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Ene Reaction(Alder-Ene Reaction)

e Ene Reaction
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Variation;

« Carbonyl ene reaction
e Conia reaction
« Singlet-oxygen ene reaction

» Metallo-ene reaction

Thermal reaction; Higher
temperature

(more than 150°C due to
the high activation
barrier)side reaction

Recen 40 years:

Lewis acid ( AIMe2Cl,
SnCls, BF3 OEtz2, Sc(OTf)s,
Yb(OTf)s etc. )

1980s-:Chiral Lewis Acid
complex

2008-:0Organocatalyst



Named Reactions

 Prins Reaction

Acid-catalyzed addition of olefins to formaldehyde to give 1, 3-diols(3), allylic
alcohols(4), or meta-dioxanes(5):

o} = H" HOQ 0" o
T — or - or
M+ & >_\_ Hcf_\—c'aﬁ |\‘/|\
H H H0 R OH R
1 2 3 4 5

» Conia Reaction(Conia-Ene Reaction)

The intramolecular ene reaction of unsaturated ketones, in which the
carbonyl functionality serves as the ene component, viaits tautomer, and
olefinic moiety serves as the enophile:

Ph
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Thermal vs LA promoted
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Figure 1. Substituent effects on thermal ene reactions of diethy! L ~ = ~ -
oxomaloneate with l-arylcyclopentenes. : . .

Py

Figure 2. Substituent effects on SnCl,-catalyzed ene reactions
of diethyl oxomalonate with 1-aryleyclopentenes.

Lewis Acid Catalyzed Carbonyl-Ene Reaction’ Ober, M. 2003 8



Thermal vs LA promoted

Scheme 20

i syn antt
6 100 16 84
:' AICI5 B85 : 15

Figure 1. View of the 3-21G transition structure of the pro-
pene formaldehyde—ene reaction (from ref 124; copyright 1987

American Chemical Society).

Lewis Acid Catalyzed Carbonyl-Ene Reaction’ Ober, M. 2003



Diaselectivity

Table 1. Glyux}rlnte—Ene Reactions with 2-Butene

N ““"“m A

antl

butene R syn:anti
trans Me SnCL, 18:82 (quant)
cis 28:72 (quant)
trans i-Pr 8:92 (quant)
cis 20:71 (quant)
cis Me Me, AIOTSE 91:9 (656%)
trans 79:21 (29%)
MeAl(OTH), 65:35 (41%)
Me. pR H
/
O i )
; 2 H
H_ o
H l Al
erythro

* A dramatic changeover
In diastereoselectivity by
changing the Lewis acid

e Conventional 5

membered ring model
does not explain the
result.

L--=90Ln
LaAl ., ] .
- = ';}
)krt::ln HJ\T;}
a OR
A B
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Diastereoselectivity -Chairlike Model
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Part 2— The catalytic asymmetric
Carbonyl ene reaction

Mainly based on:
Clarke, M. L.: France, M. B.
Tetrahedron 2008, 64, 9003-9031

In addition to guiding chemists
towards reactions
that proceed effectively,
we hope this review has also
highlighted some of the
challenges that lie ahead.
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The development of Asymmetric Catalyst

In 1988 and 1989; Pioneering work
of Yamamoto(first;1988)'s
aluminum-based and Mikami's
titanium-based BINOL complex

(+PrO}sTIC / {RFBINOL

In 1995; Evan's Cu- Box /& i (Cat) u*'
i i i Y K CO,CH, “CO,0H;

catalyst(direct interaction between MS 4A

Metal and carbonyl oxgen) 0T
cl
Other metals(Cr, Co, Pd, Pt, Ni, Sc, oH ég z:,ﬁ:m
In etc.)
{A-BINOL (A4

In 2008 organocatalyst by Terada

and Rueping independently
HzO OH:

Polymer supported . (@\ o AL :Q mem o mm
__SCN ‘2 : R=Bu" b:R=Pf: ¢: R=Ph; d: R=Bn

X =0T, aa PFg, SbFeg

13



Ti-B|NOL TS

ir

MeO,CC=CCHO + C %%0 v

i
mns OTBS DTBS GTBS mas {JTHS

99 (96% 4A) : i

e 3;favored TS structure
» 4; sterically disfavored

 Ene reaction like this is
caliculated to be exothermic
by ca.20kcal/mol.

