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Part | Synthesis of Piperazine-derived Natural Product
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Total Synthesis of ET 743
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Total Synthesis of ET 743
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Part 11: Pd-catalyzed Synthesis of Aldehydes and Ketones
from Thiol Esters
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Part 11: Pd-catalyzed Synthesis of Aldehydes and Ketones
from Thiol Esters
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Part 11: Pd-catalyzed Synthesis of Aldehydes and Ketones
from Thiol Esters
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Part I11: Nitrobenzensulfonamides Chemistry—Amine Synthesis

A simple and practical method for the preparation of a variety of amines and diamine

TL 1995, 36, 6373; TL 1997, 38, 583; Synlett 1999, 1301

Mitsunobu

J \so
X X X
@’ AX, KzCOs Q’ OMF @ N Y
DMF N
! v g 4 5
2

1a: X=NO,, Y=H . 3
1b: X=H, Y=NO; Meisenheimer complex

CO,H
NRRA'
50,Cl SONHR by phgp S0 HSCH,COoH s
NOz  p, NOz  DEAD NO2 EtaN R. _R
~ N - N 02
RNH, + N
or or P?'I:IH
i R'X, Ko.CO n 2
1 NO; lutidine NO, DMEF 3 NO, 4
92 3 NO,
wash away by NaHCO,(aq.)




Part 111: Nitrobenzensulfonamides Chemistry
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Nitrobenzensulfonamides: Application in Strychnine Synthesis

Scheme 1. Retrosynthetic Analysis

disconnection

2
Strychnine (1)
Pd-mediated
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Nitrobenzensulfonamides: Application in Strychnine Synthesis
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Br CH,Cl, 2) TBSCI, imidazole i
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9 10 5
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Nitrobenzensulfonamides: Application in Strychnine Synthesis
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Part IV: Fukuyama Indole Synthesis
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Part IV: Fukuyama Indole Synthesis

BusSnH
AlBN
=~_-OAC toluene, 80 °C
m 93% @\_“:\/OAC
e BusSnH N” Sn-Pent
57 “n-Pent ta H
cis-8 toluene, rt 9
93%

Tin free indole synthesis: Synlett 2001, 1403

R EtSH (5 eq)
G(V cat. AIBN Raney-Ni @j/\R
NC CH3CN EtOH N
100 °C, 15 min H

2-alkenylthioanilides synthesis

Y
10a; X=Y=H 1 12a; 85% (2 steps)
10b; X=H, Y = OMe 12b; 79% 22 sleps)
10c; X=0OMe,Y=H 12¢; 82% (2 steps)
10d; X=Br,Y=H 12d; 58% (2 steps)
X e
" _ o . mOTHP
c
Y NCS Y N| H 14
13 R
X —
e —
Y NH
Y NH, 41\ 16
15 S R

@ (a)CSCl, (1.0 equiv), BaCOs; (1.5 equiv), CH,Cl,/H;0O. (b) NaBH4,
CH,Cl1:/MeOH. (¢) DHP, CSA, CH,Cl,, 90%. (d) RMgX or Li enolate.
(e) 5 M KOH, #+-BuOH/H,0, reflux, 80%. (f) RCOCI, PhNEt,; Ac,0O,
pyridine; Lawesson’s reagent, toluene, 110 °C.

L o

X0 =~ O =
NH, NH, NH, s)\n'
17 18 19 20

9 (a) HC=CR, PdCly(PPhs),, Cul, Et;NH. (b) Activated Zn, BrCH,-
CH;Br, (CuBr, LiBr), EtOH. (c¢) 1. CSCl,, CaCOs. 2. RMgBr or I.
RCOCI, pyridine. 2. Lawesson’s reagent, toluene, 110 °C.




