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Hapalindole-type natural products

R=NC, X=H: 12-gpi-hapalindole C*'  R=NC, X=CI: hapalindole A’

A=NCS, X=H: 12-epi-hapalindole D' R=NCS, ¥=Cl: hapalindole B R=NC, X=Cl: anhydrohapaloxindole A%

R=NC, X=Cl. 12-gprhapalindole E¥'  R=NC, X=H: hapalindole J*2 R=NCS, X=Cl: anhydrohapaloxindole B2

R=NCS, X=Cl: 12-epihapalindole F* R=NCS, X=H: hapalindole M*®  g_NCS ¥=H: anhydrohapaloxindole M2
R=MNCS, X=0H: hapalindole 0%

Zi

_ ~H - R=H: welwitindolinona
R=C: arntr_lgu_me ﬁ:i i ?E:EEJ.EE fischerindole .LI |5::_1n|tnle y C isothiocyanate

C isothiocyanate®

Moore, R. E., et. al. J. Am. Chem. Soc. 1984, 106, 6456-6457
Baran, P. S ., et. al. J. Am. Chem. Soc. 2008, 130, 17938-17954



Biosynthetic proposal of hapalindole —type alkaloids

Oxidative ring
contraction

12-epi-hapalindole E (1) 12-epi-fischerindole G (3)

H® I Path A

welwitindolinone B 6

12-epi-hapalindole G (2) ambiguine A (8) isonitrile (7)

Moore, R. E., et. al. J. Am. Chem. Soc. 1994, 116, 9935
Baran, P. S ., et. al. J. Am. Chem. Soc. 2008, 130, 17938-17954



Welwitindolinone natural products
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Welwitindolinone A Welwitindolinone B Welwitindolinone C
isonitrile (1) isothiocyanate isothiocyanate
(R=H.2) (R'=H, R?= NCS, 4)
N-Methylwelwitindolinone B
isothiocyanale N-Methylwelwitindolinone C
(R =Me, 3) isothiocyanate

(R"=Me, R®= NCS, 5)

N-Methylwelwitindolinone C
isonitrile
(R"=Me, R® = NC, 6)

3-Hydroxy-N-methyl-

Blue gl’een alga welwitindolinone C
isothiocyanate (R = NCS, 7)

3-Hydroxy-N-methyl-
welwitindolinone C
isonitrile (R = NG, 8) 3-ep-Welwitindolinone N-Methylwelwitindolinone
B isothiocyanate (9) D isonitrile (10)

Garg, N. K., et. al. Angew. Chem. Int. Ed. 2012, 51, 3758-3765



Structure analysis of N-Methylwelwitindolinone C
Isothiocyanate

N-Methylwelwitindolinone C
isothiocyanate

Biological activity: Synthesis challenge
Exhibit biological activity against drug- * Bicyclo[4.3.1]-decane ring system
resistant cancer cells. - Contains four stereogenic centers

» Highly substitute C11-C12-C13 array
« Sensitive vinyl chloride, bridgehead
isothiocyanate, gem-dimethyl substituent

Garg, N. K, et. al. Angew. Chem. Int. Ed. 2012, 51, 3758-3765



Konopelski’s synthesis to NMW(CI

Ph Ph
. oﬁ<0 OH
. Me
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N Isatin
Me
2

OH Ph, Ph //<
O O
8 steps Phue (CH,=CH) MgBr
i ~0 CuCN, 85%
320/0 (R/I COZMe ° MGOzc
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OH —\
Cyclohexanediol MgBr

Konopelski, J. P., et. al. synlett. 1998, 1105-1108



Konopelski’s synthesis to NMW(CI

O (OAc)sPb 1) t-BuLi,BuzSnCl  Pb(AcO);
2) Boc,O, DMAP
3) Pb(OAc), A\
63% N
Isatln 6 Boc
Ph  Ph
Ph  Ph
o._0° 1) Py, CHCI
Me PBACO)s o 5 NaH, GHCI
S or aH, 3
X + 4 \ k’
MGOZC
o N
1 ¢ Boc
Pha//<Ph O O
Pb(AcO),
o P Py, CHCl; _ MeOxC o
, A\ 98% o)
N 9,2:1dr
MeOoC 8 Boc O )
o) 6 N
Boc