Starsopair represantation of 3

 The reaction of the Lewis-
acid coordinated aldehyde
will be much more exothermic

-possibly 30kcal/mol
— TS should be SM like

14
Corey, E. J.; Barnes—Seeman, D.; Lee, T. W.; Goodman, S. N. Tetrahedron 1997, 38, 6513-6516



BINOL-TIi NLE -1

(i - PrO),TiBr, / BINOL (33.0% ee)

/g i (1.0 mol% each) u C
s
Ph Ph H
) 5 Corts MS 4A, CH.CL, ;e fT|\

-30 °C
91.4% ee
(92%)
D q‘Ti'x Figure 2.
OH o X .
(A)-BINOL (A-1a: (X =B - fr;::?-*""*i':"—— o
b: (X =Cl) ]
 4A MS; water donor & Base to trap o] ///
HX % o ./
» NLE«isostructural dinuclear 3 8 //
chelate complex 184. S e //
) ) ) z | | / —o—  (FPrO};TiCly/ BINOL
« Homochiral dimer is far more 8 lJ/ e (-PO);TiBr, / BINOL
active than heterochiral meso 2 '/
dimer(R,S). 94 » Positeve Non Linear Effect

Mikami, K.; Terada, M. Tetrahedron 1992, 48, O TR W OW S M e B e i

5671-5680. BINOL % e

Fig. 2. {+}-NLE in asymmetric glyoxylale-ene reaction catalyzed by 1 (1.0 mol%a).



BINOL-TI

(S)(A-(1b)2

(R(A-(1b)

3
Fig. 3. 3-D representation of (R)(FA)-(1b), and (S)(A-(1b),.

« The meso isomer is formed preferentially, leaving excess enantiomerically pure
BINOL.

Mikami, K.; Terada, M. Tetrahedron 1992, 48, 5671-5680. 16



Asymmetric synthesis by enantiomer-selective activation of
racemic catalysts asymmetric activation

I R-Cat* I---' De* ' - - o
Table 1 Carbonylene reactions with racemic BINOLate-Ti complex

+ — .4 deactivated (1)
Substrate ,g jJL
- Product ;
chiral de-activator W u actvator py, ,H” “C0,Bu"

k X% ee
("poison’) (x% ee) 0., oM (5 nml‘ﬁi 2 3 N oH
’ Nopy foluene Jk/!\
o O 0°C Ph CO.Bu"

Substrate

60 mi
R-Cat* " ACI’ # PrOduct {1}1 min
u K % (10 mol%s)
m activated - (Xar% e€)
* (kat>> K, Xa >>x) (2 - : _— S -
i Run Activator Yield (%) e.e. (%)
chiral activator - ............................................................................................ ettt st e e et et
@ 1 Mone 5.4 0
OH OH
= ?‘f: 0
OH OH
3 38 a0.8

B2 9.8

rE



Asymmetric synthesis by enantiomer-
selective activation of racemic catalysts(2)

