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This review describes our recent efforts in the development of acid-base organocatalysts, (S)-3-(/N-isopropyl-N-3-
pyridinylaminomethyl) BINOL (6a) and (S)-3-[2-(diphenylphosphino) phenyl] BINOL (13a), with dual activation
mechanism for the aza-Morita-Baylis-Hillman (aza-MBH) reaction. In these catalysts, chiral Brensted acid units are
connected with a Lewis base unit via a spacer. The acid-base moieties act cooperatively as an enzyme-mimetic catalyst to
activate substrates in the carbon-carbon bond forming reaction between enones and N-tosylimines with high enan-

tioselectivity.
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Dual Activation Systems in Catalytic Enantioselective Reactions

Fig. 1.
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Scheme 1. Mechanism of the aza-MBH Reaction
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Scheme 2. aza-MBH Reaction Promoted by Chiral Acid-Base Organocatalysts with Dual Activation Mechanism

HETH D, A Z WIS, il e M E AL A Table 1. Organocatalytic Enantioselective aza-MBH Reac-
BOANRZINEEEET S ZET, b1 R tion of 3a with da
PEER £ @ Michael £l IS &, 24T 31 & # < 0 I organocatayst L o
Mannich FOR2MERE L T, MInd 2 HNEN%hR )ﬁ # H CH.Cly, 1t
ILEeNBEEZT. 3a 4a (R)-5a
AFINEZINT F>EA 22 ED aza-MBH ki - » .
zh s S 2 Entry Organocatalyst Time Yield  Ee
ZHBNWT, VA AEEMBETH S 2-CAFIVY 2 ) (%) (%)
/Y T (2-dimethylaminopyridine, 2-DMAP) , 1 None 48 NR
3-DAFIT X JEY P (3-dimethylaminopyri- 2 (8)-BINOL 48 NR  —
. s - o1 s~ 3 2-DMAP 48 NR —
dine, 3-DMAP), 4-TAFI)IY I JEY T > (4- 40 3. DMAP i P
dimethylaminopyridine, 4-DMAP) % W& L 7= 50 4-DMAP 75 55 —
&EZ %, 3-DMAP & 4-DMAP (Z fil B ¥E M YA 5 640 (S)-BINOL + 3-DMAP 168 48 3
7= (Table 1, Entries 3-5). % 2T BINOL O 3 filZ 70 (9-BINOL+4DMAP 8 60 2
. . . . 8 1a 168 trace 33
IEEIL:/\)( FIVT7I/EY y)b%%%]\bflﬁ%ﬁ? 9 1b 168 21 2
la-le 2 L7z, L LARNS, la-1c OflETE 10 1c 168 56 2
I/ > 7= (Entries 8-10) . 1 2a 168 41 73
011 v — -~ < R 12 2b 168 NR —
RICEVDZNT I ) REEAF L O AR—Y—% 3 2e 168 NR

Jr LT BINOL @ 3 {7 B AL A5 2a-2¢ & @) Decomposition of 4a was observed. b) 10 mol% of (S)-BINOL and

Bk L 7z ﬁ*ﬂ%ﬁ? 2a (2D AMIEIEPED A 5 1, 10 mol?% of 3- or 4-DMAP were used.

IN# 41%,73% ee T5a &5 %27 (Entry 11). &

1 1a—1c KO 2b, 2¢ IZflEETE P AT 5 N 7s
DIE, T/ 2EEEETZTL ATy REEEAL K&

VA ZIREERA DECIE DY) CTla <, ZEE ML

N TERWEDEEZASND. 788, (5)-

BINOL & 3-DMAP & % Wid, (S)-BINOL & 4- 1a: (S)-3-[4-(dimethylamino)pyridin-2-yl[BINOL
L 1b: (S)-3-[4-(dimethylamino)pyridin-3-yl]BINOL
DMAP O4LE NIz 3a & 4a D azaMBH 217> 1c: (S)-3-[3-(dimethylamino)pyridin-5-yl][BINOL
P — - - _ Za (S)-3-(N-methyl-N-3-pyridinylaminomethyl)BINOL
256, BoN55 37 IKTHD 2R b: (S)-3-(N-methyl-N-2-pyridinylaminomethyl)BINOL

2 1 (S)-3-(N-methyl-N-4-pyridinylami hyl)BINOL
LT3 (Entries 6 and 7)‘ c: (S)-3-(N-methyl pyridinylaminomethyl)



1204

Vol. 129 (2009)

Table 2.

