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HIGHLY EFFICIENT ASYMMETRIC REACTIONS
USING TRANS-PERHYDROINDOLIC ACID AS A
CHIRAL ORGANOCATALYST

ABSTRACT

Trans-perhydroindolic acid is a key intermediate involved in the synthesis of trandolapril (an
anti-hypertensive drug). Because of its unique proline-derived structure, it can also be used as an
organic chiral catalyst in asymmetric reactions. This article concerns the optimization of the
synthesis of trans-perhydroindolic acid and the study of this organic chiral catalyst in asymmetric
catalytic reactions.

Our group has successfully developed an efficient synthetic method for the synthesis of
trans-perhydroindolic acid. On the basis of earlier synthetic methods, our aim was to optimize the
synthetic process to improve the reaction yield and to reduce costs. As first of the job, our group
has successfully increased the yield of the first step (the formation of aziridine cyclohexane) of the
synthetic process from 82% to 94% by changing the reactant and the catalysis (NBS) molar ratio.
Our next plan involves exploring reaction conditions for the fourth step (the primary alcohol
oxidation by TEMPO and TCCA), of which we know the most appropriate reaction condition
requires five equivalents of TCCA, giving rise to the yield of desired product from 56% to 93% .

In addition to the above, trans-perhydroindolic acid has been successfully employed in
asymmetric Michael addition reactions with the aromatic nitroolefins and aldehydes. However,
there is considerable room for improvement for the Michael addition of aldehydes to aliphatic
nitroolefins. The most promising result concerning Michael addition reactions with the-aliphatic
nitroolefins and aldehydes using trans-perhydroindolic acid, gave the desired product in 85%
yield, 97% ee and 90:10 dr.

Key words: Trandolapril, organocatalyst, trans-perhydroindolic acid, asymmetric Michael
addition
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Fo E1.5 mol% AT T, BUSRIFAISIARESENE, eelHi&£196%, driHik399:1.
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@) > #idr¥

Sl s SHANGHAD LA TONG UNIVERSITY Trans—/\ﬁﬂgwﬁé@ﬁ%'—ﬁ H'g;f(yr}ﬁxﬁw&mﬁfgﬁﬁg%
O\(Ph
N Ph
H on
Hay-a

H Improvement

put
N N

CF,
s ; »
HO Ho—p, HO—p, O
CF
H Ph Et F,C CF; 3
Gong-a Gong-b Gong-c Gong-d
Gong-a 1.5 mol% 0 R2
o Benzoic acid 5 mol%
A r - 27X NO, -~ HMN@
H CH,Cl,, r.t.
R!
ee up to 96%
drup to 99:1
Scheme 1-11

20104F, WangBHZE A\ A A Eng 0B SR P IERUIRSS &, AT — P R AR . (H
AT R 2R SE N 7R, I B S STt AR IR &

I
H HN S
\f

HN 3
0 1 20mol%  ar 9 K
H )’%/ R + R3 /\/NOZ T H NOZ
R2 CH2C12, r.t. RI RZ
Scheme 1-12

(4) BTk

20074, HeadlyP%E N1t % 1 A B AR SCRE L s AT VEE 4077 Headly-cat,
FERs R TSI S AN SR AN KRR AL OB A, B T T SR B, J8 % T
95%HjeefH -

() ! 7
N_ __N S~

HN
NTf,
Headly-cat
o
X 20 mol% O
H )’J\/ R + Ar/\/ N02 - » H N02
R2 4°C,E,0,6d RI R2
ee up to 82%
drup to 95:5
Scheme 1-13
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@) X Fxdry

N Giuassciin s Tone u..-.u - Trans-)\EBIREE S SR T FREL R RAVIR
20094, LombardoBUNEHA R 1 A & TR SCEE L] Lom-cat. 7E1 mol%fifl
FIFHEM2N Y EREMAMLT, HEmesk1599%Meeft, Ak, HIAEXTHAIEFEMHEAZR
Uf, Wb E . TR R R A R AL, RERS IR E98% L I [1eefd .

/\/\

©
Lom-cat TN @ o

i 1-5 mol% s
1 -J mol7e
H )H/ R A X NO, - - NO,
R2 Solvent, r.t. R! R2
ee up to 99%

Scheme 1-14
Hirosel474E 20104F & B &Y 18467 Hlir-a, Hir-b, ££15-20 mol% (L FIHE T, i%

AL S et AT AIL £1)92%, fH 2 HLARXS WK FEPEAS AR 0 #LAE .

Hir-b R = n-Bu 0 Ar

O
15-20 mol%
H)S + Ar/\/ N02 > HJKKK/NOZ

0,
R 5 mol % TFA
ee up to 92%

Scheme 1-15

(5) MR HLE
ChenBSIZE ABLTE 1 — & i IME I AT AE SN 7 HIMEALTT Chen-cat, K53 %t

R A ) AN XS PR Michael TN BR SR o 122 S5 B A0 ISR 6 TT LLIA £1)959% e fH -

0 N
H )K( Chen-cat OH H J><k/ NO,

Cat. 20 mol%
PhCOOH 20 mol‘Vg

+ R/\/ NOZ
0°C
(0] R

ee up to 95%

Scheme 1-16

20094F, iZ/ N N EFT TR, TE R T — R PR ALATAE SR 4L 77 Chen-a, Chen-b,
Chen-cB8l, szigak BB IR, #EAL5T Chen-bigiX— RIMEALA PRI N AR T RHEA

% 10 71 4t 38 W



@)X Fxdry
S22 swscin o Tons esan Trans—)\ SRIME: £ SHFMAENLR REYHZE

[ R HEAT SR, 7E5-10 molo b A AL T, BRI ¥ AERIMELECR, B3] 7
MR 7 3 DL RS AR FE R, Hohee B A AT 1599%.

TBDPSO,

O _h 5. 0
J\/Rl . Rz/\/NOZ Chen-b 5-10 mol/i
H CHCl;3;/MeOH 9:1

Rl
ee up to 99%

Scheme 1-17
(6) &XSYNmHE
CononB7F 5 /NH LR IR TP I B X AN B E N BEAR, & it 1 & AN [ R AL ) A 4
BRAEAT . ik 5, S5 KL 9-epi-DHQARA RUF MMM IR . BliJa b1 F & T
FE AL SR, RS TR B SEgn 45 R . 7E2-3 N, IR AEMIHRE A 77 3t e ke A0 S
33190% A L=, fmfeeld 0518 5195%. Aik, 1ZMEAFITEXT I BLFT £33 1 A X ik

R FNEARARET

OMe
H
| X NH,
N~
9-epi-DHQA
3
Q 1 10-20 mol% o R
B SR
R PhCOOH Rl R2
Scheme 1-18
(7) HEmEE

20084F, Mal*e155 N\ fd HID AL RE B AL TS LA b S S22 AR BEAT T SE IR NIRRT o AT
RIAEKTE L ZEAT T, 21 A5-20 mol9 )2k R Jo, AT LA e WA A7) 4 2
%0.5-2 mol%, 1 HABPRAERSE2-60 h FRAT ™ ML 4. T HIXEEAEA - M2l e »
HEA M = AR IEBENE,  eeff299% H.drfi th =5i£98:2.

H  oTM™mS
Q 0.5-2 mol% o Y
. ANUNO, et . NO,
H R . . H
Benzoic acid
n-Pr H,0, 0 °C n-Pr
Scheme 1-19

20084, Benl4E A TREBESAEAL AN T N HEAT 7 — RIIWETE, SR K, AT

011 B3t 38 T
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(@) X FAdL?

=D sancHAl 0 TonG UsvEasiTY Trans-)\EEIRELS SHT R FENLR R EITZT

7E0 CF, LLZIEVERNER, &M 762-73 h, BiFHUUDMFENER, RMN24-40 h, Sz v ELfS
HREE A, 90% L et . T H., X HE W eI PR R A A, BEIA392% L L [eefd

(20 mol%) O Ph

)Ol\ . No,  Cat
H + Ph

NO
MeCN, RT, 15 h H 2
Ph R ’ X
N Ph N R >
H OR H OTMS
N
H oTms
TBSO TBSO, 0OTBS
Ph Ph Ph
H  otMs HU OTMS H L
Scheme 1-20

20114, Alzal*O%E NAE — S Bl v 2640 N HEALIE AR BL I AL & M AN R
o GERRIL, HER 7T ARERMZ AN, HARIIHFRIRAG TR, BLK95%~99% A
S fReed o HON Tl S AR IO RE MG 5 N BEHEAT SOL, 531 1849117 %<, 99% Jee i A170:30
frydrie .

