B. Smith et al. Org. Lett. 1999, 1, 1491.

Fragment 1 e .
9 0]

NH

2 : :

F a-d F ef s g-I ; S :
— - L phso E

NC MeO,C NO, MeO,C NH, ; 2 NHTBS!

NO
OMe OMe OMe (12 Steps) E| OTBS

Key: (a) DIBAL-H; (b) KMnQOy; (c) CH30H; (d) NO,BF,; (e) LISCH,CO,Me; (f) SnCl,, 1N HCI; (g) CbzCl; (h) LiHBEtg; (i) TsCl, DMAP; (j) PhSO,Na, Nal; (k) BBr3, (1) TBSOTHf.

Fragment 2 Fragment 3
prmmTmem e Y o a OH b, c,d OMe
OH ap | Me 5 &« — e T PN
Me——=—o/ — 3! >=\_ : 3 = 3 HO 2 SnBus,
N OTBS !
E (2 steps)lzl : :'- OTBS :
R ’ e, f OMe g, h ; :
—> /\/‘\/\ >
TBSO 2 HO” N snBu; | O N ;
Key: (a) LAH, I; (b) TBSCI, NEt;. ' OMe
: 8 st 3 :
i (8steps) |3 ;

Key: (a) (-)-B-allyl(diisopinocampheyl)-borane (b) Mel, n-BuLi; (c) O3, PPhgs; (d) BuzSnH, AIBN;

Fragement 4 (e) TBSOTF; (f) I; (g) Pd(CH3CN),Cly; (h) COCl,, DMSO, NEt;

Me_~_OTBS Me_~_-OH
a Me b, c Me d, e, f Me g, h,i Me
> Z S5 z A 0 0
(o) O —_—
HO/\/\OTBS R . .
HO' OTBS TMSO* OTBS HO"
- Me Z OPiv | Me Y OPiv
Js ,m n-q
Me M -
—> o — o © N-N >
\
Me+ W Me‘)\ W /Q N
wd © OH wd o >SN
O pn

Key: (a) Brown crotylation (b) TMSOTF; (b) O3, PPhs; (d) t-BuLi, 2; (€) K,CO3, MeOH; (f) MnOy; (g) (CH3)4sNBH(OAC)s; (h) Me,C(OMe)y; (i) NaOH:; (j) PivCI;
(k) TBAF; (I) 5-Mercapto-1-phenyltetrazole, PPhs, DEAD; (m) HyOy; (NH,)gMo;0,404H,0; (n) KHMDS, 3; (o) DIBAL-H; (p) MsCl, LiCl; (q) Nal.
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B. Smith et al. Org. Lett. 1999, 1, 1491. (Cont'd)

Fragement Union

0
o A
°NF OTBS

Me

o)
PhSO
Me—f\ - X 2 NHTBS
o)
Mé OTBS

(+)-Thiazinotrienomycin E
33LLS55TS

Key: (a) NaHMDS; (b) Na(Hg); (c) SiO,, CHCIj; (d) AllocCl; (e) TBAF-HOAC; (f) MOMCI; (g) TBAF; (h) Py*SOj3; (i) NaClO,; (j) Pd(PPhs),, Dimedone;
(k) Mukaiyama Salt, NEtz; (I) CSA; (m) (FMOC-D-Ala),0, DMAP; (n) EtoNH; (o) BOP, NEt3, cyclohexanecarboxylic acid; (p) 3N HCI.
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C. Panek et al. J. Am. Chem. Soc. 1998, 120, 4123.

Fragment1
0 ) R
Me A a 1) b,c o) El
\/Y\Cozl\/le —_— \i B : (3 steps):
SiMezPh SiMe,Ph i ‘oMe :
Key: (a) Oz, NaBHj; (b) Hg(OAc),, CH3CO3H; (c) Ag,0, Mel.
Fragment2
MeO : MeO
MeO MeO MeO ;
ab cd e  PhOsS NH f ! PhO,S NH
—>> Br- — > 0,S ;
| NO, NO, PhO, NO, MeO o . MeO o
OMeO MeO MeO :
OMe ' (6 steps) |z| OMe
OH \ OTBS
Key: (a) BH3*THF; (b) CBry, PPhj; (c) PhSO,Na; (d) Hp, Pd/C; (e) MesAl, 1; (f) TBSCI. RO dvie S
Fragment 3
OMe 4 OBn b OBn c BnO
Me — N > Me A~ — >  Bno 2
OMe © 0Bn  Mex AN coue e\[M/\COZMe BnO\[rMe i Y CO,Me
Y P = = =
z Me
(0] O §iMe,Ph O Me o (0] OAc Me
BnO O BnO  OTIPS
de oo I fg BnQ QTIPS h, i "% OMe
3 n - —_— BnO. X —> BnO v OMe >
O Me OAc Me O M dAc Me O Me OAc Me
Me OTBS : Me ' :
Me n, o : Me :
TBSO ome 5 1 TBSO OMe :
TIPSO™ OMe : TIPso™ OMe !

(15 steps in LLS) E|

Key: (a) benzyl alcohol, PTSA; (b) cat. TMSOTT; (c) LIHMDS; (d) Ac,O, NEt;, DMAP; (e) O3, Me,S; (f) TiCly, allyltrimethylsilane; (g) TIPSOTTf; (h) Os,

Me,S; (i) MeOH; () Hp, Pd/C; (k) DBU; (I) LIAH, TMEDA; (m) TBSOTF: (n) HF+Pyr; (0) Me(PhO)sP!.
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C. Panek et al. J. Am. Chem. Soc. 1998, 120, 4123. (Cont'd)

Fragement 4

MeO MeO
Me ! PhO,S M
Ve 2 NH ab © NH
TBSO OMe —
‘ MeO & TBSO o
TIPSO OMe TBSO " TBSO
E| El OMe TIPSO" OMe

Key: (a) LIHMDS; (b) Na(Hg), Na,HPOy; (c) HF+Pyr; (d) PyreSO3, DMSO; (e) PPTS, Acetone; (f) CrCl,, CHIs.
Mycotrienol End Game
MeO o
b, c NH

Bu3Sn %SnBu3

OMe HO OMe

(+)-Mycotrienol
Key: (a) Pd(MeCN),Cl,; (b) CAN; (c) HF. 24LLS33TS

Mycotrienin | End Game

MeO MeO 0o
ab Me NH c.de  Me NH f.g Me NH
E' M o)
Me MeO e
BUASH 2 TBSO TBSO o HO o
3 \/\SnBU3 o . W
HO' OMe o OMe O OMe

H H
N N —
\‘/ko \K&O (+)-Mycotrienin |
O Me O Me 28LLS 37TS

Key: (a) Pd(MeCN),Cl,; (b) MeOH, PTSA; (c) (FMOC-D-Ala),0; (d) Et,NH; (e) BOP, NEt3, cyclohexanecarboxylic acid; (f) CAN; (g) HF.
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D. Hayashi et al. Angew. Chem. Int. Ed. 2008, 47, 6657.

Fragment 1 Fragment2
Pabhhhhh 5 1 OH
O ab iMe o~ _OTPS! o abec O o ™S e LNy :
7 — Y\/ ' . —_— O
Me Lo 1] ; 0 0 : :
‘(Zsteps) ______ N3 i (5steps) — |
Key: (a) Red-Al, then |,; (b) TIPSCI. Key: (a) P, Bry; (b) TMSCH,CH,0H; (c)
NaNj; (d) DBU; (e) TBAF.
Fragment 3 Fragment4
OH OTBS oTBS OMe oMe : OMe !
ab.c de a b,c !
—_— o —_— £ — —_— PhO,S '
t H 2 '
HO X~"NONHPh " NoH | NO, Lol NO : NO, !
le} O OH ! (3 steps) OH El
OH E o E Key: (a) NaBHy; (b) HBr, AcOH; (c)
f-j K| E HO : NaSO,Ph.
—_—— —_— ! H
X RS .
OMe ' OMe
: ! (0]
' (12 steps) |E| :
R ’ O
Key: (a) TBSCI; (b) COCI,, DMSO, NEtj3; (c) nitrosobenzene, L-proline; '
d) triethyl phosphonoacetate, NaH; e) CuSOy; (f) Mel, NaH; g) DIBAL-H; &
h) MnO,; (i) [PhsPCHj]l, tBUOK; (j) py(HF); (k) SOg+pyr; (1) NaCIO,. N~ TCOzH
S1 H

Fragment 5

Key: (a) neat 81, then NaBHy; (b) p-MeOPhCH(OMe),, PPTS; (c) DIBAL-H; (d) SO3+pyr; (e) 1, tBuLi, MeoZn; (f) TIPSOTf; (g) O,, Rose Bengal, Me,S, DABCO; (h) NaBHy,,
CeCl3*7H,0; (i) TrCl, Et3N; (j) 1H-benzotriazole-1-carbaldehyde; (k) [Pd,(dba);]*CHCI3, nBuzP, HCO,NHy; (I) DDQ; (m) 2, COCI,, DMAP, Et3N; (n) HF<Pyr; (o) |5, PhsP, imidazole.
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D. Hayashi et al. Angew. Chem. Int. Ed. 2008, 47, 6657. (Cont'd)

Fragement Union

OMe

p,q,r

O\W 5 N (+) Cytotrienin A
35 LLS 57 TS

Key: (a) LIHMDS; (b) (Boc),O, DMAP; (c) 1,3-propanedithiol; (d) 1-cyclohexenecarboxylic acid, EDCI, DMAP; (e) pyrrolidine; (f) NaBHy; (g) AllocCl,
Et3N; (h) TsOHeH,0, MeOH; (i) MnO,; (j) [PhsPCH;]I, tBuOK; (k) HF; (1) TESOTH, iProEtN; (m) NaBHj,, Sg; (n) 3, BOP-CI, iPr,EtN; (0) K,CO3, MeOH;
(p) MnOy; (q) NaBHy; (r) 4-triethylsiloxy-3-penten-2-one; (s) Grubbs | catalyst; (t) Amberlyst 15
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Graphical Summary of Previous Syntheses of Roxaticin
A. Rychnovsky et al. J. Am. Chem. Soc. 1994, 116, 1753.

Fragment 1
Cug A NV
O O a o (o b OH OH c o, o d, e : '
- CI\/U\)\/CI - \/E\/'\/ - ’ —> : Q o E
Me)J\/U\Me d “ “ M :Br\/:\/'\/Br:
i [1] ssteps) |

..................

Key: (a) AICl3, CICH,C(O)CI, 60 °C, Cu(OAc),; (b) H30", [((S)-BINAP)RuUCI,],EtsN, Hy 1200 psi, 120 °C, MeOH, recrystallize; (c) KOH, Et,0; (d) LioNiBry,
25 °C, THF; (e) 2,2-DMP, CSA, Acetone.

Fragment 2
Me Me Me)(l\/le
O OH OBn
j\)ol\ abc d-g o o h, i 0”0 OTMS j
—> Bu0” Y — —
BUO Me Y S WLH . N
Me Me
Me. Me Me)(l\/le Me)(Me : Me)(l\/le Me)(l\/le Me)iVle :
0”0 OTMS kIl 0" 0" o m t 0" 070 07 0 E
— K/‘\/’\)\ — : : Bri
z \O = CN E H z '
Me Me : Me CN !
i E| (9 Steps) ;

Key: (a) NaH, n-BuLi, chloromethyl benzyl ether; (b) H30", [((S)-BINAP)RUCI,1,Et;N, H, 1620 psi, 45 °C, MeOH; (c) LHMDS, Mel; (d) LiAlH,; (€) CSA,
2,2-DMP; (f) Hy, Pd(OH),/C; (g) Swern; (h) Ipc,BCHoCH=CH,, NaOH, H,0,; (i) BSA, CHACN; (j) OsO4, NMO, NalO; (k) TMSCN; (1) 2,2-DMP, CSA;
(m) 1, LiNEt,, THF.

Fragment 3
N — a D b e .
—— g ——— \\/\OEt : U3SN AN ot
: E| (2 Steps) :

.....................

Key: (a) KOH, EtOH. (b) BuzSnH, AIBN.
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A. Rychnovsky et al. J. Am. Chem. Soc. 1994, 116, 1753. (Cont'd)

Longest Linear Sequence

o O TBSO (0] . TBSO (0] TBSO OTES
Me CN a,b Me c-h Me S i j Me N k.| Me ™
\Mre > OMe > OMe > H > X
Me Me Me Me Me Me Me Me
Me, Me
TBSO OH OH n o, p ar
- e A AN A o 222 Tesp g7 8
Me Me CN
Me Me
Me Me Me Me Me Me Me Me Me Me Me Me
TBSO o o0 oo OH u TBSO o0 o0 o7 o

b, ¢, d Men, N ‘

€ (-)-Roxaticin
> Moo - 31LLS 51 TS
" o H o N o o)
Me

NN 0BDT MeANANANANANSZ

e e
Me,,,M A A
Me

o

“0BDT
(EtO),Px,

e

Zin

e

Zimn

Key: (a) Zn, methyl 2-bromopropionate, THF; (b) H30™; (c) (R-BINAP)RuCI,, Hy, MeOH; (d) LAH,(80%), recrystallization (35%); (e) TBSOTHT; (f) Dowex H*,
MeOH; (g) Swern; (h) PhsP=CHCO,CH3, CH3CN, reflux; (i) DIBAL-H; (j) TPAP, NMO; (k) Ipco,BCH,CH=CH,, NaOH, H,0,; (I) TESOT, 2,6-lutidine; (m) OsOy,
NMO, HOAc, THF, H,0; (n) NalOy; (0) K2CO3, (CH3),C(OH)CN; (p) 2,2-DMP, CSA,; (q) 2, LiNEt,; (r) LIDBB, THF, MeOH; (s) TESOTT, I-ProNEt; (t) OsOy, t-
BuOH, CDClj3, pyridine; (u) 1,3-benzodithiolyl tetrafluoroborate, pyridine; (v) TBAF, THF; (w) (EtO),P(O)CH,CO,H, BOP, DMAP; (x) MeOH, NH3; (y) Dess-
Martin; (z) 3, n-BuLi, MgBr,, THF, -78 °C; (a') MsCl, Et3N; (b') 3, n-BuLi, MgBry, THF, -78 °C; (c¢') MsClI, Et;N; (d') LiCl, DBU; (e') Dowex H*, MeOH.
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B. Mori et al. Tetrahedron 1995, 51, 5299; Tetrahedron 1995, 51, 5315.

Fragment 1 Fragment 2
= Y - T Y
o a, b OH S c,d 1Ph o s . o a, b OH S c,d :Ph o s ,
Ho <] — teso AL _AN_J ™ /j: HO~] — TEso A —i 7 ¢ /j:
O : v O = :
S E \/k)\s : S E \/\)\S !
i El (4 Steps)E E |z| (4 Steps)E
Key: (a) TESCI, EtsN; (b) n-BuLi, 1,3-dithiane; (c) TBAF; (d) Ph,C(OMe), Key: (a) TESCI, EtsN; (b) n-BuLi, 1,3-dithiane; (c) TBAF; (d) Ph,C(OMe),
Fragment 3
oH O 0 P TV ERRELEE ‘
H,N OH ab,c Me\(=\/\j\ J d, e y QTHP foi y OPMB i N OPMB :
— — : N O — Ve ~NoH —> ej/\./\sph —> Ve < s0,Ph:
M Ph Me Me H : : : H :
Me Me Me Me . Me Me '
Me Ph : :
E |z| (10 Steps) !

Key: (a) diphenyl carbonate, K,CO3; (b) n-BuLi, CH3CH,C(O)CI; (c) Bu,BOTf, Et;N, Me,CHCHO; (d) DHP, PPTS; (e) LiAlH,; (f) MeOH, H*; (g) TsCl, pyridine; (h) PhSNa;
(i) PMBCI, KH; (j) m-CPBA.

Fragment 4
= a
EtOZC// >

0
\—/

'
1
1
1
1
1
[
1
]
]
]
1
1
v

Key: (a) LiCl, HOAc, MeCN.
Fragment 5

a,b,c d, e f,g ¥
HoT NN 18D NENF NN 0 et — > HO NN o gf —>

Key: (a) TBDMPSCI, imidazole; (b) MnO,; (c) allyl triphenylphosphonium bromide, n-BulLi, 4, -BuOK; (d) TBAF; (e) hv, I,; (f) PBr3; (g) (OEt)sP.
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B. Mori et al. Tetrahedron 1995, 51, 5299; Tetrahedron 1995, 51, 5315. (Cont'd)

Longest Linear Sequence

Ph Ph
OH OH OH Phy m ‘ Ph _
EtO C/'\/CozEt—> Ho\/'\) l>\) — OMBn N 07\)0\an k-q
2 —

glu
gn.

Me Me
Me, Me Ph Me, Me Me)(l\/le Me)(l\/le Ph Me)(l\/le Me)(l\/le
Ph Ph
0”0 otBS &S ’*O O OH 07”0 oTBS t-¥ 0O 0 O 0O OoTBS %2a O O OH O 0O O O OTBS
Me Me I\:/Ie l\:/Ie
Me. Me Me)(l\/le Me)(l\/le Me Me Me Me Me Me Me Me Me Me Me Me
b'-h" THPO O 'O O O O O oOTBSij,K THPO O O O 'O O 'O oTBSI m,n THPO O O O O O O O
—_— B < B H B D — B H B

Key: (a) LDA, Mel; (b) DHP, PPTS; (c) LiAlH,; (d) MeOH, H*;

(e) PhCH(OMe),, TsOH; (f) DIBAL; (g) TsCl, pyridin; (h) t-BuOK, Et,0-MeOH; (i) 1, n-BuLi, THF; (j) Hg(ClO4),; (k) NaBHy,
Et,BOMe; (I) Me,C(OMe)y; (m) Hp, Pd(OH),; (n) TBSCI, imidazole; (o) Li, NHs; (p) TsCl; (g) +BuOK, Et,O-MeOH; (r) 2, n-BuLi, THF; (s) Mel, CaCOyj; (t) Mes,NBH(OAC)s; (u) Me,C(OMe),

PPTS; (v) Li, NH3; (w) PivCl; (x) MsCI; (y) t-BuOK, Et,0-MeOH; (z) 2, n-BuLi; (a') Mel, CaCOg; (b') Me4,NBH(OAC)3; (c') MeZC(O’Me)z,‘PPTS; (‘d') Li, NH3; (e') PivCl, pyridine; (f') DHP, PPTS?
(g') LiAIHg; (h') SOzpyr; (i') 3, n-BuLi; (j') Ac0, pyridine; (k') Na-Hg; (I') TBAF; (m') Dess-Martin; (n') DDQ; (0') 5, LIN(TMS),; (p') LiOH, THF, H,0; (q') 2,4,6-trichlorobenzoyl chloride, Et3N; (r')
DMAP, toluene; (s') Dowex 50Wx8, MeOH.
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C. Evans et al. J. Am. Chem. Soc. 2003, 125, 10899.

Fragment 1

o o ab ,TMS,TMS c o d-g

5 o O : '
i 1

BnO > 1O, H

Me)l\/u\ot-BU N\Ot-Bu n Ot-Bu : Y\/\)I\Ot—BU E

mQ
I
(@)

.......................

Key: (a) EtsN, TMSCI, hexanes; (b) LDA, TMSCI, THF; (c) [Cu((S,S)-Ph-pybox)](SbFg), (2 mol%), benzyloxyacetaldehyde, 99%ee; (d) Et,BOMe,
NaBH,, MeOH, THF, -78 °C; (e) TBSCI, imidazole, CH,Cl,; (f) 2000 psi H,, 10% Pd/C, EtOAc; (g) Dess-Martin, CH,Cly.

