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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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  Soc.	
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  5473-­‐5476
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  Total	
  Synthesis	
  of	
  the	
  Antimitotic	
  Rhazinilam

Dalibor	
  Sames

James.	
  A.	
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  J.	
  Am.	
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  6321-6322.
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  (+)-­‐Maritimol
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  Deslongchamps

Andra´s	
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  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  4526-4527.
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  of	
  the	
  Rubrolone	
  Aglycon
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  Lester	
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  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
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A	
  Highly	
  Stereoselective	
  Total	
  Synthesis	
  of	
  Hispidospermidin

Samuel	
  Danishefsky

Alison	
  J.	
  Frontier,	
  Subharekha	
  Raghavan,	
  Samuel	
  J.	
  Danishefsky*	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  6151-6159.

Me

Me
HN

Me
O

MeN

NMe2

Hispidospermidin

15



Gaich-­‐Group	
  Seminar	
  
Darius	
  SchwarzerHispidospermidin

O
4. Me2CuLi, -78 °C, 
   then B, -35 °C, then 
   MeOH/4% KOH (4/1) 
   rflx, 18h.
22 to 55 % Me

O

5. LiHMDS, NEt3, 
    TMSCl, -78 °C
6. HgCl2, HMDS, then 
    NaI, 5 N HCl

87% o2s Me

O

H
H
SS

S S

1. n-BuLi, then A, 93%
2. CAN, Acetone
3. 1% NaOH/Et2O, 
    50 % o2s

7. Li/NH3, t-BuOH, 
    -33 °C (85 %)
8. Et3SiOTf, NEt3

OTES

HMe
H

9. m-CPBA, NaHCO3
10. TBAF (79 % o3s) O

HMe
H H

OH 11. TFAA,
       DMSO, 
       Et3N

80 % Me

O
OH

PhthN
H

O

Me
N N

Me

H Me

a. NaOAc/HOAc, NaCNBH3,
    MeOH, 73 %
b. NH2NH2, MeOH, 81 %

H2N
N
Me

N
Me

Me
TMS

Br
A

Me
TMS

O

B

Me

Me O

Me
O Me

Me
HN

Me
O

MeN

NMe2

17. C, PhMe, 
      PPTS (cat), 
      rflx, 3d,
18. NaCNBH3, 
      MeOH, pH 4

60% o2s

12. NaBH4, 30 s 
      (84 % brsm)
13. Et3SiOTf, 
      NEt3 (93 %)

Me
OTES

O

14. MeMgI, Et2O, 0 °C
15. 1 N HCl in Et2O, 
      then 5 N HCl(aq) 
      56 % o2s
16. Jones, 92 %

Hispidospermidin
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  Chem.	
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14. (COCl2), DMSO, CH2Cl2, 
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  J.	
  Sorensen*	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  9556-9557.

MeO
Ph

Me

Me

O

O

Me HO2C
MeN

NMe2A B
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7069

73

71 72

75
74

7776 66
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Concise	
  Synthesis	
  
of	
  Natural	
  (+)-­‐Asteriscanolide

Leo	
  A.	
  Paquette

Junko	
  Tamiya,	
  Erik	
  J.	
  Sorensen*	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  9556-9557.
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O

Me

Me

Me

O

O

Asteriscandiole

Marc	
  L.	
  Snapper

	
  Total	
  Syntheses	
  of	
  (+)-­‐	
  and	
  
(-­‐)-­‐Asteriscanolide
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John	
  Limanto,	
  Marc	
  L.	
  Snapper*	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  8071-8072.	
  
Leo	
  A.	
  Paquette,*	
  Jinsung	
  Tae,	
  Mark	
  P.	
  Arrington,	
  Aladin	
  H.	
  Sadoun,	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  2742-2748.20

Paquette	
  Synthesis

Snapper	
  Synthesis
OH

Me

Me

A

7978

87

80 81

84
83

92 91 90

85

86 88

82

89

O

O
CO2Me (CO)3Fe Me

1. hv, C6H6, Fe2(CO)9, 
    50 °C, 64 %
2. LAH, BF3*OEt2, 93 %

(CO)3Fe Me

NMe2

(CO)3Fe Me

O

Me

Me

3. Me2NCH2NMe2, 
    H3PO4, HOAc, 
    100 °C

67 %

4. MeI, THF, 
    then  NaH, A, 
    THF/DMF

50 %
5. Me3NO, 
   acetone, 
   56 °C

63 %

Me
Me

Me

O

H
6. C2H4, Grubbs II, 
    PhH, 50 - 80 °C

74 %
O

Me

Me

Me
7. PCC, Pyr. 4 Å MS, 
    CH2Cl2, 79 %
8. Red-Al, CuBr then 
    AcOH, THF, 89 %

