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1.The Origin of the Catalyst

Seminal Studies

Hine and Kelly's poineering work:

Established that general acid catalysis by conformationally restricted metal-free
diprotic acids is a valid strategy upon which to base organocatalyst design.
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J. Hine, J. Am. Chem. Soc.,1984, 106, 7980.
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the promotion of the D-A reaction between cyclopentadiene
and unsaturated aldehydes by 3,6-dipropylderivatives of 5

T. R. Kelly, Tetrahedron Lett. 1990, 31,3381 Kelly proposed the mechanism of double
hydrogen-bond donation to the dienophile

One year later, Jorgensen confirmed the proposition from Kelly

O=
Solvent Effects on a Diels-Alder Reaction from Computer Simulations H/O_H _/>
W. L. Jorgensen, J. Am. Chem. Soc. 1991, 113, 7430.
Jorgensen's hydration model
Effects of Hydration on the Claisen Rearrangement of Allyl Vinyl Ether from
Computer Simulations
W. L. Jorgensen, J. Am. Chem. Soc. 1992, 114,10966.
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Etter's Important Observation:
Hydrogen bond-directed co-crystallisation of N,N’-diarylureas (in particular
3,3'-dinitrocarbanilide) with compounds incorporating a wide variety of Lewis
basic functional groups, such as nitroaromatics, ethers, ketones and sulfoxides.
The donation of two hydrogen bonds by a single urea molecule to the Lewis
base was implicated.

A crystal structure of an unstable N,N’-[bis-( a -tosylbenzyl)urea—acetone hydrogen-bonded adduct
had been previously obtained: J. Chem. Soc. Perkin Trans. 2 ,1976, 483.

This is the basis for the development of urea-based organocatalysts!
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Dennis P. Curran
J. Org. Chem. 1994,59, 3259-3261
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The choice of functionality installed on the diarylurea backbone:
1.lipophilic side chains were utilised to improve solubility in common organic solvents
2.-CF3is an more electron-withdrawing group than -NO2
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entry solvent additive T-trans/T-cis (yield, %)
1  benzene® none 2.5/1 (60)
2 CHgClg® none 5.5/1(82)
3 CHsCHyOH? none 4.9/1 (87)
4 CH3COH® none 6.7/1 (51)
5 CFyCH;OH? none 8.1/1(83)
6 THFe none 2.2/1 (36)
7 THFe LiCl (0.6 M) 5.8/1 (25)
8 THFs ZnBr; (0.6 M) 8.0/1 (80)
9 THFa BFsEt,0 (0.5 M) 4.5/1 (73)
10  benzene® 1 (0.2 equiv) 3.7/1 (57)
11  benzene® 1 (0.6 equiv) 5.8/1(72)
12 benzene® 1 (1.0 equiv) 7.0/1 (81)
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trans CIs

entry  solvent additive 9b-trans/9b-cis® (yvield, %)°

1 benzene none 5.3/1 (59)
2 EtOH none 9.8/1 (63)
3 benzene TFE (1.0 equiv) 7.1/1 (81)
4 benzene TFE (5 equiv) 10.3/1 (63)
5  benzeme 1 (0.25equiv) 7.1/1 (70)
6 benzene 1 (0.5 equiv) 11.3/1 (72)
7 benzene 1 (1.0 equiv) 14.1/1 (72)




Claisen rearrangement

Substrate T (°C) equivla k(x 1035 1) krel
_0 Sa 100 none 0.4 1
\r — | 5a 100 0.2 0.7 1.7
= 5a 100 0.5 1.3 3.1
. 5a 100 1.0 1.8 4.2
a:R=Ph (All E) 5b 80 none 0.6 1
b:R=Me(E/Z=6.6:1) 5bh 80 0.1 1.6 2.7
5b 80 0.4 3.1 5.0
5b 80 1.0 13.7 22.4
A p
N0 o
: \F PN :
. “H*-'" Ar H
MED o MEEN

bis-hydrogen bonded transtion state

Tetrahedron Lett. 1995, 36, 6647.




2.Brief Introdction to the Pioneers in This Filed
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Eric Jacobsen

Education:

1978-1982: New York University, New York, New York.
Degree awarded: B.S. in Chemistry
Research advisor (1981-1982): Professor Yorke E. Rhode

1982-1986: University of California, Berkeley, California.

Degree awarded: Ph.D.

Research advisor: Professor Robert G. Bergman

Thesis title: Synthesis and Reactions of Dinuclear Transition Metal Complexes
Containing Bridging Ligands Relevant to Heterogeneous Catalysis

1986-1988: National Institutes of Health Postdoctoral Fellow
Massachusetts Institute of Technology, Cambridge, Massachusetts.
Research advisor: Professor K. Barry Sharpless
Development of the osmium-catalyzed asymmetric dihydroxylation reaction

Empolyment:1993-present: Harvard University
Professor (July 1993-June 2001)
Sheldon Emery Professor of Chemistry (July 2001-present)

1988-1993: University of Illinois at Urbana-Champaign
Assistant Professor (June 1988-September 1991)
Associate Professor (September 1991-June 1993)



Consulting: Firmenich, Geneva, Switzerland, since 2009 (consultant)

Importaant Awards and Honors:

ACS H.C. Brown Award for Synthetic Methods (2008)

Van't Hoff Prize (1998)

Thieme-IUPAC Award in Synthetic Organic Chemistry (1996)
Arthur C. Cope Scholar (1994)

Member, Editorial Board: Advanced Synthesis and Catalysis, Science of Synthesis

Editorial Advisory Board: Journal of Organic Chemistry, Synthesis, Synlett, Organic Letters,
Journal of Combinatorial Chemistry, Journal of Molecular Catalysis, Current Opinion in Drug
Discovery & Development, Chemistry: An Asian Journal



Yoshiji Takemoto

Education

Bachelor: Osaka University, Faculty of Pharmaceutical Sciences (1983)

Master: Osaka University, Faculty of Pharmaceutical Sciences (1985)

Ph.D.: Osaka University, Faculty of Pharmaceutical Sciences (1988)

Postdoctoral Fellow: Florida State University, Department of Chemistry (Prof. R. A.
Holton), 1988-1989, Sagami Chemical Research Center (Dr. S. Terashima), 1989-1990

Academic Position

Research Associate, Osaka University, Faculty of Pharmaceutical Sciences (1990-1998)
Associsate Professor, Kyoto University, Graduate School of Pharmaceutical Sciences
(1998-2000)

Professor, Kyoto University, Graduate School of Pharmaceutical Sciences (2000-present)

Research Interests:

1. Development of new enantio- and stereoselective synthetic methods involving
transition-metal catalysts.

2. Development of environmentally friendly synthetic methods for process chemistry.
3. Total synthesis of biologically important synthetic and natural products.