Table 2 Carbonylene reactions with enantio-pure (R)-BINOLate-Ti complex 26
chiral activator 2 (R")-1/ (FP)-BINOL sl (R)-4 (96.8% e€)
ofpy (10 mol%) 2,3 uq (A7)-BINOL (1)
LI ; (1 ——= (3)
N tolu Ph C
) " 0°C s 1 1
-1 S+ —_— 4 (94.5%
(10 mol%,) (S') (S)-4( ee)
Run Chiral activator Time {min} Yield (%) e.e. (%)
1 None 60 19.8 94,5 . 9.2
2 1 18 94.5 (R)-1/ (FR)-BINOL s (F)-4 (96.8% e6)
"""""""""""""""" L (£)-BINOL
3 EseeeoL 0 e 600 72 ,
4 (R?)-BINOL g0 g2.1 96.8 {H H1 {4]
5 1 411 96.8 1
S S 280 %9 (R")1/(S?FBINOL— (F)-4 (86.0% e¢)
7 (S?)-BINOL 80 48.0 86.0
8 05 26 86.0 _
s e Figure 3 Kinetic studies in carbonylene reactions with racemic and single-
a (+°}-BINOL 80 §9.2 95.7 ) .
e AR A AR AR ettt sttt e @TTANTIOMIEr BINOLate<TI complexes.

18
Mikami, K.: Matsukawa, S. Nature 1997, 385, 613-615
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Structural Elucidation of Catalytically Active Species

(R)-BINOL /
o (HPrQO);TIClz (2)

e l\ . (~10 mol% each) f"'““l OH
L ]
‘RZY, H” CoR? L .
R ? MS 44 ‘REL[/!\COZR:’

R1
~08% ee
ge MS 4A
0.5
OH +  [(FPTO)TICl, ( 9 "BINOL-TI" (2}
OH HsCls
OG 201mmo) L, qn 1
(R)-BINOL (0.1 mmol)
(b)
H
I
wo;,n(‘\'ﬁ’ DTi{OAr};
O tiioAd,
O ,::D\
H aro)Ti H

[Ti(ps-0OH)]4 core of 18

Fig. 12 X-ray crystallographic analysis of [(BINOLato)s
{Tilus~OHJL,] 187 (a) ORTEF drawing of 18. (]
[Ti{us—OHI]; core structure of 18,

| JJL - | |

S—

T T T +
8.8 a 5.8 5.0 an 4.3 ops

Fig. 13 'H NMR spectrum of [(BINOLatols[Ti(u;-OH)L} 18 in
CDCL,

{~PrQ); TiCly (2)

[ * d Y
0] [#] OH
\Si/ ( CI\‘ fCI- -Na® :Si:
NEPPARN OH . : "o o
Na D\m /U (R-BINOL I{J-PI’O}ETLL_‘D“H",- \m/
AN * 0/ \D
D\Ei /D Q \Si/
AN OH /N
hydrated MS 4A l - NaCl
-PrOH i
1 . o] 8]
o, . O=Ti(Qu-P
\T:_/C' ( NOHFT s
| - — + ™,
C}/ \Dr’-F'r OH H=0, ‘AI/O
17+-PrOH 16 o o
N/
hydrated MS 44 Si
i (+ H0) 7N
FPrO. O o OiFr
\Ti Ti hydrated MS 4A _
(_\O..-*I -0 | -0 (+ H,0) ) active N
5 o | o\) BINOL-Ti
~TiT T "_rL"‘ catalyst (1)
-Pro o O Oi-Pr
12
Fig. 11 Plausible mechanisms for generating the active “BINCL-

Ti" catalyst 1 from BINOL and i-PrO),TiCl: 2 in the
presence of hvdrated MS 4 A,

Terada, M. 2007 J. Synth. Org. Chem.
In Japan Vol. 65, No. 8, 748-760



Asymmetric Hetero Diels—Alder Reactions and Ene
Reactions Catalyzed by Chiral Copper(I1) Complexes

H-ll E
3R -::f Ré R' OH o) o]
.
Cu
27" 0 | O R R
R 2q OR R KH‘ 10" ot
4a: R = Me R' O
3a:R'=RZ=R%=R*=H 4b: R = Et (S)-1a ( R = t-Bu)
. 1 = 3 - . = -2 dc: A= FS'D'PF {R}"ib ( R= Ph}
3b:R'=R"=R"=H; R = Me (§)-1b ( K = Fh)