Fragment 2

Q 0 O OBn
)j\ Jl\/Me a, b, c d | e,f O OH OBn g (0] O (@] OBn
o N —_— HJl\/l —_— —3 MeO JJ\/\/k/l —_— MeOJ Jj\/k/k)

”Bn Me Me Me

Zin
D
<
(¢}
Zin
(0]

Key: (a) TiCly, NEt3, BnOCH,CI, 0 °C, CH,Cly; (b) LiBHy4, 0 °C, THF; (c) SO3pyr, DMSO, -10 °C, CH,Cls; (d) allyltributyltin, SnCl,, -78 °C, CH,Cl,; (e) TESCI,
imidazole, CH,Cly; (f) O3, Ph3P, N-MeO-N-Me(triphenylphosphoranylidene)-acetamide, TsOH, CH,Cly; (g) cat. KHMDS, PhCHO, 0 °C, THF; (h) Zn(OTf),,
EtSH, NaHCO3, CH,Cly; (i) cyclopentylidene dimethyl ketal, PPTS, CH,Cly; (j) MeLi, -78 °C, THF.

Fragment 3
':' OA H P M
a z C b c-f i OEt 9 :
—> —> 02\/\/\%\(0 Bl NN N NP N o=
i OAc H 5 OEt
: '

Key: (a) Hg(OAc),, AcOH; (b) LiAlH,, THF, 0 °C to rt, then Oy; (c) triethylphosphonoacetate, NaH, -78 °C to rt, THF; (d) NaBH,, EtOH; (e) SOBr,, 2,6-di-
tert-butylpyridine, -20 °C, THF; (f) (EtO)sP, toluene, 110 ° C.
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C. Evans et al. J. Am. Chem. Soc. 2003, 125, 10899. (Cont'd)

Longest Linear Sequence

Q/\O d-g ,1BS TBS

o O
J abe PMBO  SO,Ph h, i ormB o o O j-m oPMB 070 O
N O —» Me S — Me H —_— < < < < <
Me )—/ Y 2
Bn Me Me Me Me
n, o, p q
e —_—
OTMS
S-tBu
w
_>

7NN N

X=C(CH2)4

z
— (+)-Roxaticin
29LLS 52 TS

X=C(CH2)4

Key: (a) Bu,BOTf, NEts, i-PrCHO, CH,Cl,, -78 °C, CH,Cly; (b) LiBH4, MeOH, THF, -78 °C; (c) cat. TsOH, p-MeOPhCH(OMe),, CH,Cl,; (d) DIBAI-H, CH,Cl,, -78 °C; (e)
MsClI, NEts, CH,Cly; (f) PhSLi, THF, -78 °C to 23 °C; (g) m-CPBA, CH,Cl, Zn(OTf),; (h) n-BuLi, BF30Et,, 1, -78 °C, THF; (i) Na/Hg, Na,HPOy, -40 °C to 23 °C, MeOH; (j)
HFpyr, THF; (k) cyclopentylidene dimethyl ketal, PPTS, CH,Cly; (1) LiAlH,4, THF; (m) Dess-Martin, CH,Cl,; (n) BF30Et,, -90 °C, toluene; (o) TBSOT, 2,6-lutidine, -78 °C,
CH,Cly; (p) DIBAI-H, -78 °C, toluene; (q) BuBOTf, NEts, -78 °C to 100 °C, 2, Et,0; (r) Me4sNBH(OAC)3, -25 °C, CH3CN, AcOH; (s) cyclopentylidene dimethyl ketal, PPTS,
CH,Cly; (t) LIDBB, -78 °C, THF; (u) Dess-Martin, CH,Cl,; (v) DDQ, H,0, CH,Cly; (w) 3, LiIHMDS, -78 °C, THF; (x) LiOH, THF, H,O, MeOH; (y) 2,4,6-trichlorobenzoyl
chloride, NEt;, DMAP, 23 °C, toluene; (z) PPTS, MeOH.
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Graphical Summary of Previous Svyntheses of Bryostatins
A. Keck et al. J. Am. Chem. Soc. 2011, 133, 744.

Fragments 1,2

Br i otes ‘
Me Q s : a o
oM ab cd : : '
Me)j( o2 S | : ve L abcde onc OPMB
o) 52% Me” ~NcOMe 78% 1o A _OH ! ; y o —
' Me’ . ! OH 81% Me”™ “OBOM
© 1 o1} :
(4 steps)

Key : (a) LDA, allylbromide; (b) NBS, benzoy! peroxide; (c) 2,6-di-‘Bu-4-Me-pyridine, AgOTf, TBSOH; (d) NaOH, EtOH, H,0.
(a") BOMCI; (b') DIBAL; (c') allyl-SnBug,MgBr-OEt,; (d') PMBB, KH; (') O, NaHCO3;(f") allyl-SnBug,MgBr, OEt,

Fragment 3 oTBS oTBS

DMSO, DIPEA; (d) PhsP=CH,; (e) TiCl,, PbCl,, MeCHBr, TMEDA; (f)

Me™ “OBOM MMPP, MeOH; (g) TPAP, NMO; (h) KoCOs, MeOH, OHCCO,Me; (i)

v‘“j/OPMB ! Key: (a) EDCI, DMAP, DMAP-HCI; (b) 9-BBN, then Hy,O,, NaOH; (c) SOzpy,

CO,Me E CeCly7H,0, NaBHj; (j) Ac,0, DMAP; (k) HF py; (1) TPAP, NMO.
(12 steps)
Fragment 4
Me Me Me 37”7 Me ;
d ¥ e ] Z i
S e S I o &Me el e |
HO 799  TBSO  COEt  g39 TBSO COEt  94% TBSO OH 2% TBSO SnBu |
Key : (a) TBSCI, Imid. (b) ethyl 2,2-dimethylacrylate, LDA, -78 °C; (c) t-BuOK; (d) DIBAL; (5 steps)
(e) n-BuLi, -78 °C; MsCl, -78 °C; Bu3SnLi, -78 °C to rt.
Fragment 5 PR , e .
: S'Bu ! 2 3 CHO 3
7z Z | oMBO, ! PMBO 3
2 step Hﬁ ab PMBO cd PMBO, (11 OTMS | fgh !
1,3-propadiol —> —_— —_— oo, — ~~ “COSBu |
O  OTBDPS g0 OTBOPS g9 cHO e 95% Y~ "COSBu 91% ! £ !
! !

OH

(10 steps)

Key : (a) (S)-(-)-1,1-bi-2-napthol, Ti(Oi-Pr), 4 A MS, -20 °C; (b) PMBOC(NH)CCl, CSA; (c) TBAF; (d) SO5py, DIPEA, DMSO, -5 °C; (e) TiCl,(Oi-Pr),; (f) TBDPSCI, imid.;
(9) 0s0,, NMO, t-BUOH/THF/H,0; (h) Pb(OAC),.
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A. Keck et al. J. Am. Chem. Soc. 2011, 133, 744. (Cont'd)

Fragment 6

Key : (a) Me,AICl, -78 °C; (b) Ac,0, DMAP, Et;3N; (c) DDQ; (d) O3, -78 °C; DMS; (e) CSA; (f) SO py, DIPEA, DMSO, -5 °C; (g) trimethyl(2-tributylstannylmethyl)allylsilane, reflux; (h) SO3 py, DIPEA, DMSO,
-15 °C; (i) NaBH,4, CeCl37H,0, MeOH, -42 °C.

End Game

y

Me” “OBOM

-

Me” “OBOM

-

Me” “OBOM

Me™ “OBOM

CO,Me CO,Me COMe

MeO,C
I
— . Bryostatin 1
85% 799
X 31LLS
j, 58 TS
Me” “OBOM

CO,Me

Key : (a) TMSOTF, Et,0, -78 °C; (b) HF-py; (c) LiOH, H,0,, THF/H,0; (d) TESCI, DMAP; (e) DDQ; (f) 2,4,6,-ClsPhCOCI, TEA then DMAP; (g) AD mix-a; (h) NalOy; (i) [(R)-BINOL]P(O)CH,CO,Me, NaHMDS, -78 °C to 0 °C;
(i) K2CO3,MeOH:; (k) (CgH110),0, py, DMAP; () LiBF,
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B. Evans et al. Angew. Chem. Int. Ed. 1998, 37, 2354; J. Am. Chem. Soc. 1999, 121, 7540.

Fragments1,2
PhO,S
Ho/v..,?/\OH a,b,cd PhO.S ' CHO efgh_ meuw,
Me Me 2 % Me'
76% Me Me 78%
Ph Ph ST . (13 steps)
| : o |
Mej\(Me a e | Me b',c ! Me Me :
OH Oy 2530% (3step)i[2] OPMB |
(3 steps)

Key: (a) TsCl, py: (b) PhSH, NaH, 80 °C; (c) m-CPBA; (d) (COCI),, DMSO, TEA, -78 °C - 0 °C; (e) BrMg(CH,);CHCHy; (f) (COCI),, DMSO, TEA, -78 °C- -50 °C; (g) K,0s04(OHy),, quinuclidine, KzFe(CN)s, K,COj; (h) NalO,, NaHCOg; (i) 2, (-)-DIPCI, TEA,
-78; then aldehyde, -70 °C; (j) Sml,, p-NO,PhCHO, 0 °C; (k) TBSOTY,2,6-lutidine, -15; (1) LIOH, 2:2:1 THF/MeOH/H,O; (m) CSA, PhH, 80 °C.
(@) L-(+)-DIPT, Ti(Oi-Pr),, +-BuO,H, -20 °C; (b') NaH, PMBBY, catalytic n-BusNI; (c') O3, 78 °C, then Me,S.

Fragment 3

77777777777777777 H

O 1
| 3 TBSO o HO, ! ‘
(o] 'TMSO  OTMS O OH OH 1 TBSO. '
2 step ! " ab F cd ef hi i
- i OBn | ' J\/\)\/ e o . fe} ghi | '
1,3-propandiol - HJ\/ n ! /I'\/I\O‘Bu ! 7¢y> +BUO OBn o \(Ef 4% — o) 1
: ' ° 66% !
L OBn OBn ' i
: :

(11 steps)

Key : (a) I, II, -90 °C; (b) Me4NHB(OAC)3, AcOH/MeCN, -35 °C; (c) F3CCO,H; (d) TESCI, imid.; (e) PMBOCH,Li, - 78 °C- -50 °C;(f) BF 3 OEt,, EtsSiH, -20 °C; (g) TBSCI, imd., DMAP; (h) H,, Pd/C, AcOH, EtOAG; (i) (COCI),, DMSO, TEA, -78 °C- -50 °C.

Fragment 4
o} oo
5 step . ‘
—_— thcﬁg\H ! #NJ\O i abo,
cl Mé Me o S L oe7%
3-chloro-2-methylprop- LN
1-ene

(20 steps)

Key: (a) I, BuyBOTY, i-Pr,NEt, then aldehyde, -78 °C - 0 °C; (b) Zn, 2:1 THF/ACOH; (c) LiBH,, MeOH, 0 °C; (d) PMPCH(OME),, PPTS, (e) DIBAI-H, 0 °C; (f) (COCI),, DMSO, NEty, -78 °C; (g) TiCly(Oi-Pr),, -78 °C, then II, 78 °C; (h) Me,;NHB(OAC)5,
AcOH/MeCN, -35 °C; (i) PPTS, PhH, 80 °C; (j) TBSOTY, 2,6-lutidine, -10 °C; (k) MeAl, HCLH,NPh; (1) O3, -78 °C, then Me,S; (m) Ac,0, py; (n) PhSTMS, Znl,, n-BuyNI; (0) m-CPBA, NaHCO3, EtOAG..
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B. Evans et al. Angew. Chem. Int. Ed. 1998, 37, 2354; J. Am. Chem. Soc. 1999, 121, 7540. (Cont'd)

End Game

TBSO TBSO 9L __opmB

OTBS OTr
a,b
EIEE

64%

LOTES
oTBS

CO,NHPh  65%

m\‘j‘OTBS
"“"OPMB

CO,Bn

wj,onas \N\j,oms
“"OPMB

Me” “OPMB

W j 0]
"“"OPMB

Bryostatin 2

42 LLS
72TS

Key : (a) n-BuLi, THF, -78 °C then 3, -78°C - -50°C; Ac,0, DMAP; (b) Mg, HgCl,, EtOH; (c) TBAF, -15 °C; (d) Tf,0, 2,6-lutidine, -10 °C; (e) 4, n-BuLi, -78 °C, then HMPA, then triflate, -78 °C; (f) TESCI, imid.; (g) Boc,O, DMAP; (h) BnOLi, -30 °C;
(i) (i) m-CPBA, MeOH, -20 °C, (ii) CICH,CO,H, MeOH, 0 °C, (iii) Dess-Martin periodinane, py; (j) HF.pyr; (k) TESCI, DMAP, 10 °C; (1) 1,4-cyclohexadiene, 10% Pd/C, EtOAc; (m) 2,4,6 -trichlorobenzoyl chloride, DIPEA, then DMAP; (n) PPTS,
2:1 MeOH/(MeO)3CH, -30 °C; (o) Dess-Martin periodinane, pyr; (p) [(R)-BINOLJPOCH,CO,Me, NaHMDS, -78 °C, then ketone, -15 °C; (q) KHMDS, -78 °C, then OHCCO,Me, -78 °C; (r) EtsNSO,NCO,Me; (s) I, BH3'SMe, then MeOH, then MAc,0,
py, DMAP; (t) (i)PPTS, 3:1 THF/H,0, (ii) Na,CO3, MeOH, (i) pTsOH; (u) (E,E)-2,4-octadienoic acid, DIC, DMAP; (v) DDQ.
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C. Yamamura et al. Angew. Chem. Int. Ed. 2000, 39, 2290.

Fragments 1,2

Me Me Me Me
% abcd A ol Key: (a) BnCl, NaH; (b) (COCI),, DMSO, Et;N; (c) (EtO),P(O)CH,CO,Et, NaH; (d) LiAIH,;
63% (e) (-)-DET, Ti(OiPr),, TBHP; (f) RedAl-H; (g) TBSCI, imidazole; (h) H,, Pd-black, EtOH; (i)
HO OH (COCl),, DMSO, Et3N; (j) Propane-1,3-dithiol, MgBr, OEt,

HO.
Me Me O
- OH ab O =
HO Me . C e NG Me><0\“
Ho” ~+OH  70-80% Me O cHo 729 61%

o

O

H OTMSE TBSé OTMSE TBSé OAll

O OTMSE
o)
Key: (a) Me,C(OMe),, SnCly; (b) NalOy, aq. NaHCOj; (c) I, ZnCly; (d) allylMgBr, Cul, TMSCI, DMPU; (e) Me,C(OMe),, PPTS; (f) O3,
S Me,S; (g) K;COs; (h) NaBH,; (i) NaH, BnBr; (j) IR-120H*, MeOH; (k) NalO,, NaHCO3; (I) NaBHj; (m) TsCl, py; (n) Nal, Acetone; (0) 1,
tBuLi, HMPA, -78 °C; (p) PPTS, MeOH:; (q) DMSO, SO3pyr; (r) LDA, I, Lil; (s) TMS(CH,),0H; (t) MesNHB(OAG);, -20 °C; (u) HgCl,,
MeMe HgO; (v) PPTS, MeOH; (w) TBSOTT, 2,6-lutidine; (x) Hp, Pd(OH),/C; (y) LIOH; (z) AllylBr, NaHCOy; (a') TPAP, NMO.

(27 Steps)

Fragments 3,4

i Me 3
ab '\':'e 0 (\S Me i EOHCNO 105t
25 e o 2w o — : eps,
O o 77% HO™ %Me 2% S 7Y 75% | oMo © E; ( ps)
", OH ; Me !
O Me Me ; Me '

Key: (a) TsCl, py; (b) KOH, 60 °C; (c) Hp, 10% Pd/C; (d) HCI, MeOH/H,0; (e) TsCl, Py; (f) LAH; (g) propane-1,3-dithiol, conc. HCI, CHCI3; (h) Me,C(OMe),, CSA,; (i) DIPEA, then BOMCI; (j) 10% aq Acetone, NaHCO3, Mel.

Me Me Me Me f Me Me Me Me Me% Me Me% Me
ab % cde 9 % % Phs. 4 k.l.m Phs. A P
— A —— Phs A _OH —'., L0 — WO -
62% 54% CHO  94%, 93% . Me 88% 75% >PMP 79%
HO OH 90% ee M o
MsO  OTHP PhS o Ho™ C,0Et E0,C o e

E Me, Me Me Me PhO,S
Mee Me OH phs. £ OPMB PhO,S %, Me :
% Me Stu 2 Me w :

: — — (o]
88% 81% 83% P
TBSO' 7 TBSO" < O S o :
0 % NG ores e 4 (25 steps)
OBOM™ “Me OBOM \ﬁMe © ¢

OTBDPS
Key: (a) MsCl, py; (b) DHP, p-TsOH; (c) PhSNa, 18-Cr-6, 90 °C; (d) AcOH, THF/H,0; (e) SO; py, DMSO, Ets;N; (f) (EtO),P(O)CH,CO,Et, NaH; (g) DHQPHN, K,0s0,(0OH),, K3Fe(CN)s, KoCs, Me;SO,NH,, 0 °C; (h) Me,C(OMe),, p-TsOH;
(i) DIBAL-H, -78 °C; (j) Ph3P, CBry, 0 °C; (k) n-BuLi, (CH,0),; (1) Red-Al then I,; (m) F3CCO,H; (n) TBDPSCI, imid.; (0) PMPCH(OMe),, PPTS; (p) DIBAL-H, 0 °C; (q) MeLi, -30 °C, then t-BuLi, -90 °C, then 3; (r) TBSOTT, 2,6-lutidine; (s) m-CPBA,
NayHPOy; (t) DDQ; (u) Dess-Martin periodiane; (v) Hy, Pd(OH),-C, EtOH, then Me,C(OMe),, PPTS; (w) TBSOTf, TMSOMe, Me,C(OMe),, 4A MS; (x) TBAF; (y) TESOTT, 2,6-Iutidine.
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C. Yamamura et al. Angew. Chem. Int. Ed. 2000, 39, 2290. (Cont'd)

End Game

2] - 4]

Bryostatin 3

43 LLS
88 TS

Key: (a) 4, PhLi, then 2, then BzCl, DMAP, -78 to 0 °C; (b) 5% Na/Hg, -35 °C; (c) TBAF, AcOH, 0 °C; (d) TPAP, NMO; (e) TBAF, AcOH, 0 °C; (f) (E,E)-2,4-octadienoic acid, 2,4,6-trichlorobenzoyl chloride, Et3N,
DMAP; (g) CSA, MeOH; (h) TESCI, Et;N, DMF, -30 °C; (i) [Ph(PPhs),], morpholine; (j) 2,4,6-trichlorobenzoyl chloride, EtsN, then DMAP; (k) 46% aq. HF, H,0; (1) [(R)-BINOL]P(O)CH,CO,Me, NaH, 0 °C; (m)
TFA, H,0, CH,Cly; (n) TESCI, DMAP, 0 °C; (0) Ac,0, py; (p) 46% aq. HF, MeCN.
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D. Masamure et al. J. Am. Chem. Soc. 1990, 112, 7407.
Fragments 1, 2

E—

NH, 64%

Me M
HOZC\—/kOH abc MeOZC\/‘\O
o

Me L
Me Me OTES (o] '
p,q.r N Me
. = PhS ) Me Me O% e Me, Me 9’% Me  Me
70% Me 97 cde S

BnOM Bnoy\(\/ R PhS\)“\\\rCHO 3
79% DMBO 76% E DMBO 3

OTBDPS OH

(21 steps)

Key : (a) NaNO,, H,SOy4, H,0; (b) MeOH, AcCl; (c) (MeO),CMe,, p-TsOH; (d) DIBAL-H; (e) PhsP=CHy; (f) Sia;BH, H,05; (g) PCC; (h) Allenyl-ZnBr; (i) NaH, PMBCI; (j) t-BuLi, CICO,Me; (k) n-Bu3SnCu.LiBr.Me,S; (1) DIBAL-H; (m) TBDPSCI,
imid.; (n) Ip; (0) n-BuLi, then 2; (p) TEOTT, 2,6-Lutidine; (q) DDQ; (r) DMSO, Ac,0, TEA; (s) MoOs HMPA. H,0; (t) DDQ, SiOy; (u) TMSOTf, TMSOMe.
(a") PANCO, TEA; (b') BF3 OEt,, 10 ag. H,SOy; (¢') K,CO3, MeOH; (d') (MeO),CMe,, PPTS; (e') NaH, m,p-dimethoxylbenzyl chloride; (f') Raney Ni, Hy; (g') MsCl, TEA, PhSNa; (h') HCI, MeOH; (I') NalQy4, pH7.

