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Study on Organic Reactions Catalyzed by Molecular
Iodine

Abstract

This thesis contains four parts, which mainly described the reactions catalyzed by
molecular iodine and indium trichloride.

The first part is about the aza-Diels-Alder reaction that catalyzed by iodine.The effects
of solvents and catalytic activities have been investigated and various substrates have been
tested under solvent-free conditions. Corresponding products were obtained in good yields,
mainly in cis-structure. And, tetrahydroquinolines with indole core synthesized via one pot,
three-component aza-Diels-Alder reaction was also studied; almost only cis-products were
obtained in good yields.

The second part is about the ring-opening reaction of aziridines with alcohols that
catalyzed by iodine. Catalytic activity and temperature have been investigated. Under the
optimized condition, several aziridines and alcohols were applied in this ring-opening
reaction and the corresponding products were obtained in good yield with high
regio-selectivity.

The third part is about the F-C hydroarylation between styrenes and phenols catalyzed
by iodine. The catalytic activity, temperature and the ratio of the two substrates have been
screened, and under the optimized condition, a series of styrenes and phenols were tested.
The effects of the substituted groups were also concluded. We did some elementary
research on the asymmetric synthesis and have achieved some results.

The fourth part is about the the synthesis of 3-(J H-pyrrol-1-yl)indolin-2-ones via the
condensation between isatins and 4-hydroxyproline catalyzed by indium trichloride. After
the optimizing of the conditions, different isatins were investigated under this conditions.
And a assistant research was made for the study of the mechanism.

Key words: molecular iodine; aza-Diels-Alder reaction; ring-opening reaction, F-C

hydroarylation; 3-(1 H-pyrrol-1-yl)indolin-2-one

Wiritten by: Shu-su Shen
Supervised by: Prof. Shun-Jun Ji
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1.1 318

B MCromwell Z 4% 2 FRAL) A F LA AR R, B BUAIES
NERPHEERR, CLR31RT AMIERKKE.

S FBYER113.5C, Fir1844°C, HEE(d)4.93(25C), HA3.06eV. BEEH
FEFEAMEKF, BATHHBR K PEE T 100-150ppmyk B AR (Hanit
) , REMHAFMERRH—MEY . SHFNMURBEIBELEDNTREE
AWTF: X-HEMBHEMN21%), HEFRRAN20%), BHRMEEN(19%), EZ
F(16%), SR %), BEM@A%), BEMO%ES.

X FRMAELRAIRN PN ERARAEMAERE, EANAFHERTE. Bf
& EBEHFRA, WHR—FXFFRER IR

12 5 FRERILE R HINA
12.1 B, BEAER. K. SELSYHEHLRN

“ CHO COz;Me
I, (1.3 equiv)
KOH (2.6 equiv)
RO" MeOH, 0°C

298%

RO

1b

Scheme 1-1
ABTES, S FHMETREFABEESNE. FRUEMPHRD. YamadaZE A
KR T PES, IABAZE AT febs £ RABR A 20, STrhdR i R B7E PR
PHEEMT 1a, FLOHERABH AN AOIEAID, BERER-HRRNMEE2, RN
£ FHIFIE R(Scheme 1-1). 2 HE KR th 5865 LU & 10 7= R AL B B2 /) FR S,



S TR B BIBIST B—T JCRLEA
FERBEMEALMT, LRAZME. KR, BaSERANGZERIAE, FER
R B35 2R LA B > 2, B> P R ke

FET, BE3RETTHFP, MABRZKEER R K= E 8L F4(Scheme
1-2),

HO CN
H 0Bn I (1.1 equiv) H——0Bn
BnO H aqNHy BnO——H
H oBh —__ _ —*~ H—1—0Bn
THF, rt.
H OBn H—T—0Bn
OBn —0Bn
3 4 85%
Scheme 1-2

R MBS S % &M EAL R FESa R A P I A SUE A U £ 2 Ak 8 175 48
N BBk 6(Scheme 1-3)),

1) 12 (1.1 equiv)

i
R—CH=0 _agNHart R—C,
2) 35% H,0,r NH2 R =Ph 98%
6 = pMeOC¢Hy 95%
= Me(CHz)3 91%
= MeaC 91%
Hi | (IOH)
HOO" -OH
— —_—
R—C=N R—C
A\
NH
5a 5b
Scheme 1-3

Miller ¥ ARETZET, ZEEAETEMPONSET, B4 FRERETSE M
REfBE8(Scheme 1-4). L5, MoriZE NIRIE T AERRINN, 66 H BRERE R
BB MO AL BN AYEE10. 11, 12(Scheme 1-5)™7™,

12 (2.0 equiv)
N Cl TEMPO (0.1 equiv) cl
By L NaHCO3 (30 equiv) Bu__é"j(
” OH  ftoluene, r.t N™ “cHo
7 8 93%
Scheme 1-4

H5h, HENBI135 140 EBERMBKRAXHERIERT B 1S 50 R B
15(Scheme 1-6).
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3T BIE 46 04 BLUR R BE A
I (5.0 equiv)
R-CH,0H —R2C0a(60eady) _  poco cuycF,
9 CF3CH,0H, 50°C 10

R=pMeCeHs 91%

12 (3.0 equiv) = 0-CeHig 91%
= 1-adamantyl 100%

l2(1.2 equiv) K2CO3 (5.0 equiv)
K2CO03 (5.0 equiv)
t-BuOH, r.t MeOH, &
1/2 RCO,CH2R R-CO;CHs
12 1
= R=pM 7
= Tacamantyl 96% = 1-adamantyl 90%
Scheme 1-5
12 (1.2 equiv)
+ K2CO3 (3.0 equiv)
PhCH,CH,CHO *+ Me(CH,);0H PhCH;CH,COz(CHg)7Me
t-BuOH, .t
3 14 15 91%
Scheme 1-6

EHRBEHT, A ZREE166E% LUREF 7 F 8 E AL AR N KB 17(Scheme

1_7)[7b,7c] .

