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Z . L U,  M . YA N G ,  P . C H E N,  X . X I O NG ,  A . L I *  ( SH A N G H A I  I N ST I T UT E  O F O RG A N I C  
C H E M I S T R Y,  P.  R .  O F  C H I N A )
Total Synthesis of Hapalindole-Type Natural Products
Angew. Chem. Int. Ed. 2014, 53, 13840–13844.

Syntheses of Hapalindole-Type Alkaloids

Significance: Members of the hapalindole alka-
loid family have attracted considerable attention 
from the synthetic community due to their intrigu-
ing molecular architectures. In 1994, Moore et al. 
proposed that the biosynthesis of these alkaloids 
involves a cationic cyclization sequence to form 
the highly substituted cyclohexane. Inspired by 
this hypothesis, Li and co-workers report their 
successful implementation of such a strategy to 
access several hapalindole-type natural products.

Comment: Cyclization precursor D was obtained 
by a three-step sequence from indole A by allylation 
of an in situ generated imine. When D was sub-
jected to oxidative conditions under Lewis acid 
activation with scandium(III) triflate, an oxidative 
aza-Prins cyclization yielded hapalindole Q in 48% 
yield as the only isomer. Similarly, five other natu-
rally occurring alkaloids of this family were synthe-
sized by application of this elegant strategy.

Other alkaloids succesfully synthesized with the same strategy:
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P . B A M B O R O U G H , *  R .  K . PR I N JH A *  E T  AL .  ( GL A X O S M I T H K L I N E  R & D ,  VI L L E B ON - S U R-
YVE T T E ,  F R A N C E  AN D  ST E V E N AG E ,  U K )
The Discovery of I-BET726 (GSK1324726A), a Potent Tetrahydroquinoline ApoA1 Up-Regulator and Selective BET 
Bromodomain Inhibitor
J. Med. Chem. 2014, 57, 8111–8131.

Synthesis of GSK1324726A

Significance: The BET family of bromodomain-
containing proteins regulates expression of multi-
ple genes including those involved in tumor cell 
growth and inflammation. GSK132476A is a BET 
bromodomain inhibitor that displays significant 
antiproliferative and anti-inflammatory effects.

Comment: Key steps in the synthesis depicted 
are (1) the Pd-catalyzed asymmetric aza–Michael 
addition of 4-bromoaniline to (E)-isopropyl but-2-
enoyl-carbamate (A) and (2) a diastereoselective 
cyclization of an immonium ion generated by re-
duction of C to generate the tetrahydroisoquino-
line D.

N

O

N
H

O

O

Br

N
H

N
H

O

O

Br

N
H

Br
N
H

O

O

O

N
H

O

O

O
BrH2N

A
mp not reported

B (1.5 equiv)

[(R)-BINAP)]Pd(MeCN)2(OTf)2 (0.05 equiv)
THF–PhMe, r.t., 16 h
67% (55 mmol scale) C

mp not reported
92% ee

NaBH4 (0.7 equiv)
MgCl2⋅6H2O (1.07 equiv)

EtOH–H2O, –15 °C
78% (52 mmol scale)

D
mp not reported

92% ee

AcCl (1.5 equiv)
py (3.0 equiv)
CH2Cl2, 0 °C

chiral chromatography
78% (43 mmol scale)

E
mp not reported

>99% ee

B(OH)2EtO2C

F (1.05 equiv)

Pd[PPh3]4 (0.015 equiv)
Na2CO3 (4.0 equiv)

DME–H2O, 105 °C, 16 h
92% (145 mmol scale)

EtO

O

N

O

N
H

O

O

G
mp not reported

AlCl3 (3.8 equiv)
CH2Cl2, 0 °C, 20 min;

then add Et3N (12 equiv)
MeOH, 0 °C, 30 min
98% (58 mmol scale)

EtO

O

N

O

NH2

H
mp not reported

BrCl

I (2.0 equiv)

