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Abstract

The dissertation is devoted to the theoretical study on asymmetric Michael
addition catalyzed by simple amino acids and their derivatives. We employed the
hybrid density functional, B3LYP, in combination with the standard 6-31G* basis sets
(denoted B3LYP/6-31G*), as implemented in GAUSSIAN 03. To obtain more
realistic energetics, single-point calculations were performed using the larger
6-31+G** basis sets in combination with the CPCM model to include solvent effects.
Through the differences of conformation and energy among the enantiomers of
transition states, the origins of stereoselectivities and main factor of these reactions
were explained very well. It could be employed as a trend of designing new catalysts
in future experimental studies. The following conclusions can be drawn:

1. Michael addition of cyclohexanone and f#-nitrostyrene catalyzed by simple amino
acids: reaction mechanism and selectivity

(1) In the so-called proline catalyzed reaction, the classical enamine mechanism is
kinetically unfavorable, therefore the proline does not affect the C-C bond
forming. The major pathway is the wuncatalyzed mechanism without
enantioselectivity, which is kinetically more favorable, thus the poor selectivity of
proline catalyzed Michael reaction can be explained.

(2) In the proline derivative (tetrazole of homoproline) case, the major way is
enamine mechanism, which is kinetically more favorable. In the alanine case the
major ways are two different enamine mechanisms.

(3) A trend was concluded that the flexibility of catalysts determines the viability of
enamine pathway of proline-like catalysts.

(4) A new way to enhance the enantioselectivities of amino acids and their derivatives
could be developed by simply increasing the length of side chain or transforming
cyclic catalysts to acyclic catalysts.

2. Michael addition of cyclohexenone and nitropropane catalyzed by simple amino



acids: reaction mechanism, selectivity and the usage of additives

(1) The major adduct of proline catalyzed conjugate addition is R-enantiomer, the
addition of piperazine-like additives can enhance the enantioselectivity.

(2) The major adduct of alanine catalyzed conjugate addition is also R-enantiomer,
although the original selectivity is not very good, the addition of piperazine-like
additives can enhance the enantioselectivity effectively.

(3) The double hydrogen bonding effect of piperazine-like additives can lower the
energies of transition states of R-enantiomer, thus can enhance the
enantioselectivity, and it is applicable among amino acids and their derivatives
catalyzed Michael reactions which undergo through imine mechanism.

3. [3+3] cycloaddition catalyzed by proline: reaction mechanism and selectivity

(1) The simultaneous existences of imine and enamine intermediates formed by
proline and a,f-unsaturated aldehyde can greatly lower the energy barrier of the
Michael reaction of first step. The [3+3] reaction undergoes through the
MBH-like mechanism.

(2) In the [4+2] reaction, the indirect Mannich pathway proposed by Hong is
unfavorable because of its very high energy barrier caused by the two excessively
close proline rings. The aldol pathway which releases one molecule of proline by
hydrolyzation 1s reasonable.

(3) 2-methylcrotonaldehyde can not undergo [3+3] cycloaddtion because of the steric
blockage of the methyl in its intermediate. The major pathway of crotonaldehyde
is not [4+2] cycloaddition because of the high energy barrier of hydrolyzation of
its intermediate.

(4) The key steps to determine the stereoselectivity of products are the Michael

reaction step and aldol reaction step.

Keywords: Amino Acids; Asymmetric Michael Addition; Density Functional Theory.



o RS E X

TEABUE T, BBk S T BUR AT AW G PR, A HLE T
BT BRIy o H WLIRI T BB SR B T AT WL N A FR A 45 5 (Aldol) | B i
F 34k (Mannich) 52 .« JK 2R - B 78 (Diels-Alder) PR I S Y« 22 34k (Amination)
RN E AL (Aminoxylation) )2 W25, Hirfr Michael N s S 2V i 4 46 LT
JHEZ —, E R (S T B T e f- AR . W BRER IR T A
(3B B SRR PR SR N RS, A AT 176 TR A 5 e B Ak B (¥ —Ffr g
o JWE, Michael JIJSJs N R FH A6 R IR AL R R Al AL e B, Rt
WOl NENESE . AT 2R, ] BT, EUEEN. USRS
H—m il 1.1 fros:

