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(-)-Altemicidin and (+)-SB-203207

Isolation: Streptomyces sioyaensis SA-1758 (1989, (-)-altemcidin) "
Streptomyces NCIMB40513 (2000, (+)-SB-203207) 2

Structual features: cis-6,5 membered ring
sulfonamide, a-tertiary amine stereocenter

Biological activities: tRNA synthetase inhibitor 2, AMP mimic 3

Total syntheses:

Kende (1995 (27 steps, (-)-altemicidin, asymmetric)) 4
(zasl,téan;(l)(;gcl)g :_ Ei” Fukuyama and Kan (2014 (32 steps, (+)-SB-203207, asymmetric)
(+)-SB- T Maimone (2021 (11 steps, (-)-altemicidin, racemic)) ©

4

H,

1) Takahashi, A.; Kurasawa, S.; Ikeda, D.; Okami, Y.; Takeuchi, T. J. Antibiot. 1989, 42, 1556.

2) Stefanska, A. L.; Cassels, R.; Ready, S. J.; Warr, S. R. J. Antibiot. 2000, 53, 357.

3) Banwell, M. G.; Crasto, C. F.; Easton, C. J.; Karoli, T.; March, D. R.; Nairn, M. R.; O’Hanlon, P. J.; Oldham, M.

D.; Willis, A. C.; Yue, W. Chem.
Commun. 2001, 21, 2210.

4) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.

5) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.; Fukuyama, T.;
Kan, T. Org. Lett. 2014, 16, 1646 -1649.

6) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939.



Synthetic Approach by Each Grou

2 NHCHO
BnO
CO;Me 2 CO,Me
Kende /
transannular NHCHO |:> +
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1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.
2) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.

5
3) Harmange Magnani, C. S.;: Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935—-7939.
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2. Total synthesis of (-)-Altemicidin
(by Kende Group)



Introduction of Prof. Kende

Prof. Andrew S. Kende (1932 - 2018)

1957 Ph.D @ Harvard University (Prof. Robert B. Woodward)
1957 Postdoctoral Fellow @ NRC-American Cancer Society
1968-1998 Professor @ University of Rochester

Research topics:

total synthesis, rearrangement reactions, chemistry of small rings,
biochemical studies of polyhalogenated xenobiotics and of bacterial
autoinducers

1) http://organicreactions.org/index.php?titte=Andrew_S._Kende 7



Retrosynthetic Analysis

.wCOOH

> Bn
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carbamoylenamine
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OMOM
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cyclization
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B"O\)\)\

C02Me C02M9
/.

|:> NHCHO |:> +

o NB D)
Baeyer-Villiger \an
rearrangement

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598. 8



Stereoselectivity of Diels-Alder (1)

CO,Me
NBn, NHCHO Et,AICI (2.1 eq), 0 °C, 96 h 7 2
BnO S * @ > NHCHO
CO,Me 87%
\“‘ NBn2
\OBn
exo
_ endo —_ _ —_
¥ Et,ACI | F
Et2AICI OMe H '2
NB NBn2
P nz -NHCHO
\/K —_— Oi ! ! %
EtzAICI H . OMe —— H Bho —_" 7/ \“\OBn
! Et2AICI f | H
anN ' CO,Me
BnO
- - - —_ not obtained
secondary
end Oorbltal mteraitlon ~ _
+ ¢H Y i
) : NBn,
) EtzAICI W e
—_— 0=’-.’0— H OBn
— NBn, —>/ NHCHO
Q BnO
Et,AICI CO:Me
_ - _ not obtained

RO
=21 AYJ

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.
2) Reetz, . T.; Kayser, F.; Harms, K. Tetrahedron Lett. 1992, 33, 3453.



