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1) Introduction.

Organ . . . :
noito o'cata’l‘ysts has be<':ame one of the major rapidly growing area in organic synthesis, due to its convenience,

| 'xm, cheap an.d u.mque reactivity. But unfortunately in recent days, organo catalysts are became just a mimic of
metal catalysts! This situation arise a doubt about the ingenuity of organo catalysts.

In this inar i li i
N h'semmar i like to discuss about so called GENUINE organo catalytic reactions (the reactions that eighter cannot
.7¢ achieved or not yet well established by metal based catalyst).

i hope i A .
pe it would show us that the organocatalyst indeed a powerful strategy for enantioselective bond constructions.

2) Thiazolium based organocatalyst: The first organocatalyst..
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' 1832 when F. Wohler =S \0,03 L) 529 HyC Nf\9 NH,
and ]. Liebig discovered the so-called benzoin condensa- T ? \ 2 )
“tion catalyzed by cyanide anions.? In 1903, A. Lapworth/7 c
proposed a mechanism for this remarkable reaction that HO T
would proceed via a carbanion generated from the ben- Thiamine (vitamin B), a coenzyme

zaldehyde substrate in a hydrogen cyanide addition

followed by deprotonation.* ® Ukai et al. found in 1943 that, as

well as cyanide ions, thiazolium salts can be used as 2 dl
catalysts for the benzoin condensation.® Some years later, Ncos o4
Mizuhara et al. showed that the catalytic activity of the AP .
natural thiamine is based on its thiazolium unit as well.? j [jpd((ﬂﬂ' SOC Ji
- 296~ 3o

Indeed, R. Breslow based his mechanistic model for the \qa’ 37 D 39

thiazolium salt catalyzed benzoin condensation on the

works of Lapworth. In 1958, he presented a mechanism Breshw - R BrATS 9 [95T @ 9 3?19- 4 ?26
that has a thiazol-2-ylidene, a carbene compound, as the
- catalytically active species.® T ) o




Benzoin Condensation
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In 1980s Arduengo et al and Enders et al have shown that carbenes

R 2 like imidazolyl-2-ylidene (8) and triazole-5-ylidine (9) can be preparec
1_ W and stored for months in the absence of air. Ultimately this finding
h R, inspired many chemist to work on chiral triazole carbine as asymmetric
0 catalyst.
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phCHo(‘x RA N§=<ou/-ﬁ@ Scheme 2, Synthesig of the Stable Carbene 9 Developed by Enders
et al.
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Successful report by Enders et al:
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Asymmetric Benzoin Reactions by Enders et al.
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Pursuing the idea of triazolium salt catalysis, our
research group synthesized a variety of chiral triazolium
salts and examined their ability to catalyze the benzoin
reaction.3! However, the enantiomeric excesses and cata-
Iytic activities proved to vary strongly with slight Structural
changes in the substitution pattern of the triazolium
System. The most active catalyst 23 provided benzoin 6
inits (R)- onfiguration with 75% ee anda satisfactory yield

of 66% using a significantly reduced catalyst amount of
1.25 mol % (Scheme 6).
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The dcactfvation of catalyst 1 in the course of the Catalysis proceeds yiq the competing
deprotonation in position 3, irre_versibly l?ading to the formation of ¥ -Cyanobenzy.-
- midine 4 via ring opening of the triazole moiety*) (Scheme 2).
P ]
— X X X
6 Ar T[*Q) Yield [%] ee (%] [a)t |
Highly Enantioselective Triazolium Salt Ca — ~ — ~ Yy
.Condensation of Aromatic Aidehydes Reported by Enders et al. y oF 8 s &3 o
cat. 25 (10 mol%), o b 4.FCH, 0 61 2 +117.
i KOfBu, THF A |/u\/Ar . +CCH, 18 80 : s
AT H 8-100% o ¢ 4-CICH, 0 44 g3 .
4 (516 d 4-BrCeH, 18 82 3 o
ee = 80-95% d 4-BrCH, 0 59 o
& e 3-CIC(H, 18 92
ore ‘ 0 85 86 +62.2
(> Ar=Ph, m-Me-Ph € 3-CICH, > o ey
'  pMe-Ph, pMeO-Ph, f 4-MeCH, 18 1 %
m-Cl-Ph, p-F-Ph, g 3-MeC(H, 18 70 o .
CH, p-Ci-Ph, p-Br-Ph, ¢ 3IMeCH 0 36 551
e o-Furs. o-Naphthy! h 4MeOGH, 18 8 95 +70.
% i 2-furylle! 0 100 64
i 2-furyl -78 41 88 +57.4
A i j 2-naphthy} 18 69 80 -429
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Benzoin 6 was obtained in very good yield and with
the best enantioselectivity reported so far (vield 83%; 90%
ee). The condensation of numerous other aromatic alde-
hydes 4 provided the corresponding o-hydroxy ketones
6 in varying yields with excellent enantiomeric excesses
up to 95%. As previously observed, electron-rich aromatic
aldehydes gave significantly better asymmetric inductions
than electron-deficient (i.e., activated aromatic aldehydes).
Lower reaction temperatures (0 °C instead of room

temperature) led to higher enantioselectivities coupled
with lower yields,
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In the 1970s, Stetter et al. succeeded

in transferring the concept of thiazolium catalyzed nu-
cleophilic acylation of aldehydes to the substrate class of
Michael acceptors. The Stetter reaction, the addition of
an activated aldehyde to an acceptor bearing an activated
double bond, created a new catalytic pathway for the
synthesis of 1.4-bifunctional molecules.*

.. mnew chiral thi-
azolium salts (e.g., catalyst 27) were applied in the first
investigations on the asymmetric Stetter reaction.