\C_C/
B - 7 RO | -/ s Ry
A-CH,-R — » A-CH-R CH—C—C  ——— » H-C—C—C-H
A/ \Al A I AI

Ay A=ESE, MWL, BEEL. RHIE. EIEAE.
& 1.1 Michael hpgz NP

o

H 1887 7 Michael e AR ALK, B Z A TXF Michael N BTG — H %
AW B A A% Michael JHRUR AL, AMTERE T A i SRR
Ky 45 AR ) 57 % Michael JIESOAY. « HLAE, Michael J b L8 ik HISR JE B C-C,
C-0, C-N, C-S BN E )ik —, EHPLE R & EE AP,

AR, A0S Michael SR RBFFTTT ) = AR PAEAR AR BG HAT A2 3
W PEA A DD 8 B B 70 A LB B0 5E LA T T R 45 o B4 1y
fEAL TR 48 45 AT LA JE 45 5 W) el kRN A 0 S5 Bl 82 % IURH . T Miichael
TSN A5



Tl PR LR AL AS KRR Michael 08I0 BLIS ST

$1.1 Michael iR R B R L& B A EIRL ™

§1.1.1 Michael N EMEBEEEENLEY

DIELEE Sy 1 I A O R R, AFAEAE IR 235 K B Michael IR MY (558, HAE
T A T 2 B A DA S IR 1 5 Ay S () D R,

ST A AT RO UL IR R U, LR K 2 B B 3
W ST A B i i (acyelovir 1 ] 1.2) BG40 HSV-1 # HSV-2 i1, [
7% (ganciclovir 2) LA L P E A1 MR EE 35 M, 25857 F (penciclovir ) A5 5
SO 5 9% 15 AR 2R 35 1 s HPMPC (M RE T A2 47) . HPMPA(IRVE AT A=) 55 fig
N IR JSE (1 v SR SR AT 26, vl AW HIV S50 2 1 fe 3

0 0 o
L L Al
HO VNN, | NN N, o N/L,(‘\NH2
HO
. 5 HO 3

Bl 1.2 &SR RTUR LS

N-9 Le BEAV RIE NG & 5 B FL AT 24 BTG 1R B AZ 1 SR a5 S5 e 1 e
RSP s T FEIR T BB SR, BRI b AL O,
WS T — NN O IR, HIE I R N  X ak FE AR 2, e
Q-G LM A () de Ak i B B S A3 N-9 ke Bbtb s N-7 frke b ifiR & 724
(L N-9 7 =W P o LU ER L ), o B I R A A S ik G . H RTME— T DL
SEAR1TFH] N-9 AL AL A B 6-FUEM 5 NG 1) Michael JHRES MY, LA iR
WEERS 55 53 41 DU AT Michael 5244 ¥] Michael IR Y. o

Geen 25" KoCOs fEALIE NS 55 AR R G S 2 4R 1Y) Michael JEGR N, &
PRS2 AR G5 K 0 W W (R A 28 DA S AN S IR BV E AT — 7 IR 52 o =445 ] FH S P o
PRIEAN T I FR IEATE A S AR, — FFAa4F 21 2 N-9 A7 A N-7 A7 00 s ¥ (TR &4,



o RS E X

MBEHE SN FERIIEAT, P 11 5848 N-9 S = AL LS « A Ak IX
L6 IR AR Michael B0 i) nl 3 P AgRe, S NI 2208 T N-9 P22 #40)
v BRI, BT DAL — A R