Effect of Reaction Solvent and N-Substituent R on Bifunctional Organocatalysts

R
NTs O NHTs OO ,{1@
2a or 6 (10 mol%) = N
Ja * HJ\@\ solvent )m OH
cl cl OH
ab 5 OO re
Entry Organocatalyst Solvent Temp. (°C) Time (h) Yield (%) Ee(%)
1 R=Me (2a) Et,0 rt 108 74 72
2 R=Me (2a) t-BuOMe rt 72 92 73
3 R=Me (2a) CPME rt 72 97 78
4 R=Me (2a) DME rt 60 73 68
5 R=Me (2a) THF rt 48 71 59
6 R=Me (2a) toluene rt 24 81 72
7 R=Me (2a) CH,Cl, rt 24 quant. 59
8 R=Me (2a) CPME? /toluene (9/1) rt 72 93 83
9 R=Me (2a) CPME/toluene (9/1) —15 144 97 90
10 R=i-Pr (6a) CPME/toluene (9/1) —15 60 96 95
11 R=H (6b) CPME/toluene (9/1) —15 240 62 87
12 R=Et (6¢) CPME/toluene (9/1) —15 132 90 91
13 R=¢Bu (6d) CPME/toluene (9/1) —15 240 72 83
14 R=Bn (6e) CPME/toluene (9/1) —15 72 quant. 93

a) Cyclopentyl methyl ether

No Activity

Me

OH

SN eeH

7 8

OO GO0 o0

Sep

9 10

RIZIRE DO BIZ DN T 217> /- (Ta-
ble 2).

I —5 )V AR (Entries 1-5) &%) toluene (En-
try 6) =M W/ZBRIZ, &) > F A BRI ON
HEFT L, %riC, CPME/toluene (9/1) JB& VAL

EHRWEEEI, 83% ee T5b 55117/~ (Entry
8). MIGIHEZE —15°C 12T 5% & 5b OARFIHRIZ

90% ee £ T L7~ (Entry9). /=, fillto7
SR LOBEMEERFLZEIA, PrEEAT
% 6a ZHWHEAIZ, 5b % 95% ee TH7- (Entry
10). 728, BUDINHEST I/ HOBRE 2T

LDl alk L =aHS T 7-10 T, EHEIE2<
HAHNT KNI ET L Iho . T2, GO T
11, 120X51C7 /=) ROF A2 R#ET
5 &, 2 ALRER 11128 W TR O R At5E
FizAoh, K10 HET 5a #I0#E 5%, 24% ee
THAZDIT@BERMh> 2. 2 REK 12 20
BE, EFONEDIKT (5a: 85% yield, 79% ee,
10 days) 2SHEFR I 172, TN 5 DOFERIZ, il 6a
D207z /=) RoFHDSBE, 24
Okt ROFH, WY I /7 EEEY DIIVEOM
FISFOSDIEE & TF > F AR O FBUITHET
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Fig. 2. Molecular Model of 6a
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Fig. 3. Acid-Base Organocatalysts Having an Aromatic Rings as Spacer for a Lewis Base Unit
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3. KRRT7 4 CRAFEIEERHHES FRAE
DT 2 Y DIIEERT HEREEIART A
TR DBIFFZE NS, IV AEE 2 E ST
FIVERKD 3ALICEET DB, AXR—B—DFH1
ISR RIS KR EREBEHEA S I ENHS M E
molz. FIT, R A—2 3 > OEElE
MR, HEN S FELED B HENHIR S 15 55
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DEFAL G Ttz U7z (Fig. 3).

X9, ZHIGHEREN T HETES I RERX
T4k BazGlklizEl A, TR & Al
EEETF > F A ERENER TE /2 (Table 3,
Entry 1). HEEDRZDIZ, AFHFZAT 1 /K 13b i
Nz, INSHRAT 4 K 13e 28 L= MU T
ZIVIRAT 4 DI EHNWEEETY (Entry 10),
FISZ BRI ETT DI EMND, XY, INTEKRA
7 1 /K 13b, 13¢ TIX, HEHEE R AYEE M B4 &
DG FRENEVACICREY RALE TH D720, HHE
AL DBk & U THEEL, ZO/EER, T2 F
FBRMNME R T2 EE 261D, KIS EEE
U7=#E 5%, -BuOMe &t H SO B —20°C, 7D

B RGAE 0.05 M IC TG 21T S & 5b 2V 90
%, 92% ee THEOLHN (Bntry 7). & 5738 5 filEE
Mo k2L T 72A IV bR RA T 1 /1K 13d
“BizGHRLEbOO, MEEENETT 50 A
T ((b¥INE<80%, AFINHE<88% ee), AL
HTIE, 1Badmd @0 iEtz R Lz
FOREE D —BHIZDONWT, o7 U D)L
HEEAT LA 6a DfER &L & HIC Table 4 1277
T, DNON O L B AR E A Tl it
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R, BAFNETCHWERM S 2545, —FH, T
J>ELTIE, AFI, TF), 7z EZILT
KROT 7O A CNEAETH S, BREN
ZEiC13a & 6ald, £BHIT (S)-BINOL H#% %
ODEWS TR TH 2D HDD, LM S DR E
W, 13a 513 SR, 6a bl RAKNESN
5. bbb Ol KIsTIE, ERY D aza-
MBH S ETWaRWI E2HALTWS, L
Mo T, ERPOAFEREIE, T/ 7—F&A3
> & ® Mannich 2 BV B s M5B O A F
REICERNTSEEZOND. BE, ABRREOH
Mz L T\ 5.

