040421 D3 N. Kumagai
imaginary

TACTICS FOR TARGET ORIENTED SYNTHESIS
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OBJECTION
s 1. HOW can atom keep moving?
2. Nothing is nothing.
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G. Priestley "™ A, L. Lavoisier
[1733-1804] [1743-1794]

~20 kinds of gas...

G. Black
[1728-1799]

“fixed gas"
CO,

H. Cavendish
[1731-1810]

.~;"inflammable gas"
H;

(metal + HpSO4)
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metal's
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Black's “fixed air" (CO;) = Metal + CO, 7?

Metal ash + light, heat

! HgoO Hg + combustible gas (O,)

suniversal
eorigin of expansion «—» phlogiston
equantitive
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taksalt - +.inflammable gas (Hy).
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Cavendi Lavoisier's view

H;0 is not an element
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1. Air plays critical role in some chemical reactions.
2. Air is not an element.
3. The cocept of gases—matter with caloric.
4. Component 0f matter, element.
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. conventional view

(h73:8)
[1766-1844]
emeteorological observation. en O Daiton's view
*No bonds between gases. - o n.
‘ -3

repulsive particle

reFul§ive gas atom .
due to caloric - A + B—= AB %}

N

|. I. Berzelius

B. Thompson :
[1753-1814] J \
caloric?? - relative atomic.weight
A. Volta S [1779-1848]
[1774-1827] . .
i of Voltic pile X, eanalyzed >2000 material.
ire - "+, eaccurate data.
: . H. Dawy selectrochemical duali
1820 x Royal Society } [1778-1829] ) sm.
l. Herapus - X : ~ electrolysis: |
1845 isolation of Na ~
: (Lavoisier's prediction) atomic view was rejected

l. . Waterston

~
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nearly same...

R. 1. Clausius
[1822-1888) 1857 ",
mechanical view of _ . A. Laurent arrangement of
average velocity of particles ", [1808-1853] elements

Temp. & Pressure

I. C. Maxwell

[1839-1879] statistical treatment

L. Boltzmann

[1844-1906]

edetailed expression of thermodynamical view

with statistical treatment.

esevere situation”

M. Planck
[1858-1947]

A. Einstein
[1879-1955] with atomic mechanics.

without the concept, atom

black body radiation spectra

representation of Brownian motion

l. W. Gibbs .,

[1839-1903]
thermodynamical view

A. Williamson

[1824-1904]
H R R
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water  alcohol ether

swater type
edynamic view of reaction

E.A. Kekulé
[1829-1896)

valency of carbon
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Positioning single atoms with a

scanning tunnelling microscope z\\@mﬁ\{mm . 9%, ¥ et

D. M. Eigler & E. K. Schweizer* AN

IBM Research Division, Almaden Research Center, 650 Harry Rd, San Jose,

California 95120, USA
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A schematic illustration of the process for sliding an atom across a.
>. The atom is located and the tip is placed directly over it (a). The
wered to position (b), where the atom-tip attractive force is sufficient,
3 the atom located beneath the tip when the tip is subsequently
across the surface (c) to the desired destination (d). Finally, the tip
Trawn to a position (e) where the atom-tip interaction is negligible,
the atom bound to the surface at a new location.
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Cold atoms and quantum control

Steven Chu
R@daL@MﬂmmmSmmhﬂUMWmﬁxSHMMd(hmhnhgﬁﬂiﬂ%alﬁH

are inevitable. Not surprisingly, these new research opportunities
have stimulated many researchers to think about how to exercise
further quantum control over still larger ensembles of atoms and
photons, and how to exploit these systems in new ways. Toquote Yogi -
Berra, the noted American philosopher and former catcher for the
New York Yankees, “it is difficult to make predictions, especially
about the future”. Nevertheless, I predict that the most exciting
developments are yet to come. a
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3 H H i Coils of the
atoms in a microscopic dipole trap e w0 magnoto-optcal
pam— A trap MOT}
Wicolas Schi Georges R d, igor Prok To computer e
& Philiope Grangler nctodioce :
Laboratoire Chirles Fabry de Finstitat d'Optiqus, UMR 8501 di. CNRS, BP 147, I x Y
F91403 Orsay Cedex, Framic CCD camera

The_ability to maiu]?ulalt individual atoms, ions or phofons
allows Oolhmnmng of the quantum state of small sets
of trapped particles; this is necessary 1o encode and process
information at the quantum level. Recent achievements in this
direction have used either trapped ions'™ or trapped photons in ~—~ ~ — "
cavity quant: lectrodynamical sy s**. A third possibility
that has been studied theoretically™ is to use trapped neutral

“ongrggluﬁch’%-mumm:-mmhmm
and address individual atoms with high spatial resolution.