S R (1 7 =ipviik =< A D) 115/ S NATEACI R S Gib O 557 3 BN G i~ LS4 1)
SRz, Jang 2] KoCOs AL IRIEES 15 F L S N JE il /E DMSO H1f) Michael
TEG P20k N9 Rriis, 7= %5k F) 66.6%. MLl = 7, e fi Al 1nd |
W 55 T 0K (1) Michael DRGSR Y, £33 T — R 50 T PO EE A2 R .
DBU th/2WEs | mEIE ik B Michael IS B () —AN RLEFAEAL TS, K B
FCT AR HIE AR TG 241 Michael B2 543G 10 RN A5 1F T, 6 TIEDS | IRISE 1)
i FEE Michael IS MY A2 5845 ATAT I o

R AL BB T Michael I N, EA15 14 B RS A 4r, I
RO T ARHL 2B . ShaikhPO25 1w A il + R g FAS2 640 K107 R
Kk, ST — RIIBINZ Michael M9, iz AR ZR Y, AT
W) Michael DRGSR N, 1T AN BEARE A 557 B BENZ R SN o e 32 B R e WIS
(A RL(3-6h),  HLRHER 73 I S e ekt 1 80%.

§1.1.2 ESFERBHMES Michael finpX

Michael I S AR AT AN T8 7378 BONTES I o 76— 0 58 IR BE(PVA)
BEATECE 4R S PP 20 7E DMSO MG RRIR 5 PVA 1 ¥23E3E4T Michael Ji
J, Bkl 20T ik 30%. B R ARSI R, Michael [N R FF4RB N
BRI AR v o1 DhRe o TR i 2 REMIIETT T, B g R Re bk
[F 53 7l ik Michael SR AR FHAF 2 TR KR RE, W siA- 455 2R ] Michael
IR R N A T — R BB 2 i o, BB r Rt n, Houma R n, &
S-SR IE () £ B B BE 2 390 . Hobson 5214 i 17— & SRR R 0 2 1
FEANTT B ER T, T8 C-N #EY) Michael Jif s SR 4314 7] S & L Liu
S E Michael JIse s W Xt AR T B O, Xu S5 BT T LU T4
ARG RUR L R SR 50

Michael JI S N SR REAT A R AL Betkgh, ] DU Ao =4 1o 9
11 Watanabe 2P 1L Michael Jnp S N A, SEBIL T A P R 5 D4 446 1R



Tl PR LR AL AS KRR Michael 08I0 BLIS ST

W& (K584 : Hulubei 2557 A Michael DI S84 73 31 1 857 20 (1K) 58 (L SR TR 0 i -1k
Patel 25814 i T 5t G L 110 2 B U 1% ; Gaina ZEP°L@ 3 C-S 1 Michael = v
BT R SRR

§1.2 FEEEFERKFR Michael 11A Bz #8952 ™

RG], BERORAR T I NI A), B, iR AR S b7, [
M, ANPGRS, AR — EoE R

VERL M NN Z —, K85 Michael JEG I R4 7K 5K AN 5F
Z, ARKF IR LERE 2 (1) Michael [ Y ATAXIFR Michael Jck i, SAE & BV [0 45
SARFIRI 7 ) FE o SE AR PEPE IR B — P4 AT, T B2 R AR A 70491 2 -k
Al BRI, TEAXIRRG B, T IR Ok A3 0k 2L

PRI, ARk Michael IR N IRIRIEFE B A SRR IR 4y 1 S5 6 A, HEALFRII
WEGEIR A& FL B BB

£ Michael IS Nk FErp, 38 I SRS 7R % 32 44 B AT K I A1 -
BE sp® 2R Sy sp® Fedb, X RREEAR BT X MOE PR R A BT AT
PR Michael IR S 1) B8 2 ) a2 5 JVE 22 D Be Ak 0 TR B S  2 0 2k vh T A
FLR G220 [ TS WAE LG 8 [ 24 v ) (A5 5 T (10 )8 FH .75 381 1 o ek
IR, AT A G FR Michael JiH kS W Ak A 55 AR K 1 2%

