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Spotlights on Recent JACS Publications
■ DIFFERENT STROKES FOR DIFFERENT PROTEINS
Proteins are so much more complex than can be seen in the
static crystal and NMR structures often used to portray the
macromolecules. Scientists are eagerly pursuing methods that
capture protein dynamics, the movements that can be critical to
a protein’s function. One famous example is a class of proteins
that bind to small molecules through a “venus flytrap”
mechanism in which the protein goes from an open and
empty state to a closed one by clamping down on its substrate.
In a new study, Oscar Millet and colleagues analyze the
motions of two such proteins and find that, despite sequence
and structural similarities, their movements and the mechanism
by which they capture a substrate are very different (DOI:
10.1021/ja3092938).
The researchers used nuclear magnetic resonance (NMR)

spectroscopy to study glucose/galactose binding protein
(GGBP) and ribose binding protein (RBP), solving the
proteins’ structures and analyzing their motions residue-by-
residue. They found that GGBP swings open and shut in its
empty form, whereas RBP does not display this segmented
motion while unoccupied. Instead, RBP shifts into its closed
form upon binding a sugar, in a classic “induced fit” mechanism.
The researchers then mutated residues in GGBP’s hinge region,
which stopped the protein’s chomping motion and lowered its
affinity for the substrate, demonstrating the importance of
protein dynamics for function. Erika Gebel, Ph.D.

■ FINDING OUT ABOUT FOLATE BIOSYNTHESIS
Diverse organisms ranging from bacteria to humans require the
B vitamin folate for a variety of biological activities, such as the
synthesis and repair of DNA. In turn, the biosynthesis of folate
has emerged as a target for numerous diseases, including several
types of cancer and infections. For example, dihydroneopterin
aldoase (DHNA), an enzyme involved in folate biosynthesis in
bacteria but not other organisms, is a promising drug target for
various bacteria including Mycobacterium tuberculosis, the
bacterium that causes tuberculosis.
To gain a better understanding of how DHNA from M.

tuberculosis works, Clarissa Czekster and John Blanchard
undertake a detailed analysis of the kinetics of the enzyme
(DOI: 10.1021/ja308350f). They find that it actually efficiently
catalyzes three different reactions and generates five distinct
products, uncovering an inherent versatility that likely
contributes to its function in bacteria. In addition to deepening
our appreciation for this sophisticated enzyme, this character-
ization will facilitate efforts to design DHNA inhibitors, which
could lead to new drugs for the treatment of tuberculosis and
other bacterial infections. Eva J. Gordon, Ph.D.

■ NEW MECHANISM FOR TRANSFER RNA
METHYLATION

RNA molecules are decorated with assorted chemical
modifications, such as methyl groups, that contribute to their
structure and function. RNA methylation is typically carried out
by using S-adenosylmethionine or methylene-tetrahydrofolate

as the methyl donor. However, an enzyme called TrmFO was
recently discovered and shown to methylate transfer RNAs
(tRNAs), the RNAs responsible for transporting amino acids to
growing peptide chains during protein synthesis, via a different
mechanism that is not well understood. Djemel Hamdane and
co-workers use a variety of biochemical and spectroscopic
techniques to explore just how TrmFO methylates tRNAs
(DOI: 10.1021/ja308145p).
The authors find compelling evidence that, unlike other

methyltransferases, which require physically separate methyl
donors to catalyze methylation reactions, the methylating agent
in TrmFO is covalently attached to the enzyme itself, along
with another molecule called flavin adenine dinucleotide
(FAD). FAD is needed to transfer the methyl group to the
tRNA, which is a previously uncharacterized function of this
well-studied enzyme cofactor. The elucidation of this novel
tRNA methylation mechanism expands our understanding of
t h i s impo r t an t mod ifi c a t i on i n RNA b io l o gy .
Eva J. Gordon, Ph.D.

■ ORGANIC CHIRAL COMPOUNDS AS SOURCE
MATERIAL FOR TWO TYPES OF
SEMICONDUCTORS?

Researchers have investigated a large number of organic
semiconductor materials for their suitability in organic
electronics such as transistors and solar cells. Although p-type
semiconductors (with an excess of holes) are readily available,
suitable n-type organic semiconductors (with an excess of
electrons) are more difficult to develop because of their
chemical instability and low efficiency as charge carriers.
Takuji Hatakeyama and co-workers report the synthesis of a

new, chiral semiconductor material, azaboradibenzo[6]helicene,
a compound based on six fused benzene rings that can assume
mirror image left-handed and right-handed stereochemical
structures (DOI: 10.1021/ja310372f). When allowed to self-
assemble in layers to form a film, a mixture of equal amounts of
both left- and right-handed enantiomers forms a racemate, a
material in which the two enantiomers alternate. The packing
structure of the racemate differs from the packing structure of
an enantiopure film, one containing either the right-handed or
left-handed enantiomer only. By studying the electrical
properties of the racemic and enantiopure films, the researchers
found that the racemic material has a high hole mobility and is a
p-type semiconductor, while the enantiopure material has an
even higher electron mobility and is a n-type semiconductor.
This so-called carrier inversion, in which a semiconductor

can be either p-type or n-type based on the packing of
enantiomeric molecules, was surprising. “The results indicate
the potential of these chiral organic semiconductors in
e lec t ron ic app l i ca t ions ” , t he authors conc lude .
Alexander Hellemans
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Introduction / Analysis
■ JACS facts 1996 (2012 in parentheses):


■ Impact Factor: 5.948 (10.677, +80%)

■ 13 118 pages (20 858, +59%)

■ 2 236 published articles (3 170, +42%)

■ 52 “Total Syntheses” as topic (34, –35%)
!