DavePhos (0.08 equiv)
Pd[dba]2 (0.08 equiv)
t-BuONa (1.1 equiv)
PhMe, 70 °C, 24 h
37% (94% brsm)
(70 mmol scale)

Buchwald–Hartwig reaction

HO

O

N

O

N
H

Cl

NaOH (1.0 equiv)

EtOH–H2O, r.t., 3 h
77% (60 mmol scale)

GSK1324726A
mp not reported

>99% ee

SYNFACTS Contributors: Philip Kocienski
Synfacts 02012015, 11(1), 0002 Published online: 15.12.20141 8 6 1 - 1 9 5 8 1 8 6 1 - 1 9 4 X
DOI: 10.1055/s-0034-1379642; Reg-No.: K05614SF ©Georg Thieme Verlag  Stuttgart · New York

Category

Synthesis of Natural 
Products and 
Potential Drugs

Key words

GSK1324726A

BET bromodomain 
inhibitors

asymmetric aza-
Michael reaction

diastereoselective 
immonium ion 
cyclization

tetrahydro-
isoquinolines

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



2 0 1 5  ©  T H I E M E  S T U T T G A R T  •  N E W  Y O R K 3

F . X U, *  M .  J . Z A C U T O , *  Y . K O H M U R A,  J . RO S E N ,  A . G I B B ,  M . A L A M ,  J . S C O T T,  
D . TS C H A E N  ( M E R C K  R E S E A R C H  L A B O R A T O R I E S ,  R AH W A Y,  U S A A N D  M E R C K  S H A R P &  
D O H M E  R E S E A R C H  L A B O R A T O R I E S  H O D DE SD O N ,  U K)
Asymmetric Synthesis of Highly Functionalized Tetrahydropyran DPP-4 Inhibitor
Org. Lett. 2014, 16, 5422–5425.

Asymmetric Synthesis of a DPP-4 Inhibitor

Significance: The target tetrahydropyran DPP-4 
inhibitor was of interest for the treatment of type 2 
diabetes. The synthesis depicted features three 
tandem ruthenium-catalyzed reactions: (1) an 
asymmetric transfer hydrogenation of ketone A 
with dynamic kinetic resolution (2) a cycloisomeri-
zation to form a dihydropyran ring and (3) an oxi-
dation. The overall yield of the synthesis is 25%.

Comment: Extensive optimization of the asym-
metric transfer hydrogenation established that sig-
nificant contributors to the yield, dr and er includ-
ed the use of the pentafluoro-substituted DAIPEN 
catalyst B, DABCO as the base and THF as the 
solvent. The reductive amination of ketone I with 
NaBH(OAc)3 dramatically improved (dr = 19:1) 
using DMAc as solvent when the bis(tosylate) salt 
J was neutralized with Et3N followed by pH buffer-
ing with HOAc.

dynamic kinetic resolution
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ADDENDA AND ERRATA
342▌
342

Erratum

Asymmetric Synthesis of a DPP-4 Inhibitor
F. Xu,* M. J. Zacuto,* Y. Kohmura, J. Rosen, A. Gibb, M. Alam, J. Scott, D. Tschaen Synfacts 2015, 11, 3.

The NHBoc group of compound H should be pointing down. The correct structure is shown below. We apologize for this error.
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G .  J . TA N O U R Y , *  M . C H E N,  Y . D O NG ,  R . F OR S L U N D ,  V . J U R K A U S K AS ,  A .  D . J O N E S ,  
D . B E L M O N T  ( VE R T E X P H A R M A C E U T I C A L S ,  B O S T O N ,  US A )
Stereoselective Lithiation and Carboxylation of Boc-Protected Bicyclopyrrolidine: Synthesis of a Key Building Block 
for HCV Protease Inhibitor Telaprevir
Org. Process Res. Dev. 2014, 18, 1234–1244.