Fragments 3, 4

Me Me Me Me Me Me ) Me Me Me, Me
ab cde m,n,0.p %
CHO = 2 ; I —
26% 85% "0 " 0. _O OTBDPS 0O 0__0
BnO BnO
HO OH BnO n (92% ce) n (599% ds) >< x ‘ \‘
: _OTf! _a
lzj : @=81" 1pppso
N §
Me Me ' Me Me ' U s
r TBDPSO OH st TBDPSO > OAc uv,w (T \1
OTHP . . CHO
84% 93% 46% o 2 de\fg'! :
= Z ‘ N
CHzHgCl 58% 51% | !
TBDPSO OTBDPS HO | TBDPSO IZ] 3
: ‘
(23 steps) (7 steps)

Key : (a) NaH, DMF, BnCl; (b) CrOs, Py; (c) (EtO),(P=0)CH,CO,Et, NaH; (d) DIBAL-H; (e) (-)-DET, Ti(O'Pr),, 'BOOH; (f) Swern oxid.; (g) PhsP=CHCHO; (h) NaBH4, MeOH ; (i) (+)-DET, Ti(O'Pr),, ‘BOOH; (j) RedAl-H; (k) TBDPSCI, imid.; (I) PPTS,
(MeO),CMey; (m) Na, liquid NH3; (n) Swern oxid.; (0) MeLi; (p) Swern oxid.; (q) (R,R)-borolane triflate(l), DIPEA, then 4; (r) (MeO);CH, MeOH, PPTS; (s) Hg(OAc),, MeOH, then KCI; (t) Ac,0, Py, DMAP; (u) NaBH,, O,; (v) Swern oxid.; (w) Al,O3
(a') DHP, PPTS; (b') nBuLi; HCHO; (c') RedAl-H, then I; (d') TBDPSCI, imid.; (e') Ally-MgBr, Cul; (f') PPTS, EtOH; (g') (py),CrO;,
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D. Masamure et al. J. Am. Chem. Soc. 1990, 112, 7407. (Cont'd)

End Game (Bryostatin 7, Masamune)

Kl
60%

cde,f Jok
—_— —_— CO,SC(Et)s
100% 40% w\‘jOTES
"OTES
CO,Me
OTBDPS
piar Bryostatin 7
—_—
50% 41 LLS
79 TS

Key : (a) PhLi, -78°C; 3; BzCl, DMAP, -78°C to 25°C; (b) Na-Hg, NaHPOQ,, -20°C; (c) TBAF; (d) TBSCI, imid.; () Ac,0, Py, DMAP; (f) TBAF; (g) MnO,, NaCN, AcOH; (h) Swern oxid.; (i) boron enolate(l), DIPEA; (j) CSA. MeOH;
(k) TESOT, 2,6-lutidine; (1) Hg(O,CCF3),, NaHPO,; (m) HF Py; (n) DCC, PPTS, Py; (0) K,CO3, MeOH; (p) TBSCI, TEA, DMAP; (q) Ac,0, Py; (r) HF, MeCN.
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E. Hale et al. Org. Lett. 2001, 3, 3791; Org. Lett. 2003, 5, 503; Org. Lett. 2006, 8, 4477.
Fragment 1

Me  Me Me, Me Me, Me
MeO,,, O MeO,,, O S MeO,,, OPMB MeO,,, OPMB
a-d )l\ e-h i, j k-n
o “oy o) “o” Nim > o — o —
. -N 9
o) “Ph OTBDPS oH N )8 me X
(1 Step) N-n" 8
Ph
A (2 Steps)

Key: (a) KH, then Mel; (b) Ho, Pd(OH),/C; (c) TBDPSICI, imidazole; (d) Im,C=S; (e) BusSnH, AIBN; (f) Me;Al, IPA; (g) PMBOC(=NH)CCls, PPTS; (h) TBAF;
(i) TPAP, NMO, 4A MS; (j) A, KHMDS. (k) Catecholborane, (PPh;);RhCI, then NaOH (aq.), H,O; (1) 1,3-Propanedithiol, BF32OEt,; (m) TBDPSICI, imidazole;
(n) Me,C(OMe),, PPTS.

Fragment 2
TBSO (\l oTB
Ko a : S S s h, i
S-S 4 — —_—
TBS OPMB OPMB OPMB OPMB OPMB
(1 Step) (1 Step)

....................................

OTBDPS OTBDPS OTBDPS

& § 9, | _re I (20 Steps in LLS)
OPMB OPMB PMBO OH ! PMBO | :
0 : 0 ;

....................................

Key: (a) tBuLi, HMPA, then TBSCI; (b) Hg(ClO4),*xH,0, CaCOs; (c) AllyIMgBr; (d) OsOy4, NalOy; (e) (CF3CO),0, EtsN, DMAP; (f) iBuyAlH; (g) TBAF; (h)
MnO,; (i) TFA, anisole; (j) Cyclohexanone, pTsOH; (k) PMBOC(=NH)CCl3, PPTS; (I) NaBH,4, CeCl3*7H,0; (m) TBDPSICI, imidazole; (n) 1,3-Propanedithiol,
BF;+OEt,; (0) MsCl, collidine; (p) NaH, imidazole; (q) CSA,; (r) TsCl, Pyr; (s) Nal.

Fragment 3
: Me, Me ‘
Me  Me a. b Me  Me c.d Me  Me OMe o : IOMe :
; ﬁ—OMe (5 Steps):
OH OH PhO,S  OH PhO,S O 1 PhO,S O !

................................

Key: (a) PhSSPh, PBugs; (b) Oxone; (c) RuClz*xH,0, NalQy; (d) Ko,CO3, Mel; (e) (MeO),P(O)Me, nBulLi.
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E. Hale et al. Org. Lett. 2001, 3, 3791; Org. Lett. 2003, 5, 503; Org. Lett. 2006, 8, 4477. (Cont'd)

Fragment 4

OTBS OTBS

P~ a, b, c def g-]
(\/\Me > (\E/\Me > o : Me >
O OTBS HO U *# oTBS

-----.25---
O
73
Qm

3

w "m
¢ <

(0]

)

4

1]

kel

L

...............................

Key: (a) AD-mix-B; (b) TBSCI, imidazole; (c) OsO,, NalOy; (d) PhsP=CH,CO,Et; (e) DIBAL; (f) (-)-DET, Ti(OiPr),, tBuO,H, 4A MS; (g) Red-Al; (h)
PMPCH(OMe),, PPTS; (i) DIBAL; (j) (COCI),, DMSO, Et;N.

Fragment Union 1

(26 Steps in LLS)

e

El o7 OTBDPS
Key: (a) tBuLi, HMPA, then 2; (b) Hg(ClO,)*xH,0, CaCOj3; (c) PPTS, (MeO);CH, MeOH; (d) Ac,0, Pyr, DMAP; (e) DDQ; (f) TPAP, NMO, 4A MS.
Fragment Union 2
PhO,S PhO,S ' PhO,S
“93 M o Y O'\/IoeH hil M
. —_— ,\e/I o o) Me —» Me (o) Me —>: e O Me
e || >< Me >< : Me ><
'uo Me 'l,o Me ' K II,O Me
Me O Me ' TESO
OHCL g :
(20 Steps)
(2 Steps) OTBDPS % OTBDPS

..............................

Key: (a) LiCl, iProNEt; (b) Pd(OH),/C, H,; (c) CSA; (d) TBAF; (e) Me,C(OMe),, PPTS; (f) DMDO, Me,C(OMe),, PPTS, 4A MS, MeOH; (g) PDC; (h) nBuLi, B; (i) NaBH,,
CeCl3*7H,0; (j) TESOTT, 2,6-lutidine.

End Game

JACS 1990, 112, 7407 B P
’ ’ ryostatin 7
|E| ..................... o A
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F. Keck et al. ACS Chem. Biol. 2013, 8, 767.

Fragment 1 Fragment 2

JACS 2011, 133, 744

o
OH OH

lellll

H

CO,Me
El (18 Steps)

...........................

0 :
JACS 2011, 133,744 !
Me\)LOiPr > |

Fragment Union

LiBF,

|E| El JACS 2011, 133, 744

(9 Steps)

Bryostatin 7
29LLS 56 TS
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G. Wender et al. J. Am. Chem. Soc. 2011, 133, 9228.

Fragments 1,2

64% S OB g%

0 ab_ | oA cd O OTEDPS . O OH OTBDPS
/ — W — . EOC : —» EO,C
"o 42% O8N 929 OBn 3 ‘

OTBDPS

(17 steps)

OH OH OTBDPS
OBn

M Me

(1 steps)

Key : (a) chloroacetic acid, NaOH, benzylalcohol; (b) Ti(OiPr),, (R)-BINOL, allyltributyltin; (c) TBDPSCI, imid.; (d) O3; PPhs; (€) Ketone 2, (+)-Ipc,BCl, Et;N, then aldehye; (f) Me4sNBH(OAC)3,1:1 HOAc:MeCN,-15 °C; (g) CSA, PhH, reflux; (h) BnBr, NaHMDS;
(i) Ethyl acetoacetate, LDA, -78 °C; (j) PPTS, MeOH, 40 °C; (k) NaBH,4, EtOH, -15 °C; (I) TESCI, imid.; (m) CeCl32LiCl, TMSCH,MgCl; (n) NaHMDS, THF, 0 °C; (o) Lithium naphthalenide, -30°C - -10 °C; (p) TEMPO, PhI(OAc),, 4:1 MeCN/H,0; then

NaH,PO4, NaClO,, 2-methyl-2-butene, 0 °C; (q) Ac,0, DMAP. (a') Mel, K,CO3

Fragment 3
HO OH TBSO O TBSO O OH
ab c,d.e H
Me Me Mé Me 42% (5 steps) md Me
o,
q Me, rs
—_— Me' —_—

(19 steps)

End Game (Bryostatin 9, Wender)

TMS

a b
+ —_— .
ER N =~
Mej:’OTBS /& Me” “OTBS J'e Me” “0TBS
C3H7/&O CO,Me CgH;” "0 “COMe CaH7 S0 “coMe

k,I,m

74%

Key : (a) NaH, TBSCI; (b) SOspyr, NEtz, DMSO; (c) (i) 4-chloro-1-butanol, MeMgCl, THF, -78 °C - rt; (ii) Mg, reflux; (iii) aldehyde, -78 °C; (d) (COCI),,
DMSO, Et;N, -78 °C; (e) (R)-BINOL, 4 A MS, Ti(OiPr),, B(OMe)s, allyl-SnBug; (f) cat. pTsOH'H,0; (g) MMPP, NaHCO;, 0 °C; (h) TPAP, NMO, 4 A MS;
(i) O3, -78 °C; PPhj; (j) 1,CHCHs, CrCly, 0 °C; (k) KCO3, methyl glyoxylate; () NaBH,, CeCl37H,0, MeOH, -49 °C; (m) Butyric anhydride, DMAP;
(n) 3HFEt3N; (0) Dess-Martin periodinane; (p) (Z)-1-Bromo-2-ethoxyethylene, t-BuLi, Me,Zn, -78 °C; (q) K,0s0,42H,0, DHQD,PYR, K,COj3, K3Fe(CN)g, 4 °C;
(r) p-TsOH; (s) TBSCI, imid..

Bryostatin 9

25LLS
43 TS

Key : (a) 2,4,6-Trichlorobenzoyl chloride, EtsN, PhCHj; then alcohol 3, DMAP; (b) PPTS, MeOH; (c) Og, -78 °C; then thioure; (d) [(R)-BINOL]-P(O)CH,CO,Me, NaHMDS, -78 °C to 4 °C (e) HFpy; (f) PPTS, 20% H,0 in THF.
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H. Trost et al. Nature 2008, 456, 485.

Fragment 1
Me__: Me 2 ste Me Me b Me Me Me Me Me Me
Z a, Z %
A 25 teso_L_o 2. TBSOW . TBSOVQ‘/V d TBSOMCOZ
HO  OH 60% OPMB 87% OpMB SouSH ©
(94% ee) (10:1 dr) (15:1 dr)
SCN gy (13 steps)

2
BUQSn-Q Sn SCN

NCS= SnO SnBu2

OCHj; U2 &N Key : (a) (-)-(Ipc);B(allyl), -90 °C; (b) PMBBr, NaH; (c) OsQ,, 2,6-lutidine, NalOy; (d) Ti(O-i-Pr),Cly, 1, -78 °C; (e) Me4NBH(OAc)3, AcOH/CH;CN, -35 °C;
_ ”|’| 777777777777777777 (f) Otera's catalyst (1l), hexane, reflux; (g) TBDPSCI, imid., 50 °C; (h) AcOH/H,0O (4:1); (i) Dess-Martin oxidation; (j) allyl iodide, In; (k) Dess-Martin oxidation.
Fragment 2
a ™S OH P TMS OH 3
o/\(\OTBS OWOTBS b % cd ; % P ;
9 Me M = OTBS 1 oTBS |
97% e Me 68% $ 0% ! 3 ‘
Mé Me : (90% ee) Me Me j

(4 steps)

Key : (a) (Z)-1-bromo-2-ethoxyethene, t-BuLi, (CH3),Zn; aldehyde, -78 °C; NaHSOy, rt; (b) (3-bromo-1-propynyl)-trimethylsilane, indium powder, InF3, 65 °C;
(c) Dess-Martin periodinane, NaHCO3; (d) (S)-2-methyl-CBS-oxazaborolidine, catecholborane, -78 °C.

Fragment 3
oH 1 3
H s o : PMBO.__«o~_,OH !
0=,© OH  6step O Me a Me b,c.d ! w
© ><|v|e ey Me i :
Me” O 92% = 66% | = Me” "OTBS |
Ho  "oH MeO,C iMeO, ;
l ‘

D-Glactonic Acid 1,4-Lactone

(10 steps)

Key : (a) n-BuLi, methyl propionate, BF3'OEt,, -78 °C; (b) Cu(OTf),, PMBOC(NH)CCl3, -10 °C; (c) PPTS, MeOH; (d) TBSOTf, 2,6-lutidine.
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H. Trost et al. Nature 2008, 456, 485. (Cont'd)

Fragment 4

OPMB :
s OPMB

+ E— — - —

| 34% 94% Vo v co,Me 83% " Y  “COMe  51% }

80%(b.r.s.m.) OTBDPS 90%(b.r.s.m.) €1, OTBDPS '

Me Me! :

OTBS OH OH .

(9 steps)

Key : (a) CpRu(CH3CN)3PFg; (b) NBS; (c) CSA, MeOH, 0 °C; (d) PdCI,(CH3CN),, dppf, CO (1 atm), MeOH, TEA, 80 °C; (e) Dess-Martin periodinane, NaHCOj; (f) Ohira-Bestmann reagent, K,CO3, MeOH; (g) TBAF, AcOH;
(h) (CH3)3SnOH, 80 °C; (i) TESOTT, 2,6-lutidine, -10 °C to 0 °C.

End Game (Bryostatin 16, Trost)

Bryostatin 16

28 LLS
42TS

MeO,C CO,Me

Key : (a) 4, 2,4,6-trichlorobenzoyl chloride, TEA, then 3, DMAP; (b) DDQ; (c) Pd(OAc)z, TDMPP; (d) AuCI(PPhs), AgSbFg, NaHCOs,, 0 °C to it; (e) Piv-O, DMAP, DCM, 50 °C; (f) TBAF.
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Graphical Summary of Previous Syntheses of Swinholide Fragments
A. Paterson et al. Tetrahedron 1995, 51, 9393.

Fragment 1
S oMe
OH OH OMe : H :
)H\ a b H X : (o) '
, e oL :
)/\L O /\/(j H™ NP 07 ""Me;
HO" Me ' '
! Me :
\ (8 Steps) E| ;

Key: (a) allyl bromide, Zn, DMF; (b) (+)-DIPT, Ti(OiPr),, tBuOOH, 4A MS, CH,Cl,, then DMS; (c) Red-Al, THF; (d) O3, MeOH, then DMS, 1M HCI; () NaH,
Mel, THF; (f) allyl-TMS, Me;SiOTf, MeCN; (g) O3, CH,Cl,, MeOH, NaHCO3, then DMS; (h) PhsP=C(Me)CHO, toluene.

Fragment Union

OMe tBu_,tBu OMe
= \ =
0 z / z
a
BnO —>
Me M 5
© © Me Me Me
OMe
tBu tBu OMe
P4 H
d g, h
—_— —

BnO

e mmmEEmEm e EE— .-

Key: (a) (c-CgH41)-BCl, Et3N, Et,0, then 1, then H,0,, pH7 buffer, MeOH; (b) Me4sNBH(OAc)3, AcOH, MeCN; (c) tBu,Si(OTf),, 2,6-lutidine, CH,Cl,;
(d) Thexylborane, THF, then H,O,/NaOH; (e) (Imid),C=S, THF; (f) nBu3zSnH, toluene; (g) H,, Pd/C, EtOH; (h) (COCI),, DMSO, CH,Cl,, then Et3N.
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B. Keck et al. J. Org. Chem. 1999, 64, 4482.

Fragment1
OMe OMe
(0] (e} a, b, c OBn O d,ef OH OMe
—_— H —_— —» —» —>
Me)J\/U\OEt Me/\)LH Me D /\/(j

Key: (a) RuBINAP, Ha; (b) CCI,C(NH)OBn, H*; (c) DIBAL, CH,Cly; (d) TiCl,, then allyl-Sn(Ph)s; (e) KH, Mel; (f) Li/NH3; (g) O, MeOH, then DMS, 1M HCI;
(h) allyl-TMS, TMSOTF; (i) O3, CH,Cl,, then PPhs.

T
@]
@]
g\
[0

E e

Fragment Union

oMe OMe PMP OMe
O o o a 9 OH b, ¢ e ef
0 , o N
SN S S SO S SN ¢SS S
07 N <N 0”"'Me o "Me PN o7 Mo
‘-( Me Me ‘—< Me Me I\:/Ie I\:/Ie I\:/Ie l\:/le

Me. .~ OMe

L

Key: (a) 1, TiCly, iProNEt; (b) Me4sNBH(OAC)5; (c) LiBH,, Et,0O; (d) PMBOMe, DDQ; (e) TCDI, THF; (f) BusSnH, toluene; (g) DIBAL, CH,Cly; (h) Dess-Martin
periodinane, CH,Cly; (i) A, BF.OEt,, CH,Cl; (j) CIsCC(NH)OPMB, CSA; (k) DIBAL.
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C. Miyashita et al. Org. Lett. 2003, 5, 3579; Org. Lett. 2005, 7, 2929.

Fragment 1

Q)

tAcO™ Y07 'Me
! (5 Steps) El

mQ

H O a OH O O b OH OH O cd, e
e H e < —
Me OMe Me OtBu Me’ OtBu

Key: (a) CH3CO,tBu, LDA, THF; (b) Me;NBH(OAC)3, AcOH, CH3CN; (c) PPTS, CICH,CH,CI; (d) Mel, Ag,0, 4A MS,
Et,0, CH,Cly; (€) DIBAL, CH,Cly, then pyridine, DMAP, (CH;CO),0.