3d: R' = R*= (CHp)2; RZ=R%=H

Table 2. Hetero Diels—Alder Reactions and Ene Reactions of 2,3-Dimethyl-1,3-butadiene (3¢) and Different Alkyl

Glyoxylates 4a—c Catalyzed by (S)-1a and (R)-1b

Diels—Alder product: ene product; Diels—Alder product:ene
entry catalyst glyoxylate yield/%* (ee/%)® (confg) yield/%° (ee)?< product ratio

1 (S)-1a 4a Sa, 25 (90) (S} 6d, 39 (85) 1:1.6
2 - 4b 5d, 20 (85) (S) B¢, 36 (83) 1:1.8
3 - 4c ge, 12 (TT) (S) 6d, 12 (83) 1.1

4 (R»1b 4a 5c, 36 (B1) (S) 6b, 50 (85) 1:1.4
5 - 4b 5d, 31 (83)(S) 6c, 50 (88) 1:1.6
6 - 4c Se, 31 (8T) (S) 6d, 40 (90) 1:1.3

¢ Jsolated yield. ? Ee determined by GC on a Chrompack Chirasil-DEX CB column. ¢ Absolute stereochemistry not assigned.

Jorgensen, K. A. J. Org. Chem. 1995, 60,5757 71



Asymmetric Hetero Diels—Alder Reactions and Ene
Reactions Catalyzed by Chiral Copper(I1) Complexes

(si-face)

8 9
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Cu-BOX catalyst

[T PP

o 9 Table 11. Catalyzed Enantioselective Ene Reactions between
y m/u\ catalyst 2a wwe Methyl Pyruvate and 1 1-Disubstituted Olefins®
+ Me - 5
OM . Y
q ®  CH0l,, 25°C M OH olefin product” cat (mol%) % ee® % yield®
o 48 h 26

[Cu((S,S)-+-Bu-box))(SbFs), (2a) (10 mol%): >99 %ee, 35% yield

O
3 ome 2a(20) 98 (S) 84
Me OH 4.
Q
<:/( @/\QL Me 2a(5)  98(S) 95
Mg OH 27
Q

"“‘*\( Me < “ome 2a(10) 93 (s) 76
Ma ME oM 2
o
"~ F“Nm 2a(5)  98(S) 94
Me MF:': [ell} 29

@ All reactions performed at 0.33 M 1n substrate in CH,Cl; at 40 °C.
® Absolute configurations assigned by X-ray crystal analysis or by
g analogy (Supporting Information). © Enantiomeric excess determined

Figure 2. Endo/exo approach of cyclohexene to the [Cu((S,S)-t- by GLC (Cyclodex-8 column). 4 Tsolated yields.

box)(glyoxylate)]*+.

Evans, D. A. J. Am. Chem. Soc., 2000, Vol. 122, No. 33, 73



Carbonyl-Ene Reactions Catalyzed by Box- Cu(ll)
Complexes Proceed by a Facile Stepwise Mechanism
:DFT and ONIOM (DFT:PM3) Studies(1)

Scheme 1. Copper-Catalyzed Carbonyl-Ene Reaction

R s . o
R 1-10 % 4 2R )
j) ) H\IHLDRE CH.Cl, 0-25°C oR3
e © OH
1 3 3
& H5
@ da: RY=ph R e
ge,
N -
R 4b: RY=CiCH; ), R=Me
.1H Cu "RI.I
4

[RTENSaNt
HAL VRS- MG
AICHMIILY -3 H0" 2 T

wlllE) = B2 903 321
w1336 = R0 A8
el X2y 410 ERE T
4u.ZH O I = A0 A0 R

Figure 1. Main geometrical parameters for 4a-2H;0. Selected bond lengths
(A) and angles (deg). Atoms included in the high level region are within
the box.