' . . The reaction of
2? with chalcone 29 in a two-phase system gave ?:;a?:]
diketone 30 with a chemical yield of only 4%, but an
ncouraging enantiomeric excess of 399%.4!

First Attempts in the Asymmetric Stetter Reaction by

Enders et al.
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We envisaged an intramolecular variant where the
reactivity of the substrate should be considerably en-
hanced due to entropic factors.*? The stereoselective
synthesis of various 4-chromanones via an intramolecular
,Stetter reaction, was per-
‘formed with yields in the range of 22—73% and enantio-
meric excesses of 41—74% 3!c43 ‘
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Unfortunately, the catalytic activity of thiazolium as

well as triazolium salts in the Stetter reaction remained
generally low. <2 some triazol-5-ylidenes have been shown
to give stable adducts with several Michael acceptors—a
possiblireason for their failure in catalysis.?%®

First Asymmetric lntramolecular Stetter Reactions by
‘ Enders et al.
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Recently, Rovis et al. achieved an improvement of the

asymmetric intramolecular Stetter reaction using triazo-
lium salts’ Employing catalysts of the types 33 and 34, as

depicted in Scheme 10, they obtained good enantioselec-
tivities of 82-97% (chemical yields 63—-95%) in the
synthesis of numerous chromanones and aza-, thia-, and
carbacyclic analogues 32'. Thus, the scope of the reaction
has been much expanded; however, it remains consider-
ably restricted since only E-alkenes that are sufficiently
activated for electrophilic attack can be used as Michael
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Enantioselective Synthesis of Quate
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Thiazolium based methodologies:

Catalytic Generation of Activated Carboxylates: Direct, Stereoselective

Synthesis of f-Hydroxyesters

from Epoxyaldehydes

Kenneth Yu-Kin Chow and Jeffrey W. Bode*
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Conversion of a-Haloaldehydes into Acylating Agents by an Internal Redox
Reaction Catalyzed by Nucleophilic Carbenes

Nathan T. Reynolds, Javier Read de Alaniz, and Tomislav Rovis*
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Table 2, Effect of Nucleophile Structure on the Interal Redox

Reaction
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Table 1. Survey of Acylation Precursors
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IThomas Lectka’s contrlbutlon on B lactams synthesis:

Lectka’s approach

Scheme 1. - Laclam Disconnection into Imines and Ketenes
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The use of tertiary amines for
dehydrohalogenations of acid halides 1 to form ketenes for our
reactions is complicated by the fact that they are usually too

Scheme 3. Shuttle Deprotonation with Kinetic and
Thermodynamic Bases

nucleophilic. The use of a stoichiometric base that is thermo- :j’m base k + basesHOl _basel
dynamically strong, but kinetically nonnucleophilic, could

overcome this problem. This strategy, which we term “shuttle 1 R, ™

deprotonation”, utilizes a catalytic, chiral nucleophile, which

is kinetically active (base k), to dehydrohalogenate the acid base 6HOl  + basek  +

chloride in the first step (Scheme 3). Exploiting the premise
that proton transfers between heteroatoms are inherently fast,36
the kinetically favored base k then rapidly transfers its proton
to base t, the thermodynamically active, but kinetically restricted -

base, to regenerate itself for another catalytic cycle. v prodt % oe o ciskanss: %
We found that a nucleophile such as benzoylquinine (BQ, O g s, S
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Improved method:

. The main drawbacks to the

* use of the proton sponge-shuttie procedure include economical

aspects (although proton sponge is a moderately priced chemical,

in la'rg.e. quantities its use may be a cost factor) as well as the!

possibility that in rare instances the sponge itself may react in
undesirable ways. *

2
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Thomas Lectka’s contribution on a—chlorination of adghmhydes:

Scheme 1. Tandem Catalytic Asymmetric Chiorination/
Esterification
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In the beginning, the most important
question concerned the choice of chlorinating agent. Diatomic
chlorine was deemed too reactive, whereas most other agents
proved to be completely unreactive. Surprisingly, sources of
halogen that are too mild pose the biggest problem, as they are
unable to react with the weakly nucleophilic zwitterionic enolate.
- T : ) N-halosuccinimides and N-
chloroamides were unsuccessful, yielding no detectible products,
as were a multitude of other candidates, such as chlorinated
pyridones, iodanes, and sulfonamides. tert-Butylhypochlorite,
on the other hand, proved to be too reactive, chlorinating almost
anything in the reaction mixture, including solvent (Scheme 2).
After much effort, we finally turned our attention to the
polyhaloquinone-derived reagents, including 5a—5d4.19~ - -

_ . .- For example, pentachlo-
rophenol reacts readily with ferz-butylhypochlorite to produce

W @ quinone Sa in quantitative yield;? this substance is available
commercially.
HsC, R 09 o T
Hf-}—o\ —[-,l—> ’7——<
CHC K OR e
oH ‘ 4
ct R : /1 ne® L ' %
o) >=< S
cl ¢l ¢l ' R 08 5
. O 0
[ o Y 10 mol% 3a
. . f Ph g o
C s PH 2% S Ph‘ OA |
. ) a toluene, -7g o d
lﬁmt alttempt_ using the perchlorinated quinone 5a and pheny- e "
o";Cety chloride, with 19 mol % BQ as catalyst and 1.1 equiv e e
p (f;oton spo_nge, .a-chloroester 6a was formed in moderate yield
. o) but thl? high enantioselectivity (95% ee). Also isolated OO
ac(l):i?al the reaction mixture, however, was a fair amount of the
oo ester 7a, the product resulting from the formal alcoholysis “
tiop enylketene by pentachloropheno] (eq 6). Further investiga-
N revealed that pentachlorophenol was being generated in sity
by an undesired side reaction, the chlorination of electron-rich Ceci:08 @ H
proton sponge by the quinone 5a. These results constituted our MeN  NMe, Mg St o

prompted us to investigate intensively other “clean” methods

ﬁrst(am.i Very ominous) encounter with byproducthalogenations. sa Ph 29 /-—<o
that ultimately result in undesired ketene phenolysis and, OO OO L A Y
4a
a -

7a

- of ketene generation that would result in minimal exposure of

the halogenating agents to other substrates

derivatives 4b—d22 a5 stoichiometric bases, reasonin

We started by using various chlorinated proton sponge © ¢
g that they g

would be resistant to further halogenation, However,
t?‘be deactivated as bases, affording products in

mation I: Generation Using BEMP.

