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Structural Debate Interlude
Stoltz Biomimetic Approach
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Stoltz, B. etal. Tet Lett. 2003, 44 (6), 1203-1205



Structural Debate Interlude
Funk Hetero-Diels-Alder Approach
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Introduction to the Communesin Family

Communesin A: R=R'=Me
Communesin B: R' = Me, R = XXX

2001 Hemscheidt reported, isolated
from fungus on bark of Ficus
microcarpa in Hawaii

"Nomofungin”

Hasegawa, T. et al. Tet Lett. 1993, 34 (14), 2355-2358. Hemscheidt, T.K. et al. J. Org. Chem. 2001, 66 (26), 8717-8721.

Communesin A and B isolated from
fungus Penicillium sp. on marine algae
(Enteromorpha intestinalis) in 1993 by
Prof. Numata and colleagues

Feature interesting polycyclic skeleton
with congested heptacyclic ring system
bearing two aminals and two vicinal
quaternary stereocenters

Cytotoxic against P-388 lymphocytic
leukemia cells by microfilament
disruption

Ep50 values of 3.5 and 0.45 pg/mL
respectively
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Introduction to the Communesin Family
Biosynthetic Pathway
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Tang, Y. etal.,, Angew. Chem. Int. Ed. 2015, 54, 3004 -3007



Syntheses of Communesin F

Enantioselective

Racemic

Qin — 2007:
2.6% in 23 steps

Ma —2010:

Weinreb — 2010: 5.6% in 19 steps

0.93% in 29 steps

Movassaghi — 2016:

Funk —2012: 1.3% in 21 steps

6.7% in 15 steps

| | Yang —2017:
Stoltz — 2014: Communesin F 3.7% in 15 steps

9.0% to intermediate in Qin
synth. in 17 steps
(11 more to NP)

16943. Stoltz, B. et al. Org. Lett. 2014, 16 (2), 3316-3319. Ma, D. etal. J. Am. Chem. Soc. 2010, 132 (38), 13226-13228. Movassaghi, M. etal. . Am. Chem. Soc. 2016, 138 (24), 7763-7769. Yang, R. et al.
J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367

Qin, Y. et al. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795. Weinreb, S. et al. Angew. Chem. Int. Ed. 2010, 49, 2000 —-2003. Funk, R., Belmar, J. . Am. Chem. Soc. 2012, 134 (41), 16941-



Syntheses of Communesin F

Racemic

Qin — 2007:
2.6% in 23 steps

Weinreb — 2010:
0.93% in 29 steps

Funk — 2012:

6.7% in 15 steps

Stoltz — 2014: Communesin F
9.0% to intermediate in Qin

synth. in 17 steps
(11 more to NP)

16943. Stoltz, B. et al. Org. Lett. 2014, 16 (2), 3316-3319. Ma, D. etal. J. Am. Chem. Soc. 2010, 132 (38), 13226-13228. Movassaghi, M. etal. . Am. Chem. Soc. 2016, 138 (24), 7763-7769. Yang, R. et al.
J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367

Qin, Y. et al. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795. Weinreb, S. et al. Angew. Chem. Int. Ed. 2010, 49, 2000 -2003. Funk, R., Belmar, J. J. Am. Chem. Soc. 2012, 134 (41), 16941- @



Racemic Synthesis of Communesin F — Qin (2007)

Retrosynthetic Analysis

Communesin F

Qin, Y. etal. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795



Racemic Synthesis of Communesin F — Qin (2007)

Retrosynthetic Analysis

Me

amidine red.