H I (2.0 equiv)
K2CO3 (2.0 equiv) /ﬁ\
R R t-BuOH, & R R
16 17
OH

-O< . e
BnO
—‘<g7»on 8h  79%

Bné BBn
Scheme 1-7

20054, Mori% A\ S fE FAE28% 2K+ R AT RBFISEAT M M FF19, A
PeRIRE(Scheme 1-8)*. EAT, BB PEE. MR, LERMERERELLHE

75D, BRZRNARA—MER KT,
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12 (3.0 equiv) N
R-CH,OH > RCN
NH;z, 60°C
18 aq NFs 19

R=Ph 86%
Hi
| (i = PhCH,CH, 91% Hh

=O-C5H11 90%

= 1-adamantyl 90%

NH3 173
RCHyOl — > R-CH=0 —» R-CH=NH ——> R-CH=NI

182 (D) 18p  (H20) 18¢ (1) 18d
Scheme 1-8
ZacutofRiE T WML M T, FIR S FHIE FREPR AT 20X MR A o- 72 5-
45 E321(Scheme 1-9)°),

I2 (1.1 equiv) MeO. OMe _
(ﬁj KOH (2.4 equiv) o X=0  89%

=CH, 85%
MeOH, 0°C =8 81%
X X
21 =NBoc 80%
20
Scheme 1-9

B5b, BemiEE2288 0 A R A0 &4 T A Rllo B- A LI BE23(Scheme 1-10), iR
REXNMRMEH T o0 - A Fi22a, 8EFKE—2 FHHITE Ke-A K EE
22b, RIGMeO B BUREF I 22¢, BEE R EP-HR RN T o, B- N fEE23 .
X R —NFavorskii-type X B o

I2(1.1 equiv) R
R\LR KZOHgt::uguiv[ /—_—-'<
22

MeOH, -5°C R COCH;
23

R=Me 60% (Z:E = 20:1) (o))
= Et 72% (Z:E = 25:1)
k| (H) =n-Pr  85% (ZE =251)

R 9 MeO™ R
R R — ——
+y .- OMe
P !

| R
22a 22b 22¢
Scheme 1-10



53 TRRAE AL IRAT BLR T ST $—E LR

122 XHADEA R

SFBRARBTRERFAPFEOLZDREERINEARTRERTHR
EMNELE_RAEYHENIER. ZRT, kT, 5 FRRaSRINFITE S F
(Y E%3 BE B BB B2 24 AL R R AH B B Z B AL #925(Scheme 1-11).

I2,pyridine
2 RSH _T’ RSSR
24 ' 25
Scheme 1-11

BALY26 E M1 T S TE BB 727, RIREKNS 5 THKEALR2S,
BB LR (Scheme 1-12)("), JATT, EARRIFALEE WL ATALY, HAER
B, B, XANEN RN AR T#AT.

r (H1)
26 27 28

Scheme 1-12
Karthalf BAME TEHA LRk, 7ERED, FMERM 296> EHN R
BT AL, RJE 5BE30 RS H CAMREF A7 2 4 AR 3 Y 9 O- B bE31(Scheme 1-13)'4, ffj]
R ERBLERNMTED R RBFBHO-BEUMLIRITED . R, FF
BRI L3240 Be 88 ZE ML 444 T 5 RE33 & 4 ) N T 2 B B 9 O-BC B (Scheme
1-14)1131,

Bn OBn OBn
o L (03equiv) 30
BrO oBn e CHyClp, 1t

29

Scheme 1-13



ST IRTTHUR REBFR F—8 ArGd

Bn
o H OBz I, (1.2 equiv)
BnO o .+ 0 K,CO3 (2.0 equiv)
BnO BnO OMe >

OBn CH,Cly, 1.t
2 ¥ Suet 33
BnO
BnO
34 55% BnO o OMe
Scheme 1-14

B, AL R3S 5836k £ RN I 2 i Ferrier E HE T 4 R O- B B
37(Scheme 1-15)',

o3 &
(o) \ 0] ,\\01,' - (o]
AcO o Lo boseqny  A© | p
AcO"’ /l/:‘q THFr.t AcO™ N,
. : o Ph
OAc O Ph OAc
35 36 37 60%

Scheme 1-15
20044F, Yadavifi T M5|WR38RALAE 7E 2 FIHIVE A T e SR MM R AL
T 42 F3-BREURR 151k 39(Scheme 1-16)1%), ST h % R BV AT k&2 5 T BIWR 3% s BUAR
REZ, RIEFEREEISCNA=A.,

NH4SCN (3.(? equiv) SCN
N CH.Cla, rt. N
H H
38 39
Scheme 1-16

ZIRBA 20074 XARE T UM RS IX A R AR ER40 SRR SRS R A
F&BBER o« SIBER RERRIVR =441 (Scheme 1-17)!'),

l2
CHs * NH.SCN SCN
MeOH, reflux

40 41
Scheme 1-17
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123 SHEFFNLESYNIRN

ARESEF S FHAEL, XSS ERQBEMETRERITMAET, o
P A A B LM E R EEYI435045(Scheme 1-18 and 1-19)7),

MeO O MeO
CoC™ ‘O
e e e Y
O CcO,Me CHXClart O CO,Me
eO MeO

42

M

43 94%
Scheme 1-18
Br Br
a Ry S S U ¢
w1 O
_—
O propylene oxide 0 (CH2)n O
toluene
. 45
44
n=3 30%
n=4 30%
Scheme 1-19

20004E, YadaviRBHIRiE T 4L A Hantzsch1,4- — EME R 46 76 B EE I 71 < A
LB TBLAE B E LS B35 HIL B9 H47(Schemel- 20)['8),

R R
EtOzCHCOzEt '2 (1 .0 equiv) EtOzCIj\/[COzEI
—_——
~
Me H Me MeOH, & Me” N~ 'Me
46 47
R=Ph 90%

=Me(CHz)s 87%
Scheme 1-20
KotnisZ ARES 7 FREEAFHT, F=LEMNS FllAss8LIF 2 Em48H

5043 3 LLIRIF 8077 224 B THI B MERT A 94970151 (Scheme 1-21 and 1-22)1'),

Me
I (20 equiv)
R qH MeOH. & g OH

48 49
R = Me 87%
=Ph 93%
Scheme 1-21



ST REELR A HURRIBI F—F LR

Me
R 1, 0equiv) R
—_——
A
Me MeOH, Me

CO.Et CO3Et
50 51
R=H 90%
= Me 87%
Scheme 1-22

1.2.4 SIARPERAN RN

BF4FlEB IS MBI FRMAAEH, Fit, RES2EPHPEREGT,
INAEAY B FBLAL 55 IR 3 2E B AR B ) B B5S3(Scheme 1-23), B RMRIERTT FRMER
S0, (g FR A R B VAR e A U SEIR T 2 BE AT # R I(Scheme 1-24).