- We found that when a solution of
phenylacetyl chloride in THF is passed through an addition
funnel containing at least 1 equiv of BEMP at —78 °C, phenyl-
ketene is produced quantitatively.?3 The ketene solution was
allowed to drip slowly into a flask (—78 °C) containing 3a (10
mol %), and to this was added a solution of 5a. After this solu-
tion had stirred at —78 °C for 4 h, quenching and column
chromatography yielded the product (5)-6a% in 80% yield and
99% ee (eq 7).2 A number of other acid chlorides were screened
using this procedure with similar results as summarized in Table
1. As can be seen, a wide range of acid chlorides was success-
fully employed, including those that possess either aliphatic or
aromatic substituents, to afford products in high enantioselec-
tivity and moderate to good chemical yields. ™~ -

MezN NM@Q MegN NMez
Ci

they proved
low yield, “oa
t-Bu—N  NEt
BEMP resin A\ 2
sz\ NaCHa
0 sa10moi%ba € 0
P G- R e
H i F,-78 °C o RT
1 R OAr 6

THCS, 200!, 153)-1£32



Table 1. Alkaloid-Catalyzed Reactions of Acyl Halides 1 Using

BEMP as a Dehydrohalogenating Agent

entry  acid chionide _ product %ee % yield
(o] cl o)
1 /_<u 1a % (S}6a 99 80
PH Ph OCCls
o} cl (o]
2 /—< 1a M (RM6a 99 81
Ph (v} Ph 0CgCis
0 cl (o]
3 _/—< b o-/—< {(S}6b 97 S7 °
PhO Ph 0OCCls
o] ct o]
cl PhO OC;Cls
O g 0
s /—< 1c 7—( (Sy6c 95 57
1-Np o 1-Np OCsCls
O ci o
6 1d /-< (S16d 94 63
2-Np (v} 2:Np OCqCls
/o) o o]
7 _H 1e J—{ 6e - 65
== cl Me: OCsCls
o] g 0
8 /—( [ 7—( (S)}6t 97 51
Br Br Br 0030'5
o]
9 — a 19
X S
/

'l

10

Ketene Formation II: “Shuttle” Deprotonation Using the

Sodium Hydride/Crown Ether System.

we began to
test hydride salts that could act as stoichiometric bases in the
dehydrohalogenation of acid chlorides. We also sought a pro-
cedure that is amenable to larger scale halogenations (in large
amounts, BEMP, besides being costly, is difficult to handle and
“gums” up reaction flasks preventing smooth stirring); we
examined the use of the inexpensive and low molecular weight
sodium hydride as a stoichiometric base for ketene generation.

In this case, ketene is generated through a shuttle deprotonation
system that employs BQ and 15-crown-5 as a phase transfer
cocatalyst to help solubilize NaH (Scheme 3). Phenylacetyl
chloride was added to a stirred suspension of NaH and catalytic
amounts of 15-crown-5 and BQ in THF at —78 °C. A solution

‘of 5a in THF was added slowly over 3 h by syringe pump, and
‘the reaction was warmed to room temperature over 4 h (eq 8).%

Workup and chromatography yielded the a-chlorinated product
(5)-6a in 63% yield and 95% ee. We proceeded to examine the
system on other acid chloride substrates (Table 2) with results
that are comparable to BEMP (ee’s 90—99%; yields 58-79%),
but at a fraction of the cost. Most importantly, we were ‘able to

prepare compound 6a on a larger, multigram scale usmg this
methodology.

"T‘aﬁe 2. Alkaloid-Catalyzed Reactions of Acyl Halides 1 Using
a

% ee % yield*

entry  acid chioride product
0 cl 0
1 ,—-< 1a '«,—( (S)6a 95 63
PR o] Ph 0CeClg
(o] cl o]
2 o—/—< 1b % (S)6b 92 61
Ph Cl PHO! A
o] c o)
3 1c % (Sy6c 92 6t
1-Ng cl 1-Np OCeCls

O cl (o]
5 ,—< 1] - (S)-6i 80. 79
o-Cl-Ph Ct o-Cl-Ph
(o} cl O

OMe o

Won(e osoosd

N
C\\UXQSQ‘\ ‘i S){)
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° ° % 0 5. Proposed Transition States of Chlorination Using 5a II
‘o Cl = HR y o ! :
R cl cl
2 Cl 5a c

cl OAr

c R _H H

J Cl Ci O ..CL._I A% [ Nu@
~0~&5 Né ¢

¢l

® of o o
8Q .
et 7 o oo

i H
— ci
“ c H Nu HHE Nu
Ci pu—y 2
o % (: 7%

(AR S i
0 Z 0 c o

oo a o or & —— o o

cl

€0; [1,3}-shift R G cl Q Cl cl Cl
S G G - -

ci c cl Cl o 0o d o

cl L
{ —
-
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Direct and Enantioselective Organocatalytic o-Chlorination of Aldehydes \jpcg’ 2o

. 63- 40
Michael P. Brochu, Sean P. Brown, and David W. C. MacMillan*
(o]

o c - o 1 Table 3. Enantioselective a-Chlorination: Substrate Scope
: o}
l HJK/R @ \—mndary :T]nie HJH,R @ o cl a S moe s o

o N Vo enamine caias Y — | A+ e .
‘ A Me o o @&cetons, 30 °C H
| .
A 1 : S\‘Me lequiv. 1.2 equiv. ci G

C‘—\rv@ \ N Mo

W’ Ph

ct

c 1
2° amine F“/, . o catalyst 3 ee g_ % _ qgf/.