Synthesis of a Key Building Block for HCV 
Protease Inhibitor Telaprevir

Significance: The target molecule H is a fragment 
of the HCV protease inhibitor telaprevir. A large-
scale process for the synthesis of H entails a ste-
reoselective lithiation–carboxylation of A to give 
rac-C followed by a resolution with (S)-1,2,3,4-tet-
rahydronaphthalen-1-amine (D). Two hundred ki-
lograms of the target molecule H were manufac-
tured in 27% overall yield by this route.

Comment: An enantioselective synthesis of C via 
asymmetric lithiation–carboxylation using a variety 
of chiral diamine ligands was also investigated. 
For example the chiral diamine ligand (–)-cytisine 
developed by O’Brien and co-workers (J. Am. 
Chem. Soc. 2002, 124, 11870) provided ent-C in 
44% yield and er > 99:1 after crystallization. How-
ever, this route was not pursued owing to the high 
cost and uncertain supply of (–)-cytisine.
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R .  A . RO D R I G U E Z ,  D .  B . ST E E D ,  Y . K A W A M A T A,  S . S U,  P .  A . S M I T H ,  T .  C . ST E E D ,  
F .  E . R O M E S B E RG , *  P .  S . B A R A N*  ( T H E  S C R I P P S  R E S E A R C H  I N ST I T U T E ,  LA  JO L L A ,  R Q X 
P H A R M A C E U T I C A L S ,  L A J O L L A ,  A N D  UN I V E R S I T Y  O F C A L I F OR N I A ,  S AN  D I E G O ,  U S A)
Axinellamines as Broad-Spectrum Antibacterial Agents: Scalable Synthesis and Biology
J. Am. Chem. Soc. 2014, 136, 15403–15413.

Synthesis and Biology of Axinellamines A 
and B

Significance: Pyrrole–imidazole alkaloids are a 
class of complex natural products with intriguing 
biological activities, isolated from marine sponges. 
The authors present a full account of their synthet-
ic efforts to derive substantial quantities of race-
mic axinellamines A and B. In addition, valuable 
follow-up biological studies showing antibiotic ac-
tivity against Gram-positive and -negative bacteria 
are presented.

Comment: The authors disclose details of recent 
work directed towards the efficient synthesis of 
axinellamines A and B (J. Am. Chem. Soc. 2011, 
133, 13922). A Pauson–Khand reaction afforded 
cyclopentene C, which could be efficiently con-
verted into diazide G. Oxidative cyclization, depro-
tection, and imidazole formation followed by a di-
hydroxylation–dehydration sequence led to J. 
Silver(II)-mediated oxidation, azide reduction, and 
amidation afforded the two targets.
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S . C H U ,  S . WAL L A C E ,  M .  D . S M I T H*  ( U N I V E R S I T Y  OF  O X F O R D ,  U K)
A Cascade Strategy Enables a Total Synthesis of (−)-Gephyrotoxin
Angew. Chem. Int. Ed. 2014, 53, 13826–13829.

Total Synthesis of (−)-Gephyrotoxin

Significance: Gephyrotoxin is a relatively non-
toxic dendrobatid alkaloid with an unusual neuro-
logical profile. Its properties and complex struc-
ture have made it the subject of numerous syn-
thetic studies. Total syntheses have been reported 
by Kishi, Hart, Overman, as well as Sato and 
Chida, and a number of formal syntheses have 
been described. Smith and co-workers now re-
port an elegant and concise synthesis of gephyro-
toxin that relies on an intramolecular enamine/Mi-
chael cascade to access the tricyclic scaffold of 
the natural product.

Comment: The synthesis commenced with L-py-
roglutaminol (A), which was converted into key in-
termediate F in five simple steps. Deprotection of 
F was achieved by treatment with TFA, and warm-
ing to 40 °C in chloroform led to formation of imin-
ium salt H, which in turn underwent hydroxyl-
directed reduction to give I in 79% yield. A few 
functional-group interconversions then led to K. 
Cross-coupling with alkyne L followed by depro-
tection furnished synthetic gephyrotoxin.
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O
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H
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O
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3. B (2 equiv), THF, –78 °C
    then BF3⋅Et2O, L-selectride

55% yield
over 3 steps

O3, CH2Cl2, –78 °C
then Ph3P (1.05 equiv)

–78 °C to r.t.