3IPNMR X0 13a13, (S,S)-13a, (S,R)-13a D
fiREE [(S,5)-13a: (S,R)-13a=1:2] THBH T &
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Table 3. Enantioselective aza-MBH Reaction of 3a with 4a Promoted by Organocatalysts

organocatalyst (10 mol%)

3a +
solvent
Entry Organocatalyst Solvent? Temp. (°C) Time (h) Yield (%) Ee (%)

1 13a THF 0 20 62 70
2 13b THF 0 18 93 5
30 13¢ THF 0 12 88 1
13a Et,0 0 20 44 79

5 13a DME 0 20 36 67
13a t-BuOMe 0 20 72 82

79 13a t-BuOMe —20 144 90 92
8 None THF 0 24 NR —
9 (S)-BINOL THF 0 24 NR —
10 PPh; THF 0 3 70 —
1124 (S)-BINOL +PPh;, THF 0 4 75 1

a) 0.5M (substrate concentration of 3a). ) Decomposition of 3a was observed. ¢) Performed in 0.05 M (concentration of
3a). d) 10 mol% of (S)-BINOL and 10 mol% of PPh; were used.

Table 4. Enantioselective aza-MBH Reaction of 3 with 4 Promoted by Organocatalysts 6a and 13a

9 NS 432 (10 moi) Q NTs 6a (10 mol%) @ DHTs
R1)HH\R2 £-BuOMe, -20°C R1)‘m * HJ\R2 toluene-CPME, -15°C R1)YR2
(S)-5 3 4 (R)-5

13a9 6a?

Entry R! R? Time (  Yild é%) Be f(g) Time (i Yield é%) Be f(g)
1 Me (32)  Ph (4a) 216 97 87 168 93 87
2 Me (3a)  p-CL-CH, (4b) 144 90 92 60 96 95
3 Me (3a) p-F-C¢H, (4¢) 168 quant. 89 72 95 93
4 Me (3a)  p-Br-CeH, (4d) 96 87 92 36 93 94
5 Me (3a) p-CN-C¢H, (de) 144 91 78 60 quant. 91
6 Me (3a)  p-Me-CeH, (4f) 240 82 89 192 90 90
7 Me (3a)  p-Et-CeH, (4g) 192 quant. 93 120 97 93
8 Me (3a)  p-MeO-C¢H, (4h) 216 90 95 132 93 94
9 Me (3a)  0-CL-CeH, (4i) 144 96 920 84 92 620

10 Me (3a)  m-NO,-C¢H, (4j) 1440 92 73 24 94 86
1 Me (3a)  m-Cl-CeH, (4K) 168 87 77 72 93 93
12 Me (3a)  p-NO,-CeH, (41) 96" 93 88 12 91 91
13 H (3b) P-NO,-CeH, (41) 720 95 83 36 95 94
14 Et 3¢)  p-NO,~CeH, (41) 1440 87 89 9% 38 88
15 Ph 3d)  p-NO,-CeH, (41) 192 85 84 192 91 58
16 Me (3a) 2-furyl (4m) 72 93 949 48 quant. 88
17 Me (32)  l-naphthyl (4n) 360 85 90 288 88 70
18 Me (32)  2-naphthyl (40) 192 91 89 108 94 91

a) Reaction time, isolated yield and ee were obtained by using 6a, 13a under optimal conditions. b) Performed at —40°C. ¢) R-form. d) S-form.

R L TWS (Fig. 4). 7238, (5,5)-13a, (S,R)- iz L ORELREY
13a DIFEIX, FIEEK L BBt RE/R S 7 F)L- B it 13a OF 7 F )L -7 = ZIVERK O

EFI7FIVE#EZED (S,S)-14a, (S,R)-14a £ D FiOEE|ZHSMNIZT 52012, (S,5)-14a,
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(5.5)-13a

(S,R)-13a
-9.90 ppm (3'P NMR)

-11.02 ppm (3'P NMR)

(5,5)-14a
-11.54 ppm
('P NMR)

(S,R)-14a
-9.76 ppm
('P NMR)