Cl Cl - [} Py

Re™ 1 aligly 2 aliflg Bn, ad otc-

‘Direct Organocatalytic Asymmetric a-Chlorination of Aldehydes
Nis Halland, Alan Braunton, Stephan Bachmann; Mauro Marigo, and Karl Anker Jorgensen*

2

o}

"\'r“ + NCS Mg 'C')\*,m ) R"(N—)'"R' | ‘)?e\&_" 90 — A_OO’{-
‘ “iion" R ® ce ;- §7— 93/ Myl Bo, 1%alkyl
-, - 2 Rq=p), B = Moy L-Pry L-buy 0-hexs M), By, 1 y

R 1-10h
Enantioselective ketene—AId'ehyde cycloaddition:

intramolecylar.

i 7 i . R ic Bicyclic B-lactones Obtained via the
Intramo}ecu'al', NUCICOplule-Catalyzed | %‘:‘g&g}eculgrwﬁéM R);,actign !
Aldol-Lactonization (NCAL) Reactions: Catalytic,. v - e — -
' Asymmetric Synthesis of Bicyclic f-Lactones ‘ entry oxo-aci cmpd. , -
« ' precursor no. lactones no. y
N N T L —
0 [ o%' R’iu {6061
NRy'  + JL —_— %N . J _—t . H o .
o [:\Cc’m # 10b
1 WoH . 2 o Xt |
]t 10c 68
®Fo |—le ot |2 os° C X e X
A, (= [n oA | 2 w >
R NRy & n . . o,
° ¢ 7 4 o 8d 10 62
L3
2 ) fo™ </; : 0 6
# YQMJ- .
s Sy 2 G/m 8 @=4 10f 36
c:,u 9 nlﬂe@)l@ Res =K : 6 HO |
Rz(\"k)'\ﬂ 4.0 equiv EtyN H

MeO,C_ £OMe
MeO,C_ LOMe

: 25 °C, CH,ON H 7 M g é:f" 10g 57
8{n=12) 10 HO

(Fhst Chomple i
betene - atdohyde)

(T@cs, Ze0l,  FI45- F946)
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Table 2. Catalytic, Asymmetric Intramolecular NCAL Reactions® /
entry bicyclic 8-lactones % yield % ee? config. NT |
1 (+)-10a 54 92 1R,25° NN
2 (—)-10a4 51 86 18.2R 0. O
3 (+)-10b 37 92 3R 45 N tomorasa
4 (+)-10c 45 90 1R28
Intermolecular. JRCSy 2004y §352- 353

Cinchona Alkaloid-Lewis Acid Catalyst Systems for Enantioselective
Ketene—Aldehyde Cycloadditions

Cheng Zhu, Xiaogiang Shen, and Scott G. Nelson*

Wynberg Reaction

0 - M
Lewis acid (o]
o o l| o] §
(o] — ] = R!
il . 1 2 mol % 1 h i JL R ,]')\/R M) Ran)\/
JL Z RV TH 3
" H” ey “co '3 o
98% ee X OR ._ N I chHo
b ‘ NR} + M NR} = alkaloid
Lewis Base-Catalyzed AAC ' ] R
0, W

o o _tomoi%2 t? sRepMe Q=m-4 M/

CI)‘\l * HJ\R: UCIo,. ProNEt ! 2R = SiMey ‘ . )
RY R (TMSQ) R R RN p
) 84 - >99% ee

hanism for Alkaloxd-Calalyzcd AAC Reactions.
Figure 1. Alkaloid-Catalyzed Ketene—Aldehyde Cycloadditions. Figure 2. Postulated Mechani .

Table 1. Cinchona Alkaloid/LiClO4-Catalyzed AAC Reactions

] o 5 mol % quinine ° o o
Ho~, + N f M o TMsg @ 2 TMSQ(2) N—o
H Ph 1 “Ma  15mol % LiCIO, —_— CI/U\/R' . )LRZ '
) . R
7

CH,CH,PH
IPE,NEL, - 25 °C 6 2
1h addition 'Pr2 62% 0o RC R R Hor be

TMSQ = O-trimethylsilylquinidine; TMSq = O-trimethylsilylquinine

@ V\\\/nbd@ Teac*‘m need C«\d"\b&eé d.\éoWdQ ey ok R R %oe¥ %o %yield.

a  Ta H  <CeHy 9 - g5
: b 7b H CM % - 7
D NQ)BOK\ cenld Use OSémo(fj QAAQ)\\‘]&Q ¢ T H  CHCHP 2 - 8
d emt7d H  CH0Bn 4 - 70
3¢ Such 0§ Lice t7 Me CHCHPh  >9 9 8
bS UQ‘ '%’S ac & ot Me (CHyCHCH 9 %0
g emt7g Me CH0B 9 %6 68
% PW\O Sled O\éc\ﬂ‘()n C'! 4}») )mPfq\(eJ b et7h Mo CH;CH?CH;.), 9 9% 7
“3 | Ly Mg g oeom
ent- e > " 78
SolechV? Ay ko oentTk M ACHF >99  >9 g5
1o Me  °CoHiCl >99 9% 80
m

ent-Tm  Me  °C¢H.CH, >99 >96 76

® “ee” ond " e ey Kokl
beg¥ Yopothed  Sofer
Deng’s research on chinchona alkaloid .5 P&y 2.00) 5 1302~ NZes