—

acylation

Communesin F

Qin, Y. etal. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795



Racemic Synthesis of Communesin F — Qin (2007)

Retrosynthetic Analysis
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attack of
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Retrosynthetic Analysis
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Racemic Synthesis of Communesin F — Qin (2007)

Retrosynthetic Analysis
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Heck

° /

Qin, Y. etal. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795



Racemic Synthesis of Communesin F — Qin (2007)

Retrosynthetic Analysis
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Qin, Y. etal. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795



Racemic Synthesis of Communesin F — Qin (2007)

Retrosynthetic Analysis
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Qin, Y. etal. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795



Racemic Synthesis of Communesin F — Weinreb (2010)

Retrosynthetic Analysis

Communesin F

Weinreb, S. et al. Angew. Chem. Int. Ed. 2010, 49, 2000 -2003



Racemic Synthesis of Communesin F — Weinreb (2010)

Retrosynthetic Analysis

amidine red. Sp2’
N\ N\
acylation attack of
imidate

Communesin F

Weinreb, S. et al. Angew. Chem. Int. Ed. 2010, 49, 2000 -2003



Racemic Synthesis of Communesin F — Weinreb (2010)

Retrosynthetic Analysis

red. w/ in situ
S.2°

amidine red. rearrangement
AN N N
/) /) /)
acylation attack of
imidate

Communesin F

Weinreb, S. et al. Angew. Chem. Int. Ed. 2010, 49, 2000 -2003
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Racemic Synthesis of Communesin F — Weinreb (2010)

Retrosynthetic Analysis

red. w/ in situ
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imidate
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Weinreb, S. et al. Angew. Chem. Int. Ed. 2010, 49, 2000 -2003



Racemic Synthesis of Communesin F — Funk (2012)

Retrosynthetic Analysis

Communesin F

Funk, R., Belmar, J. . Am. Chem. Soc. 2012, 134 (41), 16941-16943



Racemic Synthesis of Communesin F — Funk (2012)

Retrosynthetic Analysis

Me H Me

- N alkylation
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...'S f
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=
=

Funk, R., Belmar, J. . Am. Chem. Soc. 2012, 134 (41), 16941-16943



Racemic Synthesis of Communesin F — Funk (2012)

Retrosynthetic Analysis

Me H Me
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=
=

Funk, R., Belmar, J. . Am. Chem. Soc. 2012, 134 (41), 16941-16943



Racemic Synthesis of Communesin F — Funk (2012)

Retrosynthetic Analysis

Me Me O
Me Me
';' N alkylation
' red. amination Sp2’ Heck
N >
7 . 4 7
acylation lactamization azide FGl
N
Me

Communesin F

Funk, R., Belmar, J. . Am. Chem. Soc. 2012, 134 (41), 16941-16943



Racemic Synthesis of Communesin F — Funk (2012)

Retrosynthetic Analysis

Me Me O
Me \f Me
. - N alkylation
' red. amination Sp2’ Heck
N >
7 . 4 7
acylation lactamization azide FGI
n,.N
';l H
Me

Communesin F tosylation and
ring closure

Funk, R., Belmar, J. . Am. Chem. Soc. 2012, 134 (41), 16941-16943



Racemic Synthesis of Communesin F — Funk (2012)

Me
alkylation

red. amination

AN
Yag, )
/7

D acylation

Communesin F

Br

Iz

Funk, R., Belmar, J. . Am. Chem. Soc. 2012, 134 (41), 16941-16943

Br

Retrosynthetic Analysis

S,2’

Iz

Heck

AN

)

/7
azide FGI

tosylation and
ring closure




Formal Racemic Synthesis of Communesin F — Stoltz (2014)

Retrosynthetic Analysis

Communesin F

Stoltz, B. etal. Org. Lett. 2014, 16 (2), 3316-3319
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Formal Racemic Synthesis of Communesin F — Stoltz (2014)

Retrosynthetic Analysis

(@) (0]
Br /
translactamization
\
>
/7
red. amination 0
N N02
|
Me

Communesin F

Stoltz, B. etal. Org. Lett. 2014, 16 (2), 3316-3319



Formal Racemic Synthesis of Communesin F — Stoltz (2014)

Retrosynthetic Analysis

H
0
N o Blro Y/,

translactamization
\
D
/7

red. amination

RN (@)
CO,Me N NO;
\ M
Me e
Communesin F lactonization
and allylation
\v/

Stoltz, B. etal. Org. Lett. 2014, 16 (2), 3316-3319



Formal Racemic Synthesis of Communesin F — Stoltz (2014)

