F25E 1M
2011 4£2 A

G
JOURNAL OF MOLECULAR CATALYSIS(CHINA) Feb. 2011

i fb Vol. 25, No. 1

XEHS: 1001-3555(2011)01-0006-05

F M TR B = BE A 4L i R 3 R Diels-Alder 7 f7

A", HRR, LA
(1. P EBREGE 22 M F B BT, RIEA S B E AL E R S S8 E, HoR =240 730000
2. P EBABEIF R A B, dbaT 100039)

B OE: W7 R U R R A ALY Diels-Alder FURE, %L T 4 Fh Bronsted R B 1L
FA L HLBE R AT e o T A R A AR R SR I R BT A R AR AL AEHE L Diels-Alder J

O HR 2 B e R AT A R P S ) S AR R A

X % i8: TP Bronsted B2 ; Diels-Alder [ B ; A% FRAEAL

RESES: 0643.3 SCRRFRIRED: A

TFEFCAR BRI R AR IR AL A 55 1)
B Z—, FHERAEARZ I B T F R 24
HEZEN M, EATES AR AN TR
ZAAKT FRAE AR SR H 3 B R T S A AL 1
AE . EARSRINITE | A IS I H TR RE R AT L
THE TR G N R —. Jilk, RATEIT
BT RN R B TR R AR e, BEATTAE Ni
AR Y R TR X i 2 4 1) AN X R Michael Jii A% 2
JOE FF R T B A AR AT A RS AR e B

KR Diels-Alder J2 i 2 #4 # 2 A T3R5
T IR Z —, TERR W) ST 5+
)G 5 DAz i . 0 LR A S AN X B
Diels-Alder JZ i i AELL R, B FPERCAFT Lewis R
& BN T Lewis IRAEAL R — B AT i
LIRS (B T AR AL 7 Ak S 1
SR E GBI RN AR A 4 8
PEAL TR AT DA 3 — . MacMillan #fF 53 /N 2H 32
SEFI T Bronsted FRAETE 1L 36 @A B R E
BT 14 WK na Wk [ F152% 11 Bronsted [R5 1k o,
B ANVRLURIE T T 1E 85 - [l AA, 200 e IF 85§
Hh ) A — 25 5 PR AR R ) s AR R AR PRI AR SR
W&, SZIR T TR Bronsted fiR 2[RI AL 19 A X B
Diels-Alder fz j. #R#E MacMillan AL SEN% , ¥ H
BATEITE B BT 1R — % 55 Bronsted FRAH
454, JEW T Diels-Alder )i, HUS T — L8550
FENIERE S

Wi B HA: 2010-10-23; &[] HHF: 2010-12-30.
EFRE N R, B, AT 1974 48, 1HREE.
* JHIHEER A : Tel: 09314968326, E-mail: hmhuang@ licp. cas. cn.

1 L E S

11K 53R

PLCIR, 2R)-1,2-Z 8RR H R BE 2 — e oy J5p
e RESCHR' P £ I 2R A LA T T
(1, 1a-1f). HCIO, (70% ) F1 HCI(36.5% ) A [
B R A R A BR 2 R A2 7. HBr (40% ), CF,
SO, H(98% ) Fi PR 1 X2 oAy ] 24 4 AT AL~ A BR 24
A pE B R Fluka 3X57). 5256 v il A (X A%
i BRUKER-DRX400M #% # 4t 4 { Fl Agilent 1200
TR RO A 1% X

R' la:R' = H,R'= H
O NH 1b: R' = OCH,, R’ =H
R? : lc:R' = OCH,, R* =OCH,
R? 1d: R' = H, R = Ph
O NH le:R' = H, R® = 4-CF,Ph
1 1f: R' = H, R* = Br

R
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1.2 AR 5/ Z % # Diels-Alder % 7

ERTZAT, BT (10 %) F it e
IR (20 % ) ¥ FH EEFIZK (19/1, 2 mL) IR G %
Fh. REHZE B B RS (0. 5 mmol) AL WK
W, JFERERE 1 ~3 min JEIIAE AR BRI A (1.
5 mmol) , TEVEE MR, dkEfiift 12 ~ 36
b A I PR I S S A S, T N AA
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FZHMA 50 mL ZBER RS, SR A HLAE S0 7K
Ve W ERKYE. ZE RN, KR B R AR
YT 5 mL IBSH(TFA:H,0.CHCL, = 1:2:2)
H, BIRE, BERERON 2 he S, AR NaH-
CO A, MG mEAE, A HLAHAITEK Na,SO,
W, ZR LTRSS B AR 2 AT 40 215 2
ey 4. F'H-NMR (400 MHz, CDCI, ) i & itk
W4 WK, 8 1.54-1.57 (m, 1.4H), 1. 60-
1.63 (m, 0.6H), 2.582.60 (m, 0. 7H), 2.97-
2.99 (brs, 0.3H), 3.08-3.12 (m, 0.6H), 3.21-
3.22 (brs, 1.4H), 3.33 (s, 0.3H), 3.71 (dd, J,
=4.8Hz, J,= 8.4 Hz, 0.7H), 6.06 (dd, J,
2.8Hz,J/, = 5.6 Hz, 0. 7TH), 6. 16 (dd, J, =
3.2 Hz,J,= 5.6 Hz, 0.3H), 6.32 (dd, J, = 3.2
Hz, J,= 5.6 Hz, 0.7H), 6.41 (dd, J, = 3.2Hz,
J,=5.6Hz, 0.3H), 7.13-7.32 (m, SH), 9. 60
(d, J = 2.0 Hz, 0.3H), 9.92 (d, J = 2.0 Hg,
0.7H).
1.3 =53t