Application of Fukuyama Indole Synthesis
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Part IV: Indole Synthesis—Application in Vinblastine synthesis
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Part 1V: Indole Synthesis—Application in Vindoline synthesis

1. acrolein, Pd(QAc)s

1. Zn, ACOH, CHCly

5 steps BnEtzNCI, DMF, 83%
NO o | : : 2. Ac,0O, HCOOH
/©/ 2 —"73 / /U B /@\/\/\OAC 88% (2 steps)
3. Acs0O, pyridine .
HO MsO NOs 93% (2 steps) MsO NO, 3. gggla, pyridine
51 52 53
BuSSn%
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onstn, [ S 50 e r 7
on S ot O N/ J"@fEt N/
NapCO3 | DEAD, PPhg 0 1. TFA H Q &
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. ) =
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Part 1V: Indole Synthesis—Application in Vindoline synthesis

OTHP
Y COsBn &9,
OQBH H

CO,Me
1 COzMe

o TeLS Ly vindoline (2)

N
|
Ms Il\l
Boc CO,Me LS8 N
COzMe

Boc COzMe

13 15

@ Reagents and conditions: (a) thiophosgene, Na,COs, THF—H,0, 0 °C; NaBH4, MeOH, 0 °C; (b) DHP, CSA, CH;Cl,, room temperture, 65% (2 steps);
(c) benzyl methyl malonate, NaH, THF, 0 °C; (d) AIBN, BusSnH, toluene, 110 °C; (e) Boc2O, EtsN, DMAP, CH.Cly, room temperature, 60%
(3 steps): (f) Ha, Pd/C, EtOH, room temperature; Me;NH-HCI, HCHO, AcONa, AcOH-EtOH, room temperature, 72% (2 steps); (g) CSA, MeOH, room
temperature, 99%; (h) 8, DEAD, Phs;P, benzene, 79%; (i) TFA, Me,S, CH,Cl,, room temperature; (j) pyrrolidine, MeOH—CH;CN, 0 °C to 50 °C, 73%
(2 steps).




Part IV: Indole Synthesis—Application in Vinblastine synthesis

Bn
o O
17

16
Bn N
N 3 CTBDPS
/> cd e-g
- Et —_—
Et lo
O
18 19

MEOZC

23 OTBDPS

@ Reagents and conditions: (a) PivCl, EtsN, Et;0, 0 °C; n-Buli, (R)-4-
benzyl-2-oxazolidinone, THF, —78 °C, 89%: (b) (i-PrO)TiCls, i-ProNEt,
acrylonitrile, CH2Cly, 0 °C, 82%: (¢) NaBH4, THF—H»0, room temperature,
92%:; (d) TBDPSCI, imidazole, DMF, room temperature, 92%: (e) DIBAL,
CH:Cly, =78 °C; (f) HONOH-HCI, NaOAc, EtOH, room temperature; (g)
NaClO aqueous, CH,Cly, room temperature, 59% (3 steps); (h) Zn, AcOH,
66%; (1) mCPBA, AcOH, room temperature; (j) K,CO3z;, MeOH, room
temperature, 80% (2 steps). (k) TESCI, imidazole, DMF, room temperature;
TMSCI, room temperature, 92%.

THRO™™)
THPO
NCS
24

e-g h
Meozc “OTBDPS
r|\IS Ns
|
N - _N-
| OH ik >,0TFA
N = ‘“%/l\
Boc 5 1
= MEOzC "‘--.
MeO2C  “g1BpPS ;s
29

@ Reagents and conditions: (a) LDA, THF, —78 °C; 24, —78 to 0 °C,
76%; (b) BusSnH, Et;B, THF, room temperature, 67%:; (c) BocyO, Ef;N,
DMAP, CH,Cl,, room temperature, 87%; (d) AcOH—H,0 (95:5), 80 °C,
T1%; (e) TsCl, Bu;SnO, EtsN, CHyClp, room temperature, 84%; (f)
NaHCO;, DMF, 80 °C, 90%: (g) NsNH., DEAD, Ph;P, toluene, room
temperature, 88%:; (h) K,CO3, DMF, 90 °C, 82%; (i) TFA, CHCla, room
temperature, 85%; (j) TsCl, Me;N(CH;);NMe;, CH3CN-toluene, room
temperature, 88%: (k) TFAA, pyridine, CH,Cl,, room temperature, 90%.