12 (0.01 equiv)
RCOH ——————"> RCO:Me
z MeOH, & 2
52 53

R = Me(CHa)g 98%
= CHy=CH 95%

=Ph no reaction
Scheme 1-23
12 (0.03 equiv)
/ﬁ\/ﬂ\ ROH (1.2 equiv)_ M
OMe toluene, A OR
54 55

R=nBu 81%

96%

83%

e

=PhCHz  88%
Scheme 1-24

19994F, YadaviR@BAMRE THAEMARK S FHAE K P+ LI T DHP(3 4
T -2H- M) X BES6 K 4R T AE U THP (I ELnik i R L & 4057, T ik &9
it — 2 R R P o 5 ) SRR 2 (R4 27T 4 AR S6(Scheme 1-25)1,



S TR BUR BB F—& G

oo
CHzC|2 rt

(DHP)
8 CHzO/(Oj _l2(0.1equi) (0.1 equiv) {3 CH,0H
OD/ MeOH, TMeoH, & ]@/
57 86% 56 78%
Scheme 1-25

20014E, DekaB ARERBRH FH4T, FAELRKNBIA S E/LDHPEEE
R — RIS B — I PR T B — 3 R BB H () B RF59(Scheme 1-26)7,

H,OH DHP (1.3 equiv) H,O0THP

) n=0 78%
(CHz)n 12 (0.2 equiv) (CHz)n =1 7%
—_— =2 75%
CH,OH THF, MW CH,0H
58 59
Scheme 1-26

Kartha A\JRIE T 2R F, ZEREFEAMILER OB SED- A M0MBRES
RS BR R 5 61(Scheme 1-27). FIRERI B FXD-HERE. D-FAH.
D-F RN ZBEAR D,

OH OAc
"o /&, 12 0.03 equiv) Awﬁ/
HO OH AcO, rt AcO OAc
OH
60

OAc
61 98%
Scheme 1-27
53 F LT BE 05 i (0 B8 5 55 BE BT 45 PR 45 B2 62(Scheme 1-28)P4,
Ac20 (0.5 equiv)
I, (0.1 equiv) OAc
R-CHO ———» R
CHCla, rt. OAc
5 62 R=ph 95%
= Me(CHa), 90%
= PhCH=CH 96%
Scheme 1-28

FIRE, 2 FHUREE LB ER 63 7E F R alH LG Z P ¥ AN 488
BR4EHA64(Scheme 1-29), 3% B R IRA R4 RS A RS 5 e AT ). AT, IARH1:1
BB FEERNERSSEZFOTFE+HRS FHEL, SEEANSAMHE



S TR HLR BT BB ImEA

R, BRAEREBUKME, RIALBE 5T RS B E B190% K Ekl6S, T4 ZEHE£100%
¥4k A 3 Z.M66(Scheme 1-30).

1
RI o _l201eai) R{ OMe
—_
R? MeOH, r.t. R? OMe
63 64

Scheme 1-29

1) I, MeOH, rt.
©/\°L . Me  2) NaBH,
A 3) aq HC) H
65 40 OMe @i
. Me
@/\40

65 66
Scheme 1-30
Kartha® A R1E T i R4 D-H %5560 T P - F B L T 6685 LU R 0= 3k 18
1,2,5,6-48 = 5 W P Bt-0-D-Bk M R B HE67(Scheme 1-31)%), X FIAEE A FL- B
EEFE. D-AME. D-3AH.
Ho’ﬁ/ l2(02equw) >< :l\?_?\
HO L OH  acetone, A
60 67 80%

Scheme 1-31
BT A5 (L BB AR 5 1,2- 2 B BE R 13- T B B R 04 AR Y AR R B el
iR, R, &R EL R O B MR (Scheme 1-32)%,

(o]
12 (0.1equiv)
HS(CH,)sSH (1.0 equiv) s
THF, rt (/
o S
68

69 96%

H

1) NaBH,

2) CAN

70 91%

-10-
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Scheme 1-32
20004EF120024E 4> 5 TR 41 1058 2 F IR AL 5 1 1L BE 71 EHMDS (/N B 2 “RERR
152 R A FRA R B = P Bk Rk 72(Scheme 1-33)P). ZEIXBERNA, HHENHSE
FETIEA.

HMDS (0.7equiv)
12 (0.01 equiv)
ROH —————» ROTMS
7 CH2Clp, rt 72
R=
= P(OEt):
(o]
95% 98%
Scheme 1-33

125 2RV EAP RN

5 FE 1% B0 ) P RS VA R R 5 I B RO 48 B8 R BRARIE T3, 75, TTIREARIP BT 7350 A A
R B AR5 (9874, 76F178(Scheme 1-34, 1-35, 1-36)5%, ZEXEEMT, HWEHAR
FHEP RN PEEYE. FEE, FOE. HRE. RABEXERNFTREAS
= B %W I (Scheme 1-35).

To | Ho
0,% 12 (1% solution) HO 0
HO OMe MeOH, & HO OMe
OH OH
73 74 90%
Scheme 1-34
(0] HO
ol o I (0.3 equiv) HO™
—_—
"'3( MeCN, r.t. "'3(
ro” O ro’ O
75 76
R = Ac 92%
= Bn 95%
= PMB 94%
= Allyl 90%
= Propargyl 90%
= MOM 93%

Scheme 1-35



TR A IR BT R P8 MR

CH(SC2Hs)2
HO—+H
) HO
H——OH 12 (1% solution) w@m
_t2 (1% solution) _ ¢

H—OH MeOH, r.t
H——OH OH

CH,OH

77 78 70%

Scheme 1-36
Hb - HEEE. ZZEER. XTUFEER. 2488, REXEBZEE
RIGA thE M 12 5 T 3T B R4 B R ML (Scheme 1-37).

X ID:COZR |2 (1.1 equiv) HoﬁCOzR
MeOH a HO c

O,R
R =TMSCH,CH2" 80

Scheme 1-37
RenR A HRE T 1 A 1% 1) P RE A AL 5 0% e D- BB 1% K 2- IR &-D- M B %
L R BT A T 73 MBS BRBE 281 847 I 3 (Scheme 1-38)P',

AcO_-0 12(1% soiution)  HOL -0
OAc R MeOH, 70-80°C OAc R
81 82
NH
R =AcO ®- (X 69%
N0
NH,
N X
= AcO ®@=3TN 60w
NN
Me
=H ®= 1 W sy
N0
Scheme 1-38

B, O-PMBEARADDQHE =M LKA EH, SUH %MK FEEEBE A
B EY83F B’JO—PMB%IZB‘JHE:E MEO-Bn50-BzEFANA LR E W
(Scheme 1-39)P*%,

PMBO,  OBn |, (1% solution) HQO,  OBn
L > ,
Me=7 T"Me MeOH, & Me”]  \“Me
Me Me ' M Me

83 84 87%

Scheme 1-39



S FRIEA OB HUR BT B Mz

RN REAETETRAN SRR EENESSHSTE_H PP, E3AMSKH
FET, £THeeasELITA RS RY (BE86FIFESS(Scheme 1-40, 1-41)F1. R,
XERNPHO-RERE. O-ZB%. O-FRE. O-TBSEEABIARZEW. MR
]I e 2 7 e I\ 2D B R ER R U R BRIS R N BEAT , BT MR A R R P4
R B SRR A .