Retrosynthetic Analysis

H
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N0 B/ /

translactamization
\
D
/7

red. amination

RN (@)
CO,Me N NO;
\ M
Me e
Communesin F lactonization
and allylation
\v/

(@) (@) OTIPS OTIPS TIPSO
B in situ base promoted
AllylO OAllyl r _o-azaxylylene Br , alkylation NO,
NO, Br < < CO,Allyl
+ O - o COLAllyl
N \N N
- - H

Stoltz, B. etal. Org. Lett. 2014, 16 (2), 3316-3319



Syntheses of Communesin F

Enantioselective

Ma — 2010:
5.6% in 19 steps

Movassaghi — 2016:
1.3% in 21 steps

| Yang — 2017:
(-) Communesin F 3.7% in 15 steps

Qin, Y. et al. J. Am. Chem. Soc. Comm. 2007, 129 (5), 13794-13795. Weinreb, S. et al. Angew. Chem. Int. Ed. 2010, 49, 2000 -2003. Funk, R., Belmar, J. J. Am. Chem. Soc. 2012, 134 (41), 16941-
16943. Stoltz, B. et al. Org. Lett. 2014, 16 (2), 3316-3319. Ma, D. etal. J. Am. Chem. Soc. 2010, 132 (38), 13226-13228. Movassaghi, M. etal. . Am. Chem. Soc. 2016, 138 (24), 7763-7769. Yang, R. et al.
J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Ma (2010)

Retrosynthetic Analysis

(-) Communesin F

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Retrosynthetic Analysis

intramolecular
Aza-Wittig
N\

)

/7

S,2’

(-) Communesin F

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Retrosynthetic Analysis

OH
Me Me
intramolecular
Aza-Wittig
N\ N\
> >
/7 /7
S.2’

(-) Communesin F

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228




Synthesis of (-) Communesin F — Ma (2010)

Retrosynthetic Analysis

Me
Me TBSO

intramolecular
Aza-Wittig
N\

)

/7

S,2’

(-) Communesin F

ﬂ‘\‘Ph
N
r

reduction and
cyclization

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Retrosynthetic Analysis

TBSO
intramolecular

Aza-Wittig Heck B

- AN

% >

4 V4

Sn2’ allylation
(-) Communesin F
NO,

o) intramolecular TBSO

ox. coupling

N~ ~OTBS <

Ph
\
N
H

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228

ﬂ‘\‘Ph
N
r

reduction and
cyclization




OH
Br

Iz

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228

Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

O,N
OH 1. IBX, DMSO Ph
Br 2. (S)-O-TBS-phyenylgycinol, /—\
NaBH(OAc);, CICH,CH,CI TBSO N
> o)
N\ 3. 2-(2-nitrophenyl)acetic acid, '
N BOPCI, NEt;, CH,Cl,, 0 °C
H 65% (3 steps) A\
N
H

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

O,N
OH 1. 1BX, DMSO Fh _
Br 2. (S)-O-TBS-phyenylgycinol, /—\ LiHMDS, THf, -78 °C
NaBH(OAc);, CICH,CH,CI TBSO N then |, -78 °C to rt

’ B (o) >
N\ 3. 2-(2-nitrophenyl)acetic acid, '
N BOPCI, NEt;, CH,Cl,, 0 °C
H 65% (3 steps) A\

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228

Ph
TBso/\‘
N
Br o
[ >

N7 O:N



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

O,N
.Ph
OH 1. IBX, DMSO Pnh _ TBSO/\‘
Br 2. (S)-0-TBS-phyenylgycinol, /\ LiIHMDS, THF, -78 °C N _o
NaBH(OAc), CICH,CH,CI 8S6 N then |, -78 °C to rt By