4. Synthetic studies on multi-functional heterocyclic compounds and their use as drug-
templates



Albrecht Berkessel

1955: born in Saarlouis

1976-82: studies in chemistry (Diploma) at the Universitat Saarbriicken

1985: PhD Universitat Wurzburg (Prof. W. Adam)

1985-86: post-doc at Columbia University, New York, USA (Prof. R. Breslow)
1990: habilitation at the Universitat Frankfurt (Prof. G. Quinkert)

1992-97: associate professor at the Universitat Heidelberg

since 1997: full professor at the Universitat zu Koln

visiting profesor at the University of Wisconsin, Madison, USA (1995)

lecturer scholarship of the Fonds der Chemischen Industrie (1991-96)

yearly award in chemistry of the Akademie der Wissenschaften zu Gottingen (1995)
visiting professor at the Australian National University, Canberra (2000)

visiting professor at Chuo University, Tokyo, Japan (2007)

visiting professor at the National University of Singapore (2007)



Author Profile

C. E Barbas 111

The author presented on thiz
page has recently published
his 10th articl since 2000
in Angewandte Chemie:
“antiSelective Asymmetric
Michael Reactions of Alde-
hydes and Nitroolefins Cat-
glyzed by 2 Primary Amine/
Thigurea": H. Ugharz, C. F.
Barbas [1l, Angew. Chem.
2009, 127, 10032-10036;
Angew. Chemie. Inf. Ed.
2009, 48, 9848 —9852.
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Position:
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inmterests:

Hohhies:

Carlos F. Barbas 111

MNovember 5, 1964

Kellogg Professor of Chemistry and Molecular Biology, The Scripps Research Institute (USA)
1981-1985 BS degree in Chemistry and Physics, Eckerd College, Florida (U5A)

1985-1989 PhD with Chi-Huey Wong, Texas Ad&M University (LISA)

19831991 Postdoc with Richard Lerner and Steven Benkovic, The Scripps Research Institute
(USA)

ACS; Fellow of the AAAS; Protein Sodety; Director of Cold Spring Harbor Laboratory
Annual Course on “Phage Display OF Proteins & Peptides”; Board of Comsulting Editors for
Bioorganic & Medicinal Chemistry Letter and Bioorganic & Medicinal Chemistry ; American
Sodety for Micohiology; International Advisory Editorial Board for Chemical Society
Feviews; Editorial Board, MedChemComm; Founder of the hiotechnology companies
Prolifaron, CovX, and Zyngenia and inventor of their underlying core technologies

209 Arthur C. Cope Scholar Award; 2000 Tetrahedron Young Investigator Award—Bio-
organic & Medidnal Chemistry; Since 2003, IS1 Highly Cited Researcher; 2000 Co-recipient of
the Presidential Green Chemistry Challenge Award; 1931997 Investigator Award, Cancer
Research Institute; 1992-195 Scholar of The Amercan Foundation for AIDS Research
Advancing the science of therapeutic antibodies, vacsnes, anc-finger technology, and
a=symmetric catalysis with organic molecules through stadies at the interfaces of chemistry,
hiology, and medidne; Chemical reactivity and molecular recognition; Development of new
classes of drugs and vacanes for cancer and HIV-1

Travel, hiking, scuba diving, snow boarding, anything with my children

My bigeest inspiration is ... the life work of Panl Ehrlich.
. - -

My tavorite subject at school was ...
A good work day begins with ..

Ths biggest problem that scientists face 15 ...

science of course.
an espresso and the New York Times.

educating the public and lobbying governments to fund

science properly.
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3.Catalyst And Asymmetric Catalytic Reaction

concept for catalyst development. .
3
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a:R;=polystyrene,R,=OBoc HO Sﬁ/
b:R]_:Ph R2=OMe NH
t-Bu R2 F3C
1998:Jacobsen’s chiral (polymer-bound) Schiff base thiourea derivative
J. Am. Chem. Soc. 1998, 120, 4901-4902; Angew. Chem. Int. Ed. 2000, 39, 1279-1281 CFs

2004: Nagasawa's chiral bis-thiourea organocatalyst
Tetrahedron Letters, 2004, 45, 5589-5592
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2001: Schreiner's N,N'-bis[3,5-bis(trifluoromethyl)phenyl thiourea
Org. Lett. 2002, 4, 217-220; Chem. Eur. J. 2003, 9, 407-414 NJJ\
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2005: Ricci's chiral thiourea derivative with additional hydroxy-group
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FsC NTN
\©/ S \O Angew. Chem. Int. Ed. 2005, 44, 6576-6579
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2003: Takemoto's bifunctional chiral thiourea derivative
J. Am. Chem. Soc. 2003, 125, 12672-12673
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O 2005: Nagasawa's bifunctional thiourea functionalized guanidine