O

Ph3P 84% yield
over 2 steps

E (1.1 equiv)
r.t.

MgBrA C

B
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dr > 20:1
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H
OH

O

H

H

H

H
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CF3CO2
–

TFA–CH2Cl2 (1:3)
0 °C to r.t.; then

CHCl3, 40 °C, 72 h

H

NaBH(OAc)3

(1.5 equiv)
CH2Cl2, r.t.

1. Swern oxidation
2. J (1.2 equiv)
    KHMDS (1.15 equiv)
    THF, –78 °C to r.t.

3. LiTMP, (EtO)2POCl
    then LiTMP
4. HCl–H2O, then NaBH4

63% yield
over 4 steps

HInCl2 (1.5 equiv)
Et3B (1.0 equiv)

AcOH (1.0 equiv)
THF, –78 °C, then

I TMS

Pd2(dba)3·CHCl3 
tri(2-furyl)phosphine

L (1.5 equiv), DMF–THF, Δ
then K2CO3, MeOH, r.t.

I (dr = 10:1) K

L

79% yield
over 2 steps

68% yield

Ph3P OMeCl–

J

(–)-Gephyrotoxin

G

+

+
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S . K R ÜG E R ,  T . G A I C H *  ( L E I B N I Z  U N I V E R S I T Y  OF  H A N N O VE R,  G E R M A N Y )
Enantioselective, Protecting-Group-Free Total Synthesis of Sarpagine Alkaloids – A Generalized Approach
Angew. Chem. Int. Ed. 2014, DOI: 10.1002/anie.201407280.

Synthesis of Sarpagine Alkaloids

Significance: The authors report the enantiose-
lective total synthesis of three sarpagine indole al-
kaloids which were isolated from the plant family 
Apocynaceae. The route relies on a common in-
termediate G, which is impressively accessed us-
ing key features such as a [5+2] oxidopyridinium 
cycloaddition and a ring expansion. The three nat-
ural products were synthesized in only eight steps 
starting from known materials (12 steps from 
commercially available compounds).

Comment: The synthesis commenced with a 
[5+2] cycloaddition between oxidopyridinium salt 
A and Aggarwal’s chiral ketene equivalent B, thus 
yielding the desired regioisomer C in a 2:1 ratio. 
Next, ketone G was accessed through an intramo-
lecular palladium-catalyzed enolate coupling of D, 
followed by Wittig reaction, deprotection of the 
dithiolane, and ring expansion. The indole was in-
troduced in the last step by a Fischer indole syn-
thesis using phenylhydrazines with different sub-
stitution patterns to afford the three targets.
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R1 = R2 = H: (+)-Vellosimine
R1 = H, R2 = Me: (+)-N-Methylvellosimine 

R1 = OMe, R2 = H: (+)-10-Methoxyvellosimine

DIPEA, CH2Cl2

77%
2:1 regioisomers

[5+2] cycloaddition

1. TFAA, NaI, MeCN
    0 °C
2. L-selectride, THF
    –78 °C

t-BuOK, PhOH
[Pd(PPh3)4]
THF, reflux

64% (2 steps)

88%

1. Ph3PCH2OCH3Cl
    KHMDS, –78 °C
2. TFA, CH2Cl2
    Me3OBF3

58% (2 steps)

TMSCH2N2, n-BuLi
THF, then MeOH;

then silica

80%

A
(90% from

3-hydroxypyridine)
C D

EFG

K L

H–J, AcCl, MeOH,
Δ, then H2O
Fischer indole
synthesis

R1 = R2 = H
R1 = H, R2 = Me
R1 = OMe, R2 = H

with H:
with I:
with J:

B
4 steps

(J. Org. Chem. 1995,
60, 4962)

H:
I:
J:

58%
52%
63%
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G . M A ,  Z . X U ,  P . Z HA N G,  J . L I U,  X . H A O,  J . O U Y A N G,  P . L I AN G ,  S . YO U , *  X . J I A*  
( S H E N Y AN G  P H A R M A C E U T I C AL  UN I V E R S I T Y,  P.  R .  O F  C H I NA )
Novel Synthesis of Rasagiline via a Chemoenzymatic Dynamic Kinetic Resolution
Org. Process Res. Dev. 2014, 18, 1169–1174.