Fragment 2
(0] BnO OH BnO BnO 0 BnO OTES
a, b c,d OEt e-h 2 _ OEt i,j, k H \
MeO > > - > > Y OH
e e Me O Me (6] Me Me
/TES tBu\S!tBu :' tBu\S!tBu -
l,m,n o, p, S ns.t S :
3 BnO C:) OH F’i d BnO C:) (0] 3 EBnO C:) O // H:
H/\)\Aopiv WOH 5 7Y :
Me Me Me Me Me Me . Me Me Me E
i (20 Steps) |z| :

Key: (a) BROC(=NH)CCls, TFOH, CH,Cl; (b) LiAlH,, THF; (c) DMSO, (COCI),, CH,Cly, then EtsN; (d) di-o-tolyl ethoxycarbonyl-methyl phosphate, NaH, THF;
() DIBAL, THF; (f) m-CPBA, CH,Cly; (g) DMSO, (COCI),, CH,Cly, then Et;N; (h) triethyl phosphonoacetate, NaH, THF; (i) (CH3)sAl, CH,Cl,, then H,0; (j)
TESCI, DMAP, imidazole, CH,Cl; (k) DIBAL, THF; (Iy m-CPBA, CH,Cl,; (m) MesCuLi, Et,O; (n) t-BuCOCI, pyridine, Ch,Cly; (0) TBAF, THF; (p) tBu,Si(OTf),,
2,6-lutidine, CH,Cly; (q) DIBAL, THF; (r) DMSO, (COCI),, CH,Cly, then Et3N; (s) PhsP, CBry, pyridine, CH,Cly; (t) BuLi, THF.

Fragment Union

OMe
OMe 2

. bcd 0" "Me e,f g
,Me_> Me — >

Key: (a) BuLi, Me,AlOTf, then 1, CH,Cl,; (b) H,, Pd(OH),/C, AcOEt; (c) HF-Py, THF; (d) 4-MeOCgzH,CH(OMe),, CSA, DMF; (e) MOMCI, iPr,NEt, DCE; (f)
DIBAL, CH,Cl,; (g) Dess-Martin periodinane, CH,Cl,
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Graphical Summary of Previous Syntheses of Erythromyvcins
A. Woodward et al. J. Am. Chem. Soc. 1981, 103, 3210.

Fragment 1 and 2

S._.Cl : Lo : OMs |

S i S -SH | . MeO,C OoBn .. ! i

ab cdef ! | HOOC._~_OBn__a.b jN c.d.e’ iMeo oBn

' [ ' n

o o i Vo ~ ' :

o - e ome(1 ;! © L ove  [(2)
(6 steps inLLS) ! (5 steps)

Key: (a) HOCH,CH,OH, TsOH; (b) NCS; (c) thiourea; (d) ag. NaOH; (e) ag. HCI; (f) HC(OMe)z;, TsOH
(a") conc. H,SO,4, MeOH; (b") HCOOH, LDA,; (c') conc. H,SO,4, MeOH; (d') LAH; (e') MsCl, Py

Fragment Union, Fragment 3 and 4

H :
S S shis '
de '

g€ . ‘

H 0 :
O OH :
OBn © zo OBn |

T (7 steps)

(18 steps in LLS)
Key: (a) NaH, DMSO; (b) AcOH; (c) D-Proline; (d) MsCl, Py; (e) alumina, EtOH; (f) NaBHy; (g) MOMI, KH; (h) OsQO4, NaHSOQy,, Py; (i) Me,C(OMe),, TsOH; (j) TFA; (k) TFAA, DMSO
(i') Raney-Ni, Hy; (k') 0-NO,CgH4SeCN, PBuj, then H,0,; (I') O3, then Me,S

Fragment Union

Me Me Me Me Me Me

@ @ = o = MeO.__O O OA O O M
e c e
MeO C,O BnS )/O oBn ~ s'Bu
Me' i/le Me” Me Me” e
o

epimerization MeO\/é Q (0]

Me” pe Me” e

(34 steps in LLS)

Key: (a) mesityl-Li; (b) TFAA, DMSO, iPryNEt; (c) KH, AcCl; (d) NaBHy; (e) MsCl, Py; (f) BnSH, BuLi; (g) LAH; (h) Raney-Ni, Hy; (i) o-NO,CgH,;SeCN, PBug, then H,0,; (j) O3, then Me,S; (k) LDA; (1) tBuLi, then AcOH; (m) Na,COg; (n) Bz,0,
Py; (o) MsCl, Py; (p) LiOH, H,0,
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A. Woodward et al. J. Am. Chem. Soc. 1981, 103, 3210. (Cont'd)

Glycosidating Reagents S1 and S2

/ H : Me
' Me NMe Lo
M L oNEwe: HO OAc
Me%NMez ab s Lo Me
(o) —_— ' !
HO PN L OMe
Proc. Chem. Soc. © N IN ! 1 Carbohydr. Res.
1963, 131 i v 1977, 54, 85
xv ,,,,,,,, ,J :
Key: (a) 2-mercaptopyrimidine, DEAD, PBugz; (b) CICOOMe, NaHCO3
(a') (2-PyS),, PBus
Macrocyclization A0
\ﬂ/ Me Me Me Me Me Me Me

o
g cd

= O : (0]
MeO._O 1O NH, O OH O  Ar=p-NOPh

1. The configuration at C9 must be S
2.Cyclic protecting groups at C3-C5 and C9-C11

(43 steps in LLS)
Key: (a) LiN3, HMPA; (b) PtO,, Hy; (c) Na,COg; (d) NH,OH-HCI, KH,POy; (e) TEA,; (f) meityl-CH(OMe),, CSA; (g) EtSH,BuLi, HMPA; (h) TEA, (i) PPhs, heat

Glycosidation and End Game
NHOCBP

NHOCBP

NHOCBP

Erythromycin A

55LLS
77+ TS

Key: (a) BPCOCI, TEA, DMAP; (b) NaOH, H,0; (c) SiOj, aq. TFA; (d) NH,OH-HCI, KH,POy; (€) AgOTF; (f) MeOH; (g) CICO,Me, NaHCOg; (h) Pb(CIOy4),, MeCN; (i) MeOH; (j) Na-Hg/MeOH:; (k) NCS, Py; (I) AgF, HMPA
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B. Martin et al. J. Am. Chem. Soc. 1997, 119, 3193; Tetrahedron 2007, 63, 57009.

Chiral Auxiliary and Sugar

o o
AN .
X Me NMe TBS
NP me ™y Lot kﬁ”g
Me BOMO o  Pym-S SPy OM
Mé Ph Y e
(s2)
(3 steps)

Functionalization of Furan

- e,
e
N NK\O
Me o \\<
Me OH o ©
Me Me Me Me QO Me Me
o oH9 o
“BOI

(14 steps in LLS)
Key: (a) BuLi; (b) Bu,BOTH; (c) LiBH,4; (d) Bry; (e) LiCuMey; (f) MeLi-CeCls; (g) PPTS; (h) TBSCI; (i)CDI; (j) Hg(ClO,),, CaCOs; (k) LHMDS; (1) Me4yNBH(OAC)3; (m) Me3CgH,CH(OMe),,

CSA,; (n) LiBH4
Glycosylation

Mes™
Me

Me/\/\SnBu3
\\Me

e . ~OTES NMe i
OTES NMe, — > 2
MEOZ5 7 e e, MGG \

Erythromycin B

28 LLS
33+ TS

Key: (a) AgOTf, 2,6-tBu,Py; (b) TBAF; (c) TESOTT, iProNEt; (d) (COCI),, DMSO, TEA; (e) BF3-OEty; (f) OsO,, Oxone, NaHCOj3; (g) Pd/C, HCIOy; (h) 2,4,6-trichlorobenzoyl chloride, TEA, then DMAP; (i) TBAF; (j) Cu(OTf),, CuO; (k) AcOH;
(I) TBAF; (m) Dess-Martin Periodate; (n) MeOH, heating
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C. Corey et al. J. Am. Chem. Soc. 1979, 101, 7131.

Fragment 1

0Bz
OH o Me_~_,Me
Me Me Me
n,o0
BzO" > o

< Me* =

:"Me ~_-CH200H
Me \/COOH

chiral 87:13 mixture Me

E—

(17 steps in LLS)

Key: (a) Allyl-Br, NaOMe; (b) BHzeTHF, H,0,, NaOH; (c) CrO3, H,SOy; (d) Bry, KBr; (€) KOH; (f) Amine, recrystallization; (g) MsOH; (h) Br,, KBr; (i) BugSnH, AIBN; (j) Hp, Pd(OH),/C, HOAc-THF; (k) BzCl, Py; (I) Zn(BHj,):

Fragment 2 O'V'e
OTBS
T\/ \I/k/ \X/‘\/ \I/'\/ -
(1 steps) racemlc chlral

(11 steps)
Key: (a) NMO, OsOQ4, THF-H,0; (b) BzCl, Py; (c) DMAP; (d) water associate Psq; (€) Ac,0, DMSO, HOAC; (f) KOH, H,O, MeOH; (g) TBSCI, DMAP, DMF; (h) Cy,BH, then Etz3NO; (i) Hg(OAc),, NaCl; (j) I, Py

Coupling Fragment 1 and 2

BzO Me

OMTM OTBS
O =

(19 steps in LLS)
Key: (a) BuLi, MgBr,; (b) Zn(BH,),
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C. Corey et al. J. Am. Chem. Soc. 1979, 101, 7131. (Cont'd)

End Game

wiMe

Me
o Me

Me

Erythronolide A

39LLS
50 TS

epimerization at C10 Me

Key: (a) AcOH; (b) LiOH, H,0,; (c) KOH; (d) CH,N,; (e) Me,C(OMe),, Amberlite-50; (f) Ac,0, DMAP; (g) Ac,0-DMSO-HOAG; (h) K,COs3; (i) Ac,0-DMSO-HOAG; (j) NaOH, MeOH; (k) TBAF, THF
THF; (o) mCPBA,; (p) PCC; (q) Pd/C, H,, (r) CH,=C(Me)OMe, CSA; (s) Triton B methoxide; (t) PPTS, MeOH

S91

~OH o.p
—_—

; () PPhg; (m) heating; (n) K,CO3, Mel, H,0,



D. Kinoshita et al. Bull. Chem. Soc. Jpn. 1989, 62, 2618.

Fragment 1
OH Me
Me Me
O .OH Me
abc Me_ P "OH de Me_ ° (9] f,g,h Ol OBn |mnop ! Me
—_— —_— —_— !
3 b Me™ Y5 Me™ Y5 o) wOH
ME Me OH OTBDPS OTBDPS OTBDPS OH
(16 steps)

Key: (a) MeMgl; (b) NalOy; (c) LiAlHy; (d) TBDPSCI, imidazole; (e) PCC; (f) vinylmagnesium bromide; (g) O3, PPhg; (h) EtMgBr; (i) NaH, BnBr; (j) FeCl, acetone; (k) TBAF; (1) NalOg4; (m) MeMgl; (n) PCC; (o) NHoNHo-H,0, TEA; (p) 1o,
tetramethylguanidine
Fragment 2

Me Me Me

. OMe_ _abc z de :

B ' )
OH O OTr OBn O OBn
(8 steps)
Key: (a) TrCl, TEA, DMAP; (b) LAH; (c) NaH, BnBr; (d) amberlyst™'5; (e) (COCI),, TEA, DMSO; (f) HOCH,CH,OH, TsOH; (g) H,, Pd/C; (h) EtBr, PPhs, DEAD
Fragment 3
Phum HO
2O _efg [ _Qi?
o OMe o
O \

BnO

(27 steps in LLS)
Key: (a) HCI, MeOH; (b) TsOH, acetone; (c) HCI, H,0; (d) FeCls, acetone; (e) TsCl, Py; (f) NaOH; (g) LAH; (h) NaH, BnBr; (i) HCI, H,O; (j) MeMgBr; (k) MeC(OMe),, TsOH; (1) Ac,O, DMAP; (m) Hp, Pd/C; (n) MsCl, Py; (o) LiOH, H,O; (p) BuLi;
(9) Ac,0, TEA, (r) HgCly; (s) LAH; (t) NaH, BnBr; (u) HCI, H,0; (v) NalQy; (w) (EtS),CH,, BuLi; (x) NaH, BnBr; (y) HgCly; (z) MeMgBr; (a') PCC

Fragment Union

(o\O

BnO

(30 steps in LLS)

Key: (a) Mg; (b) TESOT(, 2,6-lutidine; (c) SnCl,, acetone
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D. Kinoshita et al. Bull. Chem. Soc. Jpn. 1989, 62, 2618. (Cont'd)

End Game

Erythronolide A

o,p.9
50 LLS
74 TS

Key: (a) BuLi; (b) CIRh(PPh3)s, 50 atm Hy; (c) TBAF; (d) HCI, H,O; (e) TsOH, acetone; (f) TESOTT, TEA,; (g) Pd/C, Hy; (h) TBDPSCI, TEA; (i) TsOH, acetone; (j) Ac,0, TEA; (k) TBAF; (1) (COCI),, TEA, DMSO; (m) NaClOy; (n) LiOH, H,0; (o) (2-
pyr),S,; (p) CuOAc; (q) AcOH; (r) PhCH(OMe),, CSA,; (s) PCC; (t) Hy, Pd/C

S93



E. Carreira et al. Angew. Chem. Int. Ed. 2005, 44, 4036; J. Org. Chem. 2009, 74, 8695.
Fragment 1, 2, 3

. .o Ts Me
TBS. I TBS. Lo
OH O . o O | O NOH ! | MBr  arp o) g Me 1 PhO N
et LS e U e e fae St TN
Me : Pl Me 7z Me cat. iMe OH — pp°"N
Me Me ! Me; ' Me L @J Ts
(3steps inLLS) ! (4 steps) Clglte Me
PMB.. PMB ';
OH O " 0O OH o Br | Key: (a) TBSCI, Imid.; (b) DIBAL-H; (c) H,NOH-HCI
% —anr . —c . H (a') MeCHO; (b') TPAP, NMO; (c') Cat., iPrOH; (d') Lindlar's cat., quinoline, Hy
OMe : (a") PMBOC(NH)CCl,, CSA; (b") DIBAL-H; (c") Br, Imid., PPh
Me e 3
Fragment Union Ph
TBS. TBS. 3) TBS. TBS.
0O N—O 0O N—O 0O N—O OPMB 0 N—O OPMB T8Syo o/ko OPMB
_ab I Me —C + l Me — 9 o \ e ‘ _feh
Me Me OH Me Me O Me M&IO Me me Me Me O Me me Me Me O Me Me
TES \TES
Ph :
TBS. A

(14 steps in LLS)
Key: (a) tBuOCI; (b) iPrOH, ErMgBr; (c) TPAP, NMO; (d) THF; (e) TESOTT, 2,6-lutidine; (f) Raney-Ni, B(OH)3, Ho; (9) Zn(BH,),; (h) PhCH(OMe),, CSA; (i) DDQ; (j) TEMPO, NaOCI; (k) H,NOH-HCI, Py

Seco Acid and End Game
Ph

(2) i\
) 2b ™850 o/'\o N—O cde o] o/'\o N—O OH i
—_— = | — e H —_—

Me

Me Me O MeMe Me OH
TES

Me Me O MeMe MO Me Me
TES

Erythronolide A

26 LLS
33TS

Key: (a) tBuOCI; (b) iPrOH, ErMgBr; (c) TEMPO, NaOCI, KBr; (d) PrPPh3Br, tBuLi; (e) (DHQD),PHAL, K3[Fe(CN)g], MeSO3NH,, K,CO3, K,0sOy; (f) HF-Py, Py; (g) TEMPO, NaOCI, KBr; (h) NaClO,, 2-methyl-2-butene; (i) 2,4,6-
trichlorobenzoyl chloride, TEA, then DMAP; (j) HF-NEt;, NEt3; (k) Raney-Ni, AcOH, Hy; (I) Pd(OAc),, MeOH, H,
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F. Corey et al. J. Am. Chem. Soc. 1978, 100, 5620.
Fragment 1

OH
Me

chiral

_—

87:13 mixture

_N

(17 steps in LLS)
CrO3, HySOy; (p) AcOOH; (q) PPhs

Fragment 2

Me

Me. _~__OH 0
\/\n/ a

Me\Q\H/OH b,c Me
—_— e
o

Key: (a) Allyl-Br, NaOMe; (b) BH3eTHF, H,0,, NaOH; (c) CrO3, H,SOy; (d) Bry, KBr; (e) KOH; (f) Amine, recrystallization; (g) MsOH; (h) Br;, KBr; (i) BugSnH, AIBN; (j) Al/Hg; (k) Hy, Raney-Ni; (1) BzCl, Py; (m) Mel, LDA, HMPA; (n) LiOH; (o)

Me
OMe "0
Q4 __oH deef *
Y
(0] o) O._ _OMe
racemic chiral

Me Me

k,I,m,n
—_—

Coupling Fragment 1 and 2

(14 steps)

Key: (a) HyO,, Na,WOy; (b) Amine, recrystallization; (c) MsOH; (d) CICO,Et, TEA; (e) NaBHy; (f) POCI3; (g) Lithium reagent; (h) Amberlite-50; (i) MsCl, Py; (j) Me,Culi; (k) TBSCI, Imidazole; (1) LDA, Mel; (m) Cp,ZrHCI; (n) I, CCly
BZQ

Key: (a) BuLi, MgBr,; (b) Zn(BHy,):

(19 steps in LLS)
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F. Corey et al. . Am. Chem. Soc. 1978, 100, 5620. (Cont'd)

End Game
Me
Me,,,,(
a,b h
_ab _ _h
I“\\ 'Bu
Me Me,, /:(
i N__N
Pr— Y/
Sz
Me
Me,, Erythronolide B
I,m "
33LLS
) 47 TS
Me
epimerization at C10 Me

Key: (a) AcOH; (b) LIOH, Hy0,; (c) KOH; (d) CHaNy; (e) HBr; (f) Me,C(OMe),, Amberlite-50; (g) KOH; (h) PPha; (i) Heating; (j) MnOy; (k) HyO,, NaOH; (1) Hy, Pd/C; (m) K,COj; (n) HCI
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G. Kochetkov et al. Tetrahedron Lett. 1987, 28, 3835.

Fragment 1
1o Me Me Me Me Me Me
OH .
o abc AcO/\g/'\Kk(? d ACO/\EM ef HO/M gh;
0_0 s 0_0 © 0._0
Me Me S s S
Me Me Me Me Me Me

(5 steps from levoglucosan)

(15 steps)
Key: (a) HS(CH,),SH, BF30Ety; (b) Ac,0-Py; (c) DMP-Me,CO, TsOH; (d) HgCl,, CaCOg; (e) PhsP=CHj; (f) MeONa, MeOH; (g) (COCI),, DMSO, TEA; (h) MeMgCl; (i) (COCI),, DMSO, TEA; (j) K,CO3, MeOH

Fragment 2
o Me Me Me Me Me Me Me Me Me Me Me Me Me Me Me
on H s H s _ H 0 ) H H ™ H 5
ab,c - def - g,h,i < j ~ k
Mo A7 == ol ] - <% R IR W - T S
>/ “PMB “PMB “768°PMB 763 PME

Me' Me
(10 steps from levoglucosan)

‘Me Me Me Me O

v

(25 steps in LLS)

Key: (a) HS(CH,),SH, BF;0Et,; (b) DMP-Me,CO, TsOH; (c) NaH, PMBCI; (d) AcOH, H,0; (e) TsCl, Py; (f) K,CO3, MeOH; (g) MeMgCl, CuCl-Me,S, THF; (h) t-BuPh,SiCIO,, TEA; (i) HgCl,-CdCO3; (j) C,HsCOTr, BuLi; (k) DDQ, 3A MS, DCM:;
(1) LIBHEt3; (m) Ph,S,, PBus, Py; (n) MCPBA, FAA:; (o) collidine

Fragment Union and End Game

Me Me Me Mave OHMe Me

Me "Me
o Me

Me

Erythronolide B

36 LLS
51 TS

Key: (a) LDA, THF; (b) TFAA, Nal, Me,CO; (c) Na, NH3; (d) TBAF, THF; (e) O3; (f) mCPBA, pH = 7 buffer; (g) 2,2"-dithiobis(4-t-bu-I-i-pr-imidazole), PPh3, PhCHg; (h) TFA,; (i) PhCH(OEt),, CSA; (j) PCC, 3A MS; (k) AcOH, H,O
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H. Mulzer et al. J. Am. Chem. Soc. 1991, 7113, 910.