Adv. Synth. Catal. 2005, 347, 1643-1648

2005: Wei Wang's bifunctional binaphthyl-thiourea derivative
Org. Lett. 2005, 7, 4293-4296
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2006: Yong Tang's chiral bifunctional pyrrolidine-thiourea FsC
Org. Lett. 2006, 8, 2901-2904
CF3
CF; 2006: Berkessel's chiral isophoronediamine-derived bisthiourea derivative
Org. Lett. 2006, 8, 4195-4198
X
FsC N
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HO/\/N\
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2007: Takemoto's chelating bifunctional hydroxy-thiourea MeQ
J. Am. Chem. Soc. 2007, 129, 6686-6687 NH
Ny )—NH
N= S
CF3
F3C

2005: Soos's and Connon's bifunctional thiourea funtionalized Cinchona alkaloid
Org. Lett. 2005, 7, 1967-1969,Angew. Chem. Int. Ed. 2005, 44, 6367-6370
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2007:Ellman's N-Sulfinyl Urea Organocatalyst
J. Am. Chem. Soc., 2007,129, 15110-15111
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2004:Jacobsen's chiral bifuntional pyrrole-thiourea

N H HNT S
/gs _N
2009:Jin-Pei Cheng's Chiral Alkyl-Substituted Thiourea Catalyst HN
Adv. Syn. Catal. 2010,352,416-424 /@\
FsC CF3
OAc 2005:Dixon's bifunctional cinchonine derivative
Chem. Commun., 2005,4481-4483;Chem. Commun., 2006, 1191-1193
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2009:Zhenghong Zhou's chiral glucose-based bifunctional secondary O Pg /@
amine-thiourea catalyst N™ "N

Org. Biomol. Chem., 2009, 7, 3141-3147 Ao H

™

2007:Min Shi's Chiral Thiourea-Phosphine Organocatalyst
Adv. Synth. Catal. 2007, 349, 2129-2135
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2008:Rafael Pedrosa's Bifunctional Chiral Urea and Thiourea Derivatives
Chem. Eur. J. 2008,14,5116-5119
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\U U 2008:Jacobsen's chiral phosphinothiourea catalysts

J. Am. Chem. Soc. 2008, 130,5660-5661

2008:Jacobsen’'s Guanidinium BArF catalysts
J. Am. Chem. Soc. 2008, 130, 9228-9229



a:R4=polystyrene,R,=OBoc HO
b:R{=Ph R,=OMe
t-Bu R,

1998:Jacobsen's chiral (polymer-bound) Schiff base thiourea derivative
J. Am. Chem. Soc. 1998, 120, 4901-4902; Angew. Chem. Int. Ed. 2000, 39, 1279-1281

Combinatorial chemistry

Article Title: Schiff Base Catalysts for the
Asymmetric Strecker Reaction Identified and
Optimized from Parallel Synthetic Libraries
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tridentate Schiff base
complex
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A General Catalyst:

hydrogencyanide to imines and Ketoimines
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3b: R1 = polystyrene, HO

t-Bu O-Boc
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N N Toluene
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1)2mol% cat
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o}
1. 4 mol% 3b PN
N Ph " toluene, =78 °C,15 h H “>Ph
+ HCN® -
H o aci CN
>[)1t1 2. Acz0, formic acid
Cycle Yield [% ] ee [%o ]
1 o7 o2
2 o8 o3
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B O 03
7 o8 o3
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his hi§
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H” "N” “Ph a H”°N” Ph  bec 2
S - . OH
%cm >I/LCC}2H S
4 5 >99% ee
Recrystalized 999% vield quantitative yield
>99% ee Y 84% vyield overall
from 1m

Scheme 2. Hydrolysis and deformylation of 4. a) 65% (w/v) H,S0,, 45°C,

20h; b) HCI (conc.), 70°C, 12h; ¢) H,, Pd/C, MeOH.



Mark Lipton*,J. Am. Chem. Soc. 1996, 118, 4910-4911
O
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1 2
2 fails to afford any asymmetric induction in the
mechanistically similar Strecker synthesis,

Ph Ph
NJ\ph 1(2mol%) HN

| - :
RH MeOH,HCN R CN

Substrate range:aromatic,heteraromatic,aliphatic
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The guanidine catalyst was easily
separated from the crude reaction
mixture by extraction with oxalic
acid and recovered for reuse. The
amino nitriles upon heating at
reflux with 6 N HCI underwent
benzhydryl cleavage and CN —
COOH conversion to form cleanly
the corresponding (R)-arylglycines

AR AR P A
FEBCH AT AT PE R,
XS RN T RN
TSHEBENEZIEH

R;” “CN

E. J. Corey* and Michael J. Grogan
Org. Lett.,1999,1,157-160

1.NH3, MeOH, 23 °C, 24 h,

. C

H

O

2

min,

3.DMF,100 °C,
2 h,

\

{N Ph
e e
H

2.TrCl (1 equiv), TEA, CH,Cl,, o
TrHN > 2

23 °C, 1 h,
3.LiAIH,, Et,0, reflux, 35 h

(R)-Cbz-phenylglycine,
DCC, HOBt, THF, 0 °C, 8 h,

H,,10% Pd/C, o
1:1 THF/MeOH, 23 °C, 6 h. H

Red-Al (5 equiv), PhH, reflux, 2.5h

NHCbz NHTr

1.Thiophosgene (1.05
equiv), Na,CO,, 1:1
CH,CI,/H,0, 0°C, 15

2.Mel (3 equiv), MeOH, 50 °C
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pre-TS assembly (4) 2a 1-HCN complex

The inversion of product configuration from R
for aromatic imines to S for aliphatic imines
Indicates that alkyl groups incur steric
repulsions in the vacant quadrant of guanidine
where an imine aryl or a benzhydryl phenyl
gains van der Waals attractions.



catalyst substrate catalytic range of range of
structure range amount yield [%] ee [%]
1K
HN S~y aromatic 2 mol% 82-97 80-99
K"/ NH NH aldimines
(not NO,- subst.
O 2 and heteroatoms)
aromatic, 10 mol% 80-99 50-88
@. N/>_© aliphatic
Nr:im H aldimines
4
R?  1Bu X
0 H N aliphatic
aldim_ings and 45-100 42.95
5 (X=8) ketimines