Firering hale
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You still do not appear to understand the impact of my short
piece in Scientific American. Much like you can't make a boy
and a girl fall in love with each other simply by pushing them
together, you cannot make precise chemistry occur as desired
between two molecular objects with simple mechanical motion
along a few degrees of freedom in the assembler-fixed frame of
reference. Chemistry, like love, is more subtle than that. You
need to guide the reactants down a particular reaction
coordinate, and this coordinate treads through a many-
dimensional hyperspace.
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MECHANOSYNTHETIC REACTIONS As conceived

by Drexler, to deposit carbon, a device moves a
vinylidenecarbene along a barrier-free path to insert into
the strained alkene, twists 90° to break a pi bond, and then
pulls to cleave the remaining sigma bond. couRTESY OF k.
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A Supramolecular Approach to an Allosteric Catalyst
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MUCH ADO ABOUT ENZYME AL
MECHANISMS c H Esm\elermg News ‘%‘:.)-o-
Studies advance understanding of how enzymes work, but February 23,2004 %
some ideas provoke controversy Volume 82, Number 8 . ~

CENEAR 82 8 pp. 35-39
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of the cliorismate to prephenate reaction

s C. Bruice®

The near attack conformation approach to the study P {""\; ,,,ffé\(w

Sun Hur and

Department of Cfemistry and Biochemistry, University of California, Santa Barbara, CA 93106 Scheme 1.
PNAS | October 14, 2003 | vol. 100 | no.21 | 12015-12020 -
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Table 1. free gits of experi | AB* and computational /) R=097
AGy® (kealimol) | PR D275 T . e
AG® - Gy = AGw? e z ‘ 6 ) 10

Water 24.2 8.1 151, AG“ (!tcallmol)

17 213 - 3 15.1

R90Cit 212 : ? 3 ? Fig.8. Plotof AG® vs. AG,"in Table 1. Circles are of 1 keal/mol dismeter. The -

ES2A 18.2 1‘3 i 6. 3 equation at the bottom right is the lincar {it equation for the six data points.

. . 3 R is the correlation coefficient for the linear fit.
w-BsCM 154 0.3 151
w-EcCM 15.2 0.1 15.1




Origins of Enantioselectivity in Reductions of Ketones on ?3

Cinchona Alkaloid Modified Platinum “OH
N
At . 2
Grigoriy Vayner.! K. N. Houk,*? and Y.-K. Sun"# n3.0 il ")_w
HO
Department of Chemistry und Biochemistry, Unive:sity of California. Los Angeles, California
90095-1569, and Merck & Ce., Inc.. P.O. Box 2000, Rahway, New Jecsey 07065 HteMe e COE1 ’;7“:
J. AM. CHEM. SOC. 2004, 126, 199203 H‘-Meﬂ‘-cl-l(zouo)z 06"
R'=Ph R= CF, o'
R'=Me R*=CHIOMe)CH, 051
(,OVO.QQJ/(X k‘}\c‘\ . A", R%= alkyt or ard it
Figure 1. Asymmetric ketone reduction on cinchoridine-modified Pt.
H[Py CO,Me
% i HO--H
R+ R - [ (®

°°1P“f Hy COMe

surface  relention Ao‘i_H

by cinchonidine-modified Pt (RN = cinehonidi ‘

{ cinchonidine with the Pt surfage, - Besides the C=P1 covalent

Flgure 3. Postulated mech. dsms for seduction of methyl pynivate )
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CHIRAL CATALYSIS AT SURFACES Constrainina A
. onstr: i ithi
Researchers probe promising heterogeneous catalysts aining éﬁ':p"",f::%og;g;:_}'ﬂ.;ﬁagfaﬁfiffs'ifef,ﬂi:yh'" Mesoporous
. . . . . . . -r i
with potential for industrial apphcahons Robert Raja."* John Meurig Thomas,*$ Matthew D. Jones,! Brian F. G. Johnson,! and

MITCH JACOBY, C&EN CHICAGO David B W. Vaughan' . aw. cuem. s0c. 20w, 125, 14082~ 14083

CHEMICAL A e T

& Engineering News
March 15,2004

Catodyst Counter-im | Catalyst Sidica Type Matad | t Com.* | TOF° Joor
Volume 82, Number 11 (posc dimension) | &) oy