Parallel Kinetic Resolutions of Monosubst'ituted Table 1. (DHQD)AQN-Catalyzed Parallel Kinetic Resolution of
Succinic Anhydrides Catalyzed by a Modified Methylsuccinic Anhydride
Cinchona Alkaloid

ra ¢ ) &t Ert{\
[o] Me a%
Q ymmsmc R (eq 1) (10 m ) . MeO.
ObR Alcoholysis R‘O\“),\)L . (eq. oM Ever
o

2:R =H,R"=Akyl (DHODW
& racemic4 3R =H, R = Ali 1a )

entry ROH  tempPC %conv® 4/5% %ee,4® %ee, 5

o xamplo ofa s mplar inet? I MeOH . 25 100 39/61 74 67
(S Hors Pirs _ 2 EOH 25 100 -49/51 82 67

+ ks + } enantiomers 3 nPOH 25 100 45/55 8l 72
s P 4 iPOH 25 <2 - - -
ks >>Kys 5 CRCH,OH 25 100 49/51 85 7

6 CRCH,0H -25 100 44/56 9l 80°

an example of a parallel kinetic resolution:
k(.ys

(+)-S L
kias *

+ }nalenantiomers
s —— Ouys



Table 2, (DHQD),AQN-Catalyzed Paralle! Kinetic Resolution of

) e b

2-Alkyl Succinic Anhydrides . el

¥ 1 OCH,CF, OH
1:‘(0 Ether, 24 é > jo%¢°" + \¢OCH30F;
10 60 75

% ee? % yield*
entry substrate 6/7 6 7 6 7
1I¢ la: R=-Me 44/55 93 80 36 41
2 ib: R=-Et 40/60 91 70 38 50
3 le: R=-n-CsH;; 42/56 98 66 38 41

4 . 1d: R=-CH,CH=CH, 46/53 96 82 40 49

. Asymmetric Synthesis of a-Amino Acids via
Cinchona Alkaloid-Catalyzed Kinetic Resolution of
Urethane-Protected o-Amino Acid

N-Carboxyanhydrides _
ICTRYLTTIL - o
. O Chiral amine (o] R
L e YA
‘ R,_’)L H 0 — OR PN~(
0 PN~ PHN $20
NH; 1 2 0 R3
o}
P -Z g H;0 I
-Boc R
“Alloe ‘(“\0“
-Fmoc PHN S4

com ()= 1B X ez/ceezae)

.Table 3. Kinetic Resolution of UNCA (2) via Modified Cinchona
iAlkaloid-Catalyzed Alcoholysis®

Toice 13

Table 3. Asymmetric Synthesis of B-Aryl-y-Lactones (11) via
Parallel Kinetic Resolution of 2-Aryl-Succinic Anhydrides (8)2

o] o H
Ar : o wn Ko A i WV
Ethwr, 24°C OH* OR Q * ﬁo
o] P) 0 o]
9

8 10 RCHCF 11 12

% eeb< % eebs (yieldd)
entry substrate 9 10 11 12

1 8a: Ar=Ph 95 87 95(44) 82(32)
2 8b: Ar=3-MeO-CéH, 96 83 95 (45)  83(30)
3 8c: Ar=4-Cl-C¢H, 9 76 96(44) 63(29)

IS, 20005 1269612697 .

Table 1. Kinetic Resolution of UNCA 2a with Cinchona

Alkaloidsa®
Catalyst (10 mol %)
MeOH (0.55 equiv.) : o o)
Et;0, MS (44) . Ph/\/(
Ph” “OMe * P
ZHN B
R3a 52a©
Sl Y
"'N" E‘W oM
o oL
N’ N N H
A: (DHQD),AQN B: DHQD-PHN C: Quinidine

enlty catalyst 7/°C convi% eeof3a/% s°

1 A 25 42 80 16
2 A 60 50 92 79
3 B 60 45 91 47
4 C 60 44 86 27

s= Ff, = L[L-ccmedfi, [1-ccae

O o

0
(DHQD);AQN (10 mol %) ph/\e’( . ‘)L
Ph o MeOH (0.5 equiv.),Et,0, . O P OMe
ZN\( MS (4A)-60 °C, 17 h S22 Wg g:f:
S} o
2a (4.0 mmol)” | H:0 on /\)LQH
ZHN S4a
. ee (yield % /%
cycle conv® " s

1 51 03(48) 97(48) 144
¥ _ 52 _0149) 98(47) 104

TPCSs 20009 28F)- 28/

Dynamic Kinetic Resolution via Dual-Function Catalysis of Modified Cinchona
Alkaloids: Asymmetric Synthesis of a-Hydroxy Carboxylic Acids