O, . Ph
= Ph
QUN N N otms
(0] (10 mol%)
+ 2/\/N02 )J\l/'\/NO2
s R R CHCl,, RT H

Scheme 1-21

(8) £k

WennemersUUfF 55 /)41 7 20084 F 22 Ik S F-PEAE A5 H-D-Pro-Pro-Asp-NHy % i Fl i
FIGAE AT T AR BUR B, Fe s R T3R5 I S22, KR T 11
. AN RIS R I, A EATIAS T 07 B R R A A S RE S A 290% DL L [¥eeff .
20094 1%/ MK IR BE H I Asp e G lu,  1E4T OB I R I BEIRTHR I AL S8R, 55
TR B I AL A RN (1) ee B REIL $1195% LA I, 17T LT i i ik il 25 445 fi 515 1] 90~98% [ ee
=

-
NH;=TFA

Wen-cat
0 MM 1S ol o ¥
H)H + Rz/\/Noz Smole H)k‘/k/Noz
CHCl,:i-PrOH = 9:1 |
R! r.t. R
Scheme 1-22
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...--.' 'c'.'-.:l‘.l - x> .,q;ﬂ:
NS/ susonn o tonc aessn Trans—)\ SIS 5 MR SRMEILR R f0HT5E

1.6 B

UREALE AT 2 A Gt A, CORRIIIRZR H trans- )\ bR I 2
JRITiE, AR J LD B B BRI AL 2 6] o A PR H AT, FAESEREAE P&
T ZRRRENAL, LAt — 2D e i SRR S BRSO

o33 BRASALRI AT trans- )\ 205 RN 55 A A 25 A S 90 5 EE I ASXHFR Michael
TN NI T, CIB BT G B RCR , SR TS T WA S AR A, LA 7 AR L AR
FPE L, @B DHikE, T[T P,

PRI, A8 SCHY 2 AR W 51 -

XS T trans- )\ GG W IR EAL TR B 2l b AT — B IR, AR IR ML LD
S E, BRI O DA H xR

AR trans- )\ NG| W IR S A0 W8 I SRR U 1) 2 AR AL S 10 R EEAT AN XS R
Michael JHER BIRTFT, 4R —DREBHEAL N2, X AFEAT IRAL . ik, 25,
] i A e 1 EA R 1 0 R/ (B 22 RS2 PELRRRE ) - 7F 7 HL R 12 e ST A e B P )
SN o Ay A AT NBOS TR 1540 45

=

3513 Ui 4k 38



*. ’ﬂ'ﬁ. ﬁ f 'j"
\ SHARG HAL |13 TONG UnIVERSITY Trans-)\ G| E:E 5 AN REN R B

BT EXANSHUEIZMK

2.1 M CRA AN & RIRE

@ chloramine-T O:
NTs
NBS, CH;CN
Scheme 2-1
AU NBS AL AITE CBEVE R FIRI 24 N AR DI = K& &k T8, M
M B TR TAIE o BN, 43 2B SR hY e R S5 1, XN E T R ATFHRT

Shitio 2 R LUR RIAE SR AT B BAS S T ik BAS B H AR, BT 60%[ 3.
AT RENLEL d R 1R

\

TsNCINa+NBS

TsNCIBr+NaX
I
X =Clor HN

+ TsN
Cl-Br cl

2-1 NBS #EALFR LT RY TR e - R ER
TR AL O LER AT LU H: NBS 1 /e 5 &E-T N AR |, 2 53 o5 2 N AE
BRI, T2 )5 TSNCI 5T ihjal ik 1 #EAT SEAR G B3R5 3 B s RS 1,
AR A 2 IO R A I R AR 431 PR TR SEAZ A RS S A2 B e Y T e

Tk
chloramine-T
> NTs
TMBAC, I,

Scheme 2-2

14 5 3 38 0T



jﬁi ﬂﬁ;ﬁf\E

NI SHANGHAL JIA0 TONG UNIVERSITY Trans-)\SB|RER S SHI A X FREL R BIB9S

WRIGTE=, DR CIHM =R G T R, S IRSTRE ISR AL AT 5T

PGE A 2 S, BT A 21 ) A & 0 R T VP B B 45 T AR B0 (ke T i, 7 22 AT LI 21 58%.

MPISRRR L Lo M, BATIA B AR 4, BRI, /5 200 T N BT, 530 Rt

oA i . ARG EE 77 M BRI 7% — AT U« 8 SO O AN =K & SR
T HIEE/REE . BORfEAL ) NBS RUBSKRIEATHT T, 4RI (R 2-1).
R 2-1 ANFIEE/R T IR DL 2R B

Entry gﬂ::mr; NBS [mol%] T [h] Yield [%]
1 11 20 11 60

2 12 20 1 68

3 2:1 20 1 87

4 21 10 1 51

5 2:1 30 1 94

6 21 40 1 92

MR 2-1 FTUUEH, SR —KEEME T BRI 2:1 i, OS2 3R BE . b4
MO SE-T EEREEN 12 B, RS 2R W R, AdfEisl. XA B
WEEPT DA, WFh A FERCE— il 'mE, AR T RBEAT, BT —OKE&EK T 7

I A AR I — e, BT LA RN RS T B — e S 7y, B DAA I O R AR IS e i
T“Ema&ﬁ, BEmfEm TR R 0 H, OSSR, HidEART KA
T RPI5EAT. @ S NBS IS, ATRUE . M & 10 mol%, =%k
Kb, ﬂﬁ{émﬂﬂﬂ%f 30 mol%-. 40 mol%[¥ &k, H=ZAHY, &N 30 mol%Hhf it

UEﬁﬁimm, mE T 94%. MHLIEFEDEH, XAGEREGHEN, K NBS 784K
W, wEPE Br*%ﬂ] (R4 NBS FIRFHEE f e X T N = o A e A E A

BRI AT IS, MR —/KEEM T: NBS FER HLXT N = 4G % 3% 150,

YHPERIEN 2:1:0.3 B, FRERE R, HZATRIEML, PPEREER T 94%.

2.2 BRI

\/\MgBr
NTs —— = 5
CuBr, Et,0,

50 Ctor.t.

Scheme 2-3

NTET JE 26 i, Sl et B SRR R G £ T3, S SCERAS 01, Mullerl®]
S5 N\ R ERS IR B AT AN FRIF IR SN, eefEik B 1791%, (HZIXAN B A A H
FR A% QT A B A e o e B, T EL = AN

WG, AT RANBREHATLE GG, R T E A AESLAR G LTS 2 S U Y 1)
THBEART=W o W4 I TR IR B 1 BRI VRAE-50 “C 2% A T 0 2 2R CUBe Y TR (1) TRV
o, TERAG AR AL T 75 Bltrans-N-Ts-2-(2- A M 58)-FF CU%, 77k 5190%. 56 & I,
SREHIMNAR £ 7T LA R IR 5 S 2 E BUR AT R A2 AR S B o [R5 B i

15 51 3t 38 T



®) X FAdrY
NI swmciun wo Ton usiversiny Trans—)\ GBI S 5 R T IFME ML R RIROHS

FETHERIEO ‘CLLR, AR b A% IR A A B S e, I 3 AR 1Ak, #E ik
AR RS IZR B 5 (R 2-2), NEHRPRTUEH, Hi Gl L2525 U
B, HRBI PR AR RI90% A E, AR, MEAK, FIERWATTE. RIIEFER
=, WOEBMH2.50 4.

22 #& T T RN 7 R

Entry | Grignard Reagent [eq.] T[h] Yield [%0]
1 1.5 14 29
2 2.0 12 64
3 25 12 90
4 3.0 12 91

2.3 WEs L

H
z OH
> /
N
H Ts

Scheme 2-4

) S AR TR (m-CPBA) 2 — i AL, AR SRR R i By iR AT, T HL
P4, fERMSERE, AT DI B AR BRAAVE I B BRI AT JE AR B o kS HAth 1 4
WA T7E, ATRBUEREAE FH m-CPBAUIBH T I b S B, B . ARk RSB
U HEN, rh Sl AR a4, SEm s TR SR R Z0 B Asrm . B2, SLindh
RHTPch, HSeBr B EARA R T RA Y (RI AT R E ) IR, T S A
K. AR, AR N =Tk iR, HARAERE, 1R 2 BA ezt ) U
BEBOY B R E Tooh, MR T 2 @ B . RS 2 8m, A LA )
87%. ANid, (HAHEENE, EILFTERIR trans-N-Ts-/\ ZU05]Wf-2- 52 F & 97 Xof tof e S #4211
RE)

2.4 {HEES 1L

TCCA (2 eq.)
H TEMPO (5 mol%) H
: /ﬁi NaBr, NaHCO, :
> COzH
N - N
o Ts acetone-H,O, r.t o Ts
Scheme 2-5

LA SCHR, R R 2 AR SRR T 1%, 5K RIS N A I Bk )3t AT 44
%mﬁTSWWWﬁi%W*%¢ﬁWﬁ&F%WIE i LN 2 AT R 0%, [
I i Ab B AR B JCEFE R A m, HO T IR R OR, AN R S AL R

16 51 3t 38 T


app:ds:Grignard
app:ds:reagent

” ’ﬂ' A. 4 f )

B ssucrn jue Ton “""“ b Trans—)\EBIREES 5 AR FREL R AT R

Ko Wfa, ik, w&HH 2,2,6,6-VFIIRE ALY (TEMPO) S =& 7 &R
(TCCAYH G161, X B AT T8 AL, SCIGUERT, Z5EnT DK = R 48 = 2] 93%.
TEMPO+TCCA &S A A0 B 22 B (P ML 41 R 36,

i
0+_N__O
M
CI/N\H/N\CI
o)
(TCCA) .
N N
© H © o R OH
(TEMPO) Os_N__O
oy el
N
G 0T 0R
O+_N__O H SH
Hyo T
2 N N
oy el
° 7OT
N
oH o
. o ' RJ\H
0« _N__O R)J\H o
Y'Y + HOCl —» J_ o+ Hal
CI/N\H/N‘H R” ~OH
o)
& 2-2 TEMPO+TCCA &4k % M RIHLEE