Stereoselectivity of Diels-Alder (2)

CO,Me
NBn, NHCHO Et,AICI (2.1 eq), 0 °C, 96 h 7 2
BnO / + @ NHCHO
CcO,Me 87%
\\“‘ NBn2
OBn
exo
p— exo —_—
Et,AICI 9 ¥ Et,AICI
' H Y
o=x" / o—x
H HN— OM cO,Me
— / e —_— , 2
BnO ' /' —_— o= 'O'ENBnZ
Bn,N ! n
L -
NG NHCHO
Et,AICI (.~ .
_ — - not obtained
- exo aE %
-
CO,Me
EtzA‘I‘CI Et,AIC] iM ! EAICI 7 i
oO—= — ‘c)—»/,c‘)_'H ',' NHCHO
BnO— n\__(/ OMe o= NBn, & TNBny
Bn,N’ BnO OBn
- Et,AlCI - - obtained

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.



Rh(l)-Catalyzed Hydroboration

CO,Me 5% (COD),Rh'Cl, PPh3, catecholborane  Ho CO,Me
7 THF, -3 °C then H,0,, NaOH
NHCHO > NHCHO
X NBn2 92% o NBn2
\OBn \OBn
oxidative
addition H,0,, NaOH
L,Rh'CI
% CO,Me
/B—H
o NHCHO
o NBn2
\OBn
0)
OsB CI )
\ reductive
|—2'R|:' elimination
H C02M9
5 NHCHO

an

stabilization of TS by
electron of amine

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598. 11
2) Brands, K. M. J.; Kende, A. S. Tetrahedron Lett. 1992, 33, 5887.



Construction of Oxazolidinone

1. HCI, MeOH 1. Triphosgene
HO CO,Me rt, 15h HO CH,CI,/NaHCO; aq. © o
2. LiAlH,, THF OH 5 TPAP, NMO, CH,CI,
NHCHO > NH, > HN—&
0 85% (2 st
~NBn, 92% (2 steps) “~NBn, % (2 steps) " Nano

. \}
+ RY

OBn reduction \OBn OBn
o
CF3;CO3H, CH,CI -
Toc,1h L o= 0 0o 0
> HN~< 4 HN~<
85% (combined) o %) o o
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OBn OBn
desired 5-4 undesired

o .2 C
® 0., 0 E j
N ,Rus (:l)
o’ ‘o 7 N
)/ \ %o

TPAP NMO

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.



Transannular Cyclization

20% Pd(OH),/C
cyclohexene/EtOH
reflux, 3 h

84%

\\ NBn; .
OBn N-debenzylation and
Boc migration

R=H Boc,0, DMAP, Et;N, CH,Cl,

R = Boc =€ 95%

HO- o
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07 N O

Bn
BnO
o) 1. 10% Pd/C
BnO\ JL HCOzNH4, MeOH
: HHN o reflux, 100%

Bn\ . = >

OMOM 2. DMP, CHCl,, 90%
: 3. Rh'CI(PPh3);, PhCN,
H 160 °C, 80%

CF5CO,H
CH,Cl,

100%
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cyclization

o) =
H

CHz(OMG)Z
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reflux

-
85%

AcO OAc
\I _~0OAc

DMP

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.




Construction of Terahydropyridine

o)
,U\ LiAIH,(OEt),

HN Et,0
y R\
85% N
reduction
R =Bn 10% Pd/C, H, (balloon), 37%
R=Me <-— then HCHO aq. 87%
(o)
(CF;CO)01 g enamine
pyridine YCF?» /IL formation
CH,Cl, HN- o o
65%
OMOM
“
@
N

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.
2) Grierson, D. Org. React. (N.Y.), 1990, 39, 85.