Chiral Auxiliary and Precursor 1,2

Me | :
oH ..} Pho @ S CHO
|OH (3 steps) 3 A
Me Ao ¢ 0_ 0
l' Me_ _Me; YR %’Me
(\Me ab,c ; /:\» o ; i (2steps)
Me Me Me 3 Me B/\O‘ 3 '
! Me! !
HO\'A//Z& ‘,,,,,,,,,,,,,,,Rh ,,,,,,, ! 1
HO (3 steps) !
| '
ph Me
Key: (a) BuLi, tBuOK; (b) CI-B(NMe,),; (c) distillation
(@) -78 °C; (b") TsCl; (c') PPTS; (d') NaHCO3; (') Me,CulLi
Fragment 1 and 2
OBn OTBS oBn 0" °GH
a,b c,d
X
Me Me Me Me Me

OBn OH OBn

a"b‘yc‘Yd" 0% N ° > KH/W

Me I\E/Ie Me Me Me

TBSO
f.gh
—_——

Me Me

— Cisens)
OH OH :

seas (U T

— o X

1 Me l\=/Iel

(7 steps in LLS)

Me Me Me

OBn
~ N COOMe

Me Me l\glle Me

Key: (a) NaH, BnBr; (b) TBSCI, Imid.; (c) Oz, PPhs; (d) H,C=C(Me)-MgBr; (e) TBAF; (f) DMP, H*; (g) O3, PPhj
(a') TrCl, DMAP, Py; (b') NaH, BnBr; (c') HCOOH, then KOH; (d') (COCI),, DMSO, TEA,; (e') EtMgBr; (f') TBSCI, TEA,; (g') O3, PPhj; (h') PhzP-C(Me)COOMe; (i') DIBAL-H; (') BusP, (PhS),, Py

Fragment Union and End Game

(17 steps in LLS)

Erythronolide B

27LLS
4TS

Key: (a) BuLi, TMEDA, then BFj3; (b) LI/EtNH,; (c) Ac,O, DMAP, Py; (d) tBuOK; (e) PDC, DMF; (f) NaOH; (g) 2,4,6-trichlorobenzoyl chloride, TEA, then DMAP; (h) BHzeSMe,, then H,0,; (i) PCC; (j) 80% HOAc
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l. Nelson et al. Angew. Chem. Int. Ed. 2010, 49, 2591.

Catalyst and Homologation Reagent

=
e PN OMTS LrN N ONBu,
CNH — i\ Z
: 3 Doy TotMs TMSO”
== ol N~ N
(2 steps) . NO,
OMe MeO
Key: (a) propionyl chloride; (b) LDA, TMSCI
Fragment 1
o o pme. T H
TBSO O . TBSO O TBSO OH O TBSO O O 1
_a _be _ y_da e OMe_ 9 i Me!
Me\) ‘Me H N ' H ]
Me Me Me Me Me Me Me Me l\ngHNI’eﬁi[\-/I’e””’l
(7 steps)

Key: (a) EtCOCI, iPr,NE, LiCIO,; (b) EtSH, KHMDS; (c) DIBAL-H; (d) EtCOCI, iPr,NEt, Lil; (e) MeO(Me)NH,CI, Me,AICI; (f) EtMgBr; (g) PMBOC(NH)CCl,, BF;-OFEt,

Fragment 2
Me\ﬂ)o _a . ?j

(10 steps in LLS)
Key: (a) EtCOCI, iPryNEt, Lil; (b) EtSH, KHMDS, TBSCI, NEt3; (c) DIBAL-H; (d) 1N HCI; (e) Me,C(OMe),, CSA,; (f) NaOMe; (g) O3, Me;S; (h) EtMgBr; (i) O3, Me,S; (j) TESOTT, 2,6-lutidine

Fragment Coupling and End Game

l\llle
TBSPMB.. TBS.. PN
(1) a 9 b,cd O 90 0uS 979 o efgh
—_— H = H H
T B X OMe
Me Me Me Et;SIO Me Me Me
PMP~ O
§Me 4 steps Erythronolide B
~=OH
23LLS
o 32TS
wiMe
Me

Key: (a) LHMDS; (b) Zn(BH,),; (c) DDQ; (d) KHMDS, CS,, Mel; (e) AIBN, BuzSnH; (f) PMPCH(OMe),, CSA; (g) LIOH; (h) TBAF; (i) 2,4 6-trichlorobenzoyl chioride, TEA, then DMAP
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J. Stork et al. J. Am. Chem. Soc. 1987, 109, 1565.

Fragment 1
o}

o] Me, OH oH Me
B i ate - iy
Z ! Me™ Et Ny 0 HO 0

OH e

(24 steps in LLS)
Key: (a) BuLi, propionyl chloride; (b) 9-BBN, (R)-pinene; (c) H,C=C(Me)OMe, CSA; (d) dimethylthiocuprate, then acid; (e) OsO,4, NMO; (f) TMSCI, Imid.; (g) LHMDS, EtOC(O)CH,0Bn; (h) K,COg; (i) MeCH(COMe),, CSA,; (j) (PhO),P(O)CI,
Na,COj3, TBABT; (k) Me,Zn, Ni(acac),; (1) Hp, Pd/C; (m) TMSNMe,; (n) LHMDS, EtOC(O)CH,0BN; (0) KoCO3; (p) Ac,0, TEA, DMAP; (q) (PhO),P(O)CI, Na,CO3, TBABT; (r) Me,Zn, Ni(acac),; (s) Rh/Alumina, Hy; (t) LAH, HOAc, HIO,; (u)
NaBHy; (v) CH3C(OEt)3, PPTS; (w) BH3-THF; (x) (PhS),, PPhs

Fragment 2
o)
Me Me Me Me Me Me Me Me Me
v a b cd e TMSO wOTBS _fg _©O h,i OH __ik OPiv
e ————= HO., ——— HOu, ——= o0 WwOTBS——> —_— . — ™ Me — " Me
O y “OTBS OH OTBS OH OH
e OH
Me
OO%M% o 25
Me (=0 oPiv Me\ﬁo/):o OPiv
Me Mg

(13 steps)

Key: (a) (R)-pinene, BHy-THF, then H,0,; (b) VO(acac)y; (c) CrOs, HySOy; (d) NEt;, then TBSCI, DMAP; (e) LiCuMe,, then TMSCI; (f) O3, NaBH,; (g) 2N HCI; (h) DIBAL-H; (i) 2-propeny! lithium; (j) TBAF; (k) PivCl, DMAP, TEA; (1)
Me,C(OMe),, PPTS; (m) O3, PPhs

Fragment Union

2) 95)-

@ ab Dihrdroerythronolide A
33LLS
46 TS

Key: (a) 4,4'-dibutylbiphenyl, Li; (b) MgBry; (c) MeLi; (d) PDC; (e) Me,SOy; (f) O3; (g) KOH, aq. MeOH; (h) DCC, DMAP, refluxing chloroform; (i) HCI

S100



K. Yonemitsu et al. Tetrahedron Lett. 1987, 28, 4569.

Fragment 1
Me OH Me Me Me Me Me Me Me Me
KAYK/OH _abed K/EWO ef : P
i Me 0 0
O-pd? v XO pv0 X
(13 steps from glucose) Me” PMP Me” PMP

(29 steps in LLS)
Key: (a) BzCl, Py; (b) PMPCMe(OMe),, CSA; (c) 1N KOH, MeOH; (d) (COCI),, DMSO, TEA; (e) Ph;P=CMeCO,Et, EDC; (f) LAH; (g) mCPBA; (h) NaBH3CN, BF3OEty; (i) BzCl, Py; (j) 4N HCI; (k) CH,=C(Me)OMe, PPTS; (I) MMCI, i-Pr,NEt;
(m) 1N NaOH; (n) TsCl, TEA, DMAP; (o) PhSNa, EtOH; (p) NalO,4

Fragment 2
Me Me S Me Me 0 Me Me !
oH _abcd efgh | |
-~ s - i '
OBn OH OH O0__O i o__O OTBDPSE
(16 steps from glucose) Me?%/le MZ%Ae (2)!

(24 steps)
Key: (a) Me,C(OMe),, CSA; (b) 10% Pd-C, H,; (c) PCC, 4A MS; (d) HS(CH,);SH, BuLi; (e) TsOH; (f) TBDPSCI, imid.; (g) CH,=C(Me)OMe, PPTS; (h) Mel, NaHCO3

Fragment Union and Macrocyclization

Me OH Me Me

= ef,gh
M £ z —_——
OTBDPS on'%. & 0. _O OTBDPS

(9S)-
Dihrdroerythronolide A

39LLS
63 TS

Key: (a) LDA; (b) Raney Ni; (c) (COCI),, DMSO, TEA; (d) MeLi; () MMCI, i-Pr,NEt; (f) TBAF; (g) Jones reagent; (h) 10% Pd/C, Hy; (i) 2,4,6-Cl3CgH,COCI, TEA, then DMAP; (j) 50% HOAc
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L. Paterson et al. Tetrahedron Lett. 1989, 30, 7463.
Precusor 1 and 2

o o i O 0o OH SPh‘ 1 0 O OH SPh‘
NH, e Pl b :
Me OH a,b,c O N d 'O" N Y ' HON\ H T '
(- MMe Me <o Ay MMe Me |1\t MMe Me
Me O “—Me E/\ ' “—Me o “—Me |
Meﬁ Ngpp oo Me _1 1,,,M§/,/, ,,,,,,,, _1

(1 steps) (4 steps) (4 steps)

seperable epimers
Key: (a) NaBHy, I,; (b) K,COj3, diethyl carbonate; (c) BuLi, then propionyl chloride; (d) Bu,BOTf, iPr,NEt

Fragment 1 and 2 oTBS oTEs oo e
M M | Me!

O OTBSSPh : Me wMe;

ab ! :

— Meow OTMS Me., N gpEOOMe — & . Me_ s COOMe —>‘Me = (:Ho3
Me Me Me ! !

‘OH ' "OH 1

Me Me we ()

(11 steps in LLS)

2.0

(11 steps in LLS)
) ZnBry; (e) NalOy; (f) (+)-N-methylephedrine, N-ethylaniline, LAH; (g) DIBAL-H
d') PhSSiMeg3, ZnBr; (e') BuLi; (f') (+)-N-methylephedrine, N-ethylaniline, LAH; (g') DIBAL-H

Key: (a) NaOMe; (b) TBSOTTf, 2,6-lutidine; (c) NCS; (d
(a') NaOMe; (b") TBSOTHT, 2,6-lutidine; (c') NCS; (

Fragment Union and Macrocyclization
OTBS

OTBS OTBS

(9S)-
Dihrdroerythronolide A

23LLS
31TS

Key: (a) iPr,NE, LiCl; (b) HgO, aq. HBF4; (c) NaClO,, 2-methyl-2-butene, NaH,POy; (d) 2,4,6-trichlorobenzoyl chloride, TEA, then DMAP; (e) H,, Rh/AI,O3; (f) LDA, CH,0; (g) MsCl, TEA, then DBU; (h) L-selectride, then TMSCI; (i) OsOy,,
NMO, quinuclidine; (j) Zn(BH,),; (k) 40% aq. HF; (1) OsO,4, NMO, then Na,S,05
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M. Hoffmann et al. Angew. Chem. Int. Ed. 1993, 32, 101.
Chiral Auxiliary

OH Me o cy' OH Me C s Oy
a _Me 0% b : ° b a  Me—{ 0% b : O
Cy. _— / —_— ! B [ Cy\/\ —_ / P ! B 1
Cy 0-B L i, ¢ 0-B LA ‘
N ) ClMg X Me | O gyt H \ ClMg X Me | : O Cy !
OH 0 gy Y Y Me Me Yoo OH S Vi g Me Me v
Me : Cs1)i Me : (Cs2):
””” (@steps) T (2steps)
Key: (a) iPrOH; (b) THF, 0°C
Iterative Crotylation
PMP
RMB. Me N Me
g h ij
Me O Me Me Me Me O Me Me Me
m,n
—_—

Me O Me Me Me Me Me

Me O Me Me MO Me Me

Me O Me Me mdiO
T (20steps)
Key: (a) (+)-dimethyl tartrate, Ti(OiPr),, tBu,Oy; (b) (COCI),, TEA, DMSO; (c) SnCl,, cyclopentanone; (d) 3d, benzene, 80°C; (e) NaH, PMBCI; (f) O3, PPhg; (g) pet. ether, 2d; (h) DDQ; (i) O3, PPhs; (j) PhsPCH(CH3)COOEY; (k) LAH; (1)
tBuOOH, (+)-dimethyl tartrate, Ti(OiPr),; (m) NMO, TPAP; (n) 10 kbar, pet. ether, 3d; (o) iPrMgClI; (p) LAH; (q) PMBCI, NaH; (r) NMO, OsQy; (s) NalOy; (t) 10 kbar, pet. ether, 3d

End Game

(9S)-
Dihrdroerythronolide A

L.

27LLS
31 TS

Me O Me Me M&O

Key: (a) DDQ; (b) NMO, OsOy; (c) NalOy; (d) CrOg3, acetone; (e) TNT, 2N HCI; (f) 2,4,6-trichlorobenzoyl chloride, TEA, then DMAP; (g) 2N HCI
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N. Woerpel et al. J. Am. Chem. Soc. 2003, 125, 6018.
Allylsilane and Auxillary Synthesis

ooowes e, wecocoo,
| . \  Me '
O% ab : Me\/gﬁ/\OAcl . '|5</0 a : 'do :
Me Me | L1 Me=s i Me= ;
' . $ L C $ H
[ M,e,,@; : Me L ,,,,, Me ______ '
(2 steps) ' (1 step)
Key: (a) Li, then Cul, DMPSCI; (b) BuLi, Ac,O
(a') MeCOCOCI, NEt;, DMAP
Common Precursor 1
TBSO OH TBSO OH OH
Me 2 ——» Me =
BnOs Me Me Bn5 Me f,]e

(17 steps in LLS)
Key: (a) TiClg; (b) LAH; (c) NaH, PMBCI; (d) PhMe,CCOOH; (e) NaH, BnBr; (f) CAN; (g) |, PPhj; (h) Piv,0O, Sc(OTf)s; (i) Zn, HOAG; (j) TBSOTT; (k) DIBAL-H; () HMDS, Pt(0), H,0,; (m) MeOCgH,CH(OMe),, PPTS; (n) DIBAL-H; (o) (COCI)s,

DMSO, TEA

Fragment Union

h,ij.k

—

o
o

° Bn)_/

: N O R N)k
Me )_/ BnO Me Me MeBnO

Bn

I\EII

BnOS Me I\E/Ie Me |\§/|e

(9S)-
Dihrdroerythronolide A

BnO Me Me MeBnO Me Me Me 30LLS

31TS

Key: (a) TiCly, (-)-sparteine; (b) DDQ; (c) HF-Py, Py; (d) (COCI),, DMSO, TEA:; () Sn(OTf),, TEA; (f) Zn(BH,),; (g) DDQ; (h) NaH, CS,, Mel; (i) AIBN, BusSnH; (j) LIOOH:; (k) TBAF; (1) 2,4,6-trichlorobenzoyl chloride, TEA, then DMAP; (m) Hy,
Pd(OH),/C
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O. Masamune et al. J. Am. Chem. Soc. 1981, 103, 1568.

Auxiliary Preparation

OH 3 oTBS v OH 3 OoTBS :
H abc ! : Lo abc ! :
OH ! Me: | OH ' Me.
0 ) oEi o )
" (3steps) ; T (3steps)
Key: (a) Rh/AI,O3; (b) EtLi, -78 °C; (c) TBSOTT, 2,6-lutidine
Fragment 1
oTBS Me Me " Me Me | 3
ab,c Mo b,c WOH defg WO
OB(c-pentyl), OH O 'Et,Si0 1

(10 steps in LLS)
Key: (a) c-pentylBOTF, iPr,NEY, then acetyl aldehyde; (b) HF-MeCN; (c) NalOy; (d) CHoNy; (¢) TESCI, DMAP; (f) DIBAL-H; (g) CrO5e2Py

Fragment 2

MEIIMG

o~ 0" "0

OTBS

(18 steps in LLS)
Key: (a) lipase, MeOH; (b) (COCI),; (c) Pd-BaSQy, H,; (d) S-1, c-pentylBOTf, iPr,NEt; (€) HF-MeCN; (f) NalOy; (g) (COCI),; (h) Pd-BaSOy, Hy; (i) S-1, c-pentylBOTHT, iPr,NE; (j) TBAF; (k) NalOy; (1) CICO,Et, Py; (m) TIStBu, HStBu;

(n) KOH, H,0; (0) TBDPSCI, DMF; (p) MeC(OMe)=CH,, TFA; (q) (COCI),, Py: (r) LICuEt,

End Game
6-Deoxyerythronolide B
1 2 a
T’ 26 LLS
39TS

R=COCHCI,
Key: (a) LHMDS; (b) NaBH,4, MeOH; (c) (CHCI,CO),0, Py; (d) HOAc; (e) CuOTf, iPr,NEt; (f) KOH, H,O/THF/MeOH; (g) PCC; (h) TFA, MeCN/H,O
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P. Danishefsky et al. J. Org. Chem. 1990, 55, 1636.

Danishefsky Diene Preparation

' Me i

Me : |

1 X OTMS

Me Me __ab _ . OMe c_
/\‘f 63% Meﬁx)v sa% i
0 1 e
tome (1)}
3 steps

Iterative Lewis Acid Catalyzed Diene Aldehyde Condensation

Me
a ~ o] b,c
69% 78%
O~ (@)
Me
rac

"o Nojpr _MN0

“OBn

(25 steps)

Key: (a) ZnCl,, formaldehyde; (b) CeCls, NaBHy; (c) TsOH; (d) BHzeSMey; (e) 1,3-propanedithiol, TiCly; (f) TBDPSCI, TEA; (g) NaH, BnBr, TBAI; (h) NBS, NaHCOg3; (i) ZnCl,, BF3#OEty; (j) CeCls, NaBHj,; (k) TsOH, iPrOH; (1) Pd/Al,O3, H, (50
psi); (m) 1,3-propanedithiol, TiCly; (n) NaH, BnBr, TBAI; (0) NBS, acetone; (p) ZnCl,, BF3eOEt,; (q) CeClz, NaBHy; (r) TsOH, then LiBHy; (s) PivCl, TEA; (t) BnC(NH)CClj3, TfOH; (u) LAH; (v) Dess-Martin periodate

End Game

6-Deoxyerythronolide B

39LLS
from diene

42 LLS from inexpensive S.M.

Key: (a) PhSH, BuLi; (b) BHzeSMey; (c) PhCH(OMe),, PPTS; (d) DIBAL-H; (e) Dess-Martin periodate; (f) EtMgBr; (g) TBSOTf, TEA; (h) Li/NH; (i) (MeO),CH,, CSA; (j) TBAF, reflux; (k) RuCly(PPhjy)s; (1) 2-methyl-2-butene, NaH,PO,, NaClO,;
(m) TEA, 2,4,6-trichlorobenzoyl chloride, then DMAP; (n) CSA,; (o) (MeO),CH,, CSA; (p) PCC; (q) TFA, MeCN/H,0O
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Q. Evans et al. Tetrahedron Lett. 1997, 38, 53; J. Am. Chem. Soc. 1998, 120, 5921.
Chiral Auxiliary Synthesis

NH, o o 10 o o 3
Bn)\(OH _abe o)LNJ\ _de _ EOXN%MGE 5 steps from inexpensive S.M.

/ P/ 1

o] 5 Me ; o Me Gy !

Bn I Bn .