Compared with Resin-bound catalyst 1a,the homogeneous
analogue 1b was found to display substantially higher reactivity
and to induce slightly improved enantioselectivity((1-3% ee)

But the the homogeneous analogue was more difficult to prepare

than resin-bound
L Bu O Q
L
R )
~~ N NH
\g/\H

N
HO

1a: R=polystyrene bead jl\
1h: R=Ph
{Bu Q {Bu



Practical Synthesis of Catalyst Adv. Synth. Catal. 2001,343,197-200
Original synthesis of Catalyst

t-Bu -Bu
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HBTU+DIPEA
BnNH,

HOOC”™ “NHEmoc BnHNOC~ ~NHEmoc

MeCN,r.t

Et,NH,MeOH,r.t

Chromatography >

on SiO, The lowest-yielding step

NO
i
t-Bu
Y j\ NO, u*o
BnHNOC™ “N~~0

t-Bu
: 68%
PN
BnHNOC~ “NH
Py, DCM,r.t A 53% overall
94%
NH,
DIPEA,DCM,r.t O Chromatography
v on SiO,
NH,
CHO
| HO t+Bu o Q
A Al
t+Bu o t-Bu O-Boc BNHNOC™ "N~ —N
9 _ H H
_ . o
BNnHNOC™ “N— ~N' MeQH,r.t :
H H NH, 83% HO
Chromatography
on SIiO, t-Bu O-Boc

1.The product A underwent degradation in the presence of diethylamine during solvent removal.
2.Chromatography on silica gel was necessary to remove the dibenzofulvene byproduct.
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Optimized synthesis of Catalyst

A B
HBTU.DIPEA t-Bu TFA/DCM, .t t+Bu  99% from A

t-Bu BnHN_ _~ > BnHN_ _~
HO. DCM,r.t [ NHBoc N ONH,
j(\NHBoc O O
o)

NH,
s 2 (T
use Boc instead of )J\ /©/ “/NH,
o)

Fmoc as a protecting one pot cl
group in the py/DCM, 1.t DIEPA/DCM,r.t
initial amidation step

BnNNH2

—

B CHO

O

BnHNOC/\H N

uo
JJ\H\"
N H
08% o tBu 0-Boc NH;
MeOH,r.t 82% from B C
t-Bu O-Boc

80% overall

<

t-B

BnHNOC/\H HO

Reaction of B with 4-nitrophenyl chloroformate proceeded with high selectivity and the crude product was shown to be >94% pure
by H NMR analysis.

Since both this and the subsequent urea-forming reaction are conducted under basic conditions, they investigated the possibility of
carrying out the reactions sequentially in one pot, ideally with the same base for both reactions.

They ultimately observed that the one-pot procedure was indeed possible, although best results were obtained using pyridine for
formation of carbamate and DIPEA for generation of urea C. Combining both reactions into a one-pot arrangement made it
possible to avoid isolation and purification of the sensitive intermediate

The crude product mixture of C was washed with aqueous sodium hydroxide to remove the 4-nitrophenol by product, leaving
behind the product C contaminated with DIPEA, pyridine, unreacted excess diamine, and tetramethylurea. All of the
components except C proved to be soluble in hexanes. Thus, after solvent removal, the crude solid residue was washed with
hexanes to afford C in high purity and in 82% yield



Mechanism

Structure-Based Analysis and Optimization of a Highly Enantioselective Catalyst
for the Strecker Reaction

From Supportting Information
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Reaction kinetics were investigated using React-IR instrument
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Table 1.

H""‘“J.r""

re-N Y\N

1,

T
ﬁl -
t-Bu OCOt-Bu

“Ph

1. 1 mol% catalyst

Model-Driven Optimization of Catalyst 1

1: R'=Bn, R®=H, R*=Me, X=0

2: R'=Bn, R*=Me, R*=Me, X=0
a: R'=Bn, R?=Bn, R*=Me, X=0
4: R'=Me, R°=Me, R*=Me, X=0
5: R'=Me, R®=Me, R*=Ph, X=0
6: R'=Me, R%=Me, R*=Me, X=S

)‘I\m

Me\l/u\H

Me

HCN, toluene, -78°C FGC
- B\H\CN

2. TFAA

Me

Replacement of the urea with a thiourea group led to a measurable
Improvement in enantioselectivity.
Through this mechanismdriven optimization exercise, catalyst 6 was

Identified as the most enantioselective Strecker catalyst prepared to date.



Following Improvement and More Work
1.Continue to Develop the catalyst

2.Develop various reactions and wide its
application in natural product synthesis

3.Deeply Investigate the mechanism of reactions

. Am. Chem. Soc. 2002, 124, 12964-12965

. Am. Chem. Soc. 2004, 126, 4102-4103

. Am. Chem. Soc. 2004, 126, 10558-10559

. Am. Chem. Soc. 2005, 127, 8964-8965

. Am. Chem. Soc. 2006, 128, 7170-7171

. Am. Chem. Soc. 2007, 129, 15872-15883

. Am. Chem. Soc. 2008, 130,5660-5661

J. Am. Chem. Soc., 2008, 130, 7198-7199
Synlett,2003,1919-1922

Org. Lett. 2008, 10, 1577-1580 (Total Synthesis of (+)-Yohimbine, acyl-Pictet-
Spengler reaction)

Org. Lett.,2009,11, 887-890

Angew. Chem., Int. Ed. 2009, 48, 6446-6449

| GHR 'R I GEE GER R G



“Scaleable catalytic asymmetric Strecker syntheses of unnatural a -amino acids,”
Nature 2009, 461, 968-970

“Bifunctional Asymmetric Catalysis with Hydrogen Chloride: Enantioselective
Ring Opening of Aziridines Catalyzed by a Phosphinothiourea,” Synlett 2009,
1680-1684 (Special Cluster Issue on Cooperative Catalysis).