Konopelski, J. P, et. al. Org.lett. 2001, 3,3001-3004

N-Methylwelwitindolinone C
isothiocyanate




Wood’s synthesis to NMWCI skeleton

N-Methylwelwitindolinone C
isothiocyanate

O EtO

PPh

Cl- ot
N
H

N,Me o Me
0 Me No U1 Me o
Cyclopropane ~H \H
opening C-H insertion
> O >
N N
3 Me

é%

isatin

4 Me
o Me
PPh, No Me
)J\ 7 Me 5 steps
Hs - —_ =
> —_—
THF rt @)
N

64 % vyield
overall 4 Me

Wood, J. L ., et. al. J. Am. Chem. Soc. 1999, 121, 6326-6327



Wood’s synthesis to NMWCI skeleton

0 Me
O Me o Me N-Methylwelwitindolinone C
N2 Me (Ln)4Rhy s Me isothiocyanate
Rh(TFA
(TFA)4 o Mo N Me
O O 11 3steps O Me
Me
N 59%
4 Me 9 Rl/le " — + K
@ © N °  on
f Rl/le 3 Me allylic
12, 57% alcohol
— \ /]
o) Me
2
Rhy(OAC), H—\O' Me 1) H?, Lindlar
- & cyclopropane 2) RCM
. : =—MgBr yo
Rh-mediate opening —o>
coupling o | T rearrange 55%
N 89%
13 Me
O HO Me ‘\\\\Me
@ﬁg: 15 steps “Me Me
O e \ -
N @) O
H

N-Methylwelwitindolinone C
isothiocyanate

Wood, J. L ., et. al. J. Am. Chem. Soc. 1999, 121, 6326-6327



Rawal’s synthesis to NMWCI skeleton

enolate
arylation

N
Me Me

N-Methylwelwitindolinone C 2
isothiocyanate PO
Lewis acid-promoted ?P oP X GL CCHIj
couplin u, 3
+ N
4 OTMS 5 Me
Ketone-TMS- Tertiary
enol ether hailde

1) AcCl,SnCl, Br CH OTMS
3 CH
2) TsCl, EtzN TicL. Tol Br CI3—I
D _3)MeMgBr N, TiCla, Tol 5 /e CHs
ﬁ 80% N 76% O N\ o
_ 6 IS 7
4-bromoindole N
Ts

Rawal, V. H., et. al. Org.lett. 2005, 7,3421-3424



Rawal’s synthesis to NMWCI skeleton

B CH3 1) KOH, EtOH B CHs 1) LDA,HMPA Pd(OAc),
r I )igCHs  2) TBAOH, CHy ' I )} CHs 2) CHaOC(O)CN H3CO2C R
M >
N 98% N ander reagent :
8 9 96%
N N
Ts Me
o H H
11 O
HsCOC CHs LI, pyridine HO2C a CHy I Tol, heat
CH, - chp. T PhO-P—N; -
4 95% 3 6Ph 78%
O A\ N\ Curtius
N 11 N 12 DPPA rearrangement
Me Me

H _
4-bromoindole N

N-Methylwelwitindolinone C
isothiocyanate

Rawal, V. H., et. al. Org.lett. 2005, 7,3421-3424



Simpkins’s work to NMWCI skeleton

Konopelski's work
Simpkins's work

H
o 15 aldol-type
———— condensation

% aldol-type Ph P
15 H condensation

,’I“\\\Me O O (OAC
Me H
© MeOZC

N-Methylwelwitindolinone C 3 Me

|soth|ocyanate
H o H
Pd(OAc),, 73% O POCl;, DMF o MO prson
Pd-catalyzed @ N 750, N T 60%
N

\\‘\\

e cyclohexanone coupling N

5 Me 6 Me
H | H H

Lo SR 5B

16 hydrlde H H O
dehydratlon transfer. +
@ Ly Q0
+ /

N N N
7a Me 7b Me 3 Me 8 Me

Simpkings,N.S, et. al. Org.lett. 2005, 7,3421-3424



Funk’s work to NMWCI skeleton

Halomethyl vinyl
N-Methylwelwitindolinone C Funk's work ketone
isothiocyanate

/\ PN P
29 oo /\ (CH,O)nH? KoH O O Br, i-PerELO O
\)H = - ! 76% W 89% 0°C, 84% _AN__Br
2

allyl iodode 7 5
OEt O 1
N
o%\ij o0 o 2lpa  JEUOQ 180°c  QFt © ® pase
+ — = —_— —»
(A_Br 66% 07> 0 84%
3 5 8