Total synthesis of (-)-Altemicidin

NHBoc NHBoc

1. Boc,0, DMAP H 1. DMP, CH,CI, H
MeCN SN T0H 2. NaCIO,, t-BuOHN \ AN 1C02Me
92% OMOM3. CHyN,, THF OMOM
r ol K
2. LiOH 85% (3steps)
THF/H,0 (3/1) oxidation
94% 0“ CF,

~
1. B-Bromocatecolborane  p HN ~~"NH, 1. n-PrSLi, HMPA
CH,Cl,, 70% N - 88%

» N

2. A, CDI, THF, 87%

introduction of
sulfonamide moiety

2. NaNH,, DABCO
benzene, 80 °C
50%

(-)-altemicidin

O 0 O o 27 steps
Y ‘B—Br
HO ~""“NH, N\) l\/N o
- -

A CDI B-Bromocatecolborane

1) Kende, A. S.; Liu, K.; Jos Brands, K. M. J. Am. Chem. Soc. 1995, 117, 10597-10598.
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3. Total synthesis of (+)-SB-203207
(by Fukuyama and Kan Group)



Introduction of Prof. Fukuyama and Kan

Prof. Tohru Fukuyama (1948 -)

1971 B.S. @ Nagoya University

1977 Ph.D @ Harvard University (Prof. Yoshito Kishi)

1977- Postdoctral fellow @ Harvard University (Prof. Yoshito Kishi)
1978- Assistant Professor @ Rice University

1982- Associate Professor @ Rice University

1988- Professor @ Rice University

1995- Professor @ The University of Tokyo

2012- Professor @ Nagoya University

2013- Specially Appointed Professor @ Nagoya University

Research topics: total synthesis of alkaloid compounds

Prof. Toshiyuki Kan (1964 — 2021)

1987 B.S @ Hokkaido University

1993 Ph.D @ Hokkaido University

1993- Researcher @ Suntory Institute for Bioorganic Research
1996- Assistant Professor @ The University of Tokyo

2003- Associate Professor @ The University of Tokyo

2004- Professor @ Shizuoka University

Research topics: total synthesis, organic chemistry, medical chemistry,
chemical biology

1) http:/mwww.ps.nagoya-u.ac.jp/lab_pages/natural_products/member_fukuyama.html 17
2) https://lwww.us-yakuzo.jp/english/cv/knack/



Retrosynthetic Analysis
o)

HN S

H

|:>N8\k

carbamoylenamine CN cyanoenamine
formation formation

(+)-SB-203207

COOR*
|:> CHO

construction of dissymmetric H diazoester
6-membered ring C-H insertion formation

E’h
- N
Ho/\n/
(0]

chiral auxiliary

1) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.; 18
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.



Construction of Bicyclic [3.3.0] Framework

1. BrCH,COBr ’ O\/CHO

Ph NaHCO; O 'Ph : CO,R*
: CH,Cl,, 91% HI\ S 1BF3- OEty,CH,Cl, H 2
N > ! 1 -
N (0 N 1 /
HO 2. TsNHNHTs | : : 88% 0
o) DBUMeCN N, ' O ; :
quant . R* : H
‘Q --------- "
Rh,"(R-DOSP CO,R*
p-ABSA, DBU CO,R* 2 éH o )s H 2
MeCN N, 2L12 =
' o
81% | 0 72% de*
diazotization IEI C-H insertion
o — -
W\ /,0 I
sZ O+Rh
Poae®
N \ Il
)LN | O<+Rh
H SOzAr
- J4
p-ABSA Rh,(R-DOSP), * diastereomeric excess was determined
after 5 steps conversion

1) Hirooka, Y.; lIkeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.



Dissymmetric C-H Insertion (1)

1. D, symmetric conformation of Rh',(R-DOSP),

blocking group

. = above
B =below

ArOZS
Rh',(R-DOSP),

Ar = 4-(C42H25)CeH,
2. The role of a chiral auxiliary
*
N, CO,R

rhodium carbenoid formation
o -

N
Ph () L. Rh" N ;
R* = Y\H/N\ electron donation

5 from amide group

Tin

1) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.

2) Kan, T.; Inoue, T.; Kawamoto, Y.: Yonehara, M.; Fukuyama, T. Synlett, 2006, 1583-1585 20



Dissymmetric C-H Insertion (2)
3. Steric effects of blocking group

favored

4. Enantioselective C-H insertion

- ) —_— . @ o] | Kl
* :Rh< o @ s’
' e R’ Lo\l @‘Q’ R' R’ QLD
-'-—R' R' ‘p"'l.Rh-ll‘O:) R' b/ \O’
o | Yo
favored

C-H insertion

o H COR* H | CO.R*

o
0 H
desired undesired
1) Hirooka, Y.; lIkeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.