I2 (1.5 equiv)
>a/o\/\/\/og —_— HOA__-~_OR
CH,Chy, 1.t
85 3AMS 86

R= CH=CHCH, 86%
= Ac 94%
= t-BuMe,Si 80%

|

,-) 85a
Scheme 1-40
o 2
(o] (o]
5<0 c:;c:,sr.t B<o
87 88 72%
Scheme 1-41

EXRCEP, AISHENMAESRHRENRR _EN _ERERERRTGE
HAERRRERERE. FFE, WREFEEET, EROERAT, N-RRTHEE-o
EEMEES, RERit—MER KB AL A AR B A S A B EE90(Scheme 1-42)P4),
XL R A IBoc, Cbz, REFMEED. BBNR UK PREDABILZEM.



SRR AL AT HLR BRI 5T % JRGR

NH/\)\ 1) 12 (2.0 equiv) NH

: MeOH, rt
Mes” " coMe 0 Mes” ""coMe

89 90 83%

PN
NH/%Me Zn yH/(%Me

R
Mes” " co,Me

8%a 89b
Scheme 1-42
SR AKEARERP, A=LEMNBERLESYEBIHEN ERPER
T A B AR B 9 — R e R — B %92 (Scheme 1-43)5, 455 3 1% = I 7] .48 5 —4MBILER
AR,

R? 12 (3.0 equiv) R
'N —_— — 1'N H
R! THF, H,0 R
T

a ' () R CO2Bn
l r T LN 93%
RR+ o CO,Me
RfN:Q—\l ) ©L/\<_/ N
91b i
Scheme 1-43

1% B B R JOT B O e SR M I R O-TBS (U T Z — R, HT, B
BEER TR ZIERBIIR T ZF93 L X ¥ KO-TBS(Scheme 1-44), [A&f, OAc.OBn.
OTs. OMsHIOBzEAEXANRNPHAEZEIE M.

-14-



S FRALKH IR NBIR F—% ks

[
ri T
TBSO I2(1% solution) HO N o
MeOH rt 0

OBz OBz
93 94 86%

Scheme 1-44

HFE, BERHO-T(ESEFE)E1%MA PRARPIRGEE 2, THthEA
ARZM, TR LRI %M NENBER, ZHBRRNRERTER
. Bk, B—IAARBRE PREP T ENEENHIR XA RN B ERERNY
Fh.

b wER TS, AR THHHO-TBSER: R BMMO-TBSE AR
PREO0-TBSER, %77 uan] LU MR R R 2/2HM0-TBS, MM LKO-TBSAL
B 99(Scheme 1-45). REREMO-TBS LMENBFZEELLEBNO-TBSHIE 1
BEFR BB ERAESRE.

TBSO. TBSO.
\©\/\ o \©\/\
—————————
oTBs  MeOH, rt. oH
95 96 95%
Scheme 1-45

Gogoi ¥ ARIE T fEL 2 FIBE & F REE R+ 5 ERmM ) Rk b e ag 3t

F597 8%, TF R AT Mt B4k 2 SN2 T 2 B AR Y (19 B 98 ER B (Scheme 1-46)181,
LOH

J@& e J@iﬁ)
MeO H20, 40°C MeO

97 98 70%
Scheme 1-46

1.2.6 BRFFLR Y

BAAREMEXFE-RES-COARBKMENBHAONRR. BELEY.
R A R B 4 TR 6 F T B85 R AEBIERAL I R, 5 5 R y- 05~ (0045 B A P
Rev- P B ERE BAR-5- P9 IR A BRER AL R R 32 S A FA LA e %, XA R

-15-



S FIRREA I A BLE SIS % G
ZHgRBIEET (") %A MBEIBENE LY R =G G BUEE T R,

RERMBEHL2HSTFARNTAERMARMARE. FLUXR—EEL-RAMBK
KF SRR RL. W.Scheme 1-47, 1-48, 1-491°),

_AA_COH 12, NaHC O3 o
99 THF, r.t
l 100 101
; & 71% (24:1)
0.
" ‘,_7’0
99a
Scheme 1-47
iz (1.0 equiv) ls,,
0 N
- H20, rt Q;/
BnO
102 103 82%
Scheme 1-48
CrHis~_ __ 12(20equiv) ﬂozm
l\cozm oc
COMo MeCN, H,0, 80°C CiHis 0 (o)
EZ=4TA1
104 105 79%
Scheme 1-49

SR, 47E 255 A= S4B A5 T BUE A SRR BN FERR1068T, &4 R%

B M A & 108 FOBLAR AL R R 1L & 41107 E &4, T ELLA10724 E(Scheme
1-50)#'1,

— I2 (3.0 equiv) _
/ / CO-H NaHCO3(3.0 equiv) In + I = o
0
R MeCN, r.t. R o Yo R
106 107 108
R = Me 96% (66:34)
= Ph 76% (79:21)

Scheme 1-50

-16-



I THRBEAL AT BUR BB BT R

HH LR, EEURENREEREEFHLER—RIIBRNFELE110
(Scheme 1-51)1*,

CO;Me
12 (1.0 equiv)
—_——
R CHaCly rt g

R
109 110 | R=Ph 93%
=CgHiz 90%
l ,(-OMe)
.
M
»Z
N
R
1+
. R |
109a 109b

Scheme 1-51
BUS R EEN SV U RIARBE R 68 96 [ R AE AR K A B KBk . Blot%
ABRETZERT, MTHEEKMAKOBEBEPRAZEAN I BRERLSYINEZ
i 1,3- X FRE IR L R P78 3 I BE112(Scheme 1-52)1%),

R-w FOuR
N 2 '\,.H&
NMe, — O o
/ THF, H,0, rit
"M 112
[ H;0 n=0 96%(94:6)
n=1 60%72:28)
SOnR (NHMez) -5 aovjez:sa)
ol g
o NMe; R = cyclohexyl
112a
Scheme 1-52

MuraiffiE T B AR BERZ AL & D113 2 i BUER b R BE Rk 5 42 12, 4- 35 2-5,6- — &4
&1-1,3-1EEE114(Scheme 1-53)4,



S TR PLR BIFTIT F—F MGk

12, EtsN s\ﬁl . [ ]
Ph -_— Ph~Z=N Ar Ph~Z=N

';‘ Ar THF, 0°C, 2h
H Ar
113 114
Ar=Ph T7% (75:25)
= 1-nanphthyl 55% (>99:1)
= 0-MeOCgHy 83%(>99; 1)
Scheme 1-53

Peng®% AZE2004F12005ERGE T R A7 P E AR LR K5 F A ELE-(1-53E)
FEBE R 115 R N A - M SRR 8 § % 116(Scheme 1-54)%), & KM, WEH
XBERREREZREN, ZRMURESHT.