B (0
N\ 3. 2-(2-nitrophenyl)acetic acid, r Q
BOPCI, NEt3;, CH,Cl,, 0 °C
Z

N
H 65% (3 steps) A\ N7 ON

N

H

1. Fe, NH,CI, tBuOH,
H,0, reflux
2. KOtBu, Mel, THF, 0 °C
v 66% (3 steps)

50% 16%

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

O,N
Ph ~Ph
OH 1. IBX, DMSO . _ TBSO/\‘
Br 2. (S)-O-TBS-phyenylgycinol, /\ LiHMDS, THf, -78 °C N _o
NaBH(OAc);, CICH,CH,CI TBSO N then |, -78 °C to rt Br
- . o) >
N\ 3. 2-(2-nitrophenyl)acetic acid, r Q
N BOPCI, NEt;, CH,Cl,, 0 °C
H 65% (3 steps) \ N7 OoN
N
H
1. Fe, NH4CI, tBuOH,
H,0, reflux
2. KOtBu, Mel, THF, 0 °C
v 66% (3 steps)

2. KOtBu, allyl iodide, Et,0, rt
3. TBAF, THF, 92% (2 steps)

50% 16%

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

1. NalO,4, K,0S0,4(H,0),,
NMO, THF, H,0

>
2. NaBH,, MeOH

95% (2 steps)

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

M
ZKon
Me Me
Pd(OAc),, P(o-Tol)s;, PMP,
nBuyNBr, DMF,
140 °C (MW)

1. NalO,4, K,0S0,(H,0),,
NMO, THF, H,0

y
2. NaBH,4, MeOH

95% (2 steps)

80% b.r.s.m.

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228
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Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

M
ZFou
Me Me
Pd(OAc),, P(o-Tol)s;, PMP,
nBuyNBr, DMF,
140 °C (MW)

1. NalO,4, K,0S0,(H,0),,
NMO, THF, H,0

y
2. NaBH,4, MeOH

95% (2 steps)

80% b.r.s.m.

1. MsCl, NEt;,
CH,Cl,, 0 °C, 63%

2. NaN;, nBuyNBr,
DMF, 90 °C, 78%




Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

M
ZFou
Me Me
Pd(OAc),, P(o-Tol);, PMP,
nBu,NBr, DMF,
140 °C (MW)

1. NalO,4, K,0S0,(H,0),,
NMO, THF, H,0

>

2. NaBH,4, MeOH

95% (2 steps)

80% b.r.s.m.

1. MsCl, NEt,,
CH,Cl,, 0 °C, 63%

2. NaN;, nBuyNBr,
DMF, 90 °C, 78%

P(nBu)3, PhMe, 80 °C
-

83%

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Ma (2010)

Forward Synthesis

M
ZFou
Me Me
Pd(OAc),, P(o-Tol);, PMP,
nBu,NBr, DMF,
140 °C (MW)

1. NalO,4, K,0S0,(H,0),,
NMO, THF, H,0

>

2. NaBH,4, MeOH

95% (2 steps)

80% b.r.s.m.

1. MsCl, NEt,,
CH,Cl,, 0 °C, 63%

2. NaN;, nBuyNBr,
DMF, 90 °C, 78%

1. NaBH,4, HOAc, Ac,0
2. TFA, CH,CI,
73% (2 steps)

(-) Communesin F

83%

Ma, D. etal. . Am. Chem. Soc. 2010, 732 (38), 13226-13228



Synthesis of (-) Communesin F — Movassaghi (2016)

Retrosynthetic Analysis

(-) Communesin F

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016)

Retrosynthetic Analysis

two C-N bond .
formations
\ \
> >
- / - - - /
acetylation biomimetic

reorganization

(-) Communesin F

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769




Synthesis of (-) Communesin F — Movassaghi (2016)

two C-N bond

formations\

>

_ 7
acetylation

(-) Communesin F

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769

Retrosynthetic Analysis

- - - /
biomimetic
reorganization

N, extrusion
w/C-C bond formation

Ny




Synthesis of (-) Communesin F — Movassaghi (2016)

Retrosynthetic Analysis

two C-N bond .
formations
\ \
> >
- / - - - /
acetylation biomimetic

reorganization

(-) Communesin F

N, extrusion
w/C-C bond formation

Ny

heterodimer Me
, formation
<
N\
selective
oxidation

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016)