■ Most prolific authors of 1996:

■ P. v. R. Schleyer (11)

■ R. G. Bergman (11)

■ P. G. Schultz (9)

■ K. N. Houk (9)

■ S. L. Buchwald (9)

■ E. J. Corey (9)

■ B. M. Trost (9)

■ P. Beak (8)

■ B. M. Hoffman (8)

■ L. A. Paquette (8)
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Introduction / Analysis (II)
■ Most cited papers (general):


■ Development and testing of the OPLS all-atom force field on conformational energetics and 
properties of organic liquids (W. L. Jorgensen, pp. 11225-11236)

■ Number of citations: 3321


■ Nucleus-independent chemical shifts: A simple and efficient aromaticity probe (P. v. R. 
Schleyer, pp. 6317-6318)

■ Number of citations: 2423


■ Synthesis and applications of RuCl₂(=CHR’)(PR₃)₂: The influence of the alkylidene moiety on 
metathesis activity (R. H. Grubbs, pp. 100-108)

■ Number of citations: 1609


!
■ Most cited papers (section „Total Synthesis“):


■ Total synthesis of baccatin III and taxol (S. J. Danishefsky, pp. 2843-2859)

■ Number of citations: 264


■ Enantioselective total synthesis of ecteinascidin 743 (E. J. Corey, pp. 9202-9203)

■ Number of citations: 194


■ Asymmetric total syntheses of pancratistatin and 7-deoxypancratistatin, promising antitumor 
agents (T. Hudlicky, pp. 10752-10765)

■ Number of citations: 132

http://pubs.acs.org/doi/pdf/10.1021/ja9621760
http://pubs.acs.org/doi/pdf/10.1021/ja960582d
http://pubs.acs.org/doi/pdf/10.1021/ja952676d
http://pubs.acs.org/doi/pdf/10.1021/ja952692a
http://pubs.acs.org/doi/pdf/10.1021/ja962480t
http://pubs.acs.org/doi/pdf/10.1021/ja960596j
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Selected Detailed Syntheses
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■ E. J. Corey, J. Am. Chem. Soc. 1996, 118, 9202–9203.

■ K. C. Nicolau, S. A. Snyder, Classics in Total Synthesis II, Wiley-VCH, 2003.

Ecteinascidin 743 — Corey (I)
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■ E. J. Corey, J. Am. Chem. Soc. 1996, 118, 9202–9203.

■ K. C. Nicolau, S. A. Snyder, Classics in Total Synthesis II, Wiley-VCH, 2003.

Ecteinascidin 743 — Corey (II)

�6

O
O

AcO

N

OH

N Me

HO
OMe

H
S

O

O

H

NH
MeO

HO

1415

16 17 18

19202122

8



Gaich-Group Seminar 
Erik Stempel

To
ta

l S
yn

.

■ E. J. Corey, J. Am. Chem. Soc. 1996, 118, 9202–9203.

■ K. C. Nicolau, S. A. Snyder, Classics in Total Synthesis II, Wiley-VCH, 2003.

Ecteinascidin 743 — Corey (III)
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■ E. J. Corey, J. Am. Chem. Soc. 1996, 118, 9202–9203.

■ K. C. Nicolau, S. A. Snyder, Classics in Total Synthesis II, Wiley-VCH, 2003.

Ecteinascidin 743 — Corey (IV)
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■ E. J. Corey, J. Am. Chem. Soc. 1996, 118, 9202–9203.

■ K. C. Nicolau, S. A. Snyder, Classics in Total Synthesis II, Wiley-VCH, 2003.

Ecteinascidin 743 — Corey (v)

■ Key features:

■ impressive cascade 

reactions to handle 
critical aspects of 
numerous synthetic 
problems


■ intramolecular Mannich 
bisannulation, two Pictet- 
Spengler reactions to stereoselectively create tetrahydroisoquinoline systems, and the 
in situ formation of quinone methide which sets the stage for intramolecular formation of 
10-membered macrolactone (merely the noteworthy achievements)
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(±)-9-Acetoxyfukinanolide — Greene

■ Key features:

■ very concise synthesis, 15% overall yield

■ good transformations

■ Mn(III)-mediated radical 5-exo-dig ring closure

■ TBAF-mediated inversion of the C1 stereogenic center

�10
■ A. E. Greene, J. Am. Chem. Soc. 1996, 118, 9992–9993.
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(±)-Dynemicin A — Danishefsky (I)
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■ S. J. Danishefsky, J. Am. Chem. Soc. 1996, 118, 9509–9525.
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O

1. 
1. K2CO3 , acetone
2.