XTI T, RIS R BB KRR, TR RER A B SRR, 4 7KAT
fEJG, TCCA HiKVEMHARIRARR, MiMiHEEH— D8, 281, TEMPO fEZBZHEF A
RIFVER o BT DATERRAN BN, B INZ /AP Y51 TCCA, TR R BH I AL &L 1)
RS T S AT A 1 o

IeAk, XTT TCCA BRI EXT R BRI (R 2-3) 4T T 9t. HJa K, FFER
6 h SIS TE] T, /o K TCCA - 5 /N4 &E, H= 2 e K08 93%, it 5 A48,
PR ST RE TR KT 90%), FrbiFHgsie, LA TCCA T8 it M, itk
fF TCCA N 544,

R 2-3 HE TCCA MAEN =R KM

Entry 1 2
TCCA [eq.] 2 3
Yield [%0] 69 78 88 93 91

2.5 ik Ts fRiP

3017 vl 4L 38
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R

@) > #idr¥

= suscnn no Towa uvassir Trans—)\SUBIRER S 5 MO RFRAE LR RIBORSE
o o
: MeOH :
COZH - C02M€
N SOCl,, reflux N

H Ts H Ts

Mg

MeOH, r.t

COzMe

an) iy T
TZ

H
J NaOH
CLyros-
N
H H

Scheme 2-6

BB SCHR,  JEBER B H BRI v 2 Ts, SR trans-N-Ts- )\ &M WE-2- R B8 A —
MBS R, IR TRE PRI R, Rt 2R Be i R ORI
Ko TR RE R RILM R S FREAT B0 ORI, 25 RIS B
IRK TR SRR AT REAE TAEBR/ ISR AT T, S RAETRAC e BT DA Jo A Y R R OR A
TR IR I o« ) F SR I BT (1) 2% A T EAT I RA SR o Ji DRIE T — SO A
NPEAGTRI L 2805, BRItz A, SR RIS, AT RAVE R IR N 2, BN 2l .
W5 fE I IR BR IR A A AL FRILE N A RIS TF OBz, AH IR Je Ab 3 LB RR 0. AT
TEIRH R, ZSOERE W2 LB aRe i, 7FZEICHM T 24,

] trans-N-Ts-/\Z05|Mk-2-FR 2 1) H R I OBk, A 51O, AT DA e A%
2 Ts I H BRI A BERIR . b N 5 AR 2 BiTde 34 FH 25 /eI Ah,, L= 3 B A 2,
HRAEEZ BT, HARAE DU A BT fEVF 2

RJEAE NaOH 25T, DK REVE N B KR, mZmxonfs 2] 1 H s
Yo BANME Ts RN, —3L3kT 7 =00, BRERA MG, HS5Lhs b, Y e A2
et TIRZ, fE— @R EATLY I TR A, SEm&E & T A= . (RS R, 2t
Nk, CAIER T RN ERIRIR ) B, IR &R 740 T r it i s g i), A
b, R RIRE Y trans- )\ EGW-2-F2 18, 52— DT R

2.6 FHEsL

H PTSA H
: phenylmethanol :
CO,H - CO,Bn
m toluene, reflux EI}\}M
H H H H
Scheme 2-7

K EIRPTE R trans- )\ E M| W-2- R R MUSCR R, HHIIET 8T D ¥ 2121 7
Hfh e IXFETEIR N — PR AT AL SR b2 AL 7, #RT DAR B4 i R a4k . ek
P PR AR AL T, A2 HR RT3 /KA 21 H AR 4, Ho 2] 1] 40%.

2.7 trans-)\S\M5|R—2- B FEEAYHR 5T

=

%5 18 Ui 4L 38



” ’ﬁ’!’ A. 4 f 4
A acnroma e Trans—)\SIRIRE £ SETMAMENL R RETH5E

H d
mcoan @ nCO,Bn
N N
& H H H H

H H H
5S¢ 5d
Scheme 2-8

108 T ) FH T 79 4 it () T VR PR B e A4 A (Ba, Sb AT Be, 5d) 758, SR, EAIK
TG T AR BT (IR AR X 2 S8 SRR T B, DRI AR fo R B 45 o L 4
ﬁ%lJfo CHONMIE H . ZIRAYIEE 2 RAGIRE S5, 7T 705015 21 906 B A Bt 5
P mT LB I R AT IR 015 B 2 Ak &4, T DL F M A 2 B4R 2
A A

2.8 PricEs

H H
H,, Pd/C :
mCOOBn - mCOOH
N MeOH N
H H H H

Scheme 2-9
FIH PAIC 1B R R AR A RS, PABIA B2 R 35 B 1, A5 2 B 75 2L L —
R trans- )\ E M| Wk-2-FR R « IXHFE, HhREHE TR Hh A3 2] DUFR trans- )\ M| Mk-2-F2 BR 11 [F] &2
vy, e LT N — B A RRAEAL S SR T

2.9 REING

L0 RN, IR O R R RS BT e B — R trans- )\ S| W-2- 52 1R, iE
M T~ —25 th trans- )\ &0 | We-2-FR R (A0 B SR A ZE 040 S 0 A X R Michael s s N 4T
TNURST A . A PR A R B R, AR U I A R D S N (R SRR TR E PR B
AR AR) AT Tk (A NBS 1 i Ab )3 Hadid 2 5 B e S & AR &)
AN S, FRENTEUF I B2 AT B — 20 OBL(FR e HY PARE 1A ) 7= 26 I 82908 =1 1 T 94%,
F V9P (AR EAL) ] TEMPO Al TCCA LR, HHRZE 2 TCCA H&E1E 544 &ERy, H
FEE A AT 93%.

3019 Ul 4k 38

=



@) X AL

NS summen 1w Tows s Trans-)\ SUBIRELS SEY TS FREAL R R AORTSS

FZE BMEEHEHEEBEIARIIFR Michael R1EREELEE

3.1 J\ S M| RESE R B AT FR Michae | INAR B2 14 BEEE 3R

WL EIRA AR T PR A B trans- )\ EG| WE-2-FR 1, 10 MR A B RN
AL MR AL RCR R AE ERIANF] . [FIAE, BRI DU Rt R trans- )\ S5 DR R A A7
FEAEFEMZR], (HR2 R AT R 28 RS e AN R AR o BT L, Xk DU oy 2R )
trans-/\ U] MR AE AL SR EATIIE FE LLBGR AR A 22 . ATRRALZ BT A T BE AR
Bl 0P T \EMIRER [ 2 VAL AR Michael IR LI TE REREAT T ELER SR 4614,

o O Ph

1a-1d (20 mol%) NO
Ph - 2
N _ HJ\EV
DCM, r.t.
Scheme 3-1
H H H H
TN N N N
H H H H H H H H
1a 1b 1c 1d
& 3-1 )\EMRERE R
% 3-1 )\EBIVEER a-d MEALIE T BEAIRY LA 2 10 1k B L i ™
Entry Catalyst T [h] Yield [%]? drP ee [%0]°
1d la 72 Trace — —
2d 1b 72 Trace — —
3 1c 12 93 91/9 -86
4 1d 72 95 92/8 86

REEHTAY BRSO R TH NMR M, P et i A5 S O S0 SCRk e LT
150223, © Tk HPLC 4 BS AT ITA5.9 TEI i

R 3-1 TSR BN, R AN B & T VA BIWER 1a (Entry 1)F1 1b (Entry
)% R B 2 R REA BUR B =4 AR A FH B B A 4R T 1 VU R R 1c
(Entry 3)F1 1d (Entry 4) i 5B W HAS AR EF B RCR, 7= 2855 3l 9 93%F1 95%. 1 H., Hoxt
A e 33 P A o Tl A 32 438 1k AR BAG AN . SR, T \EBIWERR 1c AN 1d fEfL b
R BT RS, RIMFE IR ZE AR, R T RS A RE .