21



Stereoselective Reduction of Ketone

CO,R*

H

aq HCHO, KHCO; _
EtOH/H,0, -25 °C V\%/\/
H 0
5
__Ti(Oi-Pr),,
allyl alcohol, g0 oc from convex face

o -1 79% (2 steps)

aldol reaction

R= \(\%
NaBH(OAc); H  oAc
MeCN/AcOH o &0 [l
0°C .}o~
“H
62% (2 steps) =/°
. ‘H
reduction H

1) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.



Cleavage of Cyclopentene

TBDPSCI 0
/_/ -ProNEt /_// Pa®(PPh)q .
G DMAP, CH,CI, (o) pyrrolidine

then MOMCI H o MeCN, 60 °C H
o - "\ —~OTBDPS
~~OH ; ~~OTBDPS OMOM
OH OMOM 62% (2 steps) X
: H
H SOCI,, DMF
R=0OH —— CH2C|2
then NH; gas
05 then Me,S R=NH, <€— _30t0-10°C
CH,Cl,/MeOH 93%
-78 °C to rt H o
then CSA N NaBH;CN
HC(OMe);, MeOH MeO THF/HCO,H
( ) y »* =~0TBDPS = v “~0OTBDPS
P OMe .. ]
oxidation H* OMOM 86% (2 steps) OMOM
MeO reduction MeO

1) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.



Construction of Tetrahydropyridine Moiety

1. NsCI, LiN(TMS),

H o THF, -78 to 0 °C silica gel
N 2. TBAF, THF, 60 °C benzene/THF
then 2M KOH NsHN 60 °C
' =~0TBDPS > -
OMOM 84% (2 steps) tetrahydro
MeO MeO pyridine formation
o]
DPPA, Et;N )]\
toluene/THF HN (o)
80 °C
> NsN

71% (2 steps)

H curtius rearrangement

H
R
R=H I POCI;, N-methylf ilid
R = CHO 3, N-methylformanilide
o 0O
\\// o I
®~el Ph. _P_ _Ph NS
X oo™ T
NO, 3
NsCl DPPA N-methylformanilide

1) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.



Formation of Cyanoenamine

. Boc,0, DMAP o) o
MeCN, 87% Mel, LiN(TMS),
. PhSH, Cs,CO, BoecN” Vo MS 4A
MeCN, 92% THF, 0 °C

OMOM
N-methylation

1. NH,OH- HClI
AcONa, EtOH

. Ac,0, 80 °C

. 2M LiOH
THF, 0 °C

NHBoc
‘|\CHO

OMOM

Wi

-
48% (4 steps)

cyanoenamine
formation

1) Hirooka, Y.; lIkeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.



Introduction of Sulfonamide Moiety

1. TMSCN, Et;N, CH,Cl,
then NH,F, EtOH

H NHBoc 2. DMP, CH,Cl,
- L..CHO then EtzN, THF/H,O .1CO,Dpm A, EDCI
3. Ph,CN,, CH,CI, DMAP, MeCN
OMOM . OR?2 >
53% (3 steps) Ph

Dpm = \H\Ph

1~ 2 _
R’ = Boc, R“= MOM B-Bromocatecolborane

R'=R%2=H CH,Cl,, 0 °C
60%
0 0 \
Jl\i\\sllo /U\)\/ T
HO \” - /.

- N=C=N
NHCbz ¢

A EDCI

1) Hirooka, Y.; Ikeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.