Liang Tang and Li Deng*

: * UNCA2 temp time conv® ee (yield)/%?
.entry R P (°C) ) ) 4 R®I
"1 a PhCHY Cbz -60 17 51 98 (48) 93(48) 114
2 b 4F-CH«CH; Cbz -78 31 50 93(42) 92(48) 79
3 ¢ 4CI-CgHiCHy Cbz —60 18 52 971(43) 88(52) 59
4 d 4Br—CeH,CH; Cbz 78 45 51 92(39) 87(51) 45
5 e 2-thienylmethyl Cbz —78 25 50 . 95 47) 94(49) 115
6 f CH;(CHy)s Cbhz —60 37 851 94'(42) 91(49) 78/
7 g BnOCH, Chz -78 72 52 96(44) 89(49) 69
8 h (CH;),CHs Cbz 0 22 59 96 (40) 67(58) 19
9 i Pw Cbz 78 16 46 ° 84(46) 97(45) 170
10 j 4MeO-CH# Cbz -78 85 56 95(43) 74(56) 23
.11k PhCH; Fmoc -78 46 51 96(47) 92(50) 93
"12 | PhCH; Boc 40 15 59 98(41) 67(56) 19
13 m PhCH, Alloc —60 15 S0 91(45) 91(45) 67
1 14 n PhCH,CH; Alloc —-60 36 54‘ 96f(41) 81(53) 35
Scheme 1
0 R P N.R 3 [o} R 2
R Moy 82200001 Ty ROl o A Py A o R
OH ° S R+ o OH
20 R3 8§20 S

NRy: Modified Cinchona Akaloids ~ .
. : The enantiomeric excesses of
the product (3a) and the starting material (2a) were determined at
~various conversions and were found to remain constant at 95% and
nearly 0%, respectively. In control experiments, we found that
treatment of optically pure 2a with (DHQD),;AQN generated the
corresponding racemic mixture within minutes. Also the
(DHQD);AQN-catalyzed alcoholysis of ejther (R)- or (5)-2a gave
the same product, (R)-3a, in 95% ee. Neither racemization nor
alcoholysis occurred without the amine catalyst. These results.

Scheme 2
HQ )
3 R/H v, S

NRs ) ROH,NR; R, HL )
O. Q ——————— OR

R \'4( / 0\( fast OH

+ e
HNR; + o\(o . k20 R3

o H o}
R,z .
é\ G RlOH' NR:
NR3 R
O — OR'

slow

. OH
NRa: Modified Cinchona Alkaloids S$-2 O S-3

establish that (DHQD),AQN serves a dual role, mediating both the
in situ racemization of 2a and the enantiosclective alcoholysis of

(R)-2a. The racemization is much faster than the alcoholysis.
Consequently, both enantiomers of racemic 2a are converted to a
single optically active product (3a) via an efficient dynamic kinetic
resolution mediated by a single catalyst, (DHQD),AQN.



Table 2. Dynamic Kinetic Resolution of
5-Aryl-1,3-Dioxolane-2,4-Diones?

B R
R\[j (DHQD),AQN (10 mol%h) R , ow o
Oj{o ROH (1.5 eq). E1,0 oH a ; j
(DHQD)RAQN

enly R ROH  TPC  tmeh  yield%‘ eef%
b EtOH -78 24 71 95
; : f-sgls—csm EtOH -78 24 70 96
- 96
3 ¢ 4Br—CHy EtOH 78 24 80 o
4 d 4F-Céty EtOH -78 24 65 o
5 e 4-CF-C¢Hy EWOH -78 4 85 o
¢ f 4P—-CHy EOH -20 8 68 o
7 g 34FCH; EtOH -78 24 65 .
8 h  l-naphthylc "PrOH —40 14 74 o
9 i 2C-CHy; EOH - -—60 10 66 &

10 j 2MeCgty EOH -20 4 61

TPCSs 190G, (029~ 1020-

NQ D‘fmm?C ‘fego\u,\-? N en

alfrhadTc  Sobgrmdes - U

Table 3. Kinetic. Resolution of 5-Alkyl 1,3-Dioxolane-2,4-diones?

o]
R £ (DHQD),AQN (10 mol %) o R
/. 4+ o]
o~«° ROH(1.0eq). B0 78°C [ OR O~
20 R-3 S$20
0
Rg‘))\o'_‘ H,0 I
OH s4
ee (yield)¥%
enlry R R time/h &1 A3 ¢
k  PhCH, Et 12 95(39) 9647y 133

—

PhCH,CH; Et 24 85(40) 93(46) 67
‘m  CHyCHy); Et 36 95(36) 92(46) 57
n (CH3»CH  Alyl 6 93(32) 90(48) 49

BWN —

)
S= effjes = (4 - cCree
A Ln(a—¢CL-ed]

Chiral Amine-Catalyzed Asymmetric Baylis—Hillman Yoshiharu Iwabuchi, Mari Nakatani, Nobiko Yokoyama, and

Reaction: A Reliable Route to Highly
Enantiomerically Enriched
(c.-Methylene-f-hydroxy)esters

Table 1. Asymmetric Baylis—Hillman Reaction of

p-Nitrobenzaldehyde (1a) with Acrylates Catalyzed by Quinidine
~ Derivatives®

NO,
cio 9 R G
_ OR .
O,NQ + ﬁ OR o + QAO..
T 2: R = CH(CFy), 4a: R = CH(CFy), mo.
3:Re=CH, 5:R=CH;  ON PYR
yield (%),? confige
temp time % eef)
entry acrylate catalyst solvent (°C) (h)  ester. dioxanonet
1 2 quinidine THF 224 12,nd  22,R(33)
2 2 QD-1* THF 272 2,nd 32, R(35)
3 2 QD2 THF- 272 10,nd  26,R(10)
. DMF*
4 2 QD3 THF 2 1 63,R(35) 10,R(33)
5 2 QDb¥ DMF =55 1 74,R(10) 7,nd
6 2 QD4 - DMF =55 1 58, R(91) 11,R(4)
7 2 QD4 DMF 0 15 52, R(64) ll S(10)
8 3__0OD4 DMF 20 14 69, S(8)
OMe OH 8