WHFCUERH,  trans-/\ ZU05| WRER A BE 0% 0 T B SR AN JE M A FR Michael T s 82 i
AR FH o SRR/ N I EE A O S 80T G T VAR 1 A1 1d S B 35 1R I (R b 23
B, M /\VEMEIVEER la Al 1b NEALMERER. FTHZH, MiZ2 AT ES AR 32

20 51 3t 38 T



(@) x Fidr¥

Y S I Tous IrverstTy Trans-)\EUGIWkER S 5T HHME N R BB
RIEALRECRAN ], DAL T4 )NS5 IR 1b A1 1d i, T VAR 1b, HL/NoeHth
Hity EEALI a-H SIS AR 2R A Z TR AT BOR A 2 IR AR, 5 S0 R XU 5
R B DU A B A SR HUIN AR s RS, TR\ DR 1d (9 a-H AR
A NI AN AR S B S Pl N Sl TR S R SN Mol LI VA R NI PR W BRI
SNARPE T T AR, FEESR I, ZhaolO1SE N2 55 & IRAHAL G IR, SR,
RSB RBNIENTRE, A TTREAE RIS RS AR, XA R AR TL I A A o

<O
OI .
“H No Reaction Eq. 1

Ph

NO,
S) Eq.2

FE 3-2 HEALH b A d REAL R BT BEHLER
3.2 FHEBRIMENFITXITR Michae | MNALR B REELES

Zhao1%E N\, 7EH trans- )\ S| Wk ER 1 AL IR CUBE AN 28475 KA AN T BE (1A XS B Michael Ji
BN, #5331 EBARI =2 SR, AnBOSE NAEFH trans- )\ S| AR (AL i 17 i A 56 04 4
MIFLHERE BB ) A FR - Double-Michael INEGS S ENEAS | Dl, [MNERAT 7RG 7723 )
SEAREREE . FOICJER, WTRESE RSLET RN, SRS AR R o e BRI
AN fz W 2% o) 1 8 A R I e i 2205 A 5 0 I 1R A T (A S R

TEIE PR I LI, AR PR 18 21 75 B BT A7 rh 857 BELR /IS 1R 266 AT PR i 2 0 IR D Al e
i), IR B A A ORI AR . A, S35 T IR R T A A AL S AN
STRRAEAL (R SCRR, S FE T AR RN R4 &4 6d BB N, BEAT ASSTFRAE AL S5

KIS RAL NIRE, BEAF3) T IRUFH) 5 (85%)MALKILFENE (97%I1) ee {H, 90:10
() dr fE). 1ML SR 7= 22 L SRR GE PO A BT &, dr fE R 70:30 4 2] T 90:10,
1M H ee H 5 HATRIE A Y. SRRUL, HAR SR Z T H SRR AT iE 45 3

BeAk, A RTRI A T IURA R F AT, T BRI A LS9 6d HEAT T
ASXIFR Michael fin s 8z 7L (R 3-2)

e d
D‘COOH @—COOH mCOOH mCOOH
N N N N
H H H H H
2 3

1c

&~ T

=
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@) X Fxdry

= s ua tows iaessery Trans-)\ SUBIRELS SEY TS FREAL R R AORTSS

O
O
Cat. (10 mol%) NO
= + )k/ > H ?
NO, H EtOH, r.t. J\‘I/

NaHCO; (2 eq.
6d . 3(2eq.) 3

Scheme 3-2
R 3-2 A EMEACT AL T B RIS 20 8 R BB bt

Entry Catalyst T[h] Yield [%0]? dr® ee [%]°
1 2 2 58 71/29 3
24 3 72 Trace — —
3 4 2 66 78/22 18
4 1c 2 85 90/10 97

@ HEEMTEARE] © R TH NMR ZATTAS, P it 4 ) K AL e b5 R0 SCRR KT BT
#3062, ¢ FE HPLC 70 B Hrimifs.e o

MZE 3-2 ATLAE Y, AHEHAMAEFIT S, trans- )\ U051 RBRNS T PIE ALR: PR AH 2 4
WEAE B IR RCR, ADUR NI [EFE, 1 H ™% ee fEAN dr EAH MREFHIZIR.
AR, WA T trans- )\ SRR (1A A0 (1 M 1 i AE: e s i R Sk Ui s 1
TRIF A7 (AL BEARE, T DARHEGAR L-F 2R« cis-/\ SN eI R, H ST ARG R 2 24
BeAt, BT ISIRER VRS, HBA R AR SO, 4555 Chant2l/ N Fr i A 1) -

3.3 FRAREE G S YINARR

3.3.1 HEMTHRANE ML &I e

H TR = A A S W AN 2 R A B AS 0Pk Michael 52 S — AN AT AR ke P AN AR R o
(0 SE o 12282 T e 888 A s i 28 PR AR e B3 ) s K, — 5 TR R T AR A 75
faity, niE R T A A trans- )\EGIWIR & BAT NI EES F NI PR, R A kR
2B AL B AL, AR T BAT REF TS 55— T5ii, RNIRY
B0 2 A BRI ) <A TaI IR BRI S5 2 5 B (R 77 R AR e Ak

S UL RS, $h R IR W R A B A eI 2 HRE B0s 2 37 b P ik D I FRS e ) 2 ) 67 B
HNBIR, ERT — RIED, TR BLEEAT AXEFR Michael IR, 5 REREISIR1F4L
Uf B0 77 28 LARAR B ) A g R 3 M ke a4

LA D SCHR, AL T RN A U R & R R ARG 1 5B (Scheme 3-3).
JRRE Tz AR A DB (5 — D AL S VIR B 959 L B 97~ Ikt LG KF, 3
Prid(Cpe. AR, WA, M S MR FHRER RN, 55254
S QiR A s o

KF R (CF;COR0,EGN
RCHO + CH)NO, — = NO, - R o,
IPA, r.t. OH CH,Cl,, 0 C tor.t.

Scheme 3-3
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” ’ﬂ' A. 4 f )

NI SanGHAl o Tone H'm r Trans—/\SB|RERE ST MFRELR MR

ARG T 11 A AR R B R E E Y, et

NO
/\/ N02 \/\/ N02 /\/\/ N02 Y\/ 2
6a (yield 49%) 6b (yield 60%) 6c¢ (yield 72%) 6d (yield 78%)
o NO, X NO2 o NO,

X\/ /[\/\/ NO, j/\/ O/\/

6e (yield 75%) 6f (yield 67%) 6g (yield 70%) 6h (yield 69%)
V/\/ NO, /)/\/ NO, O/\/ NO,

6i (yield 61%) 6j (yield 69%) 6k (yield 74%)

& 3-3 SRKIHEREY
ME 3-3 T AE A2 G A R IRV ) 7 234 60%~70%, 1A 6a 7%
fif%, JRKAET 6a BOWE AU, T HRNY CRER B KR E A B4 e, P F K. MR
ANE R E T, KT DA SRR ) SRR UL R AR =, ATLLA R 95% LA B, AR
TP RBIMICARI R, HRE TR AR MR Xk, AT TR .

3.3.2 JALEE AR T

ST B KF A 7 A 56 PP e RS 2 s 0 1) B LB S 25T o LR R S
WGER, R R AR R MR LR, BRIk E] 95% UL LR, FHEAR M,
X T 55 3 IS AN SR T 7 R e A P s ) 7 B AT — Emﬁnﬂwwk%ﬁﬁ¢kﬁ
MR YR, WA R AR N, SR I, I B R i . R
OB KRB P LER S AR, T (B 3-4).

(Mg Y3 Y q
Bt;N /‘\/ NO,_ A/ NOz

G

o)

Et;N

R

& 3-4 FiK = BALE

SR, DI 22 5 S ) 1 7 A | 2 1 R A2 2R A0 Baylis-Hillman f Sz, FER
PP AR AR AT BE S = L HE R AIOT 7R U A 2 (o B, MO e 4 R, A I M
SEMSEIRMER, T B 1o MRS T Dy SR A%l B = SR R IS A0 P, 1 L
F ik, TR BB 3-5). AN AL AT DL Y, G0 SR = S 1 AT 1) 27 A 4 )
FESRHIERE N 11 BB I = L5 5 =S RRET AT HOR T 2:0, PR3 s i = L&A =5
FERRINT AL, T RERS A BRI 2 R B R HERE o SRUG HIERT, 2 = SIS IR I EE R (K T 1M
FERFROET, SR =B R AT = 2k, HRSE ) R R

=

35 23 i 4t 38



R

@) > #idr¥

=7 summcn wo rons sesoe Trans—)\SIARA S SR RFE AL R KBTS
Et3m o Et;N o o je
2 » (‘/ » 7 - N
IS

FsC cFy  COCFs

e

o

B 3-5 AL AL IR
3.4 AE/NE

AT, T trans- ) \EUI5IWRER K FL R R P00 T BESRANAE AR AL S A X FK Michael i
SR BEHEAT T o, A3 R0RAAT trans- VAR 1 A 1d, X OB ARG AL CR »
SR TR, R trans- )\ ZUBIREER 1c 7E LB NPT, NaHCOs fds Ingi i & 14 1,
TRIF AL, T TR AR B0 A0 54 6d IRIAS SR Michael IR R, 75 21 T84 1) 7= % (85%)
AISLARIEFEYE (97%1) ee fH, 90:10 f) dr ). 5IHARMEALRI MR, 5 3CHRpriRkiE
I HZ SN ROR AR LE, IZ AT 5 ee (AN dr (EARTE 4F

N T BATHE N RGO TL, BT T RAEILIGIRY), G RT 6a-6k, XIE1G Hi A LA
YR as FE I S B2 28 SRR BRI . B SCRR, AR T SR SR R
Lo RIS G D B R & ISR . SRTTD, fERRSIA L S Y& ad R b, RILT
AT IR 2 7 A KRR )T A 75 (R 7 00 D IX B G o DRI, AR R AR A R e AR
NTEIENGIX — 2D RSNV AT 10 br. WEFE, DN T AT e AL

55 24 v 4t 38
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.h.--.' _.: ar x> .q:f__
@) X FAdrs