Funk,P. L ., et. al. J. Am. Chem. Soc. 2002, 124, 754-755
Funk,R.L, et. al. Org.lett. 2006, 8,2643-2645



Funk’s work to NMWCI skeleton

Synthesis indole via Electrocyclic ring closure

/

BU3

| ring closure

BOC + @ Pd(PPhs)s 110°C 0 DDQ
st|II coup BOC electrocyCIi(; N,BOC
|
4 H

ACzO, Eth
TFA, 94% OHC-COH ve Perkintyps
.BOC I e 2, reductive OH Berkin-type N
oxylic aci inati
. NH, 9lyoxy amination 7 HW reaction ? g Ac

«Me Indole

Me sgnthesm

N-Methylwelwitindolinone C
isothiocyanate

TBDMSO OTBS
Me H' Michael 2 , oo
addition NC —
N = Br
C 3 —
@)
11 O 13 14

Funk,P. L ., et. al. J. Am. Chem. Soc. 2006, 128, 4946-4947



Funk’s work to NMWCI skeleton

OTBS P Y

oTBS / 00
3 o0 LIHMDS > 10:1 QTBS N-Methylwelwitindolinone C
I + k/K/ -78°C-rt J LDA, TsCN H X isothiocyanate

= Br ; —_—
81% I'H 81% "eNto 1)160°C, 45min
O 1 2 3 2 e) Z 2) Et3N, rt, 12h
P 4 79%

4 steps indole
synthesis

Hofmann

Parkings

"'EIE;,F}H_‘H catalyst . Mo rss;(r::q) -

WO EtOH,H,O  H,N (OAC),

A e 100°C, 73% 90°C, 78%
me 20

1 was converted to 11 through 18 steps

16

Funk,R.L, et. al. Org.lett. 2006, 8,2643-2645



Shea’s work to NMW(CI skeleton

T2IMDA
— 8 éf&

N-Methylwelwitindolinone C
isothiocyanate

CHO ~ TMms Pd(PPhs),
\ POCI3, DMF_ m Cul, EtN_ CHO 3step
98% 00/
TMS-acetylene N °
N 4
H

= “MgBr
e _MnO _120°C, Tol
81% 50% ‘ @]
P
N
1 Ts
Y/
_—

Shea,K.J, et. al. Org.lett. 2006, 8,5287-5289




Shea’s work to NMW(CI Intermediate

EtO,C EtO,C R
© EtO,C £10,C- 0N\
N OTBS
Me
N-Methylwelwitindolinone C
isothiocyanate 2 3 4
Br
©j\> 4 steps Heck  EtO,C—~ TBSOTH, EtN
N 70% co,Et  Pdz(dba)s 80%
Boc Me _ 110°C, 63%
Diethylfumarate O
5 6 7 N
CO,Et OTIPS

1
EtO:L O0"\\ Znl,,CHsCN
+
\ —~ rt,41%
otBs HO
N
3 Me 4

Shea,K.J, et. al. Org.lett. 2009, 11,5330-5333




Garg’s work to NMW(CI skeleton

Indolyne
o cyclization

N-Methylwelwitindolinone C 1
isothiocyanate

Br Me,,, lodide promote
Michael addition Br
I,, MeOH, 85%

Garg,N.K, et. al. Org.lett. 2009, 11,2349-2351

1,NBS, CH,Cl,
~Me 2 Hcl EtOH,80°C

Br Lewis acid
Me"' alkylation
\ 3 steps — >, 4
TiCl4,-78-40°C

\J

80%

19



Martin’s work to NMWCI skeleton

Meozco\)k/ocozl\/le

Refunctionalize

Allylic
Ketone Y
Enolate Cl, / Alkylation
=, Allylic .
AlkylatloQ ~15 H
— «Me
N MeO,C Me —
Refunctionalize
Ester O
N-Methylwelwitindolinone C Me
isothiocyanate 1
= O
Br 1g) CO,Me Br

— S ThE
@ . O Michael
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Br
o
N
H
6

NaH, M62804
66%

ﬁM

Martin,S.F, et. al. Org.lett. 2009, 11,2349-2351

bis-allylic carbonate

Enolate
Arylation

20



Synthesis compound 1 through bis-allylic
alkylation strategy

Me 2 .
(PABUgP)oly, Potba), Me Meo COJL/OCO e 2(PhsP)s,DBU
NaOtBu, DMF, 75°C 84% 2 2 e