{+}-Quinidine

L Hz%a/g _T
7 s

Susumi Hatakeyama*

Table 2. QD-4- -Catalyzed Asymmetric Baylis

=Hill i
of Various Aldehydes with 2° fiman Reaction

R
OHo A,
CF3 90
RCHO + o-( — A"y o~ -
1 CFy DMF . .55 ’Hrl CF4 T
4 6
yield (%), confige
. time (%o eed)
entry aldehyde R (h) esterd  dioxanope 6
1 1a p-NO,Ph 1 58 R(91)
X 1,R(4
2 1b Ph 48 57,R(95) - @
3 Ic (E)-PhCH=CH 72 50/R: 92) -
§h 1d CH,CH, 4 40,R(97) 22,827
: le (CH;);CHCH, 4 51,R(99) 18, 5 (85)
§ }; (C}II—I;)2CH 16 36, R (99) 25, 5(70)
c-Hex 72 1
; B b, £ 3 R (99) 33,5'(76) )
o)

QD4 + R

-—

; l

OH o o .

H/H')LOCH(CFﬁ)a “JYt o B . /\H)LOCH(CF,),
(R)-4 4

®)>6 $)-6
igure 1. Proposed reaction mechanism.
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The First Direct and Enantioselective Cross-Aldol Reaction of Aldehydes

Alan B. Northrup and David W. C. MacMillan*

Enantloselective Aldehyde Aldol: Elusive Transformation

Table 1. Effect of Solvent on the Propionaldehyde Dimerization

0O  OoH
o}
(o] OH 10 mal% L-Proline
tioselecti . Me
Rl H Z equiv Hk’m 1M Solvent, +4° G, 11 1 "J\/'\/
wtalyst H Me
X Y
enlry soivent conversion* anti:syn® % ee (ant)
1 Ph-H 32 5:1 >99
2 CHCl3 29 4:1 98
Proline Catalyzed Aldehyde Aldol Dimerization 3 EtOAc 41 51 99
10 mol% O OH 4 THF 36 4:1 98
0 catalyst . 5 dioxane 41 4:1 98
- N me (_/\co H o H’u\:/'\/”'" ( 6 CH;CN 42 31 9
H ﬁ DMF, +4°C . 7 )lq)MSO 38 31 >99
) 8 MP - 62 3:1 98
2 equiv. catalyst L-Proline 80% yleld, 4:1 anti:syn, 99% ee 9 DMEF- o1 31 %

INreosty  ioyst Joady  Jove Pet rests 1

Table 2, Enannoselectwe Direct Aldehyde Cross- A!dol Reaction
OH
0

HJKE/'\R

10 mol% L-Proline
e ettt .

HJK/ Ri H/U\Rz

Conc o amounk ¢ donety
SO ¢ AcePis 9

d or DMF,+4°C H 2 Oé&?.‘?m 4?“\9 -l &n‘
l entry R, Ry Product % yield® anti:synb % ecsd '}O bo Vg\\:j cﬁ «);) (q,“!
B 0 OH
N d I Me Et . Jl-\_/l\/m 80 41 99
Zm&m oh H s
O OH Me CO ne -
@ ew &3 54 ': O ﬁ____l Me i-Bu HJ'k’a/l\/kMe 88 31 97 — 9 '6['\ N
odded oV 2.5 - 1 e @3_ e»rqggk
@J) (6in o fe—"3  Me oCeHy HJ\/'\O 7 1 w— odded  over 2
coNC -
05@8 U‘%d o M ;‘)H o- ’gm &rayp WX
P\\dh? " ph L ) esu @OQ [ 6“
f\ qu‘o} "4 Me HJ\M:l\Q a&&é ol 6
“le@g \&Se‘é o o o 1M Cof
W
olP( o &5 Me P “J\s/'\(m 82 241 >9 P 0 osu @; e+cio \
a\)\q ) Me Mo éﬁé Ong_ 26
Z Ujeé od nC:
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Catalytic Asymmetric Intramolecular a-Alkylation of Aldehydes
Nicola Vignola and Benjamin List* ‘

03

6*3!\\

N OHC OHC,,
o . Homos) D
EtO,C1y NEL, (1 eq), CHCL 27 4
~H,0 N E10,C b ol r0, 49
\/ \< 4 _R=H: 80%, 68% ee
R =Me (8): 92%, 95% ee
\ * -
+ H o}
4 . 1H 2 H/lk/\Rz
\I'-l/ “ o - HX R! IT‘:ble ’l (S)-a-Methyl Proline-Catalyzed Direct Asymmetric
N - niramolecular a-Alkylation of Aldehydes
C X HJK;/\RZ 5 -
R R! ZCoM
7 6 N
H 8(10mol%) . OHC,,
OHCﬂY/_X — V @
Even stoichiometric a-alkylations of preformed aldehyde enolate Et,z‘(‘h’eg)m-io c
equivalents are very difficult to control, and several side reactions
usually occur. For example, in the reactions of metal enolates or Enty Substrate Product  Yield (%) ee (%)®
enamines of aldehydes with alkyl halides, self-aldolization, Caniz-| —
zaro or Tischchenko reactions, and N- or O-alkylations are - OHC X OHC,,
. competing processes.®® Designing a catalytic asymmetric a-alky- E‘OzC'U E10,C D
lation of aldehydes is further complicated by the susceptibility of! Et0,C Etzo,c
the nucleophilic Lewis- or Brgnsted-base catalyst toward an" 9(X=) 10 0 o5
-unproductive alkylation reaction with the electrophile. In addition, ®=h ng‘\\/')
racemization of the product could be a serious problem. V)] 11 (X = Br) (\gﬂm\ ‘/.) 10 90 94
3 12(X = OTs) (25@0\/) 10 200 91
|mvermnoLEtoee | |
g " OHC | OHC,,
—0 P)\ "o ¥ “ BnozC'U o0 D 94 95
t » ) ’} h2 BnO,C BnO,C
//-L Co 24 13 14 .
o o .
A OHC Br HC,, > 2o\ Y.
©) C9* 96 BN
\u k<. % cog 9 ¥ ¢
T 2
o 2 EtO,C CO,Et Et0,C S 1 &moly.
15 16
OHC. I OHC,, ’
& ® O '
e Ts\r'q TsN 2 9
)] : .
17 18
I 'mg d‘ 0’0
) OHC.,,
! OHC !
@ l > 2,0?‘\0\ ).