9. BH3*OEt2 THF, then 
    PCC, 4 Å MS, CH2Cl2
    60 %

O

Me

Me

Me

O

O

OO

Me
Me

Br

Me
Me

S
O

Tol

CO2Me

HO

O

O

Me MeH

H H
CO2Me

1. n-BuLi, (-)-menthyl 
   p-toluenesulfinate, 
   CSA, aq. acetone

77 %

2.                K2CO3, THF
3. H2, RaNi, MeOH 88 %

4. KHMDS, PhNTf2, 
    THF, -78 °C, 98 %
5. C2H3SnBu3, 
    Pd2(dba)3*CHCl3,
    LiCl, THF, 95 %

O
Me MeH

H H
CO2Me

6. LAH, 96 %
7. MsCl, Et3N; 
    then NaI, 79 %
8. ß-metallyl-MgCl
   CuI, THF, 0 °C
    98 %

O
Me MeH

H H9. Grubbs I, 
   CH2Cl2, rflx

OMe
Me

Me

93 %

H

H

H

10. O2, TTP, 
      CH2Cl2, 
      hv; LAH

61 %

11. DMP
12. Pd/C, H2, 67 %
13. RuCl3, NaIO4,
     MeCN, CCl4, H2O, 
     rt, 63 %

OMe
Me

H

H

H
HO

Me

Asteriscandiole

O
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Key-­‐Steps	
  &	
  Methodology

21
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James	
  D.	
  White,*	
  Jungchul	
  Kim,	
  Nicholas	
  E.	
  Drapela	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  8665-8671.
22

O
Br

O

O

steps

O
O

Me

Me
O

O

1. hv, CH2Cl2

O
O

O
O

H
Me

Me H

O
O

O
O

Me H H

Me
2. PhMe, rflx

56 % o2s
O

O

Me

Me

O

O

O

O

Me

Me

O

O
O

O

Byssochlamic acid

3. LiOH, H2O, 
    dioxane
4. KMnO4

CO2H

CO2H

HO2C
HO2C

Me

Me

5. HCl

23 % o3s

Keysteps	
  &	
  Methodology

98

9796

95

9493

99
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Zhonghui	
  Wan,	
  Scott	
  G.	
  Nelson*	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  10470-10471.	
  
Hideyo	
  Takashaki,	
  Yuko,	
  Hitomi,	
  Yoshinori	
  Iwa,	
  Shiro	
  Ikegami*,	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  2995-­‐3000.	
  23

N Al
N

N
Me SO2CF3F3CO2S

iPr iPr

Bn

Al(III) catalyst

CH2OBn

OHC

1. 10 mol% Al(III), 
   EtCOBr, Hünigsbase, 
   CH2Cl2 O

O

Me

CH2OBn

2. nC9H19MgBr, 
   10 mol% CuBr, 
    THF, -78 °C

85 %
C

nC9H19

OBn

H

Me
CO2H

92 %

3. 10 mol% AgNO3, 
   5 mol%  Hünigsbase,
   80 °C, MeCN, 80 %
4. H2, Pd/C 87 %

OO

Me
nC9H19

OH

(-)-Malyngolide

OBnO
BnO

OBn O

OBn 1. BnONH2, 
    Me3Al

93 to 100%

OHBnO
BnO

OBn O

OBn
H
N

OBn

2. DEAD, 
    PPh3

OPHPh3BnO
BnO

OBn O

OBn

N
OBn

OPHPh3BnO
BnO

OBn NOBn

OBn

O71 to 91%

OBnO
BnO

OBn NOBnBnO

3. PTSA, 
   acetone, rt,

OBnO
BnO

OBn OBnO92 to 97 %

OBnO
BnO

OBn OBnO

4. DIBAL, CH2Cl2, 
   -78 °C, 20 min.

quant.

A	
  Novel	
  and	
  Practical	
  Synthesis	
  of	
  L-­‐Hexoses

Optically	
  Active	
  Allenes	
  from	
  β-­‐Lactone	
  Templates

111110109

108107106105

103

104

102101100



^

Shingo	
  Nakamura,†	
  Kazuaki	
  Ishihara,‡	
  and	
  Hisashi	
  Yamamoto*	
  J.	
  Am.	
  Chem.	
  Soc.	
  2000,	
  122,	
  8131-8140.
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Keysteps	
  &	
  Methodology

R1
R2

R3O
Me

Me
Me

O

Me Me

Me

H

minor product
R1

R2

R3 O

Me Me

Me

H
R1

R2

R3

(R)-4*SnCl4
CH2Cl2, -78 °C
>99% conv.

O
H

O

Ph

O

SnCl4

(R)-4*SnCl4

O

Me Me

Me

H
R1

R2

R3
H

H

via Abnormal 
      Claisen

R1
R2

R3O
Me

Me
Me R1

R2

R3O
Me

Me
Me

HI. normal 
   Claisen tautemerization

R1
R2

R3O
Me

Me
Me

H

H H H
R1

R2

R3O

H Me

H

Me Me

Enantioselective	
  Biomimetic	
  Cyclization	
  of	
  Isoprenoids	
  Using	
  Lewis	
  Acid	
  Assisted	
  Chiral	
  
Brönstedt	
  Acids.	
  

112 115114

113

116

112 118117 119



Thank	
  you	
  for	
  your	
  attention
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