Ik, KER af-ANHIFEY) FIHE AT TR Michael i85 M. IR 8 J7 245 it
FUk . Mk B RN a - AR IAL & ) 1A R
Michael JNS N HT 78 TR K BB F AL R an FHE 5 R 4
fEeEY. FrHLESESEY . EF Lewis IRVEZ SWM FPEBE . JEF1E
ik B e B A EE S LRI AT 2 T2 s

§1.2.1 FHERESMIENLARITER Michael DK

LA, AKFR Michael ISR H o 4 E 2 AL IR AL LR FrES R g &
). HH Shibasaki S4B R [F) 20042 I 22 D RE TP AR A 70 R G i 462 a8 k.
WL B BEEE TS S WA o BATARE . BeRBR s A, AN
< Ja (R HEAG RN 5 Michael 2 AR R 45 K¢ HAH#M 781K . Shibasaki 7 1995 4F

4



o RS E X

MU La(0-i-Pr)s. (R)-BINOL (3mol1)#! NaOBu-¢ (3mol) &% 1 627 1% 1k (1 5 - 40 -
TRZE MY 25 5 W)(LSB) o "B I AR A N TR IR 15 PAJ I A 7K I () 45 T AN KPR Michael
IR Y. o

MR “ 22X BAES” BIHER 4 & o0 Iy DLk Rt H AT 0T R 1) 2 3L
SR TGS YA 4% Shibasaki #OE™ A\ 5 THEALE, (R)-BINOL 1
LiBu. NaOBu-t. KN(TMS), F1(&;)Ba(OBu-), il % i) T-PEAEAL 7% Michael ik
R W AR & AL . Shibasaki A58 A R T HE A AN E B A A, W -
BZEMER A B-I-BEZE A A, AT AT AT FR Michael il

]I 1, Bonadies #3 ™ I7E M4k F(10mol %) (1) = [(= 46 F 5L 220 F ik)-D-
TR 4 (L) [Bu(tfe)s 127 78 IS B0 R 5 1,3- B AL A W0t A1 945 15 F1 156 1) L 98 n ak
230 e B 4= Michael L)« 35 Belokon™ & H1 T H1(4R, 5R)-TADDOL
() B R W 1) — AN T SR A 1% AT A TR T ) AN 6 Bk Mlichael ISR Y o 2
JE R R e T & B 4 & Wi T I 4 B 5o 2F4 Lewis 2
PEM 4B 48 AL D XU, BE-BINAP 4k 7715045 B 43 1) 6 AN [+ 1)
Michael Jl % S Sk EIR AF I AT o

$1.2.2 FHEM—EFUHERERERESEINESYENT TR Michael 0K

VEJ BAT RS 458 S E R BRI L 5, T PE el AN DORT LU R T R
A A e AR IR SRR A, 3 ) DA A5 3 e PR IR AR 38 456 S o
YRR TR ER AL T o BUARVE 20624 PRI TR I e 15 il R, (R AT DA
N HEAGT I R A FR RN . 2001 4E, Bako 260215 il 1 45 4 41 1 B o
TR TR RO IE, I A 2-Bi 2k P B 202K Bl (9 ANXTFK Michael s A
AR, SLAEE AR AR B 4 A (SL-PT) F = 2E MG W-a FI 17 A2 S-%f
SR ). A TTIE I S g b CIE I RUS A N B EAHEE X
PRI W R R A RSN . N 5t B R AT BB (1 BER B A 2 %
AMRZ WIS, Xl e /e T BRI N-Ts B FERAC T 25 5P B
HE BT AAAT BN AT ke BRI BLAS AR - 72 BA A i NH ZER AL
FE N, AR VEA B REVE I g . A IS ee f (enantiomer excess
X WA R R ) RTE 90% (77 82%), WFFTEHEN AT e A HO A Zi i



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