(2 steps from
conmercial material)

Key: (a) NaBHy, I,; (b) K,COg3, diethyl carbonate; (c) BuLi, then propionyl chloride; (d) Cy,BOTf, iProNEt, then propionaldehyde; (e) SOzePy, TEA, DMSO

Fragment 1
Me, Me Me !\Ae

oY o o o oH o b o &
Me )L O O © O O O OH
a b,c )L d )J\ e
———> O N —_—Y —_— —_—
90% \/ Me Me Me 98% O N 73% O N : 99%
“Bn \—/ Me Me Me ', Me Me Me
Bn Bn

Key: (a) TiCly, iPr,NEt, then methacrolein; (b) Zn(BHjy),; (c) Me,C(OMe),, CSA; (d) 9-BBN; (e) (COCI),, TEA, DMSO

Fragment 2 R
PMB 1
(\Me JOL Q O OH O OH OTBS 0 O O0TBS L tmdd™Bo  oTes
O a b,c,d H ef : g . H
—~ 2 »~ 0N - —— » MeO. — > —=—» Me_~
84% “ Me e M 84% N 45% 85% ! I
*an e Me Me Me Me Me Me Me Me Me Me 3

(12 steps in LLS)
Key: (a) Sn(OTf),, TEA, then propionaldehyde; (b) NaBH(OAc);, AcOH; (c) TBSOTf, 2,6-lutidine; (d) AlMe;, (MeO)MeNHeHCI; (e) EtMgBr; (f) Cl;CC(NH)O-(p-OMe)Bn, TfOH; (g) BuLi, (PhMe,Si),NH, TMSOTT, 2,6-lutidine

End Game
I\I/Ie
Me Me S S PMP
o Y
a )L d O o o0 O O O OTBS e
—_— H H H
83% O N e p e p 84% o N ~ ~ ~ 84%
Q/,Bn Me Me Me Me Me Me Me Q%Bn Me Me Me Me Me Me Me \ / Me Me I\E/Ie I\E/Ie Me I\E/Ie Me
Bn
H
PMP T~ 9
Me Me Me 6-Deoxyerythronolide B
Me,, «Me ij,k
! ’ 86% ’ 20 LLS from
“OH oxazolidinone
I % 27 TS
Me wiMe
o Me 23 steps from inexpensive chemicals

Key: (a) BF300Ety; (b) Zn(BHy)y; (c) DDQ; (d) NaH, then CS,, then Mel; () AIBN, BusSnH; (f) LIOOH:; (g) TBAF; (h) TEA, 2,4 6-trichlorobenzoyl chioride, then DMAP (i) Pd(OH),/C, iPrOH:; (j) PCC; (k) 1M HCI
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R. Crimmins et al. Org. Lett. 2006, 8, 2191.
Chiral Auxiliary Synthesis

) s o b : ?
NH, : b Me : Me O ;
OH ab )J\ c ' )J\ Me: | a' ] '
Bn/H( _ab L e & e s e o Ph\E)\NH _a . :Ph\E/LN Me |
o} : b ¢ e ;
Bn e (A i OH Me | OH e (az);
(3 steps from
inexpensive chemicals)
Key: (a) NaBHy, lo; (b) KOH, CS,, H,0, reflux; (c) propionyl chloride, DMAP, TEA
Iterative Aldol Addition
0 )SL Q  OH o oTIPs j O  OH OTIPS
\ a b,c I £ d ef ij
91% S 94% 96% N £ 88% 9
° ) Me Me ° : ° "/ Me Me Me ° 80%
Me % Me Me %
Bn Bn
PMP
PMP
TES\BBS\
(@] OTIPS
H H k,I,m Me O Q/'\O OTBS  o,p
—_— H H —_—
| 43% Ph ~ ~ 84%

e Me I\E/Ie Me

M

PMP
rs t
89% 77%

Me Me '\er Mel\E/I

e Me

Me, §Me PMP Evans' Intermidiate
24 LLS from
z H thiazolidinethione
Me Me Me Me Me Me Me Me Me Me Me 25TS
(need 5 additional steps to finish the synthesis) 27 LLS from inexpensive
chemicals

Key: (a) TiCly, iPr,NEt, then propionaldehyde; (b) TIPSOTT, 2,6-lutidine; (c) DIBAL; (d) TiCly, (-)-sparteine, NMP; (e) TBSOTf, 2,6-lutidine; (f) DIBAL-H; (g) TiCl,, iProNEt; (h) TESOTH, 2,6-lutidine; (i) LiBHy; (j) PPhg, I; (k) TsOH, MeOH;
(I) p-MeOPhCHO, CSA; (m) TBSOTf, 2,6-lutidine; (n) LDA, LiCl; (o) LDA, BH3eNHj3; (p) Dess-Martin periodate; (q) TiCly, (-)-sparteine, NMP; (r) TESOTf, 2,6-lutidine; (s) DIBAL-H; (t) TiCly, (-)-sparteine, NMP; (u) HF-Py; (v) (MeO),CMe,,

CSA; (w) LiOH
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S. White et al. Nature Chem. 2009, 1, 547.

Chiral Auxiliary Synthesis

M C Me o 1 NH, 2 ;o9
Ph\/Le a _en L Me | L Ph o _a HNJkO _ b HLNXO 3
< ONH = TNON e Me ‘Me L/

l ' | ' S ' Me o/
OH Me | OH Me (a7) ! OH me Ph L M Ph!

NH, o o
ape der
S0 N . R _de
-/

o] % Me

(2 steps from
conmercial material)

Key: (a) propionyl chloride, DMAP, TEA; (a') K,CO3, diethyl carbonate; (b') BuLi, then propionyl chloride; (a") NaBHj, I»; (b") K,CO3, diethyl carbonate; (c") BuLi, then propionyl chloride; (d") Cy,BOTf, iPr,NEt, then propionaldehyde; (e") SOz P
y, TEA, DMSO

C-H Macrolactonization Precursor

H H H
0 oo 0 PMB., o PMPO O © PMP -0 PMP™
t/ abc | Me,,,i/ d WNJLO efg \/Y\) h,i Me /H)J\N)ko ik Me )\‘/\| I,m,n Me
' ’ \J
Me Me ) : Me,, Me Me,, M Me,,
& © N en Me Me SN0 s ph Cu~o Ve e,
H / =
PMP —O B i
Me EPMPN\\ (o]
Me., 3 3
_o° . | i
| Me,,
B?\ :
o/go 3

(19 steps in LLS)
Key: (a) LDA, LiCl; (b) LDA, BH3eNHj3; (c) (COCI),, DMSO, TEA; (d) Bu,BOTf, iProNEt; (e) AlMez, (MeO)NHMeeHCI; (f) PMBBr, NaH; (g) DIBAL-H; (h) Bu,BOTf, TEA; (i) DDQ; (j) LAH; (k) PPhg, 5, imidazole; () LDA, LiCl; (m) TBSOTf, 2,6-
lutidine; (n) LDA, LiCl; (o) Ti(OiPr)Cls, TEA; (p) Zn(BH,4),; (q) (MeO),CMe,, CSA; (r) LIOOH

End Game: C-H Macrolactonization

H
(0] /\ (0] wi—0O
ph-s , Sopn Ml
Pd(OAc), 6-Deoxyerythronolide B
() = =
—_—
56% 23LLS
two cycles 25TS

Key: (a) Cat., benzoquinone; (b) Pd(OH),/C, Hy; (c) TPAP, NMO; (d) 1M HCI
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Graphical Summary of Previous Svntheses of Cvanolide A and Clavosolide A
A. Hong et al. Org. Lett. 2010, 12, 2880.

Starting Material Synthesis

___________

' Me |
H EMe\E _____________________
N ai NE b c Me_ Me de : Me_Me E
OEEING I o O o B RT G, W, i
0 ! o s c s : !
] SJ : @SJE
R et I ! : !

HOUOH fg.h PhSUOH i EPhSUOMe 5
O~""oH O~~"oH L O oMe !

Key: (a) isobutyraldehyde, removal of H,O; (b) N-chlorosuccinamide, benzene; (c) 1, THF:Et,O (1:1); (d) trimethyl phosphonoacetate, KO'Bu, THF 0 °C; (e)
DIBAL, toluene, -78 °C; (f) Ac,0, pyridine, 0 °C to rt; (g) thiophenol, BF3-OEt,, CH,Cl,, 0 °C; (h) NaOMe, MeOH, 25 °C, then Amberlite IR-120(H™) resin; (i)
NaH, Mel, DMF, rt.

Me
IZI o Me S/j
a X s b
HO

(e) R e
PMBOj PMBO

Reagents: (a) 2, BuLi, HMPA/THF, -78 °C; (b) MnO,, CH,Cls,, dimethyl triazolium iodide, DBU, MeOH, MnO,, 4A MS, 25 °C.
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A. Hong et al. Org. Lett. 2010, 12, 2880. (Cont'd)

Dimerization-Glycosylation Route:

Me Me Me
Me S/j Me S/j Me S/j
IZI c MeOZC s d MeOZC s e MeOzC s f S
HO Os. HO g s

Me Me
Me
Me Me

Me Me
Cyanolide A
h 14 Steps (LLS)
18 (Total Steps)

v Me e e
Key: (a) DDQ, H,0:CH,Cl, (1:10), 25 °C; (b) 303 pyr, Et;N:DMSO:CH,Cl, (1:1:10), 0 °C to 25 °C; (c) Et,Zn, (+)-MIB, toluene:hexanes (1:2), 0 °C; (d) LiOH,
THF:MeOH:H,0 (2:1:1), 25 °C; (g) MNBA, DMAP, toluene, 90 °C; (e) l,, sat. aq. NaHCO5:CH,CN (1:1), 0 °C; (f) NaBH,4, MeOH, -40 to -20 °C; (g) 3, MeOTT,
Et,0, 4A MS, 25 °C.

Glycosylation-Dimerization Route:

Me Me Me Me Me_Me OMe

OMe
O _~__LOM
MeO,C MeO,C MeO,C ©
IZ' a, d,e,f o o )
"0 “OMe

PMBO PMBO HO

Cyanolide A
14 Steps (LLS)

19 (Total Steps)

Key: (a) l,, sat. agq. NaHCO3:CH;CN (1:1), 0 °C; (b) NaBH,4, MeOH, -40 to -20 °C; (c) 3, MeOTf, Et,0, 4A MS, 25 °C; (d) DDQ, H,0:CH,Cl, (1:10), 25 °C; (e)
TPAP, NMO, 4 A MS, CH,Cl,, 25 °C; (f) Et,Zn, (+)-MIB, toluene:hexanes (1:2), 0 °C; (g) LiOH, THF:MeOH:H,0 (2:1:1), 25 °C; (h) MNBA, DMAP, toluene, 90 °C.
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B. Pabbaraja et al. J. Org. Chem. 2011, 76, 1922.
Linear Synthesis

HO Me BnOo Me OBn OBn OBn OH O s
g S S A

N

S
Me M Me M
Me Me e Me e Me h\)\/

OH OH

Me Me Me Me Me H (@) (@) (@)

OTBS
K Me
> Me O -
Me
A (@)
Me

n,o

B —

Cyanolide A
17 Steps (LLS)
TBSO

21 (Total Steps)

Key: (a) Benzyl imidate, BF;-Et,O, CH,Cl,:Cyclohexane (1:2); (b) DIBAL, CH,Cl,, -78 °C; (c) PPh3CHjsl, ‘BUOK, THF, rt; (d) PCC, CH,Cl,, rt; (e) (R)-1-(4-
benzyl-2-thioxothiazolidin-3-yl)ethanone, TiCl,, DIPEA, CH,CI,, 0 °C to -78 °C; (f) CH;NHOCH3EHCI, imidazole, CH,Cls, rt; (g) lithium naphthalenide, THF, -
20 °C; (h) Ba(OH)»£8H50, THF:H,O (1:1), rt; (i) DIBAL, CH,Cl,, -78 °C; (j) 1-(triphenylphosphoranylidene)butan-2-one, benzene, reflux; (k) TBSCI, 2,6-

lutidine, DMF, 0 °C to rt; (1) (S)-CBS, BH3(DMS, THF, -30 °C; (m) BH3EDMS, NaOH, H,O,, THF, 0 °C; (n) TEMPO, BAIB, CH,Cl»:H,0 (2:1) 0 °C to rt; (0)
MNBA, DMAP, toluene, 90 °C; (p) 70% HF-pyr, THF, 0 °C to rt.
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C. She et al. Org. Biomol. Chem. 2011, 9, 984.
Linear Synthesis

(E)H<S\s H O )?\ )(J)\

0 a b o c Et” SO  OH de Et” S0 OH OH
Me —  Me ~  Me X Me A \—> Me. _~ N
Me Me
Me Me Me Me OMe
Me Me MeO OH MeO (@) ~ OMe
e PMP._
_fo OH 0" "0 _hi O OH OH _i ., 0o o _k, o0 o o,
Me. -~ X Me. -~ 2 OMe
A A 0 0
Me Me Mé Me PMP PMP
Me Me

Me Me OMe

MeO (@) OMe
Cyanolide A
Org. Lett. 2010, 12, 2880.
. O O UOMe g e e 14 2008 » |14 Steps (LLS)
HO 18 (Total Steps)
Me

Reagents: (a) 2-allyl-1,3-dithiane, "BuLi, THF, 0 °C; (b) I, CaCO3, THF:H,O (4:1), 0 °C; (c) Sml,, EtCHO, THF, -10 °C; (d) O3, CH,Cl,, -78 °C; (e) Zn, prenyl
bromide, aq. NH4CI: THF (4:1), 0 °C; (f) 2,2-dimethoxypropane, TsOH (cat.), CH,Cl,, 0 °C; (g) LiAlH4, THF, 0 °C; (h) 4-methoxyphenol, DIAD, PPh3, THF, 25
°C; (i) 1 N HCI, MeOH, 0 °C; (j) PdCl, (cat.), CuCl,, CH3CN, MeOH, CO, 30 °C; (k) (3R,4S,5R)-3,4,5-trimethoxy-2-(phenylthio)tetrahydro-2 H-pyran, MeOTf,
4A MS, 25 °C; (I) CAN, CH3CN:H,0 (4:1), 0 °C
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D. Reddy et al. J. Org. Chem. 2011, 76, 936.

Fragment 1

Key: (a) LDA, TMSCI, THF, -78 to 0 °C

Longest Linear Sequence

[¢) HO,
a (0] b (o] c N
—_— —_— —_— OH
83% BnO 85% BnO 80% BnO

A\ TBSO TBSO oB m  Et00C OB nop r°
d e "o n 2] —— — 0 OH
—_ otBS ——= — 83% 0 27%
88% BnO 69% 81% | (Bsteps)  HO o
HO. P
OH (e}
o~ O
TB B B
SO SO. . EOOC"XS OBn
O,
7% 0% 61%
(2 steps) (3 steps) o -
Org. Lett. 2010, 12, 2880. MeO, Cyanolide A
""""""""""" OMe 17 Steps (LLS)
E] 22 (Total Steps)
MeO - g
Reagents: (a) AgO, BnBr, DMF, 0 °C; (b) DIBAL, CHyCl,, -78 °C; (c) methyl oM
triphenylphosphonium bromide, THF, "BuLi in hexanes, 0 °C; (d) TBDMSCI, DMAP, pyridine, 0
°C; (e) BH3 THF, THF, -20 °C to rt, then NaOH, H,O,; (f) (COCI),, CH,Cl,, DMSO, Et3N, -78 °C;

(9) 1, BF3°Et,0, CH,Cl,,  -78 °C; (h) catecholborane, THF, -10 °C; (i) 2,2-dimethoxypropane,
PPTS, CH,Cl,, 25 °C; (j) TBAF, THF, 60 °C; (k) (COCIl),, DMSO, Et;N, CH,Cl,, -78 °C; (I) Key: (m) PTSA, CHCIg, reflux; (n) LiOH-H,0, H,0:MeOH:THF (1:1:2), 25 °C; (0) 2,4,6-trichlorobenzoyl
Ph3;PCHCOOEY, toluene, reflux chloride, Et3N, THF, DMAP, toluene, reflux; (p) Pd(OH),, MeOH, H,, rt
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E. Rychnovsky et al. J. Am. Chem. Soc. 2011, 133, 9727.
Fragment 1

OH OH

K{]) e K‘\/CH(SMe)Z b K'\/CH(OMe)z
Me I

Me

N e =

Key: (a) (MeS),CH,, "BuLi, THF; (b) |5, MeOH, reflux.

Linear Synthesis

(0] a OEt O OEt
Br - -  —— —_— T™MS
OEt EtO OEt EtO
Me Me

Me Me Me Me Me Me

Me Me

Me Me Me Me
Me. Me Me
C lide A
on o Me VA Me Org. Lett. 2010, 12, 2880_ 12";2;3' (f,_s)
18 (Total Steps)
Me Me HO (@]
Me Me
Me CH(OMe), Me Me o

Me

Key: (a) Zn, ethylorthoformate, benzene; (b) LICH,TMS, pentane; (c) KHMDS, PhNTf,, THF; (d) CIMgCH,TMS, Pd(PPh3),, LiCl, Et,O ; (e) pTSA<H,0,
H,O:acetone (1:1); (f) (S)-1-(4-(tert-butyl)-2-thioxothiazolidin-3-yl)ethanone, (-)-sparteine, PhBCl,, CH,Cl,; (g) LIOH"H 5,0, H,O:THF (1:2.6); (h) 1,
ClsPhCOCI, DMAP, Et3N, benzene; (i) TMSOTf, CH,Cl,; (j) OsO4, NMO, H,0O:acetone (1:3.15), then NalOy; (k) NaBH,4, MeOH.
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F. Jennings et al. J. Org. Chem. 2011, 76, 8027.

Linear Synthesis

e e Me
a BH b PB c OH d OH o)
—_— —_— —_— [
Me M \/'\/\)J\
N e A OR
2 2
R = 2-ethylhexyl
Ph Ph Ph Ph
e O (0] 0] O)\O O O O
Me Me\/'\/k) w w
OR
Me Me Me Me
R =MOM

OH
o7 o~
|\/| Me Me
OH O Me OH O Me
> Me ™ Me
OR OR

Me Me Me Me S —
— OH Org. Lett. 2010, 712, 2880. yanolide
---------------- > | 15 Steps (LLS)
HO 6] 19 (Total Steps)
Me Me Me Me

Me
Key: (a) BH3-DMS, THF, 0 °C; (b) allylmagnesium bromide, Et,0, -78 °C; (c) propanal, Et,0, -78 °C; (d) 2-ethylhexyl acrylate, Grubbs' 2nd Generation,
benzene, rt; (e) PACHO, 'BUOK, THF, 0 °C; (f) DIBAL, CH,Cl,, -78 °C; (g) BF3-Et,0, ((1-ethoxy-2-methylprop-1-en-1-yl)oxy)trimethylsilane, CH,Cl,, -78 °C; (h)
MOMCI, DIPEA, CH,ClI,; (i) Pd(OH),, Hy, MeOH, rt, then TFA, THF, H,0; (j) allylmagnesium bromide, THF, -78 °C, then TFA, CH,Cly; (k) O3, C Reagents: (I)
NaClO,, NaH,PO,, 2-methyl-2-butene, 'BuOH, -10 °C; (m) 2,4,6-trichlorobenzoy! chloride, DMAP, toluene, 125 °C; (n) LiBF,, CH;CN:H,0, 60 °CH,Cl,, -78 °C;
(I) NaClO,, NaH,PO,, 2-methyl-2-butene, 'BuOH, -10 °C; (m) 2,4,6-trichloro-benzoyl chloride, DMAP, toluene, 125 °C; (n) LiBF,, CH;CN:H,0, 60 °C.
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G. Lee et al. Org. Lett. 2006, 8, 661.