“Asymmetric Cooperative Catalysis of Strong Bragnsted Acid-Promoted Reactions
Using Chiral Ureas,” Science 2010, 327, 986-990.
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\H/\H H
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BON
t-Bu @) Ot-Bu
9 R, O
P 2 ~ RO-P_R2
R,O° > -
Ro H N RO
Bn NHBnN

Hydrophosphonylation of Imines
J. Am. Chem. Soc. 2004, 126, 4102-4103

Synthesis of R-Amino Phosphonic Acids
H. (1 atm)

0 0
I Pd/C (20 mol%) I
~~g-P »  HOo-P_ _R
Ar ﬁd Y MeOH, 24-72 h, od Y
Ar HN.__Ph 23°C ca R < pr NH;
Ar = 2-nitrophenyl o
= enitropheny (87% yield, 97% ee)
4a: R = Ph (98% ee) 5b: R = 3-pentyl
4b: R = 3-pentyl (96% ee) (89% yield, 96% ee)
4 R = /ff\'" (09% 66) 5f : R = i-Bu [(R)-Leu"]
HC S (93% yield, 98% ee)

a -amino phosphonate 4f was prepared on a one-gram scale and recrystallized to 99% ee.
Subjecting adduct 4f to the deprotection conditions resulted in concomitant hydrogenation of the
olefin to provide (R)-LeuP 5f, the R-amino phosphonic acid analogue of leucine and a known
inhibitor (15 ) of leucine amino peptidase



J. Am. Chem. Soc. 2002, 124, 12964-12965

Mannich Reactions:Synthesis of a-Aryl-a-Amino Acid

Boc. OTBS  1.cat(5mol%)toluene O  NHBoc

M )\O_ipr 2. TFA,2min iPr-O R
H R R=aryl.heteraryl

84-99%(86-98%¢e)

JacobsenfE 45 1 B IR AHE L FIEHIT T 1L,
btk Zz BTBYRRBR1E (LI D —F ) FEF LKA

tBuS /@
h \H/\N

100% yield Synlett,2003,1919-1922
94 ee%

t-Bu t-Bu



H t-Bu S
| =
Me/NT(-\N)kN“‘ i TMSCN g TMSC&CN
0 H H N R; R2 Ri Ra
/ AN
n-Pr° n-Pr Cyanosilylation of Ketones

J. Am. Chem. Soc. 2005, 127, 8964-8965 ee range from 91% to 98%

FII-FT
5 N.
" n-Pr
H N>\_N~H HCN
f-Bu*' Hewo
"-___‘IJ
H||~] O\ ({3
H;;C “'.h =
1a * [HCM ), +
(inactive) n-Pr B nPr ]
1
syﬁ%‘iu-.nﬁp, s. 5.,
H N‘H BeN H }—N IEI n-Pr
o N - N H !
+HCN || - HCN /?L Bl H Mechanism A: By ho! N
RZ SR NH \}\ addition via thiourea- | O NH  CuC7
HAC (= bound ketone / }'a
y * R H¢ R "R
H .t-EEiu = 6b 1a+HCN +6b
Hac‘N N7 N
H H N(n-Prls
i |
HCN Pis , ~ n-Pr I#*

L1

1a+ HCMN \ n-Pr R R
| - s [—;:ZM
(6h) )
\ y S ﬁ;ZN t:.l,%_':‘r H N ,'ﬁ n-Pr
i \ - IN H

N H I t-Bu , i )
-Bu* v Voo H- . I
o H-- e Mechanism B: 0 NH P"-‘E;-- -5
1a Ma NH addition via thiourea- H.C R~ R
HaC bourd cyanide 3
1a = HCH
.[1( ?}, -tl- IC}N rate = 2K5k,,, [HCN][6b][1a],,
inactive ate =

1 + K,[HCN] + K,[HCN][6b] + K,[HCN] + Ki[In] + 4/(1 + K,[HCN] + K,[HCN][6b] + K,[HCNT + K;[In])’ + 8K,[HCN][1a],,,

J. Am. Chem. Soc. 2007, 129, 15872-15883
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Acyl-Pictet-Spengler Reaction

The challenge of developing an asymmetric catalytic variant of the Pictet-
Spengler reaction appears to be associated with the low reactivity of the imine
substrate. Most often, strong Bransted acids are employed to promote the
racemic pathway; the few reported examples of Lewis acid catalysis involve
highly reactive agents, unmodified by donor ligands. In addition, high reaction
temperatures are often required. They were thus not surprised to discover that a
screen of potential chiral catalysts for this transformation did not afford any
useful leads: all compounds tested were inactive except at high temperatures, and
no enantiomerically enriched products were obtained under any conditions.
These results led their to conclude that the exploration of more reactive variants
of the Pictet-Spengler reaction, which could proceed under relatively mild
conditions, might be key to the development of an enantioselective,catalytic
process

@N

e

NSNS R chiral catalyst? g 7 J. Am. Chem. Soc. 2004, 126, 10558-10559

R

chiral catalyst
-HX



O MeUPh
1) RCHO (1.05 equiv.)
5%/VNHE 3A MS or NazSOy
o .
AN | 2) AcCl (1.0 equiv.)

N
H 2,6-lutidine (1.0 equiv.)
1f (5-10 mol%)

Et,0,-78°C - T°C
1.HBTU(L.1 eq),DIPEA(2.2eq),DCM,1t t-Bu

.

t-Bu

HOOC/\NHBoc 2.HCI,Dioxane,r.t

3.Thiophsgene(1.1 eq), NaHCO3,DCM, .t l Bu t-Bu S
t-Bu
N > i-Bu” W\N
I-BupNOC™  "NH; HCI 4 !
HoNY 1.3 eq U

Me N Ph 91% yield, 4 steps
U

AcOH (1.0 equiv.)