PR 2 H-NMR #22 J5, & T Jo/K H s A
NaBH i JiF B, 348 555 77 ) FH o RORORR €8 33 1 43
BT it — 200 0 S 0L B 0 B AR 34 498 M B Al XoF e A 2o
Bt (Mt &1 5. Chiralcel OJ-H #F, R £
I mL/min, JE i 7). 1E CbE: ST INRE = 85:15, I
K::210 nm).
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FH PR 55 B0 8 6 10 B AN R B R PP
PEFV TG VAR, B8R MIR . BRI
70 B2 T e 53 v A [ RO X 52 o T M A 7 A
TEPEE Y R
2.1 ZFERT & A B 20

G EE A R B MR AL SR BB R 5 e, S
ZRINER 1 s, R 1 gl ] DUE ) BRMER 22
S0F SN Y S A AR . 24 B H AR P R 1)
WIE R 20% 1) HCIO, B B 1 A K58 1Y = 9 L IR
(TFA) I, A0 ZR I S b 25 1 S A S PR R IR
Y S 15 14 (Table 1, entry 1, yield: 26% ; entry 2,
yield: 47% ). T 7E 5% B2 1 /Y TIOH ( = TP i iR )
HCL #1 HBr & Z5 v, HEAL R TE DR b 55 B 0] A 18
PEVERNAE XS WA e B R g W], S AR T
fodkeEn, BAEMRERTE R HCL 1A 2 b i i i35 PR R ST
PGB AR R 554 ( Table 1, entries 3, 4 and 5, R
35K 76% , 92% F170% ). Ssitkn HCl (&£
FRC, SHEARITE 20% HI AR R b, ROWIEA EAK
H:(Table 1, entry 6). M _FRZZEAILIEH, DL HCI
YER B AL, SN 45 AR AT X T RE S
TRRAE R 3R 8K 55 A H T Bronsted 1R, THE e
W O A B 3-8 P rh AR, T w5 HCl
YE Bronsted B2 1 T H T RO A5 42

1 BRANE X i B 20

Tablel. The effect of different acids and temperature *

1a (10 mol %)

acid (20 mol % )
/\/\
rrT Y \() +

MeOH /H,0 (19:1) Ph CHO
2 3 exo-4 endo-4
Entry Acid T(C) Time(h) Yield(%)"  Exo: Endo’ ce(%)"

Exo Endo
1 HCIO, 0 36 26 1.7:1 59(S) 69(S)
2 TFA 0 36 47 3:1 70(S) 60(S)
3 TfOH 0 36 76 3.3:1 62(S) 61(S)
4 HCI 0 36 92 2.8:1 64(S) 55(S)
5 HBr 0 36 70 2.9:1 61(S) 62(S)
6 HI 0 36 - - -
7 HCI 25 12 91 2.8:1 60(S) 60(S)

“Unless otherwise shown, the reaction was conducted with 10 % of catalyst (1a), 20 % of acid, 0.5 mol of 2, and 1.5 mol of 3

at rt in the methanol/H,0 (2 mL, 19:1). "Isolated yield of a mixture of exo-4 and endo4. ‘Determined by' H NMR. * The ee was de-

termined by chiral HPLC. © Absolute configuration, see reference 4a.
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2.2 BEX R R0

— ORI, T X AN KBRS L 1 ST A
PEAARE R, K 1 entry 4 17 HESE
A, EFRA T E R SONAR F v, B B i B I A
SRUGVEAT FIT el 78, (LR I A T 56 P R AR R 5 A A2
(Table 1 entries 4 and 7). BCERS351892% F191% |,
T AR X LA M exo:endo ARJ2 2. 8: 1.
2.3 BT R M0

Ml FIRRSEER AR, AT —2P 7820 % HCI
PRZRFNO0 CRHEE T SN 520, 25045
WNER 2 Fizn. GO0 LK O SONEFRIE , fEARTRIAT
PEFR WA EPEMEARFAR ( Table 2 entry-1). 4L
Pt 57K (19 1) S AIINE , S 3R A5 AH R BT 1) 245

VAR 57K AN B S K 85T N -5 7K TR 5 ¥ )
T R, AL TE ] R AR, T HS A
et A BTREAR (Table 2 entries 2-5) , R M 91% [%3]
67% , AEXTWHATELEIE N 2. 8: 1 FEF) 2.2: 1, XJmeik
TEREIEI] R R LR AT A8 2 V) 4 B e AR A
A TFREE SOSGPEh E A s R ok iy & i, i
AT ST P RO ST AR VAT P s, 23 fn 4
FHUKIE &, RO IEHA FrFEAK( Table 2 entries 6-
8, yield: 92% , 87% and 83% ), JAEXFML{AREEETER
JINIR S R 3% 40 ( Table 2 entries 6-8, exo:endo 4351 N
2.8:1,2.8:1 and 2.9: 1), {HXfWLAZEREMED] . TR
(Table-2 entries 6-8).