2. NaH, THF

3. DIBAL, DCM
4. (COCl)2 , DMSO,
4. Et3N, DCM, –78 °C

82%

O

OMe

O
ZnCl2 , DCM,
25 °C, 3 d

60%

OMe

O
H

H
CHO

CAN,
MeCN, H2O

90%

O

HO
H

H
CHO

O

O

O
O

H

HO

NH4OAc, HOAc,
100 °C, 30 min

89%

OH

N
1. TBSCl, imid., DCM
2. OsO4, NMO
3. Ph2C(OMe)2 , H2SO4 ,DCM,
3. 40 °C, then TBSCl, imid.

81%

OTBS

N

OHOTBS

O

O Ph
Ph

N

TBSO
O
O
H
H

OTBS

BrMg TIPS1. 
1. AllocCl, THF, –20 °C
2. conc. HCl, THF
3. (COCl)2 , DMSO, Et3N, DCM, –78 °C

69%

OTBS

AllocN

O

O

O Ph
Ph

TIPS
1. PPh3 , CBr4 , DCM, –78 °C
2. nBuLi, PhMe, –78 °C
3. TBAF, THF, 0 °C
4. conc. HCl, MeOH
5. NaH, TBSCl, THF
6. Ac2O, Et3N, DMAP, DCM

37%

OTBS

AllocN

OAc

OAc
1. Pd(PPh3)4 (cat.),
1. morpholine, THF, 0 °C
2. TeocCl, NaH, THF, 0 °C → 25 °C
3. NH3 , MeOH

OTBS

TeocN

OH

OH

90%

(54)
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(±)-Dynemicin A — Danishefsky (II)

�12
■ S. J. Danishefsky, J. Am. Chem. Soc. 1996, 118, 9509–9525.

OH

HN

OMe
O

H

CO2H

OOH

OH O

57 58 60

616263

OTBS

TeocN

OH

OH
1. mCPBA, DMC
2. AgNO3 (cat.), NIS, THF

80%

OTBS

TeocN

OH

OH
O

I I

Me3Sn SnMe3
Pd(PPh3)4 (cat.), DMF (0.023 M), 75 °C

OTBS

TeocN

OH

OH
O

H

1. Tf2O, pyr., 
1. DCM, –20 °C
2. DMP, DCM
3. CrCl2 , THF

80%

68%

OTBS

TeocN

O
O

H

1. MgBr2 , CO2 , Et3N,
1. then MOMCl, iPr2NEt, THF
2. CH2N2 , MeOH, 0 °C

OTBS

TeocN

OMe
O

H

CO2MOM

O

N

OMe
O

H

CO2MOM
1. TBAF, THF, 0 °C
2. PhI(OAc)2 , 0 °C

43%65%

59
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(±)-Dynemicin A — Danishefsky (III)

�13
■ S. J. Danishefsky, J. Am. Chem. Soc. 1996, 118, 9509–9525.

OH

HN

OMe
O

H

CO2H

OOH

OH O

■ Key features:

■ 35 steps, 0.13% overall yield

■ Yamaguchi alkynylation, Corey-Fuchs homologation, and double Stille reactions to 

complete ene-diyne system

■ Diels-Alder reaction of homophthalic anhydride enolate for anthraquinone ring system

64 67 68

63,

69

7071
(±)-Dynemicin A (72)

MOMO

MOMO

Br

1.

1. LiTMP, THF, –78 °C
2. KOH, MeOH, H2O

MeO2C CO2Me

Li

TMS OEt3. 
3. DCM, 0 °C

MOMO

MOMO

O

O

O

MOMO

MOMO

O

O

O

LiHMDS, THF,
0 °C, 35 min

OH

HN

OMe
O

H

CO2MOM

OMOMO

MOMO

O

O

O

N

OMe
O

H

CO2MOM

OHMOMO

MOMO

OH

HN

OMe
O

H

CO2MOM

OMOMO

MOMO O
air, hν,
THF, 20 h

OH

HN

OMe
O

H

CO2H

OOH

OH O MgBr2, Et2O,
0 °C → 25 °C,
10 h

– CO2 ,
then PhI(OCOCF3)2 ,
THF, 0 °C, 5 min

35 min

15%
(4 steps)

65%

65

(66)
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(±)-Akuammicine — Martin

■ Key features:

■ very concise synthesis, 10 steps from commercially available materials, 24% overall yield

■ vinylogous Mannich reaction, hetero Diels-Alder reaction

�14
■ S. F. Martin, J. Am. Chem. Soc. 1996, 118, 9804–9805.

73 76 77

788081

83

(±)-Akuammicine (84)

82

N
H

CO2Me

N

H

H

74

75
N
H

N

OTMS

COCl N
H

N O

O

∆

70%
(2 steps)

N
H

N O
H

O
H

H

O

Ph

TsOH, THF–H2O

N
H

N O
H

O
H

H

O

1. NaOMe, MeOH,
1. then (COCl)2 , 0 °C
2. Me3OBF4 , DBPy,
2. then NaBH4

N
H

N
H

H
MeO2C

79%
(2 steps)

84%

N
H

N
H

H
MeO2C

1. SnCl4 , tBuOCl
2. LiHMDS

Cl

N
CO2Me

N

H

Cl
H

N
H

CO2Me

N

H

H

N
H

N O
H

O
H

H

OH

 (Ph3P)3RuCl2 , Et3N,

52%

base
rearrangement,
then tautomerization

79
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(+)-Paraherquamide B — Williams (I)

�15
■ R. M. Williams, J. Am. Chem. Soc. 1996, 118, 557–579.