Part IV: Indole Synthesis—Application in Vinblastine synthesis

] N :: OAc

I H 2
12 Me CO;Me

@ Reagents and conditions: (a) +-BuOCI, CHxCly, 0 °C; (b) (—)-vindoline (2), TFA, CHyCly, 0 °C to room temperature, 97%: (c¢) EtzN, MeOH, room
temperature, quantitative; (d) HSCH,CH,OH, DBU, CH;CN, room temperature, 76%; (e¢) NaHCOs3, i-PrOH—H,0, room temperature, 66%.

(+)-vinblastine {1)



N N

ew Ol wOs
N N
CO,Me CO,Me

(+)-Vincadifformine (-)-Tabersonine

TL 1999, 1519

Vinblastine
JACC 2002, 2137

SMe OH
OMe

N
MeO /
N
H

Yatakemycin
JACS 2006, 7136

N
H
Co:Me

4

(+)-Catharanthine

OL 1999, 973

Ephedradine A
JACS 2003, 8112

Duocarmycin A
JACS 2003, 6630

Mel

Aspidophytine
OL 2003, 1891

Br

Strychnine
JACS 2004, 10246

Eudistomin C
JACS 2005, 15038
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2-(2-aminophenyl)-acetaldehyde Dimethyl Acetal

RCOOH
or
RCOCI

T
NO

~n

O
HO

O (@]
Me

Protection of Carboxylic acids TL 1998, 39, 71

@\CH(OMe)g COOH
CH(OMe)
- NH N - or
i RCOOR'
acylation O)\H OAH o
2 3 RCONR'R"
1) ¢. HCI, NaNO, 1) O3, MeOH-
-4°C,2h @\f\/ -78°C,2h @\cri(om)g Hz, Pd/C
2)1,3-butadiene NO, 2) MeoS NO, EtOH, nt
NaOAc 5 r, 30 min 6 o
cat. CuCly 3) CSA, t 97%
HoO/acetone 75 min 75% from 4
Indole-Isocyanide
. Omuralide
OMe
OMe
? OMe O~ NH
Me = PMB
Me PMBNH, N -
trifluoroethanol 0] via
rt O/IvMMe N-Acylindole
e

Me
78%

Yoshihisha Kobayashi et al OL 2007, ASAP



- - - i CH,OCONH, o C”fjo"”z
Total synthesis Mitomycin C x N
Me L Me N
JACS 1987, 7881 and 1989, 8303 © 0
TL 1986, 6299
1: X=NH, Mitomyein C 3: Albomitomycin A 4: Isomitomycin A
2: X = OMe Mitomycin A

Tol. reflux DIBAL-H;
MeO ) Ac20
b c,d
—-—-ﬁ. -
Me 86% 999%
e OMe
3 4
S 6
0Bn /SE L osn CHO osn {HOH
e ' RUO2, NaIO4 MeO SOZE‘ NaBH4 Sant CCI3CONCO
f g
«mOA¢ i OAC —_—— - QA —_—
4°/o 97%
7 8 9
oen SH20CONHCOCCI, OBn CH;OCONH, osn CH.OCONH,
MeO SOEl MeO OH
0 h MeO o ® NH NaBH4
-t QAQ —_— CHC R e OMe —_—
Me N NH3, MeOH Me N Me N 61%
OMe OMe OMe
10 11 12



MeQ

Me

oBn CH,OCONM,

OMe

MeO

Me

OH

NH

—_—

Total synthesis Mitomycin C

MeO

CSA, MeOH Me

CH,OCONH,
OMe
NH

|
—_—-

NH3, MeOH

oBn CH:OCONH,

H
=N
AN
N
OMe
14
o CH,QCONH,
HoN OMe
e NH

Me N

16

60%

85%

MeO

Me

H,N

Me

oBn CH;OCONH,

OMe
NH
N
OMe
15
0 CH,0CONH,

Mitomycin C

j k
_____b
77%

H2, Pd-C
then DDQ



Total synthesis Morphine

OL 2006, 5311




MeO

Total synthesis Morphine

1) p-nitrobenzoic acid

M
MeO MeO eo OMe
D\ ref. 1e Q\(OM OMe DEAD, PhyP
— e toluene-THF OMe
HO cHo andref.5  MOMO OMe 0 °C to rt, 90% o |
8 = OTBS 2) CSA, MeOH |
rt, 94% o
MeO
AcOH MeOCH,PPh;Cl 1o OH 13 O)\A
;
THF-H,0 MOMO CHO NaHMDS, THF MeO
0°Ctort, 89% | 0°Ctort, 95% © OM 1) LiBH,
9 HO LN Et,O-MeOH