4 R
12 (2.0 equiv) R
POEY), ~ CHClrt

/o
5 & ot
115 116 R=Ph 83%
=n-Bu 70%
=H 35%
Scheme 1-54

19934, Kang® AIREFE-T8CHHT, RR-5-(37-BRmZE)-4- R H%-2- 117 50 A
5 A A TR AL, S T AE SRR B R AL A4 R 0 R R A2, 5- VB 4K A4 U S8k A 11801
119(Scheme 1-55)M1,

0 12 (5.0 equiv) 0 Oy
2(o.
\ / KzCOs \ / 0o Me \ / (o) Me
+
H Et20, -78°C A
r ~
117 Me 118 " 119
84% (14:1)
Scheme 1-55

TIZE19944E, Barks® AKIIEO'C, HBAZEZ VAN fef R 5 K3- P 2-4-
F45-2-BE12070122 53 5 R AL BARE A4 = R 70 AR 185 F) L 44 35 1k A B B — B 3 R 7= 4
3-BAR IO S Pk 121 71123(Scheme 1-56, 1-57)H7),

| N

Bus ALY 12 (3.0 equiv)
\/j\ NaHCOs (3.0 equiv)
HO B

MeCN, 0°C 0o
120 121 81%




ST AL IATILR BEAR T SRR

Scheme 1-56
et R (30equiv) !
NaHCO;3 (3.0 equiv)
Bu ~ B
HO MeCN, 0°C v o
122 123 90%
Scheme 1-57

Antonioletti® A RILH F2-HAE-1,3- ZH BN EVN24B R EFEELS, HE
BAEIVE R T Be 8 R A IR B A AR B Y9 4,5- — SRR 12570126(Scheme 1-58)1*%, 7EixA4
R FrUXEBIRRAR AN BRI R, (EERETRMNE, AR EE
REIMOFHBEELERHA-EREZBERN. 2R REZRZEH SN

(Figure 1-1).
12 (2.0 equiv) o
R KeCOs 20equiv) R R
_ CH.Clo, 1t ] R i /)
(o) [o)
124 125 126
R = Me 86%(82:18)
= MeO  90%(23:77)
Scheme 1-58
r
Me, f
0 OH H, ' H
e Me,
Me0 Me H ; \ Me
r 0 OH
Me
trans-product cis-product
Figure 1-1
E=ZBEZZEERP, 13- 2FER-2- A7 SMENRLHTRESR

WIRL R, LUREFA7= 2 4 AR #7128(Scheme 1-59)1),

2
—————————
sz
0

127 R1=R2=R3=H 83% 128
R'=R2=H, R®=Me 72%
R'=H R?=R%=0Me 71%
R'=R=H,R%=Cl 75%

R3
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S F IR KA LR BT 9T $—8 XL

Scheme 1-59
E-JE IR B 129 5 e 238 T 70 R0 PO A2 10 A2 ARN- TR 2, = 3- 3- TRA AL %
#%130(Scheme 1-60)P%,

I2 (3.0 equiv) |
(—\\_ NaHCOs3 (3.0 equiv)
Bt MecN,rt C j gt

NHTs rl‘l
Ts
129 130 95%
Scheme 1-60

FEALIHL, N-O-KE 5B R ARSI RS ZEM A 1R F T 2R R R L RE T
BFIN-(9- 5557 2 ) M 452132(Scheme 1-61)°'),

>< HO, |
o k Ar=
T\‘/'\/ THF, r.t KZ_N—X (ﬁ
NHAr HO ll\r

131 132 88%

Scheme 1-61
20044F, DavislEBARE T SEHENERUNERFPFHR-EERTEY
1335ME N, £2FH AR, RG2S HRFEEA R BT AERN-SF RS AT A
Y1134 F1135 B P= YD HIIR A Y)(Scheme 1-62)F7,

1)
_fh\}fOﬂ—Bu I2, NaHCO3

s 2 MeCN
(e Ngpe)
Ph Ph
133 ! r CO,t-Bu r 0,t-Bu
N N
+ /""
s = [
N <L
134 63% 135 17%
Scheme 1-62

20054, LivZiEAiRiE2-(1-h%)-2-FF O E SMEFZRA, WnRKFE
T 6o A s 7 VR B 3- B R 47 4 7137 (Scheme 1-63)1),

-20-



S TN IR RERFST F—F TRER

Ph
Ph  1;,(1.1 equiv) \
4 2 B X |
K3PO4 (1.1 equiv)

CH.Cl,. ROH, rt. OR
136 137 R=Me 94%
=Ph 80%
== 99%
= =\ _ 88%

Scheme 1-63
NAL# TsELH Boc R HI4B-(1- R E)E A A WIBZR T F R+ 5SMR N AL
KA T TCRIRLTT A B3- BRI AT AE #139(Scheme 1-64)°Y, ZEMIRILHT, M5
N-HR 7 B BT R th B 28 TR AL, 1R 7 A AT R (9 4-BRAR-2,3- g, R B A
DBUACER, WfgHs LLE R A9F= 2275 BUB-MRRILRE 7 44154 54,

y CHs 1. (3.0 equiv)
K3PO4 (3.0 equiv) A\ CaHo
NHZ MeCN, rt. N

\
Z 7=Ts 8%
138 139 = Boc 75%

Scheme 1-64
F BV s MR M DR AT AW B8 . US2-(1-5RE) 2K P RE, B
ARAE PR, BURNN-Z B2 P REI406E 0 43 B A4 AR B ) 3-BAR Y 2R SE R, K3
B u&N-ﬁH%ns’(ﬂékul(Scheme 1-65)%%,

OAc
Q= e o
CH.Cl, rt Q X O
XMe 140 141 X=0 9%
=S 99%
= NMe 78%

Scheme 1-65

ZHEEBRE ZRI12EM S5 Ti(O-Bu)s M3t RIE B T e Ll — & X SRk Bt
FIST AR B IR A A B LTI P2 4)143(Scheme  1-66)°%), 5 BLbe BB & 3- e %

BKP, 5HFUMER, RAERS RN ISR K FFptn,
R 0.Me 12 (1.5 equiv) CO2Me
M Ti(Ot-Bu)4 (1.0 equiv) %OzMe
3 CHoCly, 1t e P
142 143 = Me 8%
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S THBEALIE BRI P8 SR
Scheme 1-66
ME2-(1- R EVBERIM4EBEZE T KN A K- B IE AT 4 Y 145(Scheme

1-67)%,
O 12 (3.0 equiv)

AN NaHCO;3 (3.0 equiv)
O O CHCly, rt
144 145  80%
Scheme 1-67

Matsumoto® A 75 T ¥ B 40 46 T 4 F 25 R 0040 F AL 135 2 -4- (R 2EB0)-2-
X T B -1,3- T = 4% 146 BE 85 3¢ IR 4 p X B9 3K T B 2L 25 A7 4 W9 147(Scheme