Q MeOH, 50°C
0
H,N  NH, M
0

1leq

i-Bu,NOC™ ~NH, HCI




Protio-Pictet-Spengler Reaction

Weak Brgnsted Acid-Thiourea Co-catalysis
Org. Lett.,2009,11, 887-890

cat (20 mol%),
= @\é_\NHZ PhCOOH (20 mol%) = NH CF3 CFs
17~ 15—~ \
N / N RCHO(1.1 eq) N | NG Bn i-Pr S Q B iPr S /@\
H - :
CF3

H toluene, r.t R N N L
CF4 Me I N |'4N CF; Me \H/\ITI N
Bn iPr S ° Mgf
N A e 0
Me N~ N CF3 P& PR
o H H HO™ “Ph 0~ “Ph
5 Hx

product + HX ) .
F HI‘T-IJL'I';-I’ H
H H

S S
e e A
e O R

H NTE H, H

s



Additions of Ketones to Nitroalkenes
J. Am. Chem. Soc. 2006, 128, 7170-7171

Before this article, the substrates used in their reactions are somewhat
restricted to aldimines and ketomines. This limitation was over come by them in

this article 0 | O Rs
NO cata ySt NO
Rl)J\ Rs/\/ ? =~ Ry X ?
R2 RZ

94-99 ee%

0
o
\

Z-

o)

c

.||.T.-

z &

=
<

N O

N\
ﬁl i
- OJJ\Ot-Bu /
y >

This part is replaced with a functional group



o) PPh,

2008:Jacobsen's chiral phosphinothiourea catalysts
J. Am. Chem. Soc. 2008, 130,5660-5661

cat(2.5-10mol%) COOEt
ﬁ Ph H>0O(20mol%),NEt;(5mol%) /—§
AFAN/ \/ I\ > uAp
Ph COOE '
pr RO
Ph

Imine-Allene [3 + 2] Cycloadditions
O4Ef
ﬁ_ + H,O
no Ph PR; CO,Et
% bep 7a 2
EtaN

<} OH
@ ~UH
RsR,  CO-Et Haﬁ: :CG:EI BCh
ZNS'"PH ’ N Ph
OPP 11 oep
HEG H3
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T

“ QJ . h,,:] 1) 3A MS, EtOH J/j /j L-E!Dc-f-Leu Ph JJ\ £Bu TMSOTf
z 2 2)NaBH, _ LH T HBTU 1

ﬂ e Et-N, 0°C
DIPEA ~ \T ““NHBoc a5
Ph Ph Ph Ph CH,Cl,, rt 0
Ph.
Ph |.ﬂ~\1 Ph |/:;; H, Nf\‘j [
Ph.. JQ[T# N ppy  CSCly, NaHCO;, Ph. -~ N tBu 5b pph2 Ph. f\i ) t-E!u s ,[m
| = Lo - e
= N ~ /\|/|\ \ B =~ N & -
\Wﬁ\\/ W/’“‘ NHQ CHQC'E, OCtort I‘“x/ \\_/N HNCS CH2C|2, e H H “-:f/
0 0 PPh,
6b

Cj’PPh
HPPh2 PPh, / 2
o O
TfOH “NH, D-Tartaric aC|d \NH,
rac _ 1) NaOH O\

Mother liquor
2) L-Tartaric acid PPh;

PPh3

N, NaNg 77% yield
., acetone/H,0 CDO
‘OH

L-TA



Synlett 2009 1680-1684 (Special Cluster Issue on Cooperative Catalysis).
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B w/ku M}f
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HCI (1 M in Et,0, 1.2 equiv) O;\NHBZ
NBz >
@ catalyst (20 mol%) Cl

Et,0 (0.025 M), -78°C, <1 h

trans only N oAS ?Z’th i-B S
Q N, R\N;{él\l ‘ _ /,{1 L - Concentration of HCI
o]

[ enantioselective
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| I
| |
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N ops ?IZPPhg '
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Peter R. Schreiner,Org. Lett.,2002,4,217-220

The double hydrogen-bonding motif
H-Bonding Additives Act Like Lewis Acid Catalysts

j}\D )D[\D Dﬁ jiD:
ML G di AL o e
4.

6 6 -
\_5—’ cat. \_3’. \_5. cat.

7 4 T
catalyst concn

entry catalyst (rel to 4)/solvent T°C] t [h] yield [%] 7
1 0/benzene 130 96 55 36:64
2 AlCl; 25 mol %/CHCls —78 1 95 92:8
3 TiCly 25 mol %/CHCl3 —78 1 92 59:11
4 3e 25 mol %/CHCls 23 48 74 7723
5 af 25 mol %/CHCls 23 48 78 81:19

@ Yields and product ratios were determined by NMR integration of the reaction mixtures. 1%

CF, CF, CF4 CF,
0 0

At ALANRN
H H H H

3e 3f



CF, CF, CF, CF,
X X
NTON NN H
H H H H \
N/ AN O’ NV
@ o | Q X
o A . O
cHf
o o H° HE L
o ‘N)L“'f’ “CH3 ?L :: "
\_&' e o °N” O
M—CH .
wd g
Ac
4 &
Pp , N
ol A A ol B A
1.2 12 ]
14 1.4
16 16 4
18 T 1.8 4 ¥ '
20 : ... B 20 H&’— — R
22 | 22 4
24 c 24 ) C
26 26

B0 78 76 74 7.2 7.0 68 66 6.4 6.2ppm

80 78 76 74 7.2 7.0 68 66 6.4 6.2ppm

CF3

-

W c

80 78 76 74 7.2 7.0 68 6.6 6.4 6.2ppm

Figure 1. 'H NOE spectra of pure 4 (A), a 1:1 mixture of 4 and AlCl; (B), and a 1:1 mixture of 4 and 3e (C).