Fragment Preparation

‘\C02me
‘ 1. (Me3Si)3SiH, Et;B, rt, 95% > 99:1 dr
NBoc >
2. (i) KOH(aq), MeOH, CH,Cl,, rt
NSO,Ph (ii) TCFH, thiopyridine N-oxide,

DMAP, NEt;, THF, tBuSH, hv 69%

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016)

Fragment Preparation

.CO,Me Rh,(esp),, HoNSO3Ar, Phl(OAc),,
' 1. (Me;Si);SiH, Et3B, rt, 95% > 99:1 dr Ph(CH,;),CCO,H, MgO, /PrOAc
NBoc > >
2. (i) KOH(aq), MeOH, CH,Cl,, rt 399
NSO,Ph (ii) TCFH, thiopyridine N-oxide,

DMAP, NEt;, THF, tBuSH, hv 69%

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769




Synthesis of (-) Communesin F — Movassaghi (2016)

Fragment Preparation

HO

Br :tBu :tBu
N=S8 Br HN—S
/ ‘o 1.allyIMgBr, CH,Cl,, -78 °C, 78%, > 98:2i %
©\/NS:° 2. 05, MeOH, -78 °C; NaBH, -78 °C, 79% 0
Me |
Me

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016)

Fragment Preparation

HO
HO Me Me
JtBu Bu BocHN
Br N—S Br HN—S 1. o-NsNHBoc, DIAD, polystyrene-PPHj,
/ \\0 1. allyIMgBr, CH,Cl,, -78 °C, 78%, > 98:2 dr \b 50 °C; PhSH, Cs,CO03, 82% A

N © 2. 03, MeOH, -78 °C; NaBH, -78 °C, 79% (o] 2. Me,C(OH)CH=CHSN(nBu);, PdCI,(PPh;),,

I N PhMe, THF, 110 °C, 81%

Me I

Me

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769

tBu



Synthesis of (-) Communesin F — Movassaghi (2016)

Fragment Preparation

HO
:tBu Bu BocHN
Br N—S Br HN—S 1. o-NsNHBoc, DIAD, polystyrene-PPHj, :tBU
/ \\0 1. allylMgBr, CH,ClI,, -78 °C, 78%, > 98:2 dr \b 50 °C; PhSH, Cs,CO0O3;, 82% X HN—S\\
> > o]
© 2. O3, MeOH, -78 °C; NaBH, -78 °C, 79% (o] 2. Me,C(OH)CH=CHSN(nBu);, PdCI,(PPh;),,
N
| N PhMe, THF, 110 °C, 81% O

1. PdCI,(MeCN),, MeCN, 80 °C, 81%
2. (i) LiBH,, MeOH, THF, 0 °C
(ii) Me;SiCN, HFA, 0 °C
60%

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016)

Fragment Preparation

HO
tBu Bu BocHN
Br N—S Br HN—S 1. o-NsNHBoc, DIAD, polystyrene-PPHj, :tBU
/ \\0 1. allylMgBr, CH,ClI,, -78 °C, 78%, > 98:2 dr \b 50 °C; PhSH, Cs,CO0O3;, 82% X HN—S\\
> > o]
© 2. O3, MeOH, -78 °C; NaBH, -78 °C, 79% (o] 2. Me,C(OH)CH=CHSN(nBu);, PdCI,(PPh;),,
N 3
| N PhMe, THF, 110 °C, 81% O

1. PdCI,(MeCN),, MeCN, 80 °C, 81%
2. (i) LiBH,, MeOH, THF, 0 °C
(ii) Me;SiCN, HFA, 0 °C
60%

Me

HCI, dioxane, MeOH, 64%
-

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016) f

NEt,

Fragment Coupling / Completing the Synthesis OJ

F
0]
O\\S/I
/0 1. DMAP, THF, 80%
H—'N,' F y
2. A, N-chloro-N-methylbenzamide,
NBoc MeOH, 57%
NSO,Ph