N
N

OMe

HN
O

O

O

85 86 87

88899091

92 93 94 92

91,

HO
OMe

NO2
O

O

OH
1. NaOH, H2O2 (30%)
2. H2 , Pd/C, AcOH

86% HO
OMe

N
H

O

1.  mCPBA, NaHCO3 , DCM
2. SnCl4 , THF

64%

1. BBr3 , DCM, –78 °C
2. preny bromide, K2CO3 ,
2. DMF, 0°C to r.t.

51% HO
O

N
H

O

N
H

O
O

O

HO

NaBH4  THF,
BF3 ⋅ OEt2

50%

N
H

O
O

HO

TBSCl, imid., DMF

83%

N
H

O
O

TBSO

CH2O, HNMe2 ,
AcOH, H2O

99%

N
H

O
O

TBSO

NMe2

PMBN
N

O

O

O
1. CAN, MeCN/H2O
1. (2:1), 2 h
2. NaBH4 , EtOH
3. TBDPSCl,
3. imid., DMF

59%

HN
N

TBDPSO

O

O
nBuLi, –78 °C,
MeOCOCl, then
LiHMDS, –100 °C,
MeOCOCl, THF

93%

MeO2CN
N

TBDPSO

O

O

MeO2C

nBu3P,
MeCN, ∆ HN

N

TBDPSO

O

O

MeO2C

N
H

O
O

TBSO

HO
OMe

NO2
O

O

OH
1. NaOH, H2O2 (30%)
2. H2 , Pd/C, AcOH

86% HO
OMe

N
H

O

1.  mCPBA, NaHCO3 , DCM
2. SnCl4 , THF

64%

1. BBr3 , DCM, –78 °C
2. prenyl bromide, K2CO3 ,
2. DMF, 0°C to r.t.

51% HO
O

N
H

O

N
H

O
O

O

HO

NaBH4  THF,
BF3 ⋅ OEt2

50%

N
H

O
O

HO

TBSCl, imid., DMF

83%

N
H

O
O

TBSO

CH2O, HNMe2 ,
AcOH, H2O

99%

N
H

O
O

TBSO

NMe2

PMBN
N

O

O

O
1. CAN, MeCN/H2O
1. (2:1), 2 h
2. NaBH4 , EtOH
3. TBDPSCl,
3. imid., DMF

59%

HN
N

TBDPSO

O

O
nBuLi, –78 °C,
MeOCOCl, then
LiHMDS, –100 °C,
MeOCOCl, THF

93%

MeO2CN
N

TBDPSO

O

O

MeO2C

nBu3P,
MeCN, ∆ HN

N

TBDPSO

O

O

MeO2C

N
H

O
O

TBSO
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(+)-Paraherquamide B — Williams (II)

�16
■ R. M. Williams, J. Am. Chem. Soc. 1996, 118, 557–579.

N
N

OMe

HN
O

O

O

92 93 94

95

96

97

HN
N

TBDPSO

O

O

MeO2C

N
H

O
O

TBSO

1. LiCl, HMPA, 100 °C
2. Me3OBF4 , Na2CO3 , DCM
3. Boc2O, DMAP, Et3N, DCM
4. TBAF, THF

syn: 64%, anti: 47%

N
N

OH

O

MeO

N
Boc

O
O

HO

N
N

Cl

O

MeO

N
Boc

O
O

TBSO

1. NCS, DMS
2. TBSOTf, DCM,
2. 2,6-lutidine

syn: 57%,
anti: 73%

NaH, ∆,
PhH

NBoc

O

O OTBS

N
N

OMe

O
Na

Cl
H H

syn: 93%,
anti: 85%

syn /
anti

N
Boc

O
O

TBSO

N
N
MeO

O

H

exclusively syn

1. PdCl2 , AgBF4 ,
1. MeCN
2. NaBH4 , MeCN

N
N

O

O

Boc
N

O

O

TBSO

63–80%H
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(+)-Paraherquamide B — Williams (III)

�17
■ R. M. Williams, J. Am. Chem. Soc. 1996, 118, 557–579.

N
N

OMe

HN
O

O

O

N
N

O

O

Boc
N

O

O

TBSO

H

1. Et3Al, THF, PhMe
1. AlH3–DMEA
2. NaCNBH3 , 
2. MeOH, AcOH
3. NaH, MeI, DMF
4. TFA, DCM

61%

N
N

O

H
N

O

O

HO

Me
N

N
O

N
O

O

HO

Me

tBuOCl,
pyr.