=/ suscins 1wo Tone vwavessr Trans-)\ SIBIRELS ST HAEN K RIEOHISE

SBOE SISy

4.1 Scuig Ny

S AERRAE T TH NMR F133C NMR ¥J7E MERCURY plus 400 BUZ w4 _ElE , H
H H NMR fIH b5 TMS (6 0.0 ppm)ak CDCls (6 7.26 ppm).  13C {145 CDCls (6 77.16
ppm). fEAL N ee {HIEM E RO (AD-H)E, REIAHEFINIE Cobe A P i
FEZHT 2R 100-200 H MR IHEAT 1 o S8 B (s A AR, 38 ©AE RS RT T 1 %
RERTMINTG s BR & K LB 5 AL RS, V8 AR & PP IS AL e S RT3 A BRG] o fiF )
JEA 5 SCERBIFT ST IR, A E iR

4.2 BT ERBRIES R
4.2.1 RN TN E & K

chloramine-T
> NTs
NBS, CH;CN

Scheme 4-1

7€ 50mL HIEE BT InN =K &4 T (282.2 mg, 1 mmol). NBS (35.6 mg, 20 mol%)
MG GmL), EREEBEET, BIARCKE (82.0mg, 1 mmol). TLC sStRAal, K11
h R LTEA G o 1A R BAR RN LR CBERRE, Z JEe 25057, BATRERRAEAE BT (1
Mk 288 2EE=8:1)83 [ A (151.1 mg, 60%). HAARR=/KEEH T, /. NBS
Be L B, ¥4 BB AT

chloramine-T
> NTs
TMBAC, 1,

Scheme 4-2

7E 50mL = R AR O =K & &% T (282.2 mg, 1 mmol). fft (50.8 mg, 0.2
mmol). “F3E=FRBEAE (23.2 mg, 0.1 mmol). MAZIE (5 mL)HHIK (5 mL)KIIREE
F, =R FHEET, IWARCH (82.0mg, 1 mmol), TLC KMl M, K& 24 h &N 5E4)5 .
& RPN B NapS:03 7K VER, EE 30 min WK 1, WIEZRZER . H 2R OE (50
mL x3)H, AIFTAANAE, FIMF NaCl ki, To/KBREREN T8, JhiE, JJEiess
BRZER, AR KB EE A (146.7 mg, 58%).

IH NMR (400 MHz, CDCls) 6 7.79 (d, J = 8.8 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 2.94 (t, J =
2.8 Hz, 2H), 2.41 (s, 3H), 1.78 — 1.74 (m, 4H), 1.42 — 1.32 (m, 2H), 1.26 — 1.12 (m, 2H); °C
NMR (100 MHz, CDCI3) ¢ 144.3, 136.0, 129.8, 127.8, 40.0, 23.0, 21.8, 19.6.
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N S Lo Toe Uninvens: Trans-)\ SRR S 50 ST FREN K AR
4.2.2 trans-N-Ts-2-(2- P i 5%) -3 S 10 & 1

\/\MgBr
NTs — = 5

CuBr, Etzo,

-50 °C tor.t.

Scheme 4-3

7£ 500 mL (= E3 A in NS (6.10 g, 0.25 mol), 7E /K EAMEB RS, @idiE
JE R St R i 3-1R-1-P5%%  (24.12 g, 0.2 mol)) £k (200 mL)I&EW, FHASHT
WML IS L G R R B, 51K, PEHE G B A . 7E 3-1R-1- P 1) £ Tk v s
SRR R AR RE 2 h 5, AT LLE WA R R IS AR AW 12 2 R

500 mL = HBeR, ERR T, mHAIIARERILEE (29.20 g, 0.2 mol)i &
RV VAN EAL AR (2.23 g, 0.01 mol). HALEHFR TR ARE (25.10 g, 0.1 mol)is T LBk
(100 mL), - Hod i1 i e eS8 N 2 = O, RV RIRRE-50 C. N5
e, MEZRARARER. HTCLEN, FE4&RRJE, FHMF NHCl /KR KE KR
o TRREERS B B2 B8 (250 mL =< 3) AL, A 3FFra AU, ToKEREREN T8,
g, R EER, BRAGEA (18.919, 64 %), M WG B4l B
TR

IH NMR (400 MHz, CDCls) 6 7.76 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 7.4 Hz, 2H), 5.69 — 5.57
(m, 1H), 4.92 — 4.88 (m, 2H), 4.79 (d, J = 8.8 Hz, 1H), 2.85 — 2.77 (m, 1H), 2.39 (s, 3H), 1.86 —
1.56 (m, 4H), 1.27 — 0.79 (m, 5H); 3C NMR (100 MHz, CDCls) 6 143.3, 138.9, 136.8, 129.8,
129.8,127.1,127.1, 116.4, 55.5, 43.0, 37.1, 34.5, 30.4, 25.4, 25.2, 21.7.

4.2.3 trans-N-Ts- /\E M| We-2-52 3 10 A il

m-CPBA H /OH

HTSCH2C12, 0°C O[:%}M
Scheme 4-4

££ 500 mL {9 = A trans-N-Ts-2-(2-PJ#3%)- 24 CU % (29.52 g, 0.1 mol)f) & H
KO (200 mL). TEOKERME T, R REAS iR in fa) SUd R H R (20.71 g, 0.12 mol) 1) —
AP (100 mL). WhnEEE, MHARAREER, 48404 8h, TLC faill, 528
N, BRI R AT R A R B AT H, A RIS &R BR PR, 4%
Sepi Pt 30 min, AL AIIABRERHE K. < )5, H &HLE (200 mL <3)ZEH, SR
BHUAE, ToKBRBREA TR, e, BURIEZARREER, HFREEAMRY (27.04 9, 87%),
R BTN RN

IH NMR (400 MHz, CDCls) 6 7.65 (d, J = 8.8 Hz, 1H), 7.62 (d, J = 8.4 Hz, 1H), 7.26 (d, J =
8.0 Hz, 1H), 7.20 (d, J = 8.0 Hz, 1H), 3.69 (td, J = 11.2, 3.2 Hz, 1H), 3.63 — 3.50 (m, 2H), 2.79 —
2.42 (m,1H), 2.33 (d, J = 9.2 Hz, 3H), 2.26 — 1.94 (m, 1H), 1.73 — 1.51 (m, 4H), 1.38 — 0.75 (m,
5H); 13C NMR (100 MHz, CDCls) § 144.0, 143.3, 133.0, 129.9, 129.9, 128.1, 127.2, 67.3, 66.7,

66.52, 7.06, 62.8, 62.2, 44.8, 43.6, 33.8, 32.8, 32.7, 30.0, 29.9, 29.5, 25.4, 25.3, 25.2, 24.8, 21.7,
21.7.
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LEX 4% T

A, Trans-)\ EB|ES S 5 0 R TR E LR RIAOFTSE
4.2.4 trans-N-Ts- /M| We-2-F2 BR 1 A il

TCCA (2 ¢eq.)
TEMPO (5 mol%)

H
m /OH NaBr, NaHCO;
N acetone-H,O, r.t
Scheme 4-5

HY 500 ml B, K5 iR HI#3 ) trans-N-Ts- V& Mk-2-¥2 3L (6.20 g, 20 mmol)i& T A
fiil (220mL)H, A NaHCOs # 1A # (100 mL). NaBr (1.00 g, 10 mmol). TEMPO (156.7
mg, 1 mmol), FfiJ5 4K & i\ TCCA (23.30 g, 100 mmol), 7£ =3 T N2 4 h, TLC i,
RNEER G, FRRFPIIANE FREK. TEEERGE, FRIFIKHEH QB ZER0H KT
7@ BUAEA 1 M Z5E stk . A IERTA KA, H 6 M EiE™T pH 3.0, )5 H CREAE

GIEIAEAENUHE, KRBT, ik, bek OmEEm, 153K (5 146.01 g,
3%), AT T — P, nTEERT T 5.

!H NMR (400 MHz, CDCls) 6 7.75 (d, J = 7.2 Hz, 2H), 7.33 (d, J = 7.2 Hz, 1H), 7.27 (s,1H)
451 (t, J = 8.0 Hz, 1H), 3.03 — 2.95 (m, 1H), 2.65 — 2.42 (m, 1H), 2.41 (d, J = 12.8 Hz, 3H), 2.35
—2.20 (m, 1H), 2.15 — 2.13 (m,1H), 1.83 — 1.50 (m,5H), 1.47 — 1.30 (m,1H), 1.17 — 0.82 (m, 4H);
13C NMR (100 MHz, CDCls) § 179.2, 176.8, 144.4, 143.6, 143.5, 139.5, 134.0, 130.1, 130.0,

129.8, 128.1, 127.4, 127.1, 68.9, 65.6, 65.3, 60.9, 60.8, 46.0, 44.2, 36.1, 34.4, 32.1, 29.9, 29.5,
25.2,25.2,24.7,24.6,21.9,21.8.