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016)
Fragment Coupling / Completing the Synthesis

Boc

F Me N
(0]
05 NSO,Ph Me
;>0 1. DMAP, THF, 80% hv (350nm), 39%

H_N'o F » “‘ >

: 2. A, N-chloro-N-methylbenzamide,

NBoc MeOH, 57%
NSO,Ph

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769




Synthesis of (-) Communesin F — Movassaghi (2016)
Fragment Coupling / Completing the Synthesis

Me ﬁoc
NSO,Ph Me
1. DMAP, THF, 80% hv (350nm), 39%
o
2. A, N-chloro-N-methylbenzamide,
MeOH, 57%

Sc(OTf);, HFA, 67%

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769



Synthesis of (-) Communesin F — Movassaghi (2016)
Fragment Coupling / Completing the Synthesis

Boc
N

NSO,Ph Me

hv (350nm), 39%

1. DMAP, THF, 80%

y

2. A, N-chloro-N-methylbenzamide,
MeOH, 57%

Na(Hg), NaH,PO,,
THF, MeOH

tBuOLi, MeOH, 50 °C;
dry PPTS, Ac,0, 82%
-

(-) Communesin F

Movassaghi, M. et al. J. Am. Chem. Soc. 2016, 138 (24), 7763-7769

Me

Sc(OTf);, HFA, 67%




Synthesis of (-) Communesin F — Yang (2017)

Retrosynthetic Analysis

(-) Communesin F

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Retrosynthetic Analysis

reduction

cyclization

(-) Communesin F

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Retrosynthetic Analysis

reduction Heck

cyclization S,2°

(-) Communesin F

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

reduction

(-) Communesin F

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367

cyclization

Retrosynthetic Analysis

Heck

S,2’

Lemieux-Johnson ox. (x2)
Pinnick ox.
lactamization




Synthesis of (-) Communesin F — Yang (2017)

reduction

(-) Communesin F

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367

cyclization

Br

\ 7

IZ/

Retrosynthetic Analysis

HO

Heck

S,2’

Ir-cat.
asymmetric
cyclization

Lemieux-Johnson ox. (x2)
Pinnick ox.
lactamization




Synthesis of (-) Communesin F — Yang (2017)

Reaction Development — Starting Material Preparation

>

(o)
vinylMgBr, THF,
H 0°C
BOC\N 88%
H

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367

NS

Boc _

OH

Iz

R

Boc,(0O), DMAP, DCM ~0

85%

or
nBuli, ClCOzCH3,
THF, -78 °C
68%

- \)\/@
Boc
N

H



Synthesis of (-) Communesin F — Yang (2017)

Reaction Development — Optimization

OTBS

4 mol % cat.,
additives, solvent
.
RT, 12-24 h
“Bo

R =H, Boc, CO,Me OO
(1.5 equiv) OO o.
L1

~N
~

R catalyst additives solvent ee (%) yield (%)
H Pd(PPh3), Et;B THF - 81
H Pd(PPh3), Et,B, DBU CH,Cl, - 75
Boc [Ir(cod)Cl], (S)-L1 Et,B, KOtBu 1,4-dioxane 92 68
CO,Me [Ir(cod)Cl], (S)-L1 Et,B, KOtBu 1,4-dioxane 80 35
Boc [Ir(cod)Cl], (S)-L1 Et,B, KOtBu CH,Cl, 91 60
Boc [Ir(cod)Cl], (S)-L1 Et,B, KOtBu THF 91 52
Boc [Ir(cod)Cl], (S)-L1 Et;B, KOtBu PhMe 92 65
Boc [Ir(cod)Cl], (S)-L1 Et;B, KOtBu PhMe 83 65
Boc [Ir(cod)Cl], (S)-L1 Ph;B, KOtBu PhMe - trace
Boc [Ir(cod)Cl], (S)-L1 9-BBN-nCgH.3, KOtBU PhMe 99 55
Boc [Ir(cod)Cl], (S)-L1 9-BBN-nCgH43, KOtBu PhMe 93 56