Cl

N
N

OMe

HN
O

O

O

HO

THF–H2O (9:1), TsOH76%

MTPI, DMPU

79%
N

N
OMe

HN
O

O

O

■ Key features:

■ convergent synthesis, 1.4% overall yield (starting from (S)-proline)

■ reduction of unprotected oxindole to indole

■ application of the Somei-Kametani protocol with concomitant decarbomethoxylation

■ stereocontrolled intramolecular SN2’ cyclization reaction

■ Pd(II)-mediated cyclization with concomitant conversion of a lactim to a lactone

97 98 99

100(+)-Paraherquamide B (101)
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■ I. Kuwajima, J. Am. Chem. Soc. 1996, 118, 9186–9187.

(±)-Taxusin — Kuwajima (I)

�18

AcO

AcO
OAc

H H OAc

1. tBuLi, Et2O, –78 °C, 90 min
1. then CuCN, –45 °C, 1 h, then

 

3. –23 °C, 2 h
2. PDC, DCM, 90 min

OTBS
Br

OBn

OBn

O

CH(OBn)2
O

TBSO

66%

EtO

O

1. LDA,                      , THF, –78 °C 7 h

2. tBuOK, THF, 0 °C, 1 h
3. TIPSCl, Et3N, 0 °C, 4 h

CH(OBn)2
TIPSO

TBSO
H

O

1. BnOCH2Li,
1. THF, –78 °C, 2.5 h
2. K10 , 4 Å MS, BnOH,
2. DCM, –45 °C 1 h
3. TBAF, THF, o/n

CH(OBn)2
O

HO
H

BnO

60%

56%

1. DEAD, PPh3 , PivOH,
1. THF, 1 week
2. tBuOK, THF, 0 °C, 1 h
3. TIPSCl, –78 °C, 1 h

67%

CH(OBn)2
TIPSO

PivO
H

BnO

O

BnO
OBn

PivO
H

Me2AlOTf (3.0 eq.),
DCM, –45 °C

H

H

OBn
BnO

OO
Piv

H
TESO

BnO
OBn

HO
H

1. Li(tBuO)3AlH, THF, o/n
2. TESOTf, 2,6-lutidine
2. DCM, –23 °C, 1 h
3. DIBAL, DCM, –78 °C, 1 h

87%

CH2I2 , Et2Zn, Et2O
TESO

BnO
OBn

HO
H

quant.

62%

102

103

104 106

107108109

109 110 111

105
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(±)-Taxusin — Kuwajima (II)

■ Key features:

■ concise synthesis of the tricyclic taxane skeleton, 2% overall yield

■ effective eight-membered ring cyclization via extended Mukaiyama aldol reaction

■ reductive cyclopropane-opening to set angular methyl group with correct 

stereochemistry

�19
■ I. Kuwajima, J. Am. Chem. Soc. 1996, 118, 9186–9187.

AcO

AcO
OAc

H H OAc

TESO

BnO
OBn

HO
H

1. PDC, 4 Å MS, DCM, 1.5 h
2. Li (excess), tBuOH, NH3 (l),
2. THF, –78 °C, then MeOH, 1 h

HO

HO
OH

O
H H

LDA, TMSCl, THF, –78 °C,
10 min, then 0 °C, 30 min

TMSO

TMSO
OTMS

OTMS
H H

mCPBA,
KHCO3 ,
DCM, 0 °C,
10 min

77%

HO

HO
OH

O
H H OH

80%
(2 steps)

Ac2O, DMAP, Et3N,
DCM, 1.5 h

AcO

AcO
OAc

O
H H OAc

Ph3P=CH2 , PhH, hexanes,
0 °C, 1.5 h

AcO

AcO
OAc

H H OAc

53%
(based on 32% conversion)

112 113 114

115116
(±)-Taxusin (117)
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(±)-Gelsemine — Fukuyama (I)

�20
■ T. Fukuyama, J. Am. Chem. Soc. 1996, 118, 7426–7427.

O O

OMe

1. NaH, THF, 0 °C, then BuLi,
1. then sorbic aldehyde, 0 °C to rt
2. ethyl vinyl ether, POCl3 ,
2. DCM 0 °C to rt.
3. TsN3 , Et3N, DCM , 0 °C

O O

OMe

44%
N2

EEO

1. Cu(acac)2 , CuSO4 , PhH, 85 °C, 3 h
2. NaBH4 , MeOH, 0 °C
3. Ac2O, py., rt.
4. TsOH, iPrOH/H2O, rt.
5. O3 , MeOH–DCM (1:10), –78 °C,
5. then Me2S, –78 °C to rt.

45%

OAc

HO
CO2Me

O

CO2Me
O

NH

I

O

1. 4-iodooxindole,
1. piperidine (cat.),
1. MeOH, rt.
2. DCC, DMSO,
2. Py ⋅ TFA, rt.
3. Et3N, DCM, rt.

⋅

81%

H
NO

I

O
H

H
MeO2C

1. PhMe–MeCN (1:1),
1. 90 °C, 45 min
2. Bu3SnH, AIBN (cat.)
2. PhMe, 95 °C, 1 h

83%

NH
O

O

MeO2C

NMOM
O

CO2Me

1. (EtO)2P(O)CH2CO2
tBu, BuLi, THF, 65 °C,

1. then MOMCl, tBuOK, rt.
2. MeNH2 , MeOH, rt.