BOX U R (4) &80 (1) SR ik e UT= LR =)L — o KU (Scheme 1) D SIS KA DDFTIZ &
DRFGEI STz, FEHGIIDFTIEE, DFTIALD S i #HZ2ONIOMIE Dl )5 % FH W T RHR Z1T o 72
(Figure 2) , fi& %, ONIOMIX IEfE7aff 1L ER H H L7228, B2 =R LX — O H HIZIZDFTL ~L D
ARSI THDL ARG T 72, Fo, R REZEEX T ERDIIIOMNEAT 7 - DA R ZHEITT
LERER DT T2, TS 3OTFLF =TS 2 LNENZENDL, 5D X574 BB O F R E R TICH#EI T
5o W, ZORKITBITBEE L B OBENC DN T, pARBIB AL L ALCRRLHIT NG Bz | $i
%ﬁ%@ﬁ%ﬁ@%ﬁﬁﬁu:ﬁzézkma PR 4 B I T IR E T2 BT AR (L0 BEI R B LT

reaction coardinate
=21.53

l: :“_\"‘\.C,-,—:_ [::\\‘I:u*!—“ - *.Ecu 1—q
"‘un_céf:n \}H%*: \ﬂ%cn \3.};
- W = i H H H

Hat, !
3]

P, o

1-2+4

Figure 2. Pelative free energies (in kcal'mol) on the pathway (1 + 2 —

3) catalyzed by 4 (solid lines) at the UB3LYP(PCM)/6-311G**//UB3LYP/

6-31G* level. Only one enanfiomer has been drawn (exe approach) for
clanity. Altemative pathways are indicated by hashed lines.

INT, £ LN

Morao, I.. McNamara, J. P.: Hiller, . H. J. AM. CHEM. SOC. 2003, 125, 628-629
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Enantioselective Syn-Selective Sc-Catalyzed
Ene Reactions(1)

Evans, D. A.; Wu, J. J. AM. CHEM. SOC. 2005, 127, 8006-8007

Me o] OH
Me)xﬁ HJ\!TX cat. MEJLI)\H,X 0
+ R O Table 1. Ene Reaction with 1,1-Disubstituted Olefins (eq 3)

R o)
O ITI 5 mol% 4 {CH;}H | ?H };{
Me oH olefin 4 N. - N. (3)
Q : 1,6-8 H Ph  CH,Cl,, 4A MS, rt Ph
) HJJ\H/;{ at X O 2b 1b,6b-8b
0 (2) olefin product ee % yield% mp°C

1 %ﬂ'izﬁﬁtpn 3 e 1:R=Ph u"/z b 92 73 115
6:R=Me R Ph ep 94 78 68

0

{(j\r D\l‘/(rqjﬁ, o
N—Sc—N / N SC_N {GH& = CH{]\,/E\H/ 76 94 99 80
':’Tfmf @ on T DTf Lo Ph 8:n=2 8b 94 89 111

5

@ Enantiomeric excesses were determined by HPLC using Chiracel OD-H
or AD-H columns. ? Absolute stereochemistry was determined by Mosher
ester analysis. Remaining product configurations were assigned by analogy.

25



OH H
R - N.
© 2
R! Q M 5 mol% 4 R O 9a-11a
+ N,‘ R1 Rz {4}
H Ph  CH,Cly, rt OH H

9-11 0 N
2b Me Ph
O 9b-11b
9:R'=i-Pr,R?=H 94% ee, 78% yield, 4:1 9a/9b
10: R'=RZ2=Me 96% ee, 60% yield, 5.3:1 10a/10b
11:R' = tBu, R =H 94% ee, 81% yield, >99:1 11a/11b Syn-SeIective SC'
Table 2. Ene Reaction with Trisubstituted Olefins (eq 5) Catalyzed
Q H 5 mol% 5 CHy ﬂ\i{ E
olefin  + N. - - - ~ (5) 1
12 _18 H)k]'f P CH,Cl,, 4A MS, 1t ; Ph Ene ReaCtIOnS(Z)
o0 2b 12b-16b ¥
olefin product ee % yield% dr mp°C
R (Me)H OH H
12; R = Me | 12b  94bc 78 131 104
R™ ™=
Me 13:R=Et 13b 99 76 2411 67
C‘.Hz}n, 14:n=1 {CH@W 14b 98 82 931 134
15:n=2 15b 98¢ 78 9.31 133
Me

iy s e s or g Evans D.A;Wu,J.J. AM. CHEM. SOC.
”E/Lﬁ ° % ' 2005, 127, 8006-8007 26