E0,¢7 Co.Et ",
: 2 E10,C CO,Et

19 20

5% -

The Direct Amino Acid-Catalyzed Asymmetric Incorporation of Molecular
Oxygen to Organic Compounds

,‘ " Armando Cordova,” Henrik Sundén, Magnus Engqyist, Ismail Ibrahem, and Jesus Casas
>
Table 1. Direct Catalytic Asymmetric Incorporation of 'O, to
’\/&" .o wignt | o o, Aldehydes?
Ph ] P n)/i” — o)/\m‘ o) {9\& ) ?M 6 NsBH,
OMEr [ o g\ v 0 _IEf 4
' 7 C ] V09, Liprotine
R 0.5~3ﬁ
States of the Occupancy of E ' -
oxygen molecule highest orbitals g::;i)z; :t:tv: entry R termp (C) yield (%)* er (RIS cmpd
. 1 CH,Ph 27 45 61/39 1
Second excited state (1z,+) + + 37 keal 2 CHpPh s 9l 6 1
) 3 Ph =20 92 -62138 2
eeiliwete) - w3 x mm o
) H?pb{' S 6 n-Pent -5 91 5842 4
Ground state (32,-) 7 n-Bu -5 92 61/39 5
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Tabl i i
e 2. Direct L-a-Me-proline Catalyzed Introduction of 10,2

[¢]

) TWIv" [
* aBH,
KL H ! lL).l: ":M')o'féulno - "01/\0”

05-1h

R N
cmpd yield (%)° ee (%)
CH,Ph 1 77
CHiw 1 72 o
i-Pr 3 75 66
n-Pent 4 57
5

RoY ¢ -

opsie  enatloms’
CSomg &)

a follo iti
(5 mol %) and the aldehyde () o os U0 of tetraphenylprophine (TPP)

77 =

n-Bu 54

— e
- R

ment, the amino acid (20 mol %) was stifred in the
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[Enantioselective organocatalytic construction of
‘pyrroloindolines by a cascade addition—cyclization
strategy: Synthesis of (—)-flustramine B

_ Joel F. Austin, Sung-Gon Kim, Christopher J. Sinz, Wen-Jing Xiao, and David W. C. MacMillan*

‘A C
3
Ja
u N
H
Me

synthetic challenges
(1) Quaternary stereocanter C(3a)
(2) Diastereocontrol C(3a)-C(3a')
(3) Pyrroloindoline ring system
(4) Enantioselective Catalysis

PRas,

R
tryptamine
RMO
unsaturated
aldehyde '/-
O, Me
Imidazolidi \
midazolidinone
catalyst n)\
Ph 1
HX
R, 3
CHO
=
= -
el N
enanticenriched Pyrroloindoline
diastereoenriched Catalytic Cycle

pyrroloindoline
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- enaiko Selecve

P2 —
(1) T™MSI
- Br NN
(2) NaBH,, /i Me

(CHO)y
89% ;'ield
(-)-Flustramine B

91% yleld 5<
f

{-)-Debromoflustramine B

ony F Syeps |

w
0. Me -HX o] Me *HX
~N cocatalysts (HX) N
/\ﬁMe a=TFA N )\<Me
N Me b = HBr H Me
Me Me
¢ = NCCH,COH _
amine d=p-TSA amine
catalyst 1 P H catalyst 8
BOCHN
S 20 mol%
R'— P N g2 MO catalystta R'—
N
\ CHzC'z I H ¢
Allyl Allyl BOC
Entry R R? Time, h Yield, % ee* % dr?
1 H COPh 64 92 94 13:1
2 H CH,0Bz 44 66 91 22:1
3 H CO;Me 28 93 91 44:1%
) 5-Me COMe 18 94 92 50:1
S 5-MeO CO;Me 20 99 90 10:1
6 6-Br CO;Me 36 86 97 311
7 7-Me CO;Me 30 97 99 17:1
R20,CHN
20 mol%
N MO catalyst 8a
A CHClz-HZ0
R! (85:15) R‘ 002R2
Entry R! R2 Time, h Yield, % ee* %
1 Allyl t-8u. 25 85 89
2 Allyl Et 26 89 89
DU)? n M\L\{ 0‘0_\ (L,O.ec\ 3 Prenyl £t 24 89 89
4 Benzyl Allyl 48 83 89
Typrofn besed SOy S » G
W?dl s BOCHN U N OH
DOy Sl )- o @:—/B
C { )*
N Ph H MoV Br
B \ 20 moi% Boc
HO 13 pronyt
CO4t-Bu 20 molse (2) NaBH,, MeOH 90% ee
N cataiyst 1a. A 78% yield
—60°C,40h :
’{Bn No  CHCI~+PrOH dn 5
. 80% yield, 83% ee, 12:1 dr w/\
Scheme 6. (1) MsCl . —_—
Br | Grubbs Br
O (2) NOzPhSGCN BOC metathesls
Ho RN H0, 15 94% yield |
20 moi% ) 89% yield :
ss - Nsves
N -80°C,72h N3
Bn CHCl-MeOH Ba
90% yield, 82%ee