Total synthesis of (+)-SB-203207

Jl\/\\// /U\)\/
Parkins catalyst

EtOH/H,0, 80 °C  ~_
N

NHCbz

86% (2 steps)
\ / \ / H,, Pd/C
O P.. Pt P\OH MeOH
H v
So—p 4 H >
/\ 96%
Parkins catalyst

SB-203207
32 steps

1) Hirooka, Y.; lIkeuchi, K.; Kawamoto, Y.; Akao, Y.; Furuta, T.; Asakawa, T.; Inai, M.; Wakimoto, T.;
Fukuyama, T.; Kan, T. Org. Lett. 2014, 16, 1646-1649.
2) Ghaffar, T.; Parkins, A. W. J. Mol. Catal. A . 2000, 160, 249.



Short Summary

(o)
NV
Kende's Group S<
stereoselective H HN NH;
NBn, NHCHO Dields-Alder reaction NN +COOH
Bno\)\yk """""""""""" >
CO,Me : OH
(o) NH2
(-)-altemicidin
O oo O
Fukuyama and Kan's Group \\S// /”\)\/
"N
COOR* I
N> dissymmetric C-H insertion ,wCOOH NH,

@)

(D

Sol A
R*=Y\"/N SO,Ar

4 (+)-SB-203207
o) Rh,(R-DOSP),
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4. Total synthesis of Altemicidin (racemic)
(by Maimone Group)



Introduction of Associate Prof. Maimone

Associate Prof. Thomas J. Maimone (1982)

2004 B.S @ University of California, Berkeley

2009 Ph.D @ The Scripps Research Institute, CA (Prof. Phil S. Baran)

2009- NIH Postdoctoral Fellow @ Massachusettes Institute of Technology
(Prof. Stephen L. Buchwald)

2012- Assistance Professor @ University of California, Berkeley

2018- Associate Professor @ University of California, Berkeley

Research topics: total synthesis of biologically active natural compounds

1) http://www.cchem.berkeley.edu/tjim/Lab_website/tom_maimone.html 20



Retrosynthetic Analysis

(o)
N7
S (@) ™ NH
H HN NH2 - ‘\\COZMG
: ,+COOH HN Y
:> OH — 111CO,Me
OH OH
reductive
N-O cleavage CN
altemicidin (racemic) dipolar
cycloaddition
N R
I
CN § |
nicotinonitrile
PhOZC\N

+ <
CI)aIIyI dearomative
N CO,Et nucleophilic addition

OTMS

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939. 31



Dearomative Nucleophilic Addition

?H 0/\% 0/\%
N CO,Et | TMSCI, NEt; |

s MeCN, 0 °C

Br ,

o O\
acetone (0] OTMS
Mo
. 6\ 0 \F TMSOTf oc  eo
| Ph N
MeCN U o
0,
CN OTMS T
C-4 selective dearomative CN
— nucleophilic addition - A
O S
o ® ?/\/
S0 ONTN N._ _CO,Et
1 2
OTMS
CN f/

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939.
2) Bull, J. A.; Mousseau, J. J.; Pelletier, G.; Charette, A. B. Chem. Rev. 2012, 112, 2642.



Attempts to Forge a-Amine Stereocenter

1. Nuculeophilic attack by dihydropyridine

\/\O
¥) .
PhOZC\-{* N N CO,Et no reaction PhOZC\N
electron N x o
withdrawing 'y o Nucleophilicity seems to be low
CN
2. dipolar cycloaddition
| cat. Pd(PPh
PhO,C._ N.~_ _CO,Et Nmle A 3)a PhOCL 7 Ng-CO2E
N -
N o 92% A (o]
CN CN
+ (E)-oxime isomer, ~5%
o o) H NH
MW, 130 °C PhO,C._ = 4, CO,Et