b= 3



Chem. Eur. J. 2003, 9,407-414

O
7ato7n,1mol% X ,@ o /@\
Y > FsC N'J'LN CF,
| CDCl, v b
X

thiourea derivatives
with rigid electron-
withdrawing
aromatic substituents
are the most
effective H-bonding
catalysts for Diels-
Alder reactions
considered in the
present study

attractive S...H interaction
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CF3 CF3 -
o Yoshiji Takemoto
PR Tetrahedron Letters, 2003,44,2817-2821
FsC N" N CF;
H H ©
\\ / O
\g H-bonding activation N TMSCN(5eq) . HCl .
N “® ] urea(10 mol%),DCM  MeOH O\
@ -78°C |}l CN
OH
entry urea time (min) oy (%) R R
1 - 300 79 @\ 2 j\ Q
2 3a 180 83 N Ry N” N Ry
3 3b 90 77 H H H
4 4a 45 81 3a 3b;§=g.g1=gz=:
43, =5, = =
g :: ::g g? 4h; X= S,H-: = H,EHE = GF3
| 4¢; X = S,H1 = Rz =CF3
Rs TMSCN(5e HCI R
1\( @\O 0 }\ . R3
urea(10 mol%),DCM MeOH R, N
R2 '780C (SH
R4
x_OTMS
R5)\( R3\
Rs ORs 1HCIMeOH g “N-Q
R N.O > >
"Y' ®O urea(0.5 eq),DCM 2K,CO;  Ro ©
R, Re R4



X 0 X OH O

5a (2 eq), 4¢ (0.1 eq)
CH.Cl», -40 °C
X X

Ta, X=H Ba; X = H (36%)
7b: X = OMe 8b; X = OMe (65%)
CFj3 CFj;
OTMS
%\ )(J)\
OEt
sa  FoCT T NTONT ST RCH,
H H
4c

At this stage, the reason is not clear, but we now assume that
both oxygens of the carbonyl and methoxy groups of 7b might
coordinate to thiourea 6¢ to form a highly activated intermediate.
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S 2.0eq

CF3

2003: Takemoto's bifunctional chiral thiourea derivative
J. Am. Chem. Soc. 2003, 125, 12672-12673

N
R
/H\o activation of nucleophile
= I
RO OR

R1

activation of electrophile

Yy

CF3 N7
f N THF
~NH;
r.t,3 h,
FsC SCN @

R,
EtOOC. -2 COOEt

FsC

CF3

ZT

ZT

cat 10mol%,toluene,r.t LNOZ

R{
ee 8310 93%

&



J. Am. Chem. Soc. 2005, 127, 119-125
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the X-ray crystallography of Takemoto’s bifunctional thiourea catalyst indicates that
amino groups and thiourea N—H orient towards the same direction . Therefore,
nucleophiles can approach nitroolefins in an ideal way, when both thiourea and

amino group interact with nitroolefin and nucleophile, respectively. This hypothesis
agrees with their experimental result
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J. Am. Chem. Soc. 2006, 128, 9413-9419

Nu O

R

Nu=CH3NO,,CH,(CN),,CH(CN)COOMe

8 (NH): 10.24 (10.22)
& (Ho: 8.04 (8.06)
8 (Hp): 8.23 (8.30)

@)

N
H
MeO

FgCr N N

Figure 2. 'TH NMR of a 1:1 mixture of 1a and 7A in toluene-dz (0.02 M)

(the values in parentheses are chemical shifts of 7A without 1a)

1a

intramolecular
hydrogen-bonding Me

ternary complex A



< Kazuo Nagasawa
mmﬂ\mﬁl@s | T?trahedron Lett_ers, 2004, 45, 5589-5592
s="" Baylis—Hillman Reaction
NH
F3C\Q

CFg /5\ . /@\ /©\ /@\ o o

9 FsC E)LE CF3 Ph)‘\H F3c/©\Nj\lﬂ/©\CF3
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| > R
R R™ "H DMAP(0.4 eq)
O cat(40 mol%)

up to 90% ee

ﬁl‘*-HN

CF3

L
CFs mm N CF4

< E 0Ctort NH
S#
/@\ N THF NH
FsC NCS HyN NH, FsC
2eq
94%

CF3




Tetrahedron Letters, 2008,49 , 6910-6913
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Albrecht Berkessel

Dynamic Kinetic
Angew. Chem. Int. Ed. 2005, 44, 807 -811

Resolution of Azlactones

X
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] | chiral
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C2-Symmetric Chiral Pentacyclic Guanidine

Kazuo Nagasawa
Angew. Chem. Int. Ed., 2002, 41,2832-2834

Phase-Transfer Catalyst

O O

cat 30 mol%
Ph._N._JL -~ Ph NW)J\
D OFBU RX (5 equiv), 0°C g Ot-Bu
Ph CH,CI,/KOH (aq.) Ph R
ee from 79% to 90%
Me
EI:I"' F‘";
1 o0——_
Me | ]
\-.l::_..-"'ﬁ___ H:?H'H_E__I ﬁ
r‘ —NT+ H _ Ph_ “‘/ “O1Bu
/O BroBn— - Ph { H
T —{:}_H Ph
Ph— \  Bu
a""'l Fh |9 3a
R b4
|| Br-Bn
A



This catalyst’s structure was inspired by the marine guanidine alkaloid
Ptilomycalin A and its analogs.
Ptilomycalin A were isolated from the Caribbean sponge Ptilocaulis

Ptilomycalin A (1)

— —
H " NH, OH
3 4
t 2
2 5 + = 7
N — —> 0
o
R HH OR H OR F TBS



C18H37\§’|>H c
S DN
3 3
TR
" " Adv. Synth. Catal. 2005, 347, 1643 — 1648
CF3 la CFs Adv. Synth. Catal. 2009, 351, 345 — 347
FsC N H\/\ e NN CF
3 3
@/ TR fo T @/ Cralar~y
S Bn Bh S ; /L\
; H
CFs 1b CFs N HF;JF""'--— Ph
o H 5 N-..S
J— A N ) i _ H-l‘ -
_Boc 1b (10 mol%) HBoc o N ” ; N=-Ar
N RCH,NO > R .-
)I 2NY2 - Cs,C04(20 mol%) Rl/Y H o i
Rl 10 eq OSh,-lOOC NOZ
ee up to 99% R 10
o " OH
)L MeNO, 1a(10 mol¥t) - R/'\/NOZ
R H KOH(50 mol%)