CO,H

m ol m
=z

4.2.5 trans-N-Ts- )\ & 15| We-2-F2 R s 1 A

H H
: MeOH J
COzH o COZMG
N SOCl,, reflux N
H Ts H Ts

Scheme 4-6

Htrans-N-Ts- J\E M| W:-2-2 2 (6.46 g, 0.02 mol)¥& T+ FIEE (30 mL)H, Fdi b — &0 AR,
(3.0 mL, 0.04 mol), 7EJI#E FINFENAR2 h, TLCHASIN, RMNEEFRGE, BNk RET, 15
FIEEMRY) (6.04.9,90%), TFFAlif, FTEBEHAT T PR

IH NMR (400 MHz, CDCls) 6 7.71 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 7.6 Hz, 2H), 4.10 (dd, J
=21.6, 14.4 Hz, 1H), 3.63 (s, 3H), 2.59 (dd, J = 16.4, 5.2 Hz, 1H ), 2.39 (s, 3H), 2.07 (s, 1H), 2.02
~1 .96 (m, 1H), 1.76 — 1.47 (m, 5H), 1.34 — 0.82 (m, 4H); 3C NMR (100 MHz, CDCls) 6 174.6,
143.3,138.9, 129.8, 127.0, 57.8, 51.9, 40.4, 38.4, 34.4,32.4, 25.5, 25.3, 21.8, 21.0.

4.2.6 trans- )\ & 15| k-2- 32 R FH G 1) & 1k

H

5 1\/[g
COMe___ —

o ¥s MeOH, r.t

Scheme 4-7

CO2MC

m gy E
TZ
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@) L EXILT
=/ s o Ton v Trans-/\ SIS S MR R LR RIROHTE
Ftrans-N-Ts- )\ E 15| We-2-FR 2 i (6.74 g, 0.02 mol)i&F 1100 mIFF EE e, ) oo i Nk
& (1.96 g, 0.08 mol)H, FALEM S E VA HEAE, HERSIERKEERE, MBS, EER
kg, B WTANINEEE . TLCHRIAR R SE A G, FIRERBIIE, BeXiahl, 19315
IR (3.08 g, 84%).
IH NMR (400 MHz, CDsOD) 6 4.51 — 3.59 (m, 5H), 2.54 — 2.12 (m, 3H), 2.10 — 1.90 (m,
1H), 1.80 — 1.30 (m, 7H); 3C NMR (100 MHz, CDsOD) § 173.0, 171.3, 60.6, 59.2, 58.5, 57.7,
54.8,52.5, 38.5, 32.1, 31.4, 26.0, 25.9, 25.6, 25.2, 24.8, 23.7, 22.7, 21.2.

4.2.7 trans- )\ 5| We-2-FR IR Y 15

NaOH
CO,Me 2 .

CO,H

m 'ullm
TZ
\
m gy E
TZ

Scheme 4-8

Ftrans- )\ A M| WE-2- 52 R S (3.62 g, 0.02 mol)¥& T HIE (40 mL)AI/K (10 mL)HIIRS
A, R RINANaOH (1.61 g, 0.04 mol), =EiRfi#E, HTLCHWM RN . [RMNELE, e
FAE, HZE WS (50 mL =< 3)ZHL, Jo/KmERIN 1R, HhE, Jetiam, 19238 A
& (2529, 75%), ZEMATF A, 7TEZHT NP RM.

IH NMR (400 MHz, CDsOD) ¢ 3.98 (t, J = 8.8 Hz, 1H), 3.30 (dt, J = 3.2, 1.8 Hz, 1H), 2.80 —
2.75 (m, 1H), 2.58 — 2.50 (m, 1H), 2.29 — 2.16 (m, 1H), 2.07 — 1.97 (m, 1H), 1.93 — 1.90 (m, 1H),
1.80 — 1.75 (m, 1H), 1.66 — 1.52 (m, 2H), 1.52 — 1.06 (m, 4H); 3C NMR (100 MHz, CD;0D) 6
173.4,64.2,59.8,42.2, 34.6, 29.0, 28.7, 24.7, 24.5.

4.2.8 trans- J\ S15| - 2- B2 1R 1 I8 ) 5 ik

PTSA

phenylmethanol
COzH >
toluene, reflux

COan

m -IIIE
TZ
m nlIII
Tz

Scheme 4-9

# trans- )\ MGE-2-32 R (2.40 g, 14.1 mmol) A 50 mL B8 5, ARSI
—KE X HIRHERZ (2.68 g, 14.1 mmol), ZKHIEE (2.65 g, 28.2 mmol) FIFZE (25 mL). fn#k
3 /KBRS 6 h, RN R 2-3 Ik, RSS2 =R RN 2 h, A LEEE T UKAE
Hen, ABEOEENH. KHHE, REAETE MR A AR RS T & e 218w N
PRI R E ANV . R 2EmiRE L h J5, A& LE (50 mL < )AL, HIFFAANAHE, H
ORI K BEG, AN, JoKBRATE, #hE, BeTam, ST RN B e i
fik: LFRCBE=1:1), f3RR T EMRY (1.47 g, 40%).

4.2.9 trans- )\ Z5| -2 JR IR T PO L2 it S5 3% 00
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YEZALE

SHANGHAL |18 TORG UNIVERSITY Trans—)\ SBIEE S 5§03 FR i L R B2 A0 5
i i
mCOZBn @--uulcoan
N N
}EI g H H H
N
m CO,Bn O'\/> . CO,Bn
N TN
H H H H
S¢ 5d

Scheme 4-10
# trans- )\ E M WE-2- R IR R ERIR etk BV ClEE S5 &, T 2 2515 20 P 5 6] e 53 4
o B H A%t (5c, 5d) (802.9 mg, 3.1mmol), FF FEd & AT TR . Tk
#%: Chiral-OD-H; #7): Hexane: IPA=92:8; yitif: 8 mL/ min; J#1: 230 nm; L%k
TS AR R AR EY, WES/NEYE. BT RAES A B e, HE
AW AR A, DRI ASZE tH B IS [R] . 2445 21 trans- A5 Wk-2- 2 R+ 5¢ (320.2
mg, 40%).

AW trans-)\ S| Wk-2-3RBRFBE-5a, 5b

IH NMR (400 MHz, CDCls) & 7.41 — 7.27 (m, 5H), 5.15 — 4.99 (m, 2H), 3.89 (t, J = 8.2 Hz,
1H), 2.49 — 2.38 (m, 1H), 2.34 — 2.18 (m, 1H), 1.99 (d, J = 10.8 Hz, 1H), 1.86 (d, J = 11.6 Hz, 1H),
1.79 — 1.62 (m, 2H), 1.47 — 0.91 (m, 8H): ®C NMR (100 MHz, CDCls) & 1765, 136.0,
128.8,128.8, 128.5, 128.3, 128.3, 66.9, 63.8, 57.7, 45.8, 36.5, 32.4, 30.2, 26.1, 24.8.

A trans- )\ S5 k-2- 2R ERFH5-5¢, 5d

IH NMR (400 MHz, CDCls) J 7.43 — 7.28 (m, 5H), 5.17 — 5.04 (m,2H), 3.86 (dd, J = 10.6,
2.6 Hz, 1H), 2.23 (td, J = 10.4, 3.6 Hz, 1H), 2.15 — 1.99 (m, 2H), 1.93 — 1.83 (m, 1H), 1.73 — 1.67
(m, 3H), 1.36 — 0.93 (m, 5H); *C NMR (100MHz, CDCls) § 176.5, 136.0, 128.8, 128.6, 128.4,
110.0, 67.0, 65.4, 58.1, 45.7, 36.7, 317, 29.6, 26.2 , 25.3

4.2.10 trans- )\ & 15| k- 2- 3R TR 1 A %

H,, Pd/C
COOBn -
MeOH

COOH

T fllllas
Tz
T fillfan
Tz

Scheme 4-11

B 10 mL S4B — B k& trans- VA WE-2-3R2 R F g 5c (310.8 mg, 1.2
mmol) 1 10% Pd/C (22 mg, 0.1 eq. )AL, JEMHEE 3 mL)BREM, BT mEEH,
7N 20 atm A, EE RN 24 he RSEA )G, HhiE, RN, 150Gk
1c (187.0 mg, 98%).

IH NMR (400 MHz, CD30D) ¢ 3.98 (t, J = 8.8 Hz, 1H), 3.30 (dt, J = 3.2, 1.8 Hz, 1H), 2.78 —
2.68 (m, 1H), 2.53 — 2.45 (m, 1H), 2.29 — 2.20 (m, 1H), 2.07 — 1.99 (m, 1H), 1.91 — 1.84 (m, 1H),
1.79 — 1.69 (m, 1H), 1.66 — 1.52 (m, 2H), 1.52 — 1.06 (m, 4H); 3C NMR (100 MHz, CD30D) ¢
173.3,64.2,59.8, 42.2, 34.6, 29.0, 28.7, 24.7, 24.4.
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.h.--.' _.: e .q:f__
@) X FAdrs

=2 swanon 1o Tows wansiny Trans—)\SIRIRER S SEY T RE LR REORZ

4.3 BEFBERRIRARE G IR RN XTFR Michae | JNBK R R

4.3.1 FEFEE 7 RS 2504 1 A X R Michael J1 s B ) — i B E I 2

FIR T, €5 mL FNIEF RN B EE (1 mL), trans-/\ZM|WEER 1c (3.4 mg, 0.02
mmol), NaHCO3 (3.3 mg, 0.4 mmol)F1fE& (2 mmol). & £ 4 +E 5 min JE ARG BIEY (0.2
mmol). 7E=E F4kEiPE, TLC s RN EERMNEE. MR G, KEK, HLER
LBEREEL (25 mL =x3), G FFANIAE, ToKEREREN T, g, WURRA LRGN . TS,
BATHEN 75 (PE:EEA=20:1), &ASRI=). P40 dExTmefode Bt ek d = vk tH
NMR 3445 2. 174010 ee {E @I A Z M=) HPLC 24 ifi . H A kg B e 5
TR TE 1 SR A i 100

4.3.2 Jg IR 30 R A Rl
KF R (CF3C0),0, Et;N
NO R

2 > \/\NO2
IPA, r.t. OH CH,Cl,, 0 C tor.t.