~ Jl\ e 30% [

N N O
dipolar cycloaddition

(o) (0] low yield

NDMBA CN

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939. 33



Promblems in Dipolar Cycloaddition

1. decomposition of the substrate

| dipolar cycloaddition
PhOzC\ N COzEt desired
-N MW, heat

(0) retro-Michael addition OH
undesired NT I
| N CO,Et
Z + I
CN (o)

more favourable in therms of

{ - entropy
-recovery of aromaticity

2. difficulty of reduction of ketone

O_I:I_NH

reduction

difficult due to
instability of N-O bond

CN

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939. 34



Successful Dipolar Cycloaddition

oH NaBH,
PhO,C N._ _CO,Et THF/MeOH pho,c CO,Et PhO,C
2\N A 2 ~ 50 °C 2\N 2 . Z\N
X o 65% (combined) OH
CN reduction
dr.=17:1
PhCF; © H OH
BHT Pho,c_ _O-D
MW, 130 °C N R
dipolar N\ CC?I-ZIEt
cycloaddition
NC H H
— —_ single diastereomer BHT
MeOH
1_ 2 _
R’ =CO,Ph, R" = Et LiBr, DBU
R'= H, R4 = Me 45%

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939.



Reductive Cleavage of N-O and C-O bond (1)

NaH, Mel
Ac,0 CH,CI,/DMF
65°C,12 h -30 to -10 °C
e '
89% 98%

reduction

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939.



Reductive Cleavage of N-O and C-O bond (2)

conditions
2 (R'=R2=H) 4
3 (R'=Me, R?=H, Ac)
1 L. desired

R conditions product

H Sm'l,-THF, MeOH 4 R,

H 10 % Pd/C, H,, MeOH 5

H? Mo%(CO)s, PhSiH, 2:6(40%, 4:1)

He Mo?%(CO)s, NaBH5CN 2 (5%), 1 (95%)

H?  Mo%CO0);(MeCN);°, NaBH;CN 2 : 6 (78%, 20:1) NC 7 4
Me?  Mo%CO);(MeCN);°, NaBH;CN 3 (82%)

@ Reactions performed in MeCN at 85 °C with 1.0 eq. of Mo(0).
b Prepared from Mo%(CO)g in MeCN before the addition of 1.

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939.
2) Liu, F-C.; Sheu, Y.-C.; She, J.-J.; Chang, Y.-C.; Hong, F.-E.; Lee, G.-H.; Peng, S.-M.
J. Organomet. Chem. 2004, 689, 544.



Introduction of Sulfonamide Moiety

Pd'(OAc),
acetaldoxime 0
dioxane J‘\ AcCI
105°C,12 h N HN EtOH
\''CO2Me = N\ Cgﬁmemo °C, 1.5 -
82% 63% H,N

nitrile hydration H2N

N=C=N
acetaldoxime DCC

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939. 38



Total synthesis of Altemicidin

0]
A o)
0O o 0 W
Jl\/\\s// “NH
\ HN “NH, Lil, pyridine 2
N 130°C, 9 h / -Etl
-
\ 67%
less hindered Et group
/4 O oo
\ \\//
MeOH N\ HN NH,

ag. NH,OAc
4 >

altemicidin (racemic)
11 steps

Retension time: compound LCMS Trace: 2-90% MeOH/50mM NH4OAc, Luna C18 100 A column
4.605: ethylpyridinium iodide, 7.415: impurity, 7.736: altemicidin oxazoline (A), 11.805: ethyl altemicidin
oxazoline

1) Harmange Magnani, C. S.; Maimone, T. J. J. Am. Chem. Soc. 2021, 143, 7935-7939. 39



Summary

: JY
Fukuyama and Kan HN SNHR Kende

H
@\/ asymmetric NN = 4:+COOH asymmetric NBn, NHCHO
CHO dissymmetric OH

stereoselective
C-H insertion Dields-Alder reaction

i g
=

0“ “NH,

(-)-altemicidin : R=H
(+)-SB-203207 : R =

(0]
Maimone V”\)\/
CN

dipolar cycloaddition
+

Oallyl Maimone's Group

t!l CO,Et ] CO,Et -construction of 6 membered ring by
racemic dearomatizative nucleophilic addition

g y - forging stereocenters by dipolar
earomative cycloaddition
OTMS nucleophilic OH y

addition

40

COzMe



