


Hey, it is Chemistry
Nobel Prize Day!




The 2026 chemistry laureates

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize
in Chemistry 2026 to Henri B. Kagan and Kenso Soai “for the discovery of non-
linear effects and autocatalysis in asymmetric organic synthesis.”

Henri Kagan discovered a new way of manipulating chemical reactions,
allowing a greater excess of one of the mirror images to be created than was
previously assumed possible. His discovery has been revolutionary for chemists
who develop reactions for the manufacture of pharmaceuticals, flavours, scents
and new materials.

Kenso Soai designed the first chemical reaction in which only one of the

-
potential mirror images was formed. Other than life itself, no one had ever

achieved this feat. The Soai reaction is one of the most spectacular chemical

experilnents ever conducted. Ill. Niklas Elmehed © Nobel Prize Outreach
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Nobel Prize in Chemistry 2026

They made chemistry choose a mirror
image

Some molecules, such as amino acids, exist as two variants that are each other’s
mirror image. However, living organisms only contain one of these mirror
images. How chemical asymmetry such as this could have emerged was long a
mystery to chemists. Henri B. Kagan and Kenso Soai have been awarded the
Nobel Prize in Chemistry 2026 for discovering a solution to this puzzle.

Press release
Popular information: They solved chemistry’s asymmetric mystery
Scientific background: Non-linear effects and auto catalysis in asymmetric

organic catalysis

© Johan Jarnestad/The Royal Swedish Academy of Sciences



Nonlinear Effects in Asymmetric Synthesis. Examples in
Asymmetric Oxidations and Aldolization Reactions

C. Puchot,' O. Samuel,! E. Duiiach,’ S. Zhao,' C. Agami,' and H. B. Kagan*'

Contribution from UA CNRS N°255, Laboratoire de Synthdse Asymétrique, Université
Paris-Sud, 91405 Orsay, France, and UA CNRS N°408, Laboratoire de Chimie Organique,
Université Paris VI, 75005 Paris, France. Received August I, 1985

Abstract: It has been shown in three experiments that there is a strong departure from the linear relationship usually assumed
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Nonlinear Effects in Asymmetric Synthesis

Scheme II. Nonlinear Effect in the Asymmetric Oxidation of Sulfide
1 (Equation 2) and Enantiomeric Excess of (R)-2 as a Function of
the Enantiomeric Excess of (+)-DET*
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“(a) Stoichiometric conditions:  Ti(O-i-Pr),/DET/H,0/t-
BuOOH/1, 1:2:1:0.5 or 1:1:1:1.1. (b) Catalytic conditions: Ti(O-i

Pr)y/DET/H,;0/t-BuOOH /1, 0.5:1:0.5:1:1.

was also investigated in the specific case of (E)-geraniol (3) (eq
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Finally, we studied a catalytic system dealing with an asym-
metric Robinson annulation. The Hajos-Parrish reaction is a
useful asymmetric synthesis which allows, for example, to
transform the triketone 5 into cis-ketol 6 (e¢ 92%) in DMF under
the influence of a catalytic amount of pure (S)-proline?*? (eq
4). Two of us are currently investigating extensively the mech-
anism of this reaction.?637
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Schene III. Nonlinear Effecl in the Epoxidation of Geraniol 3

(Eq 3) and E ¢ Excess of (-)-4 as a Function of the
ce of (+)-DET with Tl(O-l-Pf)‘/DET/lABUOOH/J 1:1:2:1
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Scheme IV. Nonlinear Effecl in the Hajos-Parrish Reaction
(Equation 4) and E ic Excess of Ketol 6 as a Function of
the ee of (S)-Proline under Catalytic Conditions (See Experimental
Section)
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Asymmetric Self-catalytic Reaction. Self-production of Chiral 1-(3-Pyridyl)alkanols as
Chiral Self-catalysts in the Enantioselective Addition of Dialkylzinc Reagents to

Pyridine-3-carbaldehyde

Kenso Soai,* Seiji Niwa, and Hiroshi Hori
De,

ied Chemistry, Faculty of Science, Science University of TokyQ.ShiniukuToly

262l
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Optically active 1~(3-nyndyl)alkanols., chiral self-catalysts produoed themselves of the same configuration in the

enantioselective addition of dialky!.