Et O H

OH H
| o -
N (E)
ME/% ’ HJHI/N“F“ 5 mol% 5 EtJ\-./\r( -
17 Me o 2b CHLhn Me O 17b
95% ee, 83% yield, 10:1 syn/anti
Me o H Mel OH H
N 5 mol% 5 - gy ()
i PR —— = , Neph
18 Me O g  CHLhtt Me O 18b
99% ee, 75% yield, 20:1 syn/anti
M—0 X
AN -0
exoTs HO~c-H  ®
et Me M
R H R HME

1015 mol% 4 or 5 DH ITI

K%R + 2b - mwph (9)
DCM, 4A MS

TMS R O

19: R = Me 19b: 94% ee, 15:1 anti:syn, 71% yield
20: R =Ph 20b: 99% ee, >99:1 anti:syn, 68% yield

Enantioselective

Syn-Selective
Scandium-
Catalyzed Ene
Reactions(3)

Evans, D. A.; Wu, J. J. AM. CHEM. SOC. 2005, 127, 8006-8007
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Remarkably Broad Substrate Scope(1)

Zheng, K.; Shi, J.; Liu, X.; Feng, X. J. Am. Chem. Soc.2008, 130, 15770-15771
K=

H @J\ Ligand-Ni(ll) {(1:1: x m
O Solvent
1a 2a

Table 1. Optimization of the

Reaction Conditions entry ligand Mi(ll) {mé%} solvent ?j:j:'l‘,._’, {uﬁf}c
L’;j QIF 1 L1 NiClOs 20 CHCL, 32 51
Qe N h 0 2 1.2 Ni(ClOy); 20 CHCl, 42 57
R g ! i 3 L3  NiCOy, 20 CH,Cl, 57 63
Ry R, 4 L4 Ni(ClOy), 20 CH,Cl, 75 99
5 L5 Ni(ClO4), 20 CH:Cl 70 80
Li: Ry = o clopenty 6 L6 Ni(ClO4), 20 CHCl, 99 99

B = o - 5
L2 R = A-methoxylpheny 7 L6 Ni(ClO4); 20 DCE 99 >99
Ly Ry = 2 B-diisopropylphenyl 8 L6 Ni(BFs)» 20 DCE 09 =00
o L6 Ni(ClO4)> 5 DCE 95 96
E(-\El {ﬁY l{]rf; L6 Ni(BE;), 5 DCE 08 >09
O et . i1 L6 Ni(BF;), 25 DCE 89 99
3 gwg © 12¢ L6  Ni(BFs) 1 DCE 83 99

iPr, - NH HN  iPr

@—;Fr ,p,@ “ Unless otherwise noted, the reaction was carried out with 0.1 mmol

of phenylglyoxal and 3.0 equiv of 2-phenylpropene in solvent (0.5 mL)
at 25 °C for 64 h. " Isolated yield. © Determined by chiral HPLC. “ The
reaction was performed at 60 “C for 16—32 h.