2 AR KA RMm
Table 2 The effect of solvent *

la (10 mol %)
HCI (20 mol % )

PhMO . @

Ph

solvent,rt,12h CHO
2 3 exo-4 endo—4
ee(% )"
Entry Acid Solvent Time(h) Yield(% )"  Exo:Endo°

Exo Endo
1 HCI H,0 72 72 3.5:1 40(8) 32(8)
2 HCI MeOH/H,0(19/1) 12 91 2.8:1 60(S) 60(S)
3 HCI EtOH/H,0(19/1) 12 80 2.5:1 48(8) 45(8)
4 HCI n-PrOH/H,0(19/1) 12 72 2.3:1 45(8) 35(8S)
5 HCI i-PrOH/H,0(19/1) 12 67 2.2:1 42(8) 31(S)
6° HCI MeOH/H,0(19/1) 36 92 2.8:1 64(S) 55(8S)
7° HCI MeOH/H,0(9/1) 36 87 2.8:1 60(S) 60(S)
8¢ HCI MeOH/H,0(4:1) 36 83 2.9:1 57(S) 57(S)

*Unless otherwise shown, the reaction was conducted with 10 % of catalyst (1a), 20 % of HCI (36% ), 0.5 mol of 2, and 1.
5 mol of 3 at rt in solvent (2 mL). " Isolated yield of a mixture of exo-4 and endo-4. ‘Determined by' H NMR. * The ee was determined

by chiral HPLC. © The reaction was performed at 0 °C. " Absolute configuration, see reference 4a.

2.4 FHEZRRSFHREMENREXT AR R0
3 nLIE H, Y0 T R oR S B
WORCHEIT, SO, B BV AT PE AR A B s . 2
AR BRI, B0 16 PR A /N B2 R
R, XS WA R AT /IR G, X A e
A Jird2 & (Table 3 entries 14). 4124 R', R*#E
R v B H SRR IRE R A X LA B I
JSVE P X0 B A2 S 495 1 R I 6T e A 35 5 R A T 4

[P 7 N o QG SR AR i [ g VAR R 1 B
PRI, AP PR B RV R
WL Br BF, SO IS PE X AR R R
Xof WA & £ T B (Table 3 entry 6), WA K h
81% , exo4 Fll endo4 H ee {H 73 ¥ N 44% F
48% . T R LB RUNE, R
ARBEULE Ry W H - BE ) R R Y 4- = 980 TP BE IR LI
JSINE P T P R S AR A e S T S A /DN R ) 3
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(Table 3 entries 4 and 5), I JF K 7] B2 ol 28 M
TR EARIERT , AME R T AL

I R T, T A T PR ) 2 ] S AR .

A TR
R3 FUHZRS FHEMRREX R EEFIT

Table 3 The effect of substitutes on the chiral diamines”

1a-1£( 10 mol % )

HCI (20 mol % )

PhMO . @

Zb CHO' ibm.

MeOH/H,0 (19:1) Ph CHO
rt,12h
2 3 exo—4 endo-4
] ee(% )"
Entry Amine 1 (R, R,) Yield(% )" Exo: Endo®
Exo Endo
1 la (H, H) 91 2.8:1 60(S) 60(S)
2 1b (OMe, H) 85 2.9:1 57(S) 47(S)
3 1c (OMe, OMe) 88 3.4:1 66(S) 63(8)
4 1d (H, Ph) 83 2.6:1 62(S) 57(8)
5 le (H, 4-CF3Ph) 89 2.7:1 65(S) 57(8)
6 1f (H, Br) 81 2.9 44(S) 48(S)

*Unless otherwise shown, the reaction was conducted with 10 % of catalyst (1a-1f), 20 % of HCl (36% ), 0.5 mol of 2, and
1.5 mol of 3 at rt in the methanol/H,0 (2 mL, 19:1). " Isolated yield of a mixture of exo-4 and endo4. ‘Determined by' H NMR. *

The ee was determined by chiral HPLC. © Absolute configuration, see reference 4a.
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KT —FH B TR e 5 Bronsted 2
B EAEFIE B T A R, i FHEE PN
TR 1 AR 5 3R 0 1) Diels-Alder J2
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Application of the Novel Chiral Diamines in Diels-Alder Reaction

ZHU Qi-ming"*, HUANG Han-min'* , XIA Chun-gu'
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: A series of chiral diamines with novel rigid structure have been successfully applied in the Diels-Alder
reaction. The effect of reaction conditions such as Brgnsted acid, temperature, solvent and different substitutes on
the diamines was also extensively investigated. The results showed that the Diels-Alder reaction processed smoothly
with high yield and moderate enantiomeric excess under the optimized reaction conditions.

Key words: chiral diamine; brgnsted acid; diels-Alder reaction; asymmetric catalysis