1-68)%1,
R
12 (1.0 equiv) ‘
e e
e O
Z : =
Ts SMe Ts R = l'\:lleo 0%
146 147

90%
=MeO,C 78%

Scheme 1-68
PIREX FREFIFHNT ERREIMSENUES FRAERTREREFUL R
A BRI R B R MRAT A2 0149(Scheme 1-69)%°), % % B 8 S 2 I R 148 S TATE
PSS F148a, YRR ERIER HRES FARMFEEABMERR TENEEE T
148b, B ERT HEERAAN G REW149, FNEERT HHER.

| Y SNt-Bu I2 (6.0 equiv) | XN
Z Z
X MeCN XY R
R I
149

148
(-CH;=CMe,
(-H"
l\ SNt-Bu '\ NG
Z - e . y Z
X ! X R
PR ]
148a 148b

Scheme 1-69
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4 FIRHEAL AT LR BB B G
1.2.7 C-CRIIFU BRI

MBS R B S F SRR B B, AR E LT A
BrHahE, AFAHEREBEMERBRETY. FEABEFISOEMEERT
REESERAH RESLAEHFIEN ZRY151. 15271153 (Scheme 1-70)1,
, j\/ THF'LEI; - , j\h;’r I2 (0.7 equiv)

X X rt
150

: ; x
=0 (] (o)

151 152 153

X = Me'hLJN* 70% S,SRRR,S=99:1:1
PR Ph '
Scheme 1-70
BL53HRER Z B 1547 PREAFEN £ T AT AR R OBER RIS W55,
R S 7 T (Scheme 1-71),

Br
12 (1.0 equiv) NC O
2 /@A CN  MeONa (2.1 equiv) —
Br Et,0, MeOH, 0°C O CN
Br

154 155 90%
1 T Br
«
CN
Br 154d
154a Br
I l S O Br
. NC
O ——
Br Br
154b 154c

Scheme 1-71
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ST HAEAL A PR RIFTA F—F RER

EREREPEOBRUNERE 2R ZBEI56 U Ry-Z 5 %-p-Bils, £FF
B R e b SRR DLR R A A B B BR PR A A B 157, R P - B- B9 6 (Scheme
1-72)%,

/ﬂ\/ﬁ\ 12 (1.2 equiv)
K2CO3 (2.4 equiv
F toluene 0

156 157 60%
Scheme 1-72

TR _EiR R B MR IR MECoo 5 TR _MBERISS TR AR, 71-1.54E M
UR2.5ZE3IHEFIDBURLEM KM T8 RN HRER AR N 8 & $E /14D
159(Scheme 1-73)%,

Cso (1.2 equiv)

0 I2(1.0-1.5 equiv)
) DBU (1.0-1.5equiv)
R'O OR

toluene, r.t

Scheme 1-73
BSERNBALTERRE=FERRNATUAERANNSESRENE
160(Scheme 1-74)%), FEKRFMAEE FREN T A RFERENRLEY
161(Scheme 1-75), ZEiX e R Biep, [R5 FE T BT 7= 4 1 = A S REBL (SRR 0 A 1K
PN AR—AXBHEEYH, FARGEUENEETREES.
A ~SiMes

?5\/
12 (0.2 equiv, -
R-CH=0 __Eu_)_> R C
MeCN, 0°C R=Ph 90%
5 160 =PhCH,CH, 86%
= C—CGH" 84%
Scheme 1-74
/\/SiMea
BnO,C-NH, HN/COZBn
I2 (0.1 equiv) R=a\F
-CH= —_—
R-CH=0 H
MeCN, r.t. R=Ph 80%
5 161 =PhCH,CH, 72%

= Me,CH 74%

-24.



S FRMEAL IO DLR RERFSY F—% G5R

Scheme 1-75
MU R TR UG, 16 70 B = B RE S FE IR (i 4 T ICAE 98 S0, B-ATEFTRI 162
KA FE B0 R0 A B T 2R I AR BO7= (S cheme 1-76)),

XN 12 (0.05 equiv)
Ph T > Ph
CHJCliy, rit.
R R

R = Me 89%
162 163 =Me0 8%
=Cl 90%

Scheme 1-76
AU, A= PR 53 4,6-= LA E-D-CRARISEE-D-L AR AR
RIS E T A R -o- B B AR A P164(Scheme 1-77)1), IR X B R TR
E-PRERRE PEERREBENS ZERE, WAEBH PR ESLE MBS AL
- REAERER - SAEE R Y.

o) /\/slMea ls) R
AcO Z AcO SINF
| I (0.05 equiv) P
N —_——— '
AcO CHCh, rt. AcO
OAc OAc
35 164 95%
Scheme 1-77

TR LARNSHERE=PEERA = PRERI, BURRES RN,
HER-o-RERBEXRUEYS, WMEH—SBHBE(STRER)ZHR, FREBY
YER T REAE B ECHE LB, B2 B (Scheme 1-78).

AcO
O  MesSi—=—siMe;
AcO AcOy,,
> L | l2 (005 equiv) <
AcO I CHZCl 1t S
Cc “
0 ‘0Ac
3 165 §7%

OAc

A

Scheme 1-78
HER PEIRESPMHSTFE T, BURGES | S35 1% I R B 0 A2 B R 93,6- — S0l
AT AEYI166(Scheme 1-79), ERYE RO ALY Shk i = PR REZEBUAOAE (L T AL UM
R A o, B- 2R A,
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P8 IMEE

AT RAEAL A PR IR
0 PMHS o)
AcO
¢ | 12 (0.025 equiv) Aco/\ij
A O\" > A O\\‘ 2
C CHzCh, . c
OAc
35 166 92%
Scheme 1-79

B.H5EaTHFELEYSERE LB RERCENRIENLTRBRKE
R TR A AR e B A AL IR S AR DU R 7= 3 & G R e B L 540167

1 )2 B(Scheme 1-80)7,

H
N
indole \
12(0.2 equiv)
R-CH-0 —————— R—CH
MeCN, r.t. )
R=Me(CHz)2 87%
5 N =Ph 98%
H = p-MeOCgHs 99%
167 =p-NO2CeHy 98%
Scheme 1-80

BATRBAERE T 2 FBAELBIR169ZRALE Sa, B- NI FI 1687 TR 74
P F 88 R 4 78R AR B (Scheme 1-81)72, At fa, B-ANBRL A YILL IR 246
KA EWEES FRUN AL T AR S IMR SN, 233 5 /K 0 A A2 BAR Y 3B 52 /K

B

R
Qi/\ + \CU 12 (0.05 equiv)
N

solvent free rt

H
168 ’ 169 170 R=H 8%
=CN 78%
=PhO 72%
Scheme 1-81

1.2.8 ZFUEWHIE BRI
WUEe B 01 4- —FI171 5165 & & A Paal-Knorr X [ 3 LU 07 2 A& BN EUAR

[ AT 4471 72(Scheme 1-82)7),
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SHT AL AT HLR RIBFTE F—E R