Remarkably Broad Substrate Scope(2)

Zheng, K.; Shi, J.; Liu, X; Feng, X.
J Am. Chem. Soc.2008, 130,
15770-15771

Table 2. Substrate Scope for the
Catalytic Asymmetric
Carbonyl-Ene Reaction

CH,CICH,CI, 60 °C

0
H )j\ LB-Ni{BF 4} -6H20 (1:1, 1-5 mol%)
+ -
R1 R?
0
1

2a:R; =Ph s
2b Ry=4-FCzH, 2% Re= jE’“cHz
2¢: R, = 2-MeCcH, 2e:Rp="Pr

OH
3

? Unless otherwise noted, the reaction was carried out with 5 mol%
L6-Ni(BF4)2-6H20, 0.1 mmol of glyoxal derivative (glyoxylate), and
3.0 equiv of alkene in DCE (0.5 mL) at 60 °C for 14—48 h. ” Isolated
yield. “ Determined by chiral HPLC. ¢ The absolute configuration was
determined by comparison with literature data.** ¢ With 10 mol%
catalyst. Y The reaction was performed at 40 °C. £The results in
parentheses were obtained with 1 mol% catalyst. " The results in
parentheses were obtained with 2.5 mol% catalyst.

entry R; yield (%)° ee (%)°

1 Ph 2a 98 (83) =00 (99)*
2 2-MeCsHy 2a 95 (78) >009 (98)"
3 3-MeCsHy 2a 02 (82) 99 (98)"
4 4-MeCgHy 2a 07 (80) >00 (97)"
5 3-MeOCgH, 2a 1 (78) >00 (98)"
6 4-MeOCgH, 2a 0 (83) =009 (96)°
7 3.4-(Me0),CeH3 2a 0 (87) >00 (97)"
8 2-CICsHa4 2a 74 =09

9 3-CICsHs 2a 92 (70) 99 (97)"
10 4-CICeH4 2a 86 (75) >99 (98)"
11 3.4-Cl1,CsH5 2a 02 (75) 90 (99)"
12 2-FCgHy 2a 85 99

13 4-FCgHy 2a 02 (73) >00 (99)"
14 4-BrCesHy 2a 05 (70) 90 (97)"
15 3-NO:CgHy 2a 2 >09

16 4-NO-CgH4 2a 78 =09

¥ 2-naphthyl 2a 93 (77) >99 (99)"
18 2-furyl 2a 95 (80) >009 (98)*
19 2-thienyl 2a 90 (83) 08 (98)"
20 c-hexyl 2a 80 97

21 Me 2a 75 99

22 Ph 2b 03 (82) >00 (99)"
23 Ph 2c 73 >09

24 Ph 2d 84 08

257 Ph 2e 86 >09

26" OEt 2a 09 99 (§)¢
2V OEt 2b 04 97

28/ OEt 2c 77 99

29/ OEt 2d 87 08 (S)*




Organocata|yst Aza-ene-type reaction catalyzed

by chiral Bronsted acid

-the first example of the activation of aldehydes by using chiral phosphoric acid to efficiently accelerate
an aza-ene-type reaction

a)

P B
come  (RH OH NCO,M |
o] z Ve -
EtO.C7 "H &g 4AMS. Et0,C R . P
3 4 CH,Cl,, RT, 1h 5 (i‘*‘* o X
a:R=Ph 1 H,0* N s
biR=Me (R)-1: X=0H
OH O -1 X = ;
(R)-2: X = NHSO,CF, si face
EtO.C R
(518 -
_ 6a: 93%, 95% ee
(R-1a (Ar=Ph) e 789%, 05% ee
Table 1: Enantioselective aza-ene-type reaction of glyoxylate (3) with
enecarbamate (4a) catalyzed by (R)-1 ([Eq. (2)])
Entry 1: Ar Yield [%]" ee [96]
1 1b: 4-CH,C.H, 93 95 A
2 Tc: 4-CF,CH, 82 94
3 1d: 4-tBuC,H, 99 98
4 1e: 4-f-naphthylphenyl 81 95
5 1f: f-naphthyl 80 91
6 1g: 3 5-tBu,CeH, 37 2
7 1h: 2,4,6-(CH;),CeH, 40 g
8 Ti: 9-anthryl 35 18
0 HN'CO?M"? (R)-1d (Ar = 4-t1BuCgH,)
EIO C/L oo (5 mol %) _ MO Figure 1. Three-dimensional structures of the hydrogen-bonded com-
107 v URE 4A M.S., CH,Cl, RT plexes formed between 1 and 3'. P tan, O red, C gray, H white. a) (R)-
3 4 1a/3'; b) (R)-1h/3"
(@)
EH o} OoH O .
" b i kel
o Rj -~ Me, Ri - Ph E10,C7 \;)\“R’ - ETOEG’J\[’J\R? Entry 4 th)  Yield [54] anti:syn an:? [%8] o
d:R'=Me, R? = Et & LY . . .
o R'~Et RE=Ph " e ] o4 2 7 w1 -= s lerada, M.; Soga, K.; Momiyama,
f: R'R? = ~(CHy), : ' 2 (E4d 2 7 96:4 9% 56
2, G4z on i © s N.ACIE 2008, 47, 4122-4125
4 4f 1 89 89:11 99 98
5 (2)4c 24 n 72:28 26 88 30
& (Z)-4d 2 74 50:50 28 69
7iél (Z)4e 24 67 92:8 8 74