gents to pyrid

Increasing interest has been centred on catalytic carbon-
carbon bond forming reactions.! However in nearly all cases
reported, the structures of the chiral catalysts and the prod

system would b an i g real self-p ion of
chiral molecules. Although the implication of asymmetric

are different. If the structures of the product and the chiral
catalysts were the same (chiral sclf-catalyst), the reaction

self-catalysis has been described,? no apparent example is
known.*
We are continuing to study the enantioselective synthesis of
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a;R = Mg, (§)-isomer

bR = Et
R =Pr
d:R = Bu®

Scheme 1

amino-alcohols by asymmetric reduction of ketones® and by
asymmetric alkylation of aldehydes,’ and we now report an
example of an asymmetric self-catalytic reaction in which a
chiral molecule plays the role of a chiral catalyst to afford the
same chiral molecule of the same configuration. When
pyridine-3-carbaldehyde (1) (I mmol) was treated with
di-isopropylzine (2 mmol) using (= )-2-methyl-1-(3-pyridyl)-
propan-1-ol (2¢) (0.030 g, 20 mol%), [a]p?? —35.7° (c 2.3,
MeOH) (86% enantiomeric excess, €.e.)t as a chiral catalyst,
(=)-(2¢) (0.132 g, 47% e.e., determined by HPLC using a
chiral column) was obtained. This result shows that (- )-(2¢)

+ Prepared from the ion of pyridine-3-carbaldehyde and di-
isopropylzinc using (15,2R)-(~)-N,N-dibutylnorephedrineS® as a
chiral catalyst.

3 PriyZn (2 ml of 1 » hexane solution) was added to a toluene solution
(2 ml) of (—)-(2¢) (0.2 mmol) at room temperature. After 20 min, (1)
(1.0 mmol) was added, then the mixture was stirred at room
temperature for 2 h. The mixture was cooled to 0 °C, and quenched by
the addition of HCI (1 »: 5 ml). The mixture was adjusted to pH 8—9
by the addition of satd. aq. NaHCOs, and the precipitate was filtered
off. The filtrate was exmed with AcOEt (4 x 20 ml), dried
(Na;S0;), and evap d under reduced The residue was
purified by TLC (silica gel, eluant AcOEt-MeOH, 20: 1). followed by
bulb-to-bulb distillation (140 °C at 2 mmHg). HPLC analysis was
performed with Daicel Chiralcel OD, eluant 10% propan-2-ol in
hexane, flow rate 0.2 mUmin, UV detector (254 nm), retention time
62.7 min for major isomer (=)-(2¢), 70.3 min for minor isomer
(+)-(2¢).

983

acts as a chiral self-catalyst to produce itself with retention of
configuration [(=)-(2¢), 0.102 g, 67% yield, 35% ¢.c.].§Ina
similar manner, (= )-1-(3-pyridyl)propan-1-ol (2b) (20 mol%,
56% e.e.) produced itself [(—)-(2b) (66%, 14% e.e.)] in the
enantioselective addition of Et;Zn to (1). Asymmetric self-
catalytic reaction was also observed in methylation [(S)-(-)-
(2a) of 42% e.c. afforded (S)-(~)-(2a) of 7% e.c.] and in
butylation [(=)-(2d) of 47% e.e. afforded (—)-(2d) of 6%
ee.].

The mechanism of this reaction may be as follows (Scheme
1). Chiral compounds (2a—d) are considered to form the
chiral zinc monoalkoxides (3a—d), which catalyse the
enantioselective addition of R;Zn to (1) and the amount of
(3a—d) increases. The configuration of the asymmetric
carbon atom bonded to the hydroxy group in the chiral ligand
is one factor which determines the sense of the asymmetric
induction.” Acidic hydrolysis of (3a—d) during work-up
afforded increased amounts of chiral (2a—d).*

Received, 12th March 1990; Com. 0/01091)
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Acid-catalyzed Hydration of an Alkene
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Cation Rearrangement
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Alkene Halogenation
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