/ﬁ\/\n/ o ?"
f2 (0.1 equiv) \(_7/
e \_/

0 THF, .t
171 172 R=Ph 96%
=PhCHz2 95%
=1-Py 70%
Scheme 1-82

TP, BAERELEEZIFIHT3R £ IR IF B K E 52,3,6- = BUAC L i
174(Scheme 1-83)17,

__h©02equiv) Hcoza
EtO,C _
EtOH, rt N R

R=Et 98%
174 =Ph 98%

Scheme 1-83

F 24 B BAZEL e v 7 P AL A 175 K 4 36 3R R BT 4 B AR Y I 5 FR =
176(Scheme 1-84)71,

CEL [P (1 .0 equiv)
Py, r.t

Scheme 1-84

CitteriofRi8 7 2-%r 5-1,4- 2582177 50t 0 7E B B 186 4L F 7T L2 BRI Y B S 3R P2 4t
178(Scheme 1-85)17¢,

O‘ CH2R+ (\V—R' I3 (20equw) O‘ N
N// YR

\

IZz
wé ]

176 71%

(0]
177 178

Scheme 1-85
FEESH 2 Z BRI /E R T ARS8 1R 5 (FHb & 2- B ROk sk AL 290179, B7=
F 1R B (Scheme 1-86)7",
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S TFRMELRE LR BT F—F IRER

HoN NH, (1.1 equiv)
R-CH=0 2 2 - R ]
12 (1.25 equiv)
5 K2CO3 (1.25 equiv) 179 R=Ph 100%
t-BuOH, 700C =p-MeOCeHs  100%
=p-NOCeHy  99%
=Y. 9%
s

= pp~ 53%
Scheme 1-86
BATREA B B Y 2 308 FEE R BT &4 T R4 k18058
181 I E A H2,3- & 1H-1,5- % B E KA Y)182(Scheme 1-87)7%, 24 FEF
Fint, REeBLUREFRIF=EERSH UM SEEF B RLED.

NHz o] Iz (0 1 equiv)
+ 2 /U\
NH, R”™ 'Me  solventfree, rt
182

180 ( 181

/ R=Me 9%

=Et 90%

=Ph 94%

—
_{c”z
180a 180b
Scheme 1-87

YadaviRi T K EE183712,2- — REAEASIS4EEMABL T REG S RN, £ 5%
34-ZE-2,4- R EE-2- P E-2H-FH MM 2L A #185(Scheme 1-88)™1,

- o Me
/E:[ MeO, OMe b Me
CHCl it R

OMe
184 185

H 0%
Me 88%
Br 84%
NO, 75%

Pl

M

Scheme 1-88
A FUTREAEIL TS BE186. 2B Z M ZEi18T 5 R R188= AN RN A W3 4- Z 4
we BAT A #7189(Scheme 1-89)%1,
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5 TR INATHLR NPT ST

T el

R
M 12(1% solunon) 2Et
OEt H:N NHz toluene A

RN
HN\ﬂ/NH
R=H 95%
188 =MeO 91% 189 O
=NO,; 89%
Scheme 1-89

ZEEE190. 2B 2R 285187, 13- K K1 =A 4 ES T EERENS

5TF, EZEPEE TREBSE4- ZEM 02 474 ¥192(Scheme 1-90)#Y, 158V &
B, YR NER RS Ita.

12 (0.3 equiv)
Oroor IL, - () it

EtOH rt

190 187

Scheme 1-90
20064, Mazaahir% ARIE T ARG DDA 23— 4R A BBk I193(Scheme 1-91)1%2)

WL K2 EET REARGE T — R & SR sE 77 4 #1194(Scheme 1-92)1%%)
Ph OH

Lomol%)  TTN-N
+ PhNHz + 2NH©OAc + ArCHO — ——— || N
pr” 0

Ph '
Ph

193

Scheme 1-91

15 (1mol%)
| \_ ) benzene
+

reflux, 0.5h
3

Scheme 1-92
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2 PRI IR BB ST $F—F MEER
1.3 ARIFIRKINFH K

BECHENR AR RAEER. AED. REEHEN. ST, RIERE,
Rz A SRR SRR . N ERAMXRERTALESY, 4 FRAZ5HRN
—HRHMELEENHRAARZ —. EFR, BIREA—EXN S FRIED LT
i 5HENRERTHR, 3 HRAT —EHaR"H,

R F o FRELHAIRNFRNRERRRORRZE, FRIXTEE
REZHMERZ T UREARBAMN ZHERROEMZ EHRFFH. FEXEE
3T ENTNZ 5aza-D-ARR . & B=TCH HBEFFHF R LR AF- S5 84k
RERIF THH.
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IR IOAT IR SRR FoT A THRALEE AT —8ik aza-Diels-Alder R¥

FE HFHELERFIERET R
aza-Diels-Alder 2 [

2.1 FRABR

EEMAMNEYT BENEETBRAS, X, NEEHMTEDRALREE
MR EEHES, AR S RAWH—MREEMBE, tin, w708
AFALOERRENAF PRV, BLREHIR, IHFAEETUE S-HT(S-BREK)

46T NMDA(N- F £-D-RA M) Z AR MR 4L,

WA, HARD KT WA EMATE DI & B J7 23R8, 2P Ll aza-Diels-Alder
RBIHIRIE B % . Aza-Diels-Alder [ 57 3 B 21 5 g H3 F ) DU AR B 83 F 9 E 0%
AL T4+ 21F DR R LB «

2005 4, ZMA%¥ Wu AR T RZEFHE TN KM aza-Diels-Alder
¥ (Scheme 2-1), BY[RIFE 1-3 /N Z 0], Fﬁﬁﬁ(zx-%%)

X
Q &o NO*BFy
N/\©\ CHoCh, 1t
Y

Scheme 2-1
F4E, ZEEAREFARTET 345nm K EE ) (Scheme 2-2), ZETKESE,
M-EREANT, ERTHECENNREHM=XEHRLELFTIRS N-246%
mERg Se R & P D SRR AT A4, RY (8] 8-16 /DY, PEEE 76-91%, FHiZMEEH TR
BT — BRI .
(o

x\’
v
Q\ (\/QO 7 o r\\
N CHoCh, 1t Z N
v V4 H

Scheme 2-2
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Sy TR PR R B8 S TRMMNTE A% F— ik aza-Diels-Alder R

2006 %, ZREAIRET CAN (WRAH) T ZIEE R PR ZR A, wiE
E—IESR, PR 52-85%, WFEESAERENSR, FERYRERA
T—HY, TR ERYN S 4 BURUR 7 # 45 (Scheme 2-3).