MeHN

CO2
tBu

70%

1. AllocCl, py., DMAP, DCM, 0 °C
2. LiBH4 , cat. LiBEt3H, THF, 23 °C
3. Ac2O, py. NMOM

O
AllocN

CO2
tBu

OAc

Me
NMOM

O
AllocN

NHCO2Et

OAc

Me

1. HCO2H, 23 °C
2. ClCO2Et, Et3N, THF, 0 °C
3. nBu4NN3, PhMe, cat. Et3N,
3. reflux, then EtOH, 23 °C

73% 76%

118

119 120

121
122

123 124 125

N O
Me

H
NO
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(±)-Gelsemine — Fukuyama (II)

�21
■ T. Fukuyama, J. Am. Chem. Soc. 1996, 118, 7426–7427.

N O
Me

H
NO

■ Key features:

■ 31 steps, 0.8% overall yield

■ impressive use of the divinylcyclopropane rearrangement to set bicyclo[3.2.1]octane 

system—including a spiro connected oxindole (plus excellent yield—98%)

■ control of oxindole stereochemistry by use of 4–iodooxindole

■ reductive oxymercuration ring closure (adapted from Speckamp synthesis)

125 126 127

128129(±)-Gelsemine (130)

NMOM
O

AllocN

NHCO2Et

OAc

Me

1. Pd(PPh3)4 , PPh3 ,
1. pyrrolidine, DCM, rt.
2. COCl2 , 2,6-lutidine,
2. DCM, 0 °C
3. AgOTf, Ag2CO3 , DCM,
3. 45 °C, 15 min NMOM

O
MeN

NHCO2Et

OAc

O
HO

3 N HCl, THF,
23 °C, 18 h NMOM

O
MeN

O

OH

O

NMOM
O

MeN

OH

O

Tebbe reagent, 
THF, –40 °C → 0 °C, 3 h

65%
(2 steps)

50%

1. Hg(OTf)2 ⋅ PhNMe2 , MeNO2 , rt.
2. NaBH4 , NaOH (10%), BnEt3NCl, DCM, rt.

63%

(6-endo-trig)

N O
Me

NO

O
N O

Me

H
NO 1. TMSCl, NaI, 0 °C

2. MeOH, Et3N, 55 °C
3. DIBAL, PhMe, 0 °C → rt.

72%

MOM
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■ T. Fukuyama, J. Am. Chem. Soc. 1996, 118, 7426–7427.

FR–900848 — Falck 
U–106305 — Charette and Barrett (respectively)
■ 1996 = synthetic year of polycyclopropane natural products

■ Most notable synthesis: FR–900848 by Falck 

 
 
 
 

■ Charette–Juteau asymmetric cyclopropanation

■ Dimerization strategy

■ Horeau amplification principle


■ U–106305

■ synthesized by Charette and Barrett, respectively, using the Charette–Juteau 

asymmetric cyclopropanation 
 
 
 

■ For more information cf. presentation Cyclopropanes in Total Synthesis (2013)

�22

O
N

NH

O

O
O

OH OH

H
N

O

H
N

U–106305

FR–900848 (131)

U–106305 (132)

http://www.gaich-lab.uni-hannover.de/fileadmin/gaich/download/groupseminar/literature/stempel_cyclopropanes.pdf
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RO

RO

O

O

OTBSH
H

ONO2

SO2NHNH2

R''

H

R'

H

CO2Me

CO2Me 8 steps

O

OR

OR

TMS (dba)3Pd2 ⋅ CHCl3 ,
HOAc, PhH, 80 °C

83%

O

RO
OR

OR

TMS

α:β = 1:3

3 steps

O

HO
OH

OH
RO

P

OTf

Me

PdP P
*

PdP
*

PdP P
*

[Pd(allyl)Cl]2 (2.5 mol-%),
(S)-BINAP (6.3 mol-%),
NaBr (2.0 eq.), DMSO, rt.,
then

m
in
or

m
aj
or

H

Me

Pd+L*
n

H

Me

Pd+L*
n

OEt

O

OEtO

OTBDPS

Na

Na
Br

Nu–

H

Me

OTBDPS
EtO2C CO2Et

Nu–

CO2EtEtO2C
OTBDPS

Me

H

7 steps

H

Me

Me
Me

H

H

77%, 87% ee

O

O O

O
O

O
O

Ph

Ph
NLG

R

TMS

TMS

N

R

N
R

TMS
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[4,4]-Spirononenes — Paquette

�24
■ L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 9456–9457.

■ Formation of highly oxygenated [4,4]-spirononenes via Lewis acid-catalyzed 
isomerization of adducts to squarate esters 
 
 
 
 
 

■ condensation of bromide 133 with an equivalent of squarate ester and subsequent 
deployment of a regiocontrolled ring expansion to generate the spirocyclic center


■ Off topic: synthesis of building block 133?