Synthesis of (R)-Rasagiline via Dynamic 
Kinetic Resolution

Significance: Rasagiline mesylate (Azilect®) is a 
selective monoamine oxidase B inhibitor that is 
administered as initial monotherapy in early 
Parkinson’s disease and as adjunct therapy to 
levodopa in moderate-to-advanced disease. The 
key step in the synthesis depicted is the dynamic 
kinetic resolution of racemic 1-aminoindan A cata-
lyzed by immobilized Candida antarctica lipase B 
(CALB) together with a palladium racemization 
catalyst – a process that could be conducted in a 
concentration of up to 200 g/L.

Comment: The palladium nanocatalyst Pd/
AlO(OH) racemizes the amine via an imine inter-
mediate (hydrogen borrowing). Racemization was 
complete in four hours using only 0.5 mol% of pal-
ladium in toluene at 70 °C. The catalyst was pre-
pared as palladium nanoparticles entrapped in 
aluminum hydroxide according to the procedure 
of Y. Kim et al. (Tetrahedron Lett. 2010, 51, 5581). 
The chemoenzymatic catalyst system could be re-
cycled 5–6 times.

NH2

rac-A
bp 96 °C/8 mmHg

B (1.5 equiv)
CALB (18.3 g)

Pd/AlO(OH) (27.5 g)

PhMe, 50 °C, 12 h
80% (550 mmol scale)

MeO
O

O

dynamic kinetic resolution

NH2NH
O

MeO

(R)-C
mp not reported

>99% ee

40% aq NaOH (220 mL)
triethanolamine (350 mL)

Δ, 6 h
76% (440 mmol scale)

(R)-A
bp 96 °C/8 mmHg

NH

(R)-Rasagiline
oil

MsOH (1.25 equiv)

i-PrOH, 5 °C
83% (200 mmol scale)

NH•MsOH

(R)-Rasagiline Mesylate
mp not reported

>99.9% ee

D (1.0 equiv)

K2CO3 (1.0 equiv)
MeCN, 30 °C, 12 h

60% (335 mmol scale)

Br

AlO(OH) Pd/AlO(OH)
Pd(OAc)2

EtOH, 1 h, r.t.
(s-BuO)3Al   +   H2O

Preparation of the racemization catalyst:
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H . TO D O R O K I ,  M . I W A T SU ,  D . U R AB E ,  M . I N O U E*  ( T H E  U N I V E R SI T Y O F  TO K Y O,  J A P AN )
Total Synthesis of (–)-4-Hydroxyzinowol
J. Org. Chem. 2014, 79, 8835–8849.

Synthesis of (−)-4-Hydroxyzinowol

Significance: 4-Hydroxyzinowol is a highly oxi-
dized sesquiterpenoid of the dihydro-β-agarfuran 
family. Following its isolation from the plant zino-
wiewia Costaricensis, it was found to be a potent 
inhibitor of a daunorubicin related MDR transport-
er. Thus, 4-hydroxyzinowol is considered to be a 
potential lead structure for the treatment of can-
cers with acquired multi-drug resistance. In this 
work, the authors disclose the first total synthesis 
of this promising natural product.