(o
X
N X
\ O _CAN (10mof%) | =
MeCN, 1t
ElY )

Scheme 2-3
FI4E, EDAEAY Perumal WAACBRIE T 5 LRMABINER, BEERA CAN #
W B N-ZHEWERE=A5EKAEEKSZROBREERN T KM
(Scheme 2-4) . 3 Bie i T #— BRI R, EFE, BRURPT, #/4 2.5 384 CAN
it — 45 DU SRR AL B T PR AT A 4D (88-95%)

&o _CAN(smol)
+* R'CHO + R
HZOOrMeCN it O
® )

2.5 equiv CANN, Rm
0°C/MeCN 2
N~ "R
Scheme 2-4
B3R aza-Diels-Alder RN & BRNEAEMGTEDNERTECLBITRIFE
B, BRMRFEERNAMHABEN. UK. BERBRE %A, UG

PVEIR-MEMER, FEEN. FHRE. NHREFRRESRT .

=

R

Iz

22 HIR®RME

FRAS>FHRAIREPERN 5B, TF. FRATFSRES, RITREFRS st
BRF IS N-ZIGEME5F 2 B—8%: aza-Diels-Alder K MEITHIF (Scheme
2-5) .
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T HRAELING T LR R H_H S TR FAE T ik aza-Diels-Alder R

O\ (S,
N0 | TH
K 1 —; R n A
R ~ N+ solvent-free \ N
rt. 2
XD N/ N H
| R
yZ
2 cis-3 trans-3
Scheme 2-5

> H
N1 o ©ﬁ~ .
+ H
©\ 2 rt N Q
N/\Q H
» cis-3b

NO; NO2

Scheme 2-6

Table 2-1 Solvent effect and catalytic activity of the reaction between
N-vinyl-2-pyrrolidinone 1 and N-arylimine 2b

Entry Solvent Time Yield/%* cisitrans®
1 CH;CN 3h7 79 86:14
2 DMF 3h? 64 87:13
3 CH,Cl, 3h? 82 86:14
4 SF.° 10 min? 87 86:14
5 SF.° 10 min® 48 86:14
6 SF.° 10 min/ 60 86:14
7 SF.¢ 10 minf 86 86:14

“Isolated yields. *Determined by 'H NMR spectra. “Solvent-free conditions. 5 mol%
of I, °1 mol% of /3 mol% of I, ¥10 mol% of L.
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& FRAEA A PUR BT BT TGRS M T — 8k aza-Diels-Alder R

BATE %L N-ZHERRER 1 5§ N-G-REXTFE)FK 2b BEIRR N
(Scheme 2-6), ZEETF, ZREHENPER S FRMELIZRN. M Table2-1 1, &
RTETLAE t, FEBTE2RM JLF A H (Table 2-1, Entries 1-3), %R B 1RIGF) 3
BT, TEBE T RIFMKE (64-82%) , HEERURA=WAE. BRITE—F
ERTEBEFEGETOZRN, Bidt, RONKRZRNETHENEET, Rs
il & 3k (87%, Entry 4), Wi RRZESRIE 3 ANV/NREREZEN 10 580, BRIK=Y0
RLURR A XM7Y, SURTHRENFE RNARL, ZEROURERE, REFHR
M, MERNNRBBIARGE. XEERITFEXAREH#T T EHE—SHFR.

BE, RIVRETHEFEET 0% RN 4RI AR B M T 59T (Entries 4-7) .
B, ROERWBARNER, BEEEATHAEN mol%EHBES mol%,
RN ERESIEMERS: ER4EMMELTAR, FETEERENRE.

BNELRPOBREHT, WEZETEAT, EAS mol%ELENS FH, Xt
TR RERHAT T R/E (Table 2-2) . ARPAILLE H, KES RS ERE
famt (] P8 (10-3043-4) SeRIF BAB AT 07 3 S R A3 31 LUBECh E N4, RER
TRt FERAERR R TEA, XA RMYEHE BEVEM. TLEHSM
L3 FAUR AT B2h (Entry 8)B, ZRNARE HHAT, MRS LUBRIRA B3
P ATl A6 IE B G ARRL AR AL B W, [ AAREMMEEENTAS
HTIRRMZY (cis-3h). BATERAURER DL 72N (Entries 9, 12, and 14),
REHHEEK, FERE. B2, HP—IRAURRAMLEEFNE, NEEIHA
#1724 (Entry 14, cis-3n).

BATH P RITEA =D (cis-3¢, cis-3DIEFFT B, #2 CCD-X AT AT H
fa k45 #I(Figure 2-1, Figure 2-2).

Figure 2-1 X-ray crystal structure of cis-3¢ Figure 2-2 X-ray crystal structure of cis-3f
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Table 2-2 The aza-Diels-Alder reaction of 1 with various imines 2 in the presence of
molecular iodine (5 mmol%) under solvent-free condition

N-Arylimine 2
Entry Time  Yield%®  cis/trans®
R R’

1 2a H H 20min  3a 90 79:21
2 2b H m-NO, 10min 3b 87 86:14
3 2c H p-OCH; 20min 3¢ 85 86:14
4 2d H m,p-(OCH,0) 15min 3d 84 86:14
5 2e H p-Cl 10min  3e 82 90:10
6 2f H p-NO; 10min 3f 71 95:5
7 2g H p-CH; 10min  3g 87 87:13
8 2h H o,p-2Cl 30min  3h 37 100:0
9 2i pOCH; H 30min  3i 53 78:22
10 2j p-Cl H 10 min  3j 82 83:17
11 2k p-Br H 10min 3k 83 85:15
12 21 p-CH; P-NO; 30min 31 60 83:17
13 2m p-Cl p-NO; ISmin 3m 79 88:12
14 2n p-OCH; p-NO, 4h 3n 42 100:0

“Isolated yields. *Determined by 'H NMR spectra.
BATR R Z A RN R A E R R 4. 78 5. N-ZWGEEM % 5l 1
Z B H =45 R N(Scheme 2-7). BRRMEQ T ¥, HEEBLL 68%Hk %4
2 BHFTY. ERETFRNEANARSERTERNES, HE4512Z20RET
RESBAEBFTYNOER, ATEWT BIR-aE.
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S TR LR EBTR FF S TRLTEFIZE T8 aza-Diels-Alder R

$S { o

N

N O
N
See i C
OHC solvent-free N O
NH; rt. H
4 5 3b
NO, NO2
Scheme 2-7
BATH— B2 RHE 5 RAESHEBIREZAERED 3-M|Wk FEE 6a ZE LB &M Tt
TZ=#H% RM(Scheme 2-8), FJRRMBAFHAFREBHITINEG, 2% 6a ) N LA
FRGEF, RMEBRESEHT, RRAETENEFK 4 