Linear Synthesis

MM%/O 7steps(? a,b OPMB c,d OPMB
e — > —_— H —_— z
OTBDPS OTBDPS B
O\)7CHO KQ\/ Mejj\/\q\/ Mew r
Me Me Me
ef O OPMB g : < Me h,i ~ I Me  jk - S Me
- X - z © - z - | =
Me Me Me Me
OTBS
Me
|,m = \\\‘E Me n 0,p,q
Meozc/\/\-/YY\_/ — MeO

OH OH OPMB

t Clavosolide A
- > 33 Steps (LLS)
36 (Total Steps)

Key: (a) isobutylene, TMEDA, "BulLi, (-)-(Ipc),BOMe, Et,0; (b) PMBO(C=NH)CCI3, TsOH; (c) TBAF, THF; (d) CBr4, PPhs, THF; () LAH, THF; (f) O3, pyridine,
MeOH:; (g) (S)-3-((tert-butyldimethylsilyl)oxy)-2-methylpropanal, Pr,NEt, Bu,BOTf, Et,0; (h) Me4,NB(OAc)sH, MeCN-AcOH:; (i) 2,2-methoxypropane, PPTS, CH,Cly;
()) TBAF, THF; (k) Dess-Martin periodinane, NaHCOg; (I) MeO,CCH,P(0)(OMe)s,, LiCl, ‘Pr,NEt, MeCN; (m) CSA, MeOH-H,0; (n) NaH, THF; (o) TBSOTf, Et3N,

CH,Cl,; (p) DDQ, CH,Cl»-H50; (q) LiOH, THF-H,0-MeOH; (r) 2,4,6-Cl;PhCOCI, Et3N, THF, then DMAP, toluene, reflux; (s) TBAF, THF; (t) (2R,3R,4S,5R)-3,4,5-
trimethoxytetrahydro-2H-pyran-2-yl 2,2 2-trichloroacetimidate, BF3-OEty, 4 A MS, CH,Cl,.
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H. Smith et al. Org. Lett. 2006, 8, 3315.

Fragment 1
Ph O Ph O OH OTIPS : O OH OTIPS :
Me., A a Me, A M N . P ;
© '(\oJ\ 28 o7 P HOTY ;
_N. Me _N. Me : Me :
Bn SO,Mes Bn SO,Mes ' ‘
Commercial E III E

Key: (a) 3-((triisopropylsilyl)oxy)propanal, c-Hex,BOTf, EtsN, CH,Cls; (b) LiOH, THF/H,0.

Fragment 2

Key: (a) (S)-1-(4-isopropyl-2-thioxothiazolidin-3-yl)ethanone, TiCl,, DIPEA; (b) MeNH(OMe)-HCI, CH,Cls, rt; (¢) Et,Zn, CHal,, CH,Cly; (d) AcOH, PPhs, DIAD,
PhCHj; (€) K,CO3, MeOH; (f) TIPSOTY, 2,6-lutidine, CH,Cly; (g) DIBAL, THF; (h) HMDS, 1, CH,Cl,, then lactone, TMSOTf, DIBMP, CH,Cly; (i) Cp,TiMe,,
Me;CCOOEt, THF, dark; (j) Me,AICI, 4 A MS, CH,Cl,, rt; (k) NaBH,, EtOH.
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H. Smith et al. Org. Lett. 2006, 8, 3315. (Cont'd)

End Game

Clavosolide A
17 Steps (LLS)
23 (Total Steps)

Reagents: (1) BnBr, NaH, TBAI, DMF, rt; (m) 1% HCI, EtOH; (n) TEMPO, NaOCI, KBr, TBAC, NaCl, NaHCO3, CH,ClI,/H,0, 0 YC; (o) 2,4,6-trichlorobenzoyl chloride,
Et3N, then DMAP, toluene; (p) 10% Pd/C, H, (1 atm), EtOH; (q) (2S,3R,4S,5R)-3,4,5-trimethoxytetrahydro-2 H-pyran-2-yl 2,2,2-trichloroacetimidate, TMSOTT,
CH,Cly, 4 A MS.
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I. Willis et al. Org. Lett. 2006, 8, 3319.

Linear Synthesis

s

-Pr i-Pr
HO Os~

Me Me Me Me

Clavosolide A
16 Steps (LLS)
20 (Total Steps)

Reagents: (a) IBX, ethyl acetate, reflux; (b) but-2-enylmagnesium chloride, THF; (c) TsOH-H,0O, CH,Cl,, BhOCH,CH,CHO; (d) methyl propiolate,
quinuclidine; (e) TFA, CH,Cly; (f) KoCO3, MeOH; (f) TIPSCI, DMF, imidazole; (g) H,, Pd/C, EtOH; (h) Dess-Martin periodinane; (i) CrCl,, NiCl,, DMF; (j)
TBSOTTf, imidazole, DMF; (k) CH,ICI, Et,Zn, CH5Cl,; (1) 1% v/v HCI, EtOH; (m) TMSONa, CH,Cl,; (0) 2,4,6-trichlorobenzoyl chloride, EtsN, DMAP,
toluene, reflux; (p) TBAF, THF; (q) (2S,3R,4S,5R)-3,4,5-trimethoxy-2-(phenylthio)tetrahydro-2 H-pyran, NBS, CH3;CN.
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J. Chakraborty et al. Tetrahedron, 2008, 64, 5162.

Fragment 1
Me Me
Me a,b,c Me d O OTBDPS © : OTBDPS
/A\J7L\ /“\éfL\v/“\v/OTBDPS BnO H BnO/A\T/A\?/A\V/
BnO CHO BnO 3 OH OH OH
Me Me Me
f BnO/A\r/\\//\N/OTBDPS BnO/N\r/\\//\V/OH hiij z P OH K.l
—_— - 9 - —_— BnO/Y\_/\/\/ —_—
OXO > (0] (e} 0 (:)
Me Me Me Me Me><l\/le
Me
BnO/Y-\:/\:/\/OH m Me., _p> Me., _q>
o.__0O OH
X BnO BnO
Me Me
OMe 5 OMe 5
MeO,,, «OMe : MeO,,, ~OMe
rst o :
o” o T 0”7 o !
Me., i Me, :
e,, : e,, OH :
BnO 'BnO :
: ®) OTBDPS hd o S

( )

Key: (a) EtOAc, LDA, THF; (b) LAH, Et,0; (c) TBDPSCI, EtsN, DMAP, CH,Cl,; (d) (+)-DIPT, TBHP, Ti('PrO),, 4 A MS, CH,Cl,; (e) Cp,TiCl, cyclohexa-1,4-

diene; (f) 2,2-dimethoxypropane, CSA, CH,Cl,; (g) TBAF, THF; (h) (COCI),, DMSO, Et3N, CH,Cl,; (i) PH3P=CHCO,Et, CH,Cl,; (j) DIBAL-H, CH,Cl,; (k) (-)-
DIPT, Ti(O'Pr),, TBHP, 4 A MS, CH,Cl,; (I) Red-Al, THF; (m) TBDPSCI, Et;N, DMAP, DMF; (n) MsCl, Et;N, DMAP, CH,Cl,; (0) CSA, MeOH; (p) TBDPSCI,

EtzN, DMAP, CH,Cl,; (9) (2R,3R,4S,5R)-3,4,5-trimethoxytetrahydro-2 H-pyran-2-yl-2,2,2-trichloroacetimidate, TMSOTTf, 4 A MS, CH,Cly; (r) TBAF, THF; (s)

(COCl),, DMSO, EtsN, CH,Cly; (t) LDA, propyne, THF, then the aldehyde.
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J. Chakraborty et al. Tetrahedron, 2008, 64, 5162. (Cont'd)

End Game and Dimerization

OMe

Meob\\\OMe

o O

Clavosolide A
—_— 33 Steps (LLS)
36 (Total Steps)

Key: (a) Red-Al, Et,0; (b) CHsl,, EtoZn, CH,Cl,; (c) Dess-Martin periodinane, CH,Cl,; (d) LAH, THF; (e) TBSOTT, 2,6-lutidine, CH,Cl,; (f) H,, Pd-C, EtOAc; ()
Dess-Martin periodinane, CH,Cl,; (h) PhsP=CH,, Et,0; (i) (chex),BH, THF, then 30% H,0,, NaOH; (j) Dess-Martin periodinane, CH,Cl,; (k) NaOCl,,
NaH,PO,-2H,0, 2-methyl-2-butene, ‘BuOH; (I) CSA, MeOH-CH,CI, (1:1); (m) 2,4,6-trichlorobenzoyl chloride, Et;N, THF, then DMAP, toluene.
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K. Jennings et al. Org. Lett. 2009, 11, 769.
Linear Synthesis

Clavosolide A
20 Steps (LLS)
23 (Total Steps)

Key: (a) TiCly, (-)-sparteine, NMP, (E)-crotonaldehyde, CH,Cl; (b) imidazole, MeN(H)OMe-HCI, CH,Cl,; (c) Et,Zn, CH,l,, CH,Cly; (d) DIAD, PPhs, HOAC, toluene; (e)
allylmagnesium bromide, THF; (f) Et,BOMe, NaBH,, THF; (g) DMP, PPTS, CH,Cl,; (h) O3, Sudan Ill, CH,Cl,; (i) "Bu,BOTf, Et3N, (R)-4-benzyl-3-propionyloxazolidin-2-
one, CH,Cly; (j) MOMCI, DIPEA, CH,Cly; (k) BnOLi, THF; (I) TFA, THF; (m) (i) allylmagnesium bromide, THF; (ii) TFA then Et3SiH; (n) O3, Sudan Ill, CH,Cl,; (o)
NaOCl,, NaH,PO,, 2-methyl-2-butene, ‘BuOH; (p) 2,4,6-trichlorobenzoyl chloride, DMAP, toluene; (q) 2-bromobenzo[d][1,3,2]dioxaborole, CH,Cl,.
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L. Floreancig et al. Org. Lett. 2012, 14, 5614.

Fragment1 ,
: OTIPS

i HO E

0 a,b OMs c i

| % / Me Lz Me
Me;Si Me;Si ' Me;Si :
Commerical : III '

Key: (a) (S,S)-Noyori-TsDPEN, CH,Cl,, Et3N, then formic acid; (b) MsCI, EtzN, CH,Cl,; (c) 3-((triisopropylsilyl)oxy)propanal, Et,Zn, Pd(OAc),, PhsP, CH,Cl,.

Linear Synthesis

d
o —~ ¢

AcO

Clavosolide A
14 Steps (LLS)
20 (Total Steps)

Key: (d) AcCl, AICI3, CH,Cl,, then Et3N; (e) MeMgBr, Cul, (R)-ToIBINAP, ‘BuOMe; (f) NaOH, H,O; (g) LDA, THF, then (EtO),P(O)CI, then LDA, then (CH,0),;
(h) MsCl, EtsN, CH,Cly; (i) NaH, 15-C-5, THF, then 1; (j) [(p-cymene)RuCl,],, HOAc, Na,CO3, PhMe; (k) DDQ, LiClOy,, 2,6-Cl,Py, DCE; (I) NaBH,4, MeOH,
then K,CO3, MeOH; (m) (2S,3R,4S,5R)-3,4,5-trimethoxy-tetrahydro-2 H-pyran-2-yl 2,2,2-trichloroacetimidate, TMSOTf, CH,Cl,; (n) BH3-SMe,, (R)-1-methyl-
3,3-diphenylhexahydropyrrolo[1,2-c][1,3,2]oxazaborole, THF; (o) HCI, EtOH; (p) TEMPO, NaOCI, KBr, BuyNCI, NaHCO3, CH,Cl,, H,0; (p) 2,4,6-
trichlorobenzoyl chloride, EtsN, THF, then DMAP, toluene.
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M. Breit et al. Angew. Chem. Int. Ed. 2015, 54, 15530.
Synthesis of Starting Materials

Me

Me” X

o]

Key: a) AIMe3, TMSCI, CuBr (cat.), b) KOH, c) E-crotyl chloride, Mg, d) (EtO3)COMe, MeCH,CO,H, e) DIBAL-H
Summary of Synthesis

OMe
Me o) H
X
/J\
HO Z
k/\ 2
\.

PhS OMe
s
b,c,d 0
—_—

g’ “OMe (2 steps)
- .
(2 steps) ”
Me OMe
A O _~_OM
HO,C U © g
(0] @) ‘Y
‘OMe

’
‘s

OMe

(R,R)-DIOP, Cs,CO3, h) Grubbs II, (2)-2-butene, i) ICH,CI, Et,Zn.

12 Steps LLS, 16 Total steps

Cavosolide A
Key: a) pTsOH-H,0, b) yneone, quinuclidine, TFA, c) K,CO3, MeOH, d) LiOH, H,0, e) MeOTf, 4A MS, sugar, f) LIOH, H,0, g) [Rh(cod)Cl],,
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N. Kim, Hong et al. Tetrahedron Lett. 2015, 56, 3120.
Synthesis

k<
D

HO
a-d

HO
(”\COZMe —

OMe
Me PhS ~ OMe
e-g :
\/YS AN S . U
\;] Me "OMe
OH S S : S/j (2 steps)
n,o MeOC p,q,r
o S —_—
(o) 0]
=
. . TIPSO
(o) h,i HO., J-m TIPSO
N —_— ’ —_— —
K NN NS
Me Me Me
Me OMe
MGOQC

Me OMe
(@) oM ~ (0) ~ oM
U € HOZC U €
o) o s, t,u o} o
‘OMe —_— ‘OMe
TIPSO HO
™
Me Me
R= Cavosolide A
- 16 Steps (LLS)
24 Steps (TS)
Key: a) TrCl, Et3N; b) LAH; c) (COCI),, DMSO, i-Pr,EtN; d) HS(CH,)3SH, BF3-OEt,; ) SO5-pyridine, DMSO, i-Pr,EtN; f) (MeO),POCH,CO,Me, KHMDS, 18-
crown-6; g) DIBAL-H; h) allyl bromide, Zn; i) (-)-DIPT, Ti(Oi-Pr),, TBHP, 4A MS (resolution); j) Boc,O, DMAP; k) NIS; I) K,CO3; m) NaH, TIPSOTf; n) t-Buli,
HMPA; 0) MnO,, then Me,-triazolium I, DBU, MnO,, 4A MS, MeOH; p) |,, NaHCOj3; q) NaBHy; r) sugar, MeOTf, 4A MS; s) CICH,l, Et,Zn; t) TBAF; u) LiOH, H,0;
v) MNBA, DMAP.
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O. Aggarwal et al. Angew. Chem. Int. Ed. 2016, 55, 2498.

Sugar and Boronate Synthesis

OH f OBz !
HO., ~__OH ' Cl,CHNCO, _~__OBz ! o )
a-d 3 : / e-h ! (pin)B Me !
o)., - b v SN
‘OH : ‘OBz ' : :
' (4 Steps) ; : (4 Steps) !

Key: a) BzCl, DMAP, pyr, b) HBr, AcOH, c) Ag,CO3, H,0, acetone, d) DBU,CNCCI;, €) HBBr-SMe,, then NaOH, then HCI, f) diethanolamine,
g) Mey,-D-tartaramide, h) Et,Zn, CH,l,, tartaramide, then pinacol.

Synthesis of Fragment 3

________________________

OH

B(pin) :

Me. \ Me. !

a, b e f g ’ k, | . ‘ ;

Me” “OH — Me/'\/ = !
c, d i !

HO/\/\OH —— TIBO/\AO TIBO :TBSO E

Key: a) CI(CO)NiPr,, Et3N, b) s-BuLi, (—)-sparteine, then vinyl-B(pin), MgBr,-Et,0O, c) TIB-Cl, NaH, d) TEMPO, KBr, NaHCO3, NaCIO, e) n-
BuLi, TFAA, then aldehyde, f) acrolein, TFA, g) K,CO3, h) 1, TMSOTf, 4A MS, i) NaOMe, j) Mel, NaH, k) Cy,BH, then H,0,, KOH, |) TBSCI,
Et3N.

Fragment Union and End Game

OMe
~ OMe
R=
(0] 2
‘OMe

Cavosolide A
14 Steps LLS, 24 Total steps

Key: a) s-BuLi, (+)-sparteine, then 2, then NaOH, H,0,, b) HCI, ¢) TEMPO, KBr, NaHCO3, NaOClI, d) 2,4,6-iPr;BzCl,
Et3N, then DMAP.
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Graphical Summary of Previous Syntheses of Zincophorin
A. Danishefsky et al. J. Am. Chem. Soc. 1987, 109, 1572; J. Am. Chem. Soc. 1988, 110, 4368.

Reagents
Ph OTMS MgBr oTBS
Me-N TMSO Me
%2 \:/ko \ & Meo—7 N
Me Me / N OMe Me
A1 S2 S3
(2 steps) (2 steps to bromide) (3 steps) (4 steps)
Fragment 1

I,m,n,o,i

! Me Me :
: M |
; 0 V%" S0 0Bz :
I )\ > o I
L MeO” YO I T = !
! Me' TMe Me Me mi

Key: (a) 81; (b) NaH, HMPA, then H,0; (c) BOMCI, i-Pr,EtN; (d) Ozonolysis; (e) S2, MgBrs,; (f) NaBH,, CeCls; (g) 3,4-(OMe),PhCH,CI,
p-TsOH; (h) BH5-THF, then H,O,, NaOH; (i) (COCI),, DMSO, then Et3N; (j) L-Selectride; (k) DDQ; (I) LiBH4; (m) TBDPSCI; (n)
Me,C(OMe),, PPTS; (o) TBAF; (p) S3; (q) NaBH,4, CeCls; (r) Ac,O, DMAP ; (s) (E)-crotylsilane, BF3-OEty; (t) OsOy,, NalOy; (u) CrO3;
(v) Hp, Pd-C; (w) BzCl, pyridine; (x) p-TsOH.
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A. Danishefsky et al. J. Am. Chem. Soc. 1987, 109, 1572; J. Am. Chem. Soc. 1988, 110, 4368. (Cont'd)

Fragment 2
)i o o ? 5 OTBS
M M i M
O\\/NM e a,b,C k{\/Me d,e,C W\/ € fybagyh1|7J : PhOZS x / e
S 2 M Me Me E Me Me Me @
Ph Me © \eee.o.. . MBSteps
(3 steps)

Key: (a) LDA, then Mel; (b) LAH; (c) (COCI),, DMSO, then Et3N; (d) PhsPC(Me)CO,EL; (e) DIBAL-H; (f) A1, TiCly; (g) p-TsCl,
pyridine, DMAP; (h) TBSOTY, Et;N; (i) KSPh; (j) PhSeSePh, H,0,.

Fragment Union and End Game

Zincophorin
34 Steps (LLS)
60 Steps (Total Steps)

Zincophorin Methyl Ester
35 Steps (LLS)
61 Steps (Total Steps)

III + @ a,b,cd

[EE———

Key: (a) n-BuLi, MgBr,; (b) Na/Hg; (c) 1M HCI/MeOH/THF; (d) 2.0 M LiOH in MeOH/THF, then 1N HCI; (€) CH,N,.
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B. Cossy Org. Lett. 2003, 5, 4037; J. Org. Chem. 2004, 69, 4626.

Reagents
o ZnOMs ZnOMs
Me, H,__
BzO Hﬁ.:<H Meﬁ.:<H
Me Me
(3 steps) (3 steps) (3 steps)
Fragment 1

e (s1)
i

o 0 Me EtO,C Me
HL a 0O b,c d.ef TN g,h )
O/w L L > L
,\“2 \ ""oTBDPS o>""oTBDPS o : OTBDPS
° Me
m,n | i 0,p.q
OH ~ - 07 >"oTBDPS
Me

(2 steps)

Me Me

Key: (a) Rhy(R-MEPY)y; (b) MeLi, then TBDPSCI; (c) MsCl, NEtz, DMAP; (d) BH3-THF, H,O; (e) PCC, 4A MS; (f) (EtO),P(O)CH,COOEY; (g) Ha, PtO,; (h) DIBAL-H:; (i) Cy,BCl, Et,NMe; (j) HF-Py; (k) Hg(TFA),, KBr; (I) BugSnH; (m)
TBDPSCI, IM; (n) LiBH,4, then NalOy; (0) NaClO,; (p) TMSCHNy; (q) HF-Py

Fragment2
M : M Me!
0 ~M€oTBS ) ~MeotBS )
L, o .. _efoh i . :
MeO” 07 NN IMe0” 07 N N0
Me Me Me Me Me ; Me Me Me ;
' (27 steps in LLS) ]
Key: (a) DMP; (b) Pd(OAc),, PPhjs, ZnEty; (c) Hy, Pd/BaSOy; (d) TBSOTT, 2,6-Iutidine; (€) OsO,4, NMO; (f) NalOy; (g)
Et,CuLi; (h) DMP
Fragment 3
o (s2) o 9" QVom  QVom OMOM OMOM
k/Me —a . \\/k/Me b.c (\/k/Me de MMe M ik W
oTBS Me OTBS OBn e OTBS OBn e O Me Me Me Me Me Me
(2steps)
oTBS ic‘> oTBS @
I,m 0,p, 1 :
SN pa | _ _ :
B z ' = '
OBN e Me Me Me : Me Me Me Me!
1 (17 steps) .