RCHO + CH;NO,

Scheme 4-12

7£ 100 mL H U NN 2/ (10.3 mL, 1.84 eq. ) FIRSJE FEE (20 mL, 0.37 mol), fIASE
PImE (30mL), 7E=3E FHtdE, B KF (1.40 g, 24 mmol), Zk&:4iidk 15h, TLC K, Jx
RisE4fE, MIAZK (50 mL), #AJ5H LR CBRZEE (50 mL = 3), &IHANAH, R T
e, HhUE, JRIETEASE] (17.82 9, 92%)IHILREN AN . 2B LR AL B T NP R M.

7E 100 mL B U P S IEEE (12.6 g, 0.12 mol). —&HEE (60 mL), FEVKKIB N2
P23 I = FESER T (17.3 mL, 0.13 mol), [RIFFEIN=Zf% (35.2 mL, 0.25 mol), EIN5EZ /)5,
HRTH 2200, dkakdiil, TLC Rl s, RBEEARE A &bt (40 mL)AIZK (20 mL),
SR & HLE (50 mL x3), SIHANAE, FREBRIN TR, ik, 7o, FEHERIR
VIR InAZER B RS, KRR EG R~ 5, BATHENT 28 Chl
k. W ZME=10:1) 53] HARY).
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X NO2

6a
(E)-1-nitro-1-propylene

'H NMR (400 MHz, CDCls) 6 7.24 (dq, J = 13.2, 7.6 Hz, 1H), 6.96 (d, J = 13.2, 1.8 Hz, 1H),
1.91 (dd, J=7.4, 1.4 Hz, 3H); 3C NMR (100 MHz, CDCls) § 140.1, 138.1, 13.5.

\/\/NOZ

6b
(E)-1-nitro-1-butene

'H NMR (400 MHz, CDCI3) § 7.36 — 7.25 (m, 1H), 7.38 — 7.23 (m, 1H), 6.96 (dt, J = 13.4,
1.6 Hz, 1H), 6.96 (dt, J = 13.4, 1.6 Hz, 1H), 2.36 — 2.25 (m, 2H), 1.18 — 1.08 (m, 3H); 3C NMR
(100 MHz, CDCls) 6 144.3,139.4, 22.2, 12.1.

/\/\/NOZ

6c
(E)-1-nitro-1-pentene

'H NMR (400 MHz, CDCls) 6 7.25 (dt, J = 13.4, 7.6 Hz, 1H), 6.97 (dt, J = 13.6, 1.6 Hz, 1H),
2.23(qd, J=7.4,1.6 Hz, 2H), 1.90 — 1.81 (m, 3H), 1.53 (dq, J = 13.4, 7.6 Hz, 1H), 0.97 (t, J = 7.4
Hz, 3H); 3C NMR (100 MHz, CDCls) § 142.1, 139.2, 30.5, 20.9, 13.2.

6d
(E)-3-methyl-1-nitro-1-butene

'H NMR (400 MHz, CDCls) ¢ 7.21 (dd, J = 13.4, 7.0 Hz, 1H), 6.90 (dt, J = 13.4 Hz, 1H),
2.60 — 2.44 (m, 1H), 1.09 (d, J = 6.8 Hz, 6H); 3C NMR (100 MHz, CDCls) ¢ 148.1, 137.7, 28.0,
20.9.

>(\/N02

6e
(E)-3, 3-dimethyl-1-nitro-1-butene

'H NMR (400 MHz, CDCls3) 6 7.21 (d, J = 13.4 Hz, 1H), 6.87 (d, J = 13.6 Hz, 1H), 1.10 (s,
9H); 3C NMR (100 MHz, CDCls) § 151.1, 137.1, 32.2, 27.9.

MNOZ

6f
(E)-4-methyl-1-nitro-1-pentene

=
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IH NMR (400 MHz, CDCls) § 7.15 — 7.04 (m, 1H), 6.84 (dt, J = 13.4, 1.2 Hz, 1H), 2.03 —
1.97 (m, 2H), 1.75 — 1.61 (m, 1H), 0.80 (d, J = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCls) 6 141.9,
139.8, 37.0, 27.6, 21.9.

)/\/NO2

69
(E)-3-methyl-1-nitro-1-pentene

'H NMR (400 MHz, CDCls) ¢ 7.08 (dd, J = 13.4, 8.4 Hz, 1H), 6.81 (dd, J = 13.6, 1.1 Hz,
1H), 2.25 — 2.14 (m, 1H), 1.40 — 1.29 (m, 2H), 0.99 (d, J = 6.8 Hz, 3H), 0.79 (t, J = 7.4 Hz, 3H);
13C NMR (100 MHz, CDCls) § 147.5, 138.8, 35.0, 27.6, 28.4, 18.4, 11.5.

O/\/NOZ

6h
(E)-2-cyclohexyl-1-nitro-1-ethylene

IH NMR (400 MHz, CDCls) & 7.20 (dd, J = 13.4, 7.2 Hz, 1H), 6.90 (dd, J = 13.4, 1.2 Hz,
1H), 2.30 — 2.14 (m, 1H), 1.81 — 1.04 (m, 10H); *C NMR (100 MHz, CDCls) ¢ 146.6, 137.9, 37.2,
31.5, 25.2, 25.0, 24.8.

v/\/Noz

6i
(E)-2-cyclopropyl-1-nitro-1-ethylene
'H NMR (400 MHz, CDCls) 6 7.12 (d, J = 13.2 Hz, 1H), 6.76 (dd, J = 13.2, 10.8 Hz, 1H),

1.70-1.50 (m, 1H), 1.19-1.02 (m, 1H), 0.83-0.63 (m, 1H); 3C NMR (100 MHz, CDCls) J 146.8,
138.7, 40.8, 29.8.

/)/\/Noz

6j
(E)-3-ethyl-1-nitro-1-pentene
'H NMR (400 MHz, CDCls) 6 7.08 — 7.01 (m, 1H), 6.94 (dd, J = 13.5, 2.3 Hz, 1H), 2.12 -

2.00 (m, 1H), 1.62 — 1.51 (m, 2H), 1.45 — 1.33 (m, 2H), 0.89 — 0.84 (m, 6H); *C NMR (100 MHz,
CDCls) 6 146.6, 139.7, 42.8, 26.8, 11.7.
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6k
(E)-2-cyclopentyl-1-nitro-1-ethylene

'H NMR (400 MHz, CDCls3) 6 7.42 — 7.12 (m, 1H), 6.97 (dd, J = 13.4, 1.0 Hz, 1H), 2.74 -
2.57 (m, 1H), 2.05 — 1.83 (m, 2H), 1.79 — 1.59 (m, 4H), 1.52 — 1.33 (m, 2H); *C NMR (100 MHz,

CDCls) 6 147.0, 138.5, 39.6, 32.7, 25.5.

NO,

8
2,4-Dimethyl-3- (nitromethyl) pentanal

'H NMR (400 MHz, CDCls) 6 9.76 (d, J = 1.4 Hz, 1H), 4.90 (dd, J = 13.2, 5.6 Hz, 1H), 4.71
(dd, J = 12.4, 10.2 Hz, 1H), 3.89 — 3.84 (m, 1H), 2.85 — 2.80 (m, 1H), 1.20 (d, J = 6.6 Hz, 3H),
0.95 (d, J = 6.6 Hz, 3H), 0.93 (d, J = 6.6 Hz, 3H). HPLC (Chiralcel AD-H), Hexane / IPA = 99:1,
UV = 210nm, flow rate = 0.5 mL / min, try = 29.59 min (major) and tr2 = 32.96 min (minor).
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Michael IR REEAT THF5E, HUS TIRGFRIMEAL SR . 28T, X NE e fs 5 0 S I 1)
SR N 5 g — Pt 7. 1 ., H AT A2 i ) e R SR A A A S R AT
PR Michael s BB SCHR A, BT IE 17~ 26, ee (BN dr (AN ELEEAR

DRI, AR E B T T R AR, TR R R A trans- )\ SRR AR
PR IIPD AT TR SRR trans- )\ ZU5| B0 T 107 e i 2 1k & 4 5 B 2R AT
ASKIFR Michael Jif s 87 AL 5 o