■ Applied in the total synthesis of Dimethyl Gloiosiphone A

Br OMe

OMe tBuLi, THF, –78 °C
O

O

RO

RO

OMe

OMe

RO

RO

O
OH

BF3 ⋅ OEt2 ,
DCM, –78 °C

76–80%

OMe

OMe

RO

RO

O
O

H

BF3
H

O
OR

OR
O

MeO

133 134 
(a: R = iPr, b: R = Me)

135 136 137

1. NaBH4 , MeOH, 0 °C
2. Ac2O, Et3N, DMAP
3. SmI2 , THF, MeOH, –78 °C
4. CAN, MeCN, H2O

37%

O
OMe

OMe

O

1. LiAlH(OtBu)3 , THF, –78 °C
2. NaH, MeI, THF
3. OsO4 , Me2CO, H2O
4. SO3 ⋅ py, DMSO, Et3N

38%

O
OMe

OMeO OH
MeO

138 Dimethyl Gloiosiphone A (139)

137b
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Diterpenoids — Paquette

�25
■ L. A. Paquette, J. Am. Chem. Soc. 1996, 118, 11990–11991.

■ Formation of oxygenated bicyclo[7.2.1]dodecene skeleton via oxy-Cope 
rearrangement of a spiro-cyclopentenol in high yield 
 
 
 

■ Application in the total synthesis of (–)-O-Methylshikoccin

■ model system 140 has conformational flexibility which is dramatically reduced in the 

natural product due to a trans-fused decalin system—nevertheless, the [3,3]-
sigmatropic rearrangement proceeded with decent yield

OTBS
OH

decalin, ∆

90%

OTBSH
H

O
1 2

34

5

6

7

8

9

10

11
12

1
23

4

5

6
7 8

9

10

11
12

Me

PMBO

Me

Me

O

O

Me

PMBO

Me

Me

O

OH

Me

OTMSE

1. 230–240 °C, 
1. DMF, 19 h
2. CsF, DMF,
2. 210 °C, 6 h
3. DMP, DCM, py.

O

H

OH
Me

Me

PMBO

Me

H

OMe62%

1. KHMDS, TMSCl
1 .THF, –78 °C, then
1. Me2NCH2I, DMF,
2. 50 °C, then NaOH
2. MeI, ether
3. K2CO3 , H2O, DCM

O

H

OH
Me

Me

PMBO

Me

H

OMe

66%

1. DDQ, DCM, H2O
2. Ac2O, py., DMAP, DCM

O

H

OH
Me

Me

AcO

Me

H

OMe

140 141

142 143 144

145(–)-O-Methylshikoccin (146)
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d.

Synthesis of Allenes — Myers

�26
■ A.G. Myers, J. Am. Chem. Soc. 1996, 118, 4492–4493.

■ stereospecific synthesis of allenes in a single step from propargylic alcohols 
 
 
 
 

■ wide reaction scope with decent to very good yields

R'
R''

OH
NBSH, PPh3, DEAD,
–15 °C, 1–2 h

R'
R''

N
H2N SO2Ar

23 °C
R''

H

R'

H

≥ 0 °C,
1–8 h

R'
R''

NHN

– N2

147 148 149 150

Me

H

Ph

H

H

H

Ph

H

H
Me2N

H

H
EtO

OEt

TMS
TBSO

H
TBSO

TMS

H

TBS

H

TMS

H

H

Ph

H

H

NC
O

O

85% 87% 83% 74%

88% 75% 77%

76%

TMS

H

H

OTBS

91%72%76%

(151) (152) (153) (154)

(155) (156) (157)

(158)

(159) (160) (161)

NO2

SO2NHNH2
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d.Excursus: NBSH 
(o-Nitrobenzenesulfonylhydrazide) — Myers

�27
■ (i) A.G. Myers, J. Am. Chem. Soc. 1996, 118, 4492–4493. (ii) A.G. Myers, J. Org. Chem. 1997, 62, 7507. (iii) A.G. Myers, J. Am. Chem. Soc. 1997, 119,8572–8573.  

(iv) A.G. Myers, Tet. Lett. 1996, 37, 4841–4844.

NO2

SO2NHNH2

■ o-Nitrobenzenesulfonylhydrazide has been shown to be a valuable reagent for the 
preparation of several useful compounds


■ Preparation from hydrazine monohydrate and o-nitrobenzenesulfonyl chloride

■ Synthesis of allenes from propargylic alcohols (cf. Slide 26)

■ Reductive transposition of allylic alcohols 

 
 
 
 

■ Reductive deoxygenation of unhindered alcohols 
 
 
 

■ NBSH generates diimide in polar solvents at room temperature and neutral pH

R1

OH
NBSH, PPh3, DEAD,
–30 °C, 0.5–6 h R1

N
H2N SO2Ar

23 °C
R1

H≥ 0 °C,
0.3–2 h

R1

N
N

– N2

R4

R3

R2
R4

R3

R2 R2

H

R3

R4

R2
R4

R3
H

R OH

NBSH, PPh3, DEAD,
–30 °C, 2 h

R N
NH2

SO2Ar

≥ 0 °C,
2 h

R N
NH 23 °C

– N2

R H

NO2

SO2NHNH2

MeCN, rt.