699 60 4qof

NH, CF. S0/ Humogenieous - Ry | 20 O
./ Ph CF, SOy Hetesogencous | Davison 923 Ri{1) | 0.5 777 596 5
R -W‘ 20 | 981 138 |7
N Vison 634 os |ss7 Jass Jes
Ph 3
NH,
o
4

(60 A [ 9
ol Rh{COD)DED Thon 654 0s [388 298

EY : 1 20 lwa fase
ACE IN THE HOLE Confining a

TF.50, Homopentous | - R T0s [462 |15 [
rhodium(l) organom i had CF, 50, Hetcrogencous | Davison 923 ®iwd) | 0.5 | 928 63 | 85
{bottom gn)ol:;?:ule) wei:;::'xcac:i‘t?éyas‘ I\R':/ Sﬁfm 634 52 Ziig :6;2 97;
pore restricts the possible Sy 20 |9 | |7
orientations of a reactant molecule Q rson 654 05 |67 {420 |es
(methyl benzoylformate) on RN(COD)PMP PRy 20 |869 Jast |3
approach to the catalyst, thereby
boosting enantiosefectivity.
COURTESY OF ROBERT RAJA
i i ; ; i isati atalysts.
Enantioselective heterogeneous catalysis has not yet made a bi Synthesis and characterisation of heterogencous ¢ ) .
splash in industrial chcrﬁistry‘ Rescar’c,:hers are fas)c':inated by ths The triffate salt (50 mgs) was dissolved in CH;Cl; (20 ml), to which dry dsﬂ{w (5(1)19 !TtgiS) wue::
molccular subtleties that drive asymmetric conversions. And added to form a slurry. This was left stimring at room temperature for three hours, during whic! rr:c
H k loi i ~ solid took on the colour of the rhodium complex and the solution became palg. The solution was filtered
chemical manufacturers are keen to exploit the potential benefits and the silica was washed with copi ts of CH;C until the washings were colourless. The

offered by the catalytic systems. As mechanistic studies continue
to reveal additional details of the systems' inner workings,
asymmetric surface chemistry moves toward large-scale
application.

catalyst was then dried in-vacuo and isolated as 2 pale yellow solid.
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Hydrogenation and cleavage
of dinitrogen to ammonia
with a zirconium complex

Jalme A. Pool, Emil Lobkovsky & Paul J. Chirtk

Department of Chemistry and Chemical Biology, Baker Laboratory Cornell
University, Ithaca, New York 14853, USA
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Figure 1 Hydrogenation and cleavage of N..
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A non-metal system for
nitrogen fixation
. Yoshiaki Nishibayashi*, Makoto Saito*,

Sakae Uemura*, Shin-ichi Takekumat,
Hideko Takekumat, Zen-ichi Yoshidat
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IRgure 1 Preparation of -cyclodextrin—bicapped Cy complex (1), msmhmmmdmmmmmm.%

{0400 & 0.555 mmol) and y-cyclodextsin (1.200 5; 0.925 mmo} was stired in 3 water {160 miviuene (50 ) mbdure al 118 °C for
“"“MW—YM_WW S04, R s e s s Gy 45 Gt  wa ol 0% Y1 41
0.391 mmo) a8 a purmie solid, with each malecule being cooni molecules {stoichiometry fram thermagravimetric and
:ﬂhlmﬂdwmmﬂmmmrmaswpssbnoilm.lm(m!ommm'lmwen‘mmgmvﬁm
Na;$,0, {174 mg: .00 menol} in water (10 mi) was magnesically stived at 60 °C for 1 h undar visive ight from  forescent lamp, The
Yt ol ammonia was quantified by using indopheno! reagent.

Direct allylic substitution of allyl alcohols by carbon
pronucleophiles in the presence of a palladium/carboxylic

Department of Chemistry, Graduate School of Science, Tohoku University, Aramaki, Aoba-ku, Sendai 980-8578, Japan

acid catalyst under neat conditions

Nitin T. Patil and Yoshinori Yamamoto®
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. . Palladium-Catalyzed, Carboxylic

¢ Acid-Assisted Allylic Substitution of

1 Carbon Nucleophiles with Allyl Alcohols
as Allylating Agents in Water

Kei anabe and Shu Kobayashi®
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PA(PPhy), EWG, | Table 2 Allylic Substitution of Various Substrares
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Table 2. PA(PPhyJafacetic acid catalysed allylic iom of altyl sloohols with C-necleophiles usder nest cooditions .
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“lsolated yield.

" 30% of dirllylated product was isolated.
“21% of diallylated product was isolated.
* Yield sefors Lo diallytated product.
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