Comment: Starting from naphthol A, oxidative 
dearomatization and asymmetric 1,4-addition of 
tetrafluoroborate B gave phenol C with good en-
antioselectivity. Further steps completed the oxi-
dation state adjustment of the A-ring in D to set 
the stage for another oxidative dearomatization to 
yield epoxide E. Finally, Diels–Alder reaction fol-
lowed by ozonolysis of the more electron-rich dou-
ble bond in diene H gave I, which was transformed 
into 4-hydroxyzinowol in eleven additional steps.
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O
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OTIPSOH

O
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1. PhI(OAc)2, MeCN–ethylene glycol
    then PhI(OCOCF3)2, 0 °C
2. LiOH, THF–H2O
3. B, Et3N, Rh(cod)2BF4 (10 mol%)
    (S)-BINAP (15 mol%), PhMe–H2O

39%

11 steps

A
C D

BF3K

B

18%

91% ee
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O
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HO O
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O
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HO O
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H
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TBSO
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O
OH OH

1. TBAF, THF
2. NaIO4
    MeOH–H2O

97%

F, PhMe, 80°C

70%

6 steps

28%

I

SO2Tol

TBSO

TBSO

O
OH

O
O

OH

1. O3, CH2Cl2, –78 °C
    then Me2S
2. NaClO2, 2-methyl-2-butene
    NaH2PO4, t-BuOH–H2O, 0 °C

OH

52%

J

TBSO

TBSO

O
OH

32%

OH

OH

4 steps

(–)-4-Hydroxyzinowol

BzO

BzO

O
OHOAc

OAc

OAc

OAc

4%

7 steps

SO2Tol

F

A B
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R .  V . E DW A N K AR ,  C .  R . E D W A N K A R ,  J .  R . D E S C H A M PS ,  J .  M . C O O K *  ( U N I V E R SI T Y O F  
WI S C ON S I N – M I L WA U K E E  A N D  NA V A L  R E S E A R C H  L AB O R A T O R Y,  WA S HI N G T O N ,  D . C . ,  
U S A )
General Strategy for Synthesis of C-19 Methyl-Substituted Sarpagine/Macroline/Ajmaline Indole Alkaloids 
Including Total Synthesis of 19(S),20(R)-Dihydroperaksine, 19(S),20(R)-Dihydroperaksine-17-al, and Peraksine
J. Org. Chem. 2014, 79, 10030–10048.

Total Synthesis of (+)-Dihydroperaksine-17-al, 
(+)-Dihydroperaksine, and (+)-Peraksine

Significance: The sarpagine alkaloids 
(+)-19(S),20(R)-dihydroperaksine-17-al, 
(+)-19(S),20(R)-dihydropraksine (both isolated 
from Rauwolfia serpentina) and (+)-peraksine (iso-
lated from Rauwolfia perakensis) have in common 
the structural feature of a β-methyl group at C-19. 
Cook and co-workers report the first enantio- and 
stereospecific synthesis of all three alkaloids.

Comment: After introduction of the chiral methyl 
group by N-alkylation, the pentacyclic core was 
formed by haloboration followed by a palladium-
catalyzed intramolecular α-vinylation of the ke-
tone. Common intermediate F was then converted 
into (+)-peraksine, (+)-dihydroperaksine-17-al, 
and (+)-dihydropraksine by a specific acetal pro-
tection and hydroboration–oxidation sequence.

NN
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H
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(+)-Dihydroperaksine-17-al(+)-Dihydroperaksine
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H
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1. B, K2CO3
    MeCN, 75 °C

2.TBAF⋅xH2O
   THF, 0 °C to r.t.

NN
H

O

H

H
I

A C D
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H
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68% 
(5 steps)
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EF

H

NN
H

H
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CHO

O

O

I

OTs
TIPS

B

1. NaBH4, EtOH, 0 °C to r.t.
2. HCl, acetone–H2O (1.7:1), 70 °C

84% (2 steps) 74%

IB(Cy)2 
DCM, 0 °C to r.t.
then AcOH, 0 °C to r.t.

NaBH4

EtOH

94%

then H2O2, NaOH
0 °C to r.t.