Organgcata|yst Carbonyl-ene reaction catalyzed

by chiral Bronsted acid

-the first example of the highly enantioselective carbonyl-ene
reaction with chiral phosphoric acid

Table 1: Survey of N-triflylphosphoramide catalysts for the enantioselec-
tive Bronsted acid catalyzed carbonyl-ene reaction.”

994
0.0
SR F4
q o P X 81090 s oh o,
| b | = Pk 5a 5b
= + 0 R cat
22 _ M

o

CO,Et

a CO.Et benzene, 10°C
3a

Entry 1 R t[h]  Yield (%)Y ee [%]9
1 1a phenyl 25 41 53 Table 3: Scope of th; Bronsted acid catalyzed carbonyl-:n(e: reaction ™!
2 b 2-naphthyl 23 63 81 /& . ps 1j (1 mol %) M‘OH
3 Tc  3,5(CF).CH, 26 32 36 R FiC”."COEt “oxyiene 10°:C . R CO,Et
4 1d  phenanthryl 23 52 28 2 3 4
5 Tle anthracenyl 38 24 26 - Y e
Ent R Yield [24]" Fl
6 1f  biphenyl 25 61 77 il feld [%] ee [
7 1g  pNOCH, 13 70 36 1 Ph (2a) 76 9
8 1h  SiPh,Me [Hy 26 34 56 2 p-MeOC,H, (2b) 69 02
9 i SiPh, [Hy 38 15 7 3 p-MeC.H, (2¢) 92 9%
10 1j p-MeOCH, [Hy] 34 86 94 4 m-MeC.H, (2d) 91 96 Molecular structure of the N-triflylphosphoramide catalyst 1j.
- — : 5 p-EtCeH, (2e) 96 95
[a] Reaction conditions: 2a, 3a (2.0 equiv), 1 (5 mol %), benzene (2 mL). 6 p-FCH, (2f) 33 @
7 2-naphthyl (2 g) 95 95
8 biphenyl (2h) a7 97 . .
5 ptBuCH, (2) 83 o4 Rueping, M.; Theissmann, T;
10 m,p-Me,CH, (2j) 92 )
1 p-BrCH,~CH, (2k) 87 9 )
12 tetralinyl (21) 96 9 Kuenkel, A.; Koenigs, R.
13 indanyl (2m) 93 95
14 p-CICH, (2n) 55 93
18 pAPICH (20) 35 2 Angew. Chem. Int. Ed.
16 p-ICHA (2p) 89 57
17 p-BrCH M (2q) 71 93
[a] Reaction conditions: 2, 3a (2.0 equiv), 1j (1 mol%), 0.25m solution 2008, 47, 6798-6801
in o-xylene. [b] Yield of the isolated product after column chromatog- 31

raphy. [c] The ee value was determined by HPLC or GC on a chiral phase.
[d] The reaction was carried out with catalyst 1g at —20°.
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