Key: (a) Pd(OAc),, PPhs, ZnEty; (b) MOMCI; (c) BuLi, RBr, HMPA; (d) TBAF; (e) DMP, Py; (f) (Z)-propenyl MgBr, MgBr,-OEt,; (g) diketene, DMAP; (h) Al,Os; (i) DIBAL-H; (j) MsCl, NEtg; (k) LAH; (I) TsOH; (m) TBSOTF; (n) Li, NH3; (0) DMP,
Py.

Fragment Union and End Game

Me Zincophorin Methyl Ester
@ @ a QTBS OH OTBS(:)
Me ~ ~ 30LLS
56 TS

Me Me Me Me Me Me Me

Key: (a) TiCly; (b) NaBHy; (c) HF-Py
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C. Miyashita et al. Angew. Chem. Int. Ed. 2004, 43, 4341.
Starting Materials

OH X OSiPh;SMePN SiMe,Ph
z a = (] z
: BnO ’ BnO CICp,Z
/\Me — MO X""Me — MO e P2LIN N e
s1 s2

Key: (a) (SiCIPh,SiMe,Ph, EtsN; (b) Cp,Zr(H)Cl, then Me,Zn, 4A sieves, BOMCI; (c) Pd(acac),, -BuCH,C(Me),NC; (d) n-BuLi. (Fukuda, K.; Miyashita,
M.; Tanino, K. Tetrahedron Lett. 2010, 51, 4523.)

Fragment 1 ~Me
a,b,c,d a,ef Jhi k

TIPSO” " “OH —>TIPSO/\:/<L BN I Tipso ™ 1~ 0" "oAc RLIG

Me Me Me

(2 Steps) OH
M M
/\/Ej\\j\/\ \ eOTES 7
) I,m,n i 0,a,8,i )\ p,a,q,r

TIPSO :Hoﬁ:\ OBn  — TIPsO” Y10 Y T o ———= mipso” o NS

Me Me Me Me Me Me Me Me

M M M

OH MoK o OR MR OR o OR ~“®orR OR OTBS

)\ CO.Et s,0,i,d ) T tu,v )\ X a,w,x

:HO|E|: - = 2 - :HO|E|: - - 7 OH —— :HO|E|: - - 7 -
Me Me Me Me Me Me Me Me Me Me Me
R=TES R=T

_____________________________________________ ES
: Me
! “"“OR OR OTBS |
:MeOZC o = 1
. ~ - Y Y Y -BBN |
! - H o H = - - ° |
. Me Me Me Me !
| R=TES [1]
\______________36StepsinlLLS H

Key: (a) (COCI),, DMSO, then Et3N; (b) (0-Me-PhO),P(O)CH,CO,Et, NaH; (c) DIBAL-H; (d) MCPBA,; (e) (i-PrO),P(O)CH,CO,Et, t-BuOK; (f) Me,Zn-CuCN;
(g) Hy, PtOy; (h) Ti(Oi-Pr)y; (i) DIBAL-H, then Ac,0, pyridine; (j) $1, TiCI(Oi-Pr),; (k) TIPSOTf, 2,6-lutidine; (1) Ca, NHs; (m) Ti(Oi-Pr),, D-(-)-DIPT, t-
BuOOH, 4A sieves; (n) Me,CulLi; (o) TESOTf, 2,6-lutidine; (p) Ti(Oi-Pr),, D-(-)-DET, t-BuOOH, 4A sieves; (q) (EtO),P(O)CH,CO,Et, NaH; (r) TBAF; (s)
Me3Al-D,0; (t) PPhs, o, imidazole; (u) BuLi; (v) TBSCI, DMAP; (w) NaClO,, NaH,PO,, 2-methyl-2-butene; (x) TMSCHN, (y) 9-BBN.
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C. Miyashita et al. Angew. Chem. Int. Ed. 2004, 43, 4341. (Cont'd)

Fragment 2
OH OTES
/\/\ a,b Br fyg!hyi
TIPSO” Y TOH ——=  TIPSO” YN = NNF
I\-/Ie '\-/Ie Br Me Me Me
5 OTES 5
NN A Me
E Me Me Me IEI i
' 11 steps !

Fragment Union and End Game

Zincophorin Methyl Ester
38 Steps (LLS)
53 Steps (Total Steps)

Zincophorin
39 Steps (LLS)
54 Steps (Total Steps)

@a_'b,

Key: (a) ag. Cs,CO3, AsPhs, [PACIy(dppf)]; (b) TEAF; (c) LiOH, HyO/MeOH/THF.
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D. Leighton et al. J. Am. Chem. Soc. 2011, 133, 7308.

Chiral Auxiliary Synthesis

NH, s s o ';

5 OH ab S)kNH c ESXNK/MGE
n ! '
o} ! 1

Bn t ;

(3 steps from
inexpensive chemicals)
Key: (a) NaBHy, I5; (b) KOH, CS,, H,0, reflux; (c) propionyl chloride, DMAP, TEA.

M
Fragment 1 e‘
OH Me Me OH O OH
ab o) c = d o e : f
HO _~_ X Me —322 , Bno_~_<J Me —° > BnO z L s oSS e~ BO N
e
Me BnO\/\/H/ Me Me Me
Me
) o ! ) :
TBSO O OH _ : ;
BnO : _gh _ TBSO o)ko i TBSO QXQ o j . TBSO Q)LQ OH !
5 X E EO - ER- ‘
BnO. N BnO  BnO. N '
Me Me Me 3 3 ' 3 E 1
Me Et Me Me Me Me i Me Me Me Me( 1) !

(10 steps in LLS)

Key: (a) NaH, BnBr; (b) Shi epoxidation, oxone, Na,EDTA; (c) Propyne, BuLi, AlMej3; (d) dicrotylsilane, NaH; (e)Rh(acac)(CO),, then H,0,, KF; (f) TBSOTT, 2,6-lutidine; (g) DIBAL-H; (h) CDI; (i) OsO4, NMO, then NalOy;
(j) K-trifluorocrotylborate, TBAI.

Fragment 2
(0] OAc
ab TBSO cde
@ BnO.

Me Me Me l\:/Ie

(17 steps in LLS)

Key: (a) Rh(acac)(CO),, PPh, CO/H,; (b) Ac,0, Py, DMAP; (c) TiCly, SnCly, iPr,NEt; (d) DMAP, MeOH; (e) Pd/C; (f)
DIAD, PPhg; (g) (NH4)gM070,4#H,0, Hy0,.
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D. Leighton et al. J. Am. Chem. Soc. 2011, 133, 7308. (Cont'd)

Chiral Auxiliary Synthesis

! : N !
' : N
NP { ‘Mev/\ Me._~ b :O\ /Sif\Me ;
Me C Me j SiCly ! N C !
; : _ (a3);
,,,,,,,,,,, (p-BrCeHy) > L (p-BrCeHs) T
(2 total steps) : (2 total steps)
Key: (a) HSiCl3, Pd; (b) diamine, DBU
(") HSICls, NEt;, CuCl
Fragment 3
OH oTs o OTs OH 3 OPMB 1
a z b : | c = B de ' B '
Mewo —_— MEM Me . N Me - N N iMe - N o 3
Me M JL&O Me Me Me Me Me : Me Me Me (3]
P S S St )

(5 steps)

Key: (a) Sc(OTf)3; (b) Hoveyda-Grubbs-II, then TsCl, Et3N; (c) Sc(OTf)3; (d) KHMDS, PMBBTr, then LiBEt;H; (e)
Os0y, NalQy, 2,6-lutidine.

Fragment Union and End Game

Zincophorin Methyl Ester|

(@]
o e

OPMB TBSO

a
(2) ~ Me 21LLS

o = 33TS

I\:/Ie Me Me Me Me Me Me

Key: (a) KHMDS; (b) DDQ, pH = 7 buffer; (c) NaOMe; (d) HF, H,0.
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E. Guindon et al. Tetrahedron 2015, 71, 709.

Reagents
OTMS Hs_ B o O
X
%!/\OM‘* TN o)kN)H
R N-N' A, Me
S1 X=Br, R=Me S3 Bn
$2 X=SePh, R=H A1
S1: 1 Step (3 Steps)
S2: 2 Steps
Fragment 1
M M
O oTBDPS OH OTBDPS o orES (j\j\ mTBDPS
ab : d : f,g.d,h ij
MeO,C cde .9.d, CHO i MeO,C 1
K:) —— ez \‘/\) = WOTBDPS S e Y T 0TBDRPS = 20Ny 1o
Me Me Me Me Me Me Me Me
(3 steps)
M M M
OBn e OBn ~OH TBDPSO €
d,k,l,h L CHO mpb 5 CO,Me g,nk,d,h,m CO,Me  bk,d,h
T TR 7 Ta%iT ¢ - SH A Br
- H - - - - - - -
Me Me Me Me Me Me Me Me Me

(23 steps in LLS)

M M M
TBDPSO ~€oBn 0Bn O bkqn TBDPSO ~"°oBn OBn OBn O o.qr TEDPSO ~""°0Bn OBn OBn
N obkd, ok 9, : o
0 0 0

H H

SHoHR: D F : oo = : oo =

Me Me Me Me Me Me Me Me Me Me Me Me

o MR OR OR ! 0 MR orR OR o :

l,s,t,g,u,v H wXx ! H 2 Ph '
MeO 07: OH ! MeO 0: SN

THO%RYT YO : “nP%a T TN

Me Me Me Me ' Me Me Me Me N~N '

R=TBS ! (46 stepsinLLS) R=TBS ;

Key: (a) BF3OEtz, $1; (b)Bu,BOTf, DIEA, then BusSnH, BEts, air; (c) TESOTY, 2,6- lutidine; (d) DIBAL-H; (e) (COCI),, DMSO, then Et3N; (f) PhsPC(H)=CO,Me; (g) Hp, Pd—C; (h)
DMP, NaHCOg3; (i) BiBr3, $1; (j) Ph3SnH, BEts, air; (k) BnO=CNHCI3, TfOH; (I) TBAF; (m) TiCly, S1; (n) TBDPSCI, EtzN, DMAP; (0) BF30Et,, $2; (p)MePPh3Br, n-BulLi; (q) 9-
BBN, then NaOH/H,0,; (r) PivCl, pyridine; (s) NaClO,, NaH,PO4, 2-methyl-2-butene; (t) TMSCHN,; (u) TBSOTHT, 2,6-lutidine; (v) KoCOs; (w) DIAD, PPhs, S3; (x) (NH4)gM07024-

4H,0, H,0,.
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E. Guindon et al. Tetrahedron 2015, 71, 709.

Fragment2 ‘
oH o o O OPMB cl) OPMB E
K‘/\/Me a,b,c,a WMe d,_e,f> O%N)WY\/Me g,h EWY\/M(%
Me Me Me \/’ I\:/Ie Me Me E I\:/Ie Me Me
(6 Steps) Bn : 15 Steps 2 :

________________________

Key: (a) (COCI),, DMSO, then Et3N; (b) PhsP=C(Me)CO,Et; (c) DIBAL-H; (d) MgCly, Et;N, TMSCI, A1; (e) TFA; (f) PMPOC(NH)CCl3
(g) LiBHy; (h) DMP, NaHCO3.

Fragment Union and End Game

III EI a,b,c

Key: (a) KHMDS; (b) DDQ, pH 7 buffer; (c) TBAF.

Zincophorin Methyl Ester
49 Steps (LLS)
70 Steps (Total Steps)
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Graphical Summary of Previous Syntheses of Cryptocaryol A
A. Mohapatra et al. Eur. J. Org. Chem. 2013, 1051.

Linear Synthesis

OH OBn
/%Me ab /MMe —C> /MMe
HO 12 = 12 = 12
By
f BocO  OBn g o° O  OBn
- s B e ~ Me
Z > Me 12
|
i OR1 OBn
— O =z
Me
12
R; = PMB
f-j OH / OR,\OR;y OBn
= 12
2

Cryptocaryol A
(incorrect structure)
28 steps (LLS)

28 steps (Total Steps)

Key: (a) PCC, CH,Cl,, rt; (b) TiCly, Ti(OiPr)4, (S)-BINOL, Ag,O, allyltributylstannane, -20 °C; (c) NaH, BnBr, THF, 0 °C; (d) OsOy4, NalOy,, 2,6-lutidine, dioxane,
rt; (e) allylITMS, TiCly, -78 °C; (f) Boc,O, EtsN, CH,Cl,, rt; (g) NIS, CH3CN, -40 to 0 °C; (h) K,CO3, MeOH, rt; (i) first iteration: NaH, PMBCI, THF, DMF, 0 °C
(subsequent iterations: NaH, MOMCI, THF, DMF, 0 °C); (j)vinylmagnesium bromide, Cul, THF, -20 °C; (k) acryloyl chloride, DIPEA, CH,Cl,, 0°C; (I) Grubbs I,

CH,Cl,, reflux; (m) TiCl,, CH,Cl,, rt.
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B. O'Doherty et al. J. Am. Chem. Soc. 2013, 135, 9334.
Linear Synthesis

O O

O 0
d, : X
/\/\/// —>a’b /\/\/J\OMG 4>C 4»6 O OMe
HO PMBO N OMe :

(+)-Cryptocaryol A
23 steps (LLS)
23 steps (Total Steps)

Key: (a) PMBCI, NaH, TFAB, 0 °C; (b) CICO,Me, n-BuLi, THF, -78 to 0 °C; (c) PPhs, PhOH, benzene, 50 °C; (d) AD-mix-a, t-BuOH/H,0, 0 °C; (e) triphosgene,
pyridine, DMAP, CH,Cl,, -78 °C; (f) PdPPhj, EtsN, HCO,H, THF, reflux; (g)PhCHO, KOtBu, THF, 0 °C; (h) DIBALH, CH,Cl,, -78 °C; (i) (R,R)-Leighton,
Sc(OTf)3, CH,Cl,, -10 °C, (j) ethyl acetate, Grubbs II, CH,Cl,; (k) PhCHO, KOtBu, THF, 0 °C; (I) DIBALH, CH,Cl,, -78 °C; (m) 1-pentadecyne, n-BuLi, THF, -78
°C; (n) DMP, CH,Cl,, 0 °C; (0) (R,R)-Noyori, EtzN, HCO,H; (p) NBSH, Et;N, CH,Cly; (q) TBSCI, imidazole, DMF; (r) DDQ, CH,Cl,, H,0, 0 °C; (s) DMP,
CH,Cl,, 0 °C; (t) (S,S)-Leighton, Sc(OTf)z, CH,Cl,, -10 °C; (u) acrylic acid, DCC, DMAP, CH,Cly; (v) Grubbs I, CH,Cly, reflux; (w) AcOH/H,O = 4:1, 80 °C.
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C. Cossy et al. J. Org. Chem. 2015, 80, 8668.
Starting Materials

OH OH ab OBn O o, cd OH
A B

Key: (a) NaH, BnBr, n-BuyNI, THF, rt, 7h; (b) PCC, NaOAc, 4 A MS, CH,Cl,, rt, 3h; (c) TsCl,
EtsN, DMAP, CH,ClI,, 0 °C to rt, 3 h; (d) Li,CuCly, vinylmagnesium bromide, THF, -40 °C, 3h.

Linear Synthesis

OH o e
= —_— B ——_— —_—
- oT oT
v MOTS o OTs o S o S
B

A

OR;
de,f 0 g,h
—_— —_—
l o OTs TsO

R, = TBDPS

OTs

(+)-Cryptocaryol A
20 steps (LLS)
(CHy)14Me 22 steps (Total Steps)

OR, OR; OR1 O par OH OH OH OH OH

R, = TBS
Key: (a) TFA, CH,Cl,, rt, 3 then NaHCO3, Et3N; (b) DMP, CH,CI,, rt 2.5 h; (c) L-Selectride, THF, -78 °C, 1 h; (d) TBDPSCI, imidazole, CH,Cl,, rt, 14 h; (e) Ho,
Pd/C, MeOH, EtOAc, rt, 16 h; (f) TPAP, NMO, CH,Cl,, rt, 2 h; (g) B, TFA, CH,Cl,, rt, 3 h then Et3N, NaHCO; (aq); (h) DMP, CH,Cl,, rt, 2h; (i) NaBH,4, MeOH, -
40 °C, 1 h; (j) Nal, acetone, ««w, 120 °C, 2 h; (k) acryloyl chloride, iPr,NEt, CH,Cl,, 0 °C to rt, 3.5 h; (I) Zn, THF/H,0 = 5:1, 70 °C, 1 h; (m) TBSOTf, 2,6-lutidine,
CH,Cly, -78 °C, 1 h; (n) Grubbs | (10 mol%), CH,Cl,, 45 °C, 2.5 h; (0) O3z, CH,Cl,, -78 °C then PPhs; (p) (1) heptadecan-2-one, Cy,BCl, Et3N, pentane, 0 °C, 2 h
(2) aldehyde, pentane, -78 °C to 40 °C, 4 h (3) MeOH/pH7 buffer/H,0,, -40 °C to rt, 16 h; (q) Me4,NBH(OAc);, CH3;CN/MeOH = 1:1, -20 °C, 7 h; (r) HF*CH3CN,
rt, 2.5 h.
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Linear Synthesis

OH a OPMB b O OPMB c OH O OPMB d OH OH OPMB
NMe NMe Me - Me M)J\/.\Me = . Me
Me Me Me Me Me, Me
e 0" "o OPMB i 6 o O OPMB g OH 0 0" O OPMB
= . Me Me Me = : Me
Me Me Me Me Me Me Me Me Me Me
h OH OH OXO (:)PMB i o o O O (:)PMB j QXO OXO (:)H
T AN A T e NN NN N
Me Me Me Me Me Me Me Me Me Me Me Me
k o0 o 0 o I,m | "0 o o o n (:)Xo oxo o}
T w o AN, T MMG
O~ OEt
Me Me Me Me (0]
o,p ©” 0 O O OH OH q OH OH OH OH OH (-)-Cryptocaryol A
Z z - z 17 steps (LLS)
= (CH3)14Me (CH2)14Me
O~ "OEt

17 steps (Total Steps)

Key: (a) PMB trichloroacetimidate, CSA, CH,Cly, rt; (b) PdCl,, CuCl, O,, DMF, H,0, rt; (c) (1) Cy,BCl, EtsN, Et,0, -30 °C (2) 3-butenal, -78 °C; (d) LiBH,,
Et,BOMe, THF, MeOH, -78 °C; (e) 2,2-DMP, CSA, rt; (f)PdCl,, CuCl, O,, DMF, H,0, rt; (g) (1) Cy,BCl, EtzN, Et,0, -30 °C (2) 3-butenal, -78 °C; (h)
Me,NHB(OAc)s, MeCN, AcOH, -30 to -20 °C; (i) 2,2-DMP, PPTS, rt; (j) DDQ, CH,CI, buffer, 0 °C; (k) (COCI),, DMSO, EtzN, CH,Cl,, -78 °C; (I) OsO,,

NMO, t-BuOH, THF, H,0, rt; (m) NalO4, THF, H,0O; (n) ethyl 2-(bis(o-tolyloxy)phosphoryl)acetate, NaH, THF, -78 °C; (o) (1) Cy,BCl, Et3N, Et,0, -30 °C (2)
palmitaldehyde, CH,Cls,, -78 °C; (p) Me4sNHB(OAC)3, MeCN, AcOH, -30 to -20 °C; (q) CSA, MeOH.
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