Pd2(dba)3 (5 mol%)
DPEPhos (7 mol%)
t-BuONa, THF, 70 °C

60%

1. Ph3PCH2OMeCl
    t-BuOK, PhH

2. HCl, THF, 55 °C

32% (5 steps)

1. MeOH, PTSA⋅H2O
    CHCl3, Δ

2. BH3·DMS, THF
    then NaBO3⋅4H2O
3. Na2CO3, MeOH, 60 °C

HCl, THF, Δ
52%

1. ethylene glycol, PTSA⋅H2O
    PhH, Δ, Dean–Stark
2. BH3⋅DMS, THF
    then NaBO3⋅4H2O
3. Na2CO3, MeOH, 60 °C

NCS, DMS, Et3N

CH2Cl2, –78 °C to r.t.

67%

90% 
(2 steps)

haloboration

Pd-catalyzed 
a-vinylation

19
1919

G
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N .  A . WE I R E S ,  E .  D . ST Y D U H A R ,  E .  L . B A K E R ,  N .  K . G A RG *  ( UN I V E R S I T Y  O F  C A L I F OR N I A ,  
L OS  A N G E L E S ,  U SA )
Total Synthesis of (–)-N-Methylwelwitindolinone B Isothiocyanate via a Chlorinative Oxabicycle Ring-Opening 
Strategy
J. Am. Chem. Soc. 2014, 136, 14710–14713.

Synthesis of (–)-N-Methylwelwitindolinone B 
Isothiocyanate

Significance: The family of the welwitindolinone 
natural products represents a formidable chal-
lenge for synthetic chemists. Structurally, the ma-
jority of these molecules consist of an indolinone 
imbedded into a [4.3.1]bicycle. While several ef-
forts towards the synthesis of congeners have 
been reported to date, the challenge of (–)-N-
methylwelwitindolinone B isothiocyanate has not 
been met. This compound is unique due to the 
alkyl chloride, which has been found to undergo 
various side reactions. The approach presented 
by Garg and co-workers relies on a chlorinative 
oxabicyclic ring opening culminating in the first 
total synthesis of the target molecule.

Comment: The synthesis commenced with 
ketone A, which was generated using an elegant 
indoline cyclization (J. Am. Chem. Soc. 2011, 133, 
15797; Synfacts 2011, 7, 1281). Diastereoselec-
tive reduction, followed by ring closure, generated 
oxabicyle B. The subsequent BCl3-mediated chlo-
rinative ring opening proved to be efficient only 
when the vinyl group was first converted into an 
aldehyde. Carbamate E, obtained in a few steps, 
underwent nitrene C–H insertion under conditions 
previously reported. Finally, carbamate cleavage, 
oxidation, dehydration, and sulfurization delivered 
(–)-N-methylwelwitindolinone B isothiocyanate.
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O
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H

N
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SCN

H

Cl

O
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1. LiAlH4, THF
    –78 to 0 °C
2. Ms2O, DMAP
    MeCN
3. TBAF, THF, 80 °C

77%

1. NBS, CH2Cl2, 0 °C, then 
    HCl, EtOH 80 °C
2. OsO4 (5 mol%), 2,6-lutidine
    NMO, THF–H2O (3:1), then
    NaIO4

66%
indole oxidation

Lemieux–Johnson oxidation

BCl3, CH2Cl2
50 °C

64%
(+28% of C)

4 steps

67%

AgOTf, PhI(OAc)2
bathophenanthroline

MeCN, 50 °C
55%

nitrene C–H insertion

1. Cp2Zr(H)Cl
    THF
2. DMP, NaHCO3
    CH2Cl2 O O

49 %

1. Burgess reagent
    PhH–THF (1:1)
2. Se, S8, Et3N
    THF, 65 °C

54%

N
SMeO2C

NEt3

O O

Burgess reagent

A
(J. Am. Chem. Soc.
2011, 133, 15797)

B C

DE

F G (–)-N-Methylwelwitindolinone
B Isothiocyanate

chlorinative oxabicycle
opening

–
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