Pd-enolate arylation -

bis-allylic carbonate = Pb-double allylic
alkylation

9

Pb(PhsP),,DBU
Me, MeOzCOJbOCOzMe THF, rt, 79%

bis-allylic carbonate ~ Pb-double allylic
alkylation

9

Martin,S.F, et. al. Org.lett. 2009, 11,2349-2351



Martin’s new synthesis route to NMWCI

allylic
alkylation

N

N
H

4-bromoindole

skeleton

, OCOsMe

Bis-allylic HO CHj;
alkylation 5 Me Br CH; OTMS CH;
\ Br
XK= MeO,C Me TiCly, Tol o /~CH,
o) 76% A\
N 8
10 Me Rawalswork Ts
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HO \Me  TBDPSO
Me Enolate Lewis acid Me ><
Arylation MeO promote + o~ 0o
M y
e —— alkylation W
OTMS
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TBDPSO
@) O
Rawal route M 3 steps \‘) O><O
step NG
tert-butyl acetoacetate » OTMS

Martin,S.F, et. al. Org.lett. 2009, 11,2349-2351



Martin’s formal synthesis of NMWCI

«Me  TBppso
N/ TMSOT, CH,Cl,
+ o O -78°C, 35%
M“%i\fJ\OTMS
14

2 step

[Pd(tBusP),],,NaOtBu,
52% o)

Pd,(dba)s, NaH
PhMe, 150°C,71% _ 2(dba)s, Na 1

THF, 50°C. 71%

— > MeO,C11 «Me

Me

Enolate Arylation -

Allylic  MeO,C
Alkylation

N
18 Me 19 Me

N-Methylwelwitindolinone C
isothiocyanate

Martin,S.F, et. al. Org.lett. 2009, 11,2349-2351
Martin,S.F, et. al. Org.lett. 2012, 14,3834-3837



Menendez’s work to NMWCI skeleton

14 O

MeOLC one pot MeO,C (@)

e
2 p— 11 + H
RS ING s I
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isothiocyanate 1 2 acrolein
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—
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Menendez,J.C, et. al. Org.Biomol.Chem. 2010,8,4521-4523



Tang’s work to NMWCI skeleton

Rhodium catalyzed [5+1] cycloaddition
0

OPiv R
o% [Rh(CO),Cl],, CO 1 atm 1
__ R4 Tol, 60%, 75-90% . fIKRZ
| >~ = L R,
1 O 2
R2
OCOR; 1,3-acyloxy 8)\0 R,0OCO R ring R,0OCO R R,0CO R
D—T_4<1 migration — —.— expansion _J _COinsertion _
370 % = A A — | —  ~ -
M R M
3 4 e 5 M 6 7 @)

[5+1] N v o .i/Me CN
p— Me p—
N\
N
H
Boc _
N-Methylwelwitindolinone C 9 4-cyanoindole

isothiocyanate

Tang,W, et. al. Angew.Chem.,Int.Ed. 2011, 50,1346-1348
Tang,W, et. al. Org.lett. 2012, 14,3756-37597



Tang’s work to NMWCI skeleton

OH

CN Cl o [N-Methywelwitindolinone C
1)Boc,0, EtsN 1)LiCI, DBU y “ 2? isothiocyanate
\\ 2)DIBAL Et0 I OEt 2)DIBAL _ ™° L N _TEA
N 62% * B0 N N, 75%
NHTs
H Boc N
4-cyanoindole 3 Boc 4
Cl
o) 0._0 TIPSO
TN O%Nz \, MgBr
o I Rhy(OAc),, DCE, 1)MeNHOMe g
Me™ ™ NCS, DBU Me™ X 60°C, 50-60% _ Me Cl 2)TIPSOTf _ M ‘ I
90%
N\ N\ N\ Me
N
Boc Boc Boc
1)NaBH, TIPSO, TIPSO—CL"’
2)t-BuS(O)CI,EtzN N [Rh(COD)CI], 10% Menz 16Me