5
15a: R' = R?> = Me
15b: R' = Me, R? = H
15¢:R' = H, R? = Me

Fig. 4. Organocatalysts 13—15

(S,R)-14a % 3a & 4b & @ aza-MBH & )i 1T &
L, et ziro7z . 2O/RE, KR, (S,S)
-14a>13a> (S,R) -14a DJEIZEL, TF > F 4%
ML, 132> (S,R)-14a>> (S,S) -14a DJIEIZ &N >
7z (Table 5). KISEEDE, 2 ML OBEMERALT
HD7 /=) ROF R AR TH S
RAT 1 ) HOKFREEICLDREMNREK EE Z
55, LEOEENSEHF SIE, Scheme 3 I2/R
T RO SR ZRIBEL TWa, 97805,
XD EWAFINE T Mannich K& = £ T 5
(S,R) -form F [ {A II 70 5 Mannich K JHic L 0 4&
U7z 73, K D)VA AHERALAH Michael i
LT W (S,8)-form HEAIV 225 Z &I2&KD,
L E G AW THS. IaB, JL2AT YR
BRI CH 52,2 7 = /=) RoF o &0
BHIRITDNWTIE, 2 ffRi#&M 15b 121, &I &
AWEBSNT, 2 fifRER 15¢ TIXHE & D 4 Bk
Mo nsZ Ems, B > FABRIREREIC
&, 2207 LV 2ATy RBELNBETHD T &
MMM ERS>TNS,

4. 43I - LRAFEEIEREIHHES TR

Bilt, 135 —IVEM A E L TET
HARBEE D TIMBEDS, —hOFL 71216 24
B &9 5 aza-MBH B ZRET S I & &2 RWHIL
7= (Fig. 5).29 16 & da EDKIRITHBNWT, il 18
&, 57% ee TR (—)-17T 252 %, fillli 18

Table 5. Enantioselective aza-MBH Reaction of 3a with 4b
Promoted by Organocatalysts 13—-15

organocatalyst (10 mol%)
3a + 4b >
t-BuOMe

Entry Organocatalyst T(carg) ) T(l}rlr)le S((L/il)d (%)

1 (8,S)-14a —20 108 88  41(S)
2 13a —20 144 9  92(S)
3 (S,R)-14a —-20 216 75 65(S)
4 15a 0 144 NR —

5 15b 0 86 5 63(S)
6 15¢ 0 48 95  61(R)

EE—DVKEBETH DD, H-EF T7FILE
K2 ROl 19 2 5 L T, aza-MBH KRISICH W
% & fil 18 2 W 2 56 S O Mk Bl 2 D
R (+)-16 78 57% ee THOHNTZ. ARG

—hoF L 7 g o EHEET HAHE aza-MBH Kk
DD TOEITHY, EFESPEICHFEL THBHE
U DRl 6a, HRA T 1 2R 132, KT
Shi, ML, AR SICLDHE TN TS aza-MBH
FE Z (e 9 % fill i 2029 %> f-ICD? T, AR
Ba<KEITLARWIENHLNER> TS, B
£, WERKONLF > FFEREOM L2 S L T
FEITHOTND,
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Scheme 3. Plausible Reaction Mechanism Promoted by Organocatalyst 13a

NHTs
OoN O,N
| 18 or 19 (10 mol %)
o * 4a \
| // r | Q
V4

18 19

54% yield, 57% ee
opposite isomer

77% yield, 57% ee

..,
Ty

20 B-ICD
No reaction No reaction

Fig. 5. aza-MBH Reaction of Imine 4a with 2- (2-Nitrovinyl)
furan (16) Promoted by Organocatalysts 18 and 19

5. £&o

EEOSI, T EAMICEDORF-REMOE
R T & % aza-MBH R A 2 75 — EIG (L AE
ZH 9 DRI ARF A TRl O BT IR L
. BHO TR, $EZE SO St L TE
HERNCL L, filifEdRkOEREIC X2 ERY D75
RHIEN T & S EREFMB O XM S U TH
ETH5. 830 DR, MRS S B MBI
NTH DI EMEW, BUE, ZEHIGTEE 2 %)
RIIZTHA 2T 5 2 &K D MBEEN ORI
HFHEANORRZBRF L TV, FlzX, Bk
A B Sy Tl TIE, Mayr OFEIE L TW 3R
P SREBETHEETO 20 ANTT YA 2O
2> T, AX—HY—DFFA >t/ 1
NOKBZFREFICLD T HRA— 3 > OREELZEF]
Hd22&LT, BMERETRMICEDRIEZEED &7
<, MSEN 2 REMICED S 2 EbAEEE R D D
ODHD. FEOEEIICX D EAH R TN EH
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7z, RBRRZERZBEEMRRRBIEE L, KBk
REFPEFFEFE S AR 2564, Prrhfvd i
RHEL£T. MIRICEESNEE XL, It
L, HP—EL, EHESELITER
DREHMOEEZRL XY, BREICATOD o/ bEfT
ICH720, BHENEZBO £ Uk, MTBUEAN
FHABAN IR B R I TR L 7
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