)Q O0°Ctort

e DEAD, PhsP g | 95% (2 steps)
—— CN
_ toluene 2) TBSCI

MOMO OMe ——— 0°Ctort imidazole

| Me(o)H 0 DMF, rt, 96%
40 °C o
10 96% 0% >Ar
MeO
ot8s MeO o © OMe DIBAL
@vk N o Mg
o Me  NaBH, MeOH
6 OMe g | _78°Ctort;

Pd,(dba)s, P(2-furyl);
MeCN, rt, 91%

MeO OMe
OMe

Pdg(dba)g
g P(o-tolyl)s
.| NHCO,Me
- EtsN, MeCN
reflux;
OTBS TBAF, rt, 87%

1A

CICO,Me, K,CO;4

94%

MeO
© OMe

OMe

NHCO,Me
O

17



Total synthesis Morphine

OMe
OMe

NHCOgMe

0]
17

HCI

MeQOH
reflux
94%

MeO

OMe
OMe

NHCO,Me
0

17

Ido!
ondensation

Michael
reaction

Mannich-type
reaction

NR

0]
18: R = CO,Me

MeO

1) TCDI, DMAP
CICH,CH,CI
60 °C

2) Pd(OAc),

NR MBOH'CH2C12

1) TMSCI MeO
LHMDS
THF, 0 °C

MeCN
rt, 92%
(2 steps)

NaBH,

0°C, 91%

1) Dess-Martin
periodinane
CH,Cl,, rt, 96%

2) Et3B, n-BusSnH
THF, rt
48% (2 steps)

codeine (25)

2) LiAlH,4, THF
reflux, 81%

HO
BBr3
(ref. 10)
Q
CHzclz .
rt, 74%

HO™
morphine (1)



Total synthesis Tamiflu

ACIEE 2007, 5734




Total synthesis Tamiflu

0 Me
10 X—N
B NaCIo, Cbz,
CbzCl HCl H Cbz NaH,PO,-2H,0 Cbz Br, N H. Pd/C
| ™ NaBH, | = (10 mol%) N 2-methyl-2-butene /N ag. NaHco,  Br Boc,0
/2
P :
N MeOH N acrolein {BuOH-H,0 CH,CL, RT EtOH-THE
50t0-35°C  Cbz  CH,CN-H,0 CHO  O0°CtoRT, 1h COH o O\, TRT.2h
8 1h 9 RT, 12 h 1 12 26% (4 steps) 13
92%
Boc, o) allyl alcohol e}
g N Ru0, nH,0 MsCl Boc / PhI(OAG), Boc. /
J NalQ, Et.N N M.S. (4A) N NaOEt
Br -— Br —_—=
b CICH,CH,CI tBuOH CH,CI, toluene EtOH
H,0 THF, 0°C RT,1h 60°C, 10 h ¢
0 80 °C 15h OH CONH OMs CONH, OMs NHAlloc
14 95% 91% 17 88% 18 87%
86%
Pd/C, Ph,P

1) TFA
CO,Et YT CH,CI, dhdh 1,3-dimethyl- YT
BocN©/ BF, OFt, 0., CO,Et 0°CtoRT 0., CO,Et  barbituric acid 0., CO,FEt
; 3-pentanol Q/ 2y Ac,0O O/ EtOH O/
NHAlloc -20°C BocHN™ ™ pyridine ACHN™ ™ reflux, 40 min; AcHN™ ™
NHAlloc NHAlloc H,PC, NH,*H.,PC,
88% (2 steps)
21 76% 1-H,PO,

0,
19 62% 20

Scheme 2. Synthesis of oseltamivir phosphate (1-H;PO,). Alloc =allyloxycarbonyl, Bn=benzyl, Boc = teri-butoxycarbonyl, Cbz = benzyloxycarbonyl

Ms = methanesulfonyl, M.S. = molecular sieves, TFA =trifluoroacetic acid