3)MeMgBr
80%

Tol, 85°C, 36h, CO 2atm
60%

-
L

Boc Boc

Tang,W, et. al. Org.lett. 2012, 14,3756-37597



Rawal’s total synthesis of
N-methylwelwitindolinone D Isonitrile

Lewis acid promoted

Br
Oo=C
\\ 10 step
N - > /
H

enolate

4-bromoindole arylation

N-Methylwelwitindolinone C
isothiocyanate

N-Methylwelwitindolinone D

isonitrile
TBSO
= Lewis acid-mediated OTBS
3 H H
Me ms I_|alkylative coupling 3 Br O [FHs
—_—— H S K CHj3
\ _Me — H + \
HO Br Me = N
OMe O Me
4 NMe 5 6

Rawal,V. H., et. al. J. Am. Chem. Soc. 2011, 133, 5798-5801
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Rawal’s total synthesis of
N-methylwelwitindolinone D Isonitrile

N-Methylwelwitindolinone D
isonitrile

OTBS OTBS
o \ OTBS \\
MgBr = -
Eo = Me,SO,.K,CO KHMDS, TMSCI
¥ N + HJ\o/\ﬁ — ot -78°C, THF _ H
F 50% >
TFEF F
o) OMe OTMS
7 8 10
g, HO,_CHs
CHs .

10 + \ TMSOTf,-78°C e Pd(OAc),, PtBuy
THE . LoBr 6 KHMDS, 80°C_

: >

N e 8% 73%
6
-0 Me Me
DMDO, acetone N Me — OHC
41%
> 0 14




Rawal’s total synthesis of
N-methylwelwitindolinone D Isonitrile

O H
! 18 HzN)SJ\HQN 18% MeN 01
Me=
NH,OH,HCI «Me 1)NCS,DMF 19 Ny /lk ~ 42% Ph” P\O
py,MeOH =HO‘”N Me 2)Thiourea, EtzN H 3 Tol, 110°C_
94% ~ )J\H . 54%
16 o 20 HN” ONH 8%

R- C NOH R— C NOH Nitrile R-C= (
NCS 3+2
4 - oxide 24 [3+2] /Q&HzN —» R-N=C=S
22 Oxime 23 Isothiocyanate
HoN HoN
Thiourea

N-Methylwelwitindolinone D
isonitrile

OMe OTBS
4 steps 12 steps
e —_—
4.8%
Me overall yield
O
1-methoxy-3-methylbenzene 7 N-Methylwelwitindolinone D

isonitrile

Rawal,V. H., et. al. J. Am. Chem. Soc. 2011, 133, 5798-5801



Garg’s total synthesis of
N-methylwelwitindolinone C isothiocyanate

Me

Z
Z

Indolyne 16,Me Lewis acid

. cyclization O@ Me alkylatlon Br Me Me/,,Q

N e OTMS

N-Methylwelwitindolinone C 1 2
isothiocyanate 4

N-Methylwelwitindolinone C
isothiocyanate

Indolyne l,-promoted
cyclization Michael ~ Br
— >

Garg,N. K., et. al. J. Am. Chem. Soc. 2011, 133, 15797-15799



Garg’s total synthesis of
N-methylwelwitindolinone C isothiocyanate

N-Methylwelwitindolinone C

@) OH HO isothiocyanate

Me \Me o Nl MeOH Me= " 1)TBSD(|3V'|’EMAP
6 steps """ + rt ~MVE

— Me RI/I TW»Br Me 2NaNH,

M i © ’ 40%
€ O Me
(S)-carvone 12 10 N 13
\ Me OTBS

| 80°C

N
Tf Tf
Comin's
reagent

(Me3Sn)2, Pb(PPh3)4
dioxane, 110°C

1)NBS,0°C
Me 2)Hel, 80°C

Me 89%

R\

Y

74%




Garg’s total synthesis of
N-methylwelwitindolinone C isothiocyanate

DIBAL
-78°C
Ph_  Ph Cl
4 ; ? ) HN 11 1)Ba(OH), & o DMAP, DCE
=N N= )\O Me 2)IBX 90 C
Bathophenanthroline o ar Me 48% 77%
AgOTf, Phl(OAc), 0
CH3CN, 82°C 33%
24 Me N-Methylwelwitindolinone C
isothiocyanate
O M OPiv
Me €
5 steps N
X Me
Me O Me
12 .
(S)-carvone Known compound (-)-N-Methylwelwitindolinone C

Isothiocyanate
17 total steps, 0.77%

Garg,N. K, et. al. J. Am. Chem. Soc. 2011, 133, 15797-15799
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