Toluene-H,O(1:5) .
K1(50 mol%),0°C,24h ee up to 88%
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NNOZ >
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CH-OH NH, CH C|2 NHTs
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N
H
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TFA Ph
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H
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Alfredo Ricci

Angew. Chem. Int. Ed. 2005, 44, 6576 —-6579
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Jonathan A. Ellman, J. Am. Chem. Soc. 2007, 129, 15110-15111

Boc<
acidifying and chiral directing group N/BOC cat 10 mol% -~ I;IH
| - /\/N02
of X R RNO2,i-Pr,NEtMeCN R~
S R’
>r N° N R=aryl or alkyl
X=0,S H H  oH 92-96ee%
62-92% yield
Fa
o8 SIS
R?R'N .R
FaC NN R N >T’S‘“N N
(' H H 0( H H
acidifying group chiral directing group acidifying and chiral
1(X=S5Sor Q) 2 (X=Sor0) directing group
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I-Pr 9 @)
\\‘S\N)J\N\\‘ 5 mol%
J. Am. Chem. Soc. 2009, 131, 8754-8755 H H
: _ N
I-Pr I-Pr SA
—_NO; C

i - NO
R -78°C ,CPME,0.1M,48h R/'\/ 2

R=aryl,alkyl ~ACSH(2 eq) up to 95% yield
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4.Application in the total synthesis and industry



Total Synthesis of (+)-Yohimbine o | et 2008, 10 15771580

Yohimbine is an important member of the monoterpenoid indole alkaloids, a

large class of natural products that features synthetically challenging structures
with diverse biological activity
the first total synthesis of yohimbine, see:
van Tamelen, E.E.; Shamma, M.; Burgstahler, A. W.; Wolinsky, J.; Tamm, R.; Aldrich, P. E.
J. Am. Chem. Soc. 1958, 80, 5006-5007.; J. Am. Chem. Soc. 1969, 91, 7315-7333.

Scheme 1. General Strategies Employed in Previous Syntheses
of Yohimbine and Related Alkaloids

OH
(+)-yohimbine



OB
BHg-NHg, i-ProNH, OHC X"

1) CH,CI,/Et,0 (3:1), Na,SO
W 23 nC. 2 h 4 = BLILI THF 13 -
N NH; 2) B ~78 5 0°C HOBz, NaBH,CN, CgHs
H . 40 h, 74% 23°C,6 h, 55%
9 (FBu):MN N
+ O H H

OTBDPS 2 oTBDPS
OHC
~"0TBDPS 11

10 AcCl, 2,6-utidine, Et,0, =78 — —60 °C,
23 h, 94% ee, 81% (2 steps)

| 1) Cbz-Cl, KHMDS, THF,
N 0 *°C, 40 min, 92%

1} 052{303
N 2) TBAF, CF4CH,OH, THF/MeOH
H X 0—=23°C, 2h, 85% Sc(OTf); (4 equiv) 23°C,2h 1
- -
3) SO, py, DMSO, i-Pr,NEt, CH4CN, 23 °C, 67 h, _ 2) H,, PAIC
TBDPSO # CH-Cl5, 0 °C, 25 min 87%, dr>20:1 MeDEC“ Et(szAc, 23°C,
14 5, 4)PhyP=CHCO,Me, CH,C,, 4b

= 80% (2 steps)
23°C, 14 h, 79% (2 steps) OBz 15 OBz



Enantioselective tandem Michael reaction to nitroalkene
catalyzed by bifunctional thiourea: total synthesis of (-)-

epibatidine Yoshiji Takemoto, Tetrahedron,2006,62,365\—3/74
N
H = |N F4C HTH -
N [
. 184
H CF;

Epibatidine/Z HDalyZ T 19924 )\ JE /X % /R B —#1 = 4 Epipedobates ericolord i) &
ERRZERER Y BEENEDE. IIMN750 R34 R Bk 2= ERSEI60mgRY &
MR Z R, WXL ZERREE HITHEERT AHPLCA L 15 2)25mofE 2 R 4E
m, RESIGLEYNImg, BEIN. RIERZESIENEFEES T TE
HITE MR RZRESIE S, MEZKESMNEN. FHWattE NE ERITHH
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Additions of Oxindoles to Nitroolefins: Application to the Formal

Synthesis of (+) -Physostigmine Carlos F. Barbas Il

J. Am. Chem. Soc. 2009, 131, 8758-8759
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Table 1 Organocatalytic processes of industrial relevance

Asymmetric Company Developed at Catalyst
organocatalytic reaction

Intramolecular aldol Schering AG in house L-proline
reaction Hoffm.-LaRoche
Alkylation of indanone  Merck in house alkaloid-deriv.
derivative cat.
Alkylation of glycinates Nagase Maruoka phase-
group transfer-cat.
Strecker reaction Rhodia ChiRex Jacobsen (thio-)urea
group cat.
Protonation Firmenich in house amino alcohol
Epoxidation of chalone  Bayer AG Julia/ poly-/oligo-
and derivatives Degussa AG Colonna group Leu cat.
Epoxidation of alkenes  DSM Shi group chiral ketone

From :Asymmetric Organocatalysis on a Technical Scale: Current Status
and Future Challenges by H. Grdger

The technologies developed in Jacobsen’s lab have been commercialized by
Rhodia ChiRex, a joint venture between Jacobsen and global chemical giant
Rhodia. The catalysts have been used in many pharmaceutical syntheses



6. Conclusion

1.Catalyst

a.economy

b.stability and operation

c.synthesis

d.ee, conversion and catalyst loading
f. novel reaction

2.Reaction

Michale addition

Mannich Reactions
Transfer hydrogenation
Acyl-Pictet-Spengler Reaction
Cycloaddition

Ring Opening of Aziridine
Claisen Rearrangement
Hydrophosphonylation
Baylis—Hillman reaction
Kinetic Resolution