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367

undesired pdt



Synthesis of (-) Communesin F — Yang (2017)

Reaction Development — Optimization

OTBS

4 mol % cat.,
additives, solvent
.
RT, 12-24 h
“Bo

R’o

consoncom (0 2 ”
Qrre Q

(1 5 equw)

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

1. KOtBu, Mel, THF then CSA
85%

>

2. Phthalimide, PPh;, DIAD, THF
80%

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

1. 0sO,, NMO, NalO,, THF
2. (CH53),C=CHCH3, NaClO,, NaH,PO,,

1. KOtBu, Mel, THF then CSA THF, tBuOH, H,0

Y then CH2N2 in Et20
85% - o
2. Phthalimide, PPh3, DIAD, THF 75% (2 steps)
80%

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367




Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

1. 0sO,, NMO, NalO,, THF
2. (CH53),C=CHCH3, NaClO,, NaH,PO,,
THF, tBuOH, H,0

1. KOtBu, Mel, THF then CSA
then CH2N2 in Et20

85%

>

y

2. Phthalimide, PPh;, DIAD, THF
80%

75% (2 steps)

1. NoH4*H,0, MeOH, CH,CI,
2. LiHMDS, Boc,0, THF
81% (2 steps)

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

1. 0sO,, NMO, NalO,, THF
2. (CH53),C=CHCH3, NaClO,, NaH,PO,,
THF, tBuOH, H,0

1. KOtBu, Mel, THF then CSA
then CH2N2 in Et20

85%

>

y

2. Phthalimide, PPh;, DIAD, THF
80%

75% (2 steps)

1. NoH4*H,0, MeOH, CH,CI,
2. LiHMDS, Boc,0, THF
81% (2 steps)

KOtBu, allyl iodide, THF
-

76% (1:1 mix)

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

1. 0sO,, NMO, NalO,, THF
2. (CH53),C=CHCH3, NaClO,, NaH,PO,,
THF, tBuOH, H,0

1. KOtBu, Mel, THF then CSA
then CH2N2 in Et20

85%

>

y

2. Phthalimide, PPh;, DIAD, THF
80%

75% (2 steps)

1. NoH4*H,0, MeOH, CH,CI,
2. LiHMDS, Boc,0, THF
81% (2 steps)

KOH, EtOH, 80 °C
-

KOtBu, allyl iodide, THF
-

98% 76% (1:1 mix)

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

OsO,, NMO, NalO4, THF
then NaBH,

88%

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

Os0O,4, NMO, NalO,4, THF 1. Phthalimide, PPh3, DIAD, THF

then NaBH, 78%
>
88% 2. N2H2’H20, MEOH, CH2C|2
then Ac,0
90%

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367

NHAc




Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

NHAc

Os04, NMO, NalO,, THF 1. Phthalimide, PPh3, DIAD, THF

then NaBH, 78%
>
88% 2. N,H,°H,0, MeOH, CH,CI,
then Ac,0
90%

1. Pd(OAc),, P(o -Tol);, NEt;
2-methyl-3-buten-2-ol, 82% b.r.s.m.
2. MsClI, NEt;, CH,Cl,, 60%

NHAc

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367



Synthesis of (-) Communesin F — Yang (2017)

Forward Synthesis

NHAc

OsO,, NMO, NalO,4, THF 1. Phthalimide, PPh3, DIAD, THF

then NaBH, 78%
>
88% 2. N,H,°H,0, MeOH, CH,CI,
then Ac,0
90%

1. Pd(OAc),, P(o -Tol);, NEt;
2-methyl-3-buten-2-ol, 82% b.r.s.m.
2. MsClI, NEt;, CH,ClI,, 60%

NHAc

TFA, CH,ClI, 1. LiAlH,4, THF, 0 °C
-

2. MsCl, NEt3, CH,Cl,

65% (3 steps)

(-) Communesin F — -

Yang, R. etal. J. Am. Chem. Soc. Comm. 2017, 139 (9), 3364-3367
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