LR, 1E trans- )\ E5|WARR & B 2R I 36 — P TR LA el e, 2R DL NBS
NMELEF], HKIH O =K A% T NBS B /R ELIHEE K 2:1:0.3, T H =2 AL M 82%
R H] 94%. TMEMEEE S TS, FIFH TCCA 5 TEMPO 1E RS, FRAEHRIR S .
[FRS, T TCCA M=E#AT TIRE, £I: X4 TCCA A5 MYUER, H7Zn[1AF] 93%,
ZJEBEE Y EII R, PRRIEA N, BB RAM TR, &, 5 TCCA
&R S A YER, HRNRRLT-

FIF trans- )\ EWIWEEZ, 750 'CF, L. DIPEA VENBRIEZRINA]. DCM 1 K 5 R 1 755
B IR ORI AN T B EAT R XFR Michael RSN, 4537 R B . MifE L NaHCO3 /M
BRAER I LA R R NEFII SR, trans- )\ EUBIREER AL T i 17 1 R i 2207 5 3%
HEREBE2EY Double-Michael MBS, 532 TARGF AR . @ o4, E4% 75 —Fh
SN ZEAE XS T N A R AL A 6d BIASXSFR Michael IR BT T4k, 2, U5
T 85%I1I77 3, 97%M ee {E LA K 90:10 f dr {2, Bt SCHRFRIE O [RI A AR S B2 K 15t , trans-
J\E| WRER BT ik B I A At RE T 4, = AT IR B AR 75 . S AL 7] L-
R cis-)\EWIWER . WSIWRERAFLL, H7=. ee {EA dr (Lt 2 AR AEE .

SR, H AR AR RN S B RIAT IR R 5555 08, X i,
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HIGHLY EFFICIENT ASYMMETRIC REACTIONS
USING TRANS-PERHYDROINDOLIC ACID AS A
CHIRAL ORGANOCATALYST

Nowadays, many families have been plagued by the diseases of high blood pressure for a
long time. In the current situation, the number of patients in our country who are suffering from
high blood pressure is more than 160 million. According to statistics, in 2004, the rate of urban
population suffering from high blood pressure has risen by 32 percent than a decade ago. While
the rate in rural areas were rising prevalence of 36 percent. And on present tends, the number of
patients suffering from high blood pressure is increasing year by year. We can say high blood
pressure has brought a heavy burden to individuals, families, and society.

At present, we have found out many kinds of antihypertensives through continuous research
and development. According to different mechanisms of antihypertensives, they can be divided
into a variety of types, such as: diuretic drugs, ganglion blockers, adrenergic neuron inhibitors,
adrenergic receptor blockers, blood smooth muscle vasodilators, calcium antagonists blockers,
angiotensin-converting enzyme inhibitors.

However as early as 1993, the trandolapril, which is one of angiotensin-converting enzyme
inhibitors, was first listed in France. As angiotensin-converting enzyme inhibitors, trandolapril has
many advantages, for instant, rapidly action, long efficacy, fewer untoward effect. The reason for
these advantages is its inherently strong angiotensin converting enzyme inhibition, and when enter
into the body it can be hydrolyzed to produce Trandolapril acid, which can strengthen the effect
more than eight-fold. Experiments show that repeated administration of trandolapril is no
accumulation effect and its efficacy compared with rapid onset, fewer adverse reactions. It can
achieve therapeutic effect of angiotensin converting enzyme inhibition by taking medicine once a
day.

From the trandolapril’s chemical structure, we can find that the structure is consist of the
trans-perhydroindolic acid, a linking group of natural products as well as the chain composition.
The linking group of natural products and the chain composition is called ECCPA, which can be
produced in the factory. However, compared with ECCPA, the trans-perhydroindolic acid is more
difficult to synthesize, because to hydrogenate the indole acid can only achieve the
cis-perhydroindolic acid, and the trans-perhydroindolic acid can’t be synthesized by
hydrogenating. The difficulty in the synthesis of trans-perhydroindolic acid ultimately makes the
production cost more and get less. Therefore, how to developing a route to synthesize
trans-perhydroindolic acid in efficient, simple, low-cost became an important step for trandolapril
moving toward a broader market for the people accepted.

Currently, our study group has carried out the process development of trans-perhydroindolic
acid synthesis ,and we have achieved a efficient synthetic route of the vascular disease drugs
---trandolapril.We use cyclohexene as a raw material, and by these steps, such as constructing ring,
using Grignard reagent open the ring, oxidation of the alcohol to the acid, protecting the carboxy,
getting ride of tosyl protecting group, making the hydrolysis reaction, benzyl esterification,
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obtaining four kinds of chiral configuration of the trans-perhydroindolic acid benzyl ester.,at last,
getting ride of benzyl ester and forming trans-perhydroindolic acid. However, in this synthetic
route, yield in some steps are still moderate, so it need be optimized.

From what has been expressed above, in the large-scale synthesis of trandolapril in the
industry, we can easily achieve an important intermediate --- trans-perhydroindolic acid. Then we
know thar the trans-perhydroindolic acid is a series of mixtures of isomers. As a result, they need
chiral resolution. After the chiral separation, there is only one kind of trans-perhydroindolic acid
can participate in the preparation of synthetising the trandolapril. And the remaining isomers can
not participate in other industrial production, finally, they are discarded. This not only causes a
great waste, but also pollutes the environment.

Analyzing the structure of trans-perhydroindolic acid, we feel it is very special. We can find
that the compound has a ring structure. It includes the structure of proline, and the other side is a
rigid six-membered ring structure which has a large steric effect. As a result, in the skeleton of the
original proline added two chiral centers, and the two bridgehead carbon chiral hydrogen presents
a unique trans-configuration. We summarize a large number of literature findings, and find that
there are two main types of catalysts to catalyze the aldehyde and nitroolefin, one is the prolines
type catalyst, the other is the catalyst containing a pyrrole ring. The two types of the catalyst have
the common that contains a pyrrole ring. Because the secondary amine on the pyrrole ring can
form an enamine intermediate with an aldehyde, and then nitroolefins take the conjugate addition
reaction. And the trans-perhydroindolic acid has such potential. Moreover, the structure of the
six-membered rings shows great rigidity, the trans-hydrogen bond across the bridges may has the
impact on good steric control. To sum up, the trans-perhydroindolic acid probably play a role in
the control of stereoselectivity. Therefore, we can speculate the trans-perhydroindolic acid and its
homologues may obtain efficient asymmetric catalytic effect in the asymmetric Michael addition
reaction with aldehydes and nitroolefin.

Based on what has been expressed above, we conducted the first task, which optimized and
explored the synthetic route of trans-perhydroindolic acid. The results showed, in the first step of
the formation of aziridine cyclohexane, if we use NBS as the catalysis and adjust the molar ratio
of cyclohexene, trihydrate chloramine T, NBS to 2:1:0.3, the yield of this step can reach 94
precent, which improves almost 12 percent comparing with the original ratio. However, we used
the TEMPO and TCCA to oxidate the primary alcohol, which its yield was increased largely. We
find the amount of TCCA is important for this step. If it is too large, the dispose of TCCA is
complex, on the contrary, it will reduce the yield. So we studied the effect of the amount of TCCA,
and the results are carried out that when the TCCA is 5 equivalents, its production rate can reach
93%. By increasing its equivalent, the yield will decreased slightly. There is only a little difference.
From what has expressed above, we know that the effect of this reaction is best when the amount
of TCCA is 5 equivalents.

The second task is to testify that the trans-perhydroindolic acid can catalyze the asymmetric
Michael addition of aliphatic nitroolefin and aldehyde. Our research group have tried to use
trans-perhydroindolic acid to take the asymmetric Michael addition reaction of the butyraldehyde
and nitroolefins with cyclohexyl, under DIPEA as an alkaline additive, DCM as the reaction
solvent, at O centigrade. As a result of it, we got the trace substances. In addition, under NaHCO3
as the alkaline additive, ethanol as reaction solvent conditions, with the trans-perhydroindolic acid,
we can successfully catalyze the Double-Michael addition reaction with the conjugated aldehydes
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ester substance and nitroolefins. Based on this study, we choose the latter reaction conditions for
taking asymmetric Michael addition reaction of propionaldehyde and nitroolefins with isopropyl.
In the end, we achieved 85 percent yield and good stereoselectivity, which the ee reached 97
percent, the dr reached 90:10. The result is better than what have reported in the literature.
Compared with other catalysts, such as: L-proline, cis-perhydroindolic acid, indole acid, its yield,
ee and dr are better.

In addition, according to literature, we chose a synthetic route to synthesize nitroolefins
substrate, which is simple, efficient, and less environmental pollution. Then, based on the idea of
different nitro groups will make difference in the asymmetric Michael addition reaction with the
aldehyde and nitroolefins, we have done a series expansion of the nitroolefins substrate.
Meanwhile, we also analyzed the mechanism of the synthesis process by nitro alcohols into
nitroolefins. We explain this phenomenon that byproducts sometimes will increase, with a
amounts of the product reducing.

Unfortunately, due to the time, we have not done more in-depth research in this catalytic
reaction. There are still many problems in it, for example, immature reaction conditions, the
substrate not extending for the catalytic reaction and so on. But, | believe that, in the future, the
research reports about this catalyst for asymmetric Michael addition reaction of aliphatic
nitroolefinic compounds and aldehydes will be presented.
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