– ArSO2H N N
HH

162 163 164 165

166 167 168 169

170 171
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d.Intramolecular (Bis)silane Imine 
Cyclizations — Livinghouse

�28
■ T. Livinghouse, J. Am. Chem. Soc. 1996, 118, 4200–4201.

■ General idea for the synthesis of isotropanes: 
 
 
 
 

■ Synthesis of substituted pyrollidines and subsequent formation of isotropanes 
 
 
 
 

■ Synthesis of bridged pyrrolizidines

NLG

R

TMS

TMS

N

R

N
R

TMS

PhthN
CHO

1. CBr4 , PPh3 , DCM, 0 °C
2. (TMSCH2)2Zn, THF, rt.,
2. (Ph3P)2PdCl2 (7–mol%)
3. N2H4 ⋅ H2O, EtOH, ∆
4. RCHO, 4 Å MS, THF, rt. N

R

TMS

TMS

TiCl4 (1.0 eq.), DCM,
–78 °C to rt.

HN

R

TMS
67–99%

CH2O, H2O–THF,
then TFA N

R

73–88%

NO

TMS

EtO2C
N

TMS

TMS

TiCl4 (1.0 eq.), DCM,
–78 °C to rt.

1. Lawesson's reagent, DIPEA
2. Et3O+BF4

–, MeCN, 0 °C to rt.
NEtS

80% 87%

172 173 174

175 176
177 174

180179178
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d.

Pd Catalyzed Alder–Ene Reaction — Trost

�29
■ B. Trost, J. Am. Chem. Soc. 1996, 118, 6625–6633.

■ Pd catalyzed Alder-ene type reaction as powerful 6-membered ring forming process

CO2Me

CO2Me 8 steps

O

OR

OR

TMS (dba)3Pd2 ⋅ CHCl3 ,
HOAc, PhH, 80 °C

83%

O

RO
OR

OR

TMS

α:β = 1:3

3 steps

O

HO
OH

OH
RO

O

RO
OR

OR

TMS

RO

O

RO

RO

H
Pd

TMS
H

RO O TMS

OR

OR

PdH

RO O

OR

OR

Pd

TMS

RO

O

RO

RO

H
Pd TMS

RO O
TMS

OR

ORPd
RO

O

TMS

RO
RO

Pd

O

RO
OR

OR

TMS O

RO
OR

OR

TMS

α β

Pd(0)

H+

PdH+

181 182 
(R = TBDPS)

183

(+)-Cassiol (187)

182

184a

184b

185a
185b

186a
186b

183a 183b
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d.

Asymmetric Heck Reaction — Shibasaki

�30
■ M. Shibasaki, J. Am. Chem. Soc. 1996, 118, 7108–7116.

■ Asymmetry in the intramolecular 
Heck reaction via desymmetrization

■ bulky BINAP ligand directs the 

approach of the prochiral diene

■ π-allyl intermediate can be trapped 

with a variety of nucleophiles

P

OTf

Me

PdP P
*

PdP
*

PdP P
*

[Pd(allyl)Cl]2 (2.5 mol-%),
(S)-BINAP (6.3 mol-%),
NaBr (2.0 eq.), DMSO, rt.,
then

m
in
or

m
aj
or

H

Me

Pd+L*
n

H

Me

Pd+L*
n

OEt

O

OEtO

OTBDPS

Na

Na
Br

Nu–

H

Me

OTBDPS
EtO2C CO2Et

Nu–

CO2EtEtO2C
OTBDPS

Me

H

7 steps

H

Me

Me
Me

H

H

77%, 87% ee

188 190

(R)-191

(S)-191

(R)-192

(S)-192

(R)-193

(S)-193

(–)-∆9(12)-Capnellene (194)

189
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d.Asymmetric Epoxidation Method for 
trans-Olefins — Shi

�31
■ Y. Shi, J. Am. Chem. Soc. 1996, 118, 9806–9807.

■ A.L. Baumstark Tet. Lett. 1987, 28, 3311–3314.

■ Y. Shi: Introduction of the 
nowadays known Shi Epoxidation


■ Mediated by a fructose-derived 
ketone (195)


■ In general: chiral DMDO 
■ Transition state in dioxirane 

epoxidations is important, 
two mechanistic extremes are 
supposable: spiro and planar 
■ spiro transition state is favored 

(Baumstark, 1987)

■ Excellent methodology for 

epoxidation of trans-olefins bearing 
no allylic alcohol group


■ Chiral catalysts are easy accessible

■ 1997–2013: Methodology has been 

extended to a broader substrate 
scope

O

O

O
O

O
O 195

major product,

up to 99% ee

198a

198b

199a

199b

O

O O

O
O

O
O O

O O

O O

O
O

Ph

Ph Ph

Ph

O

O O

O
O

O
O

Ph

Ph O

O O

O O

O
OPh

Ph

OH Ph
Ph H

O HPh
PhH

planar-1 (disfavored)

planar-2 (favored)

spiro-1 (favored)

spiro-2 (disfavored)

(R,R)-200

(S,S)-200

O

O

R
R

O

O

R
R

spiro planar
196 197

O

O

R
R

O

O

R
R

spiro planar

favored



Thanks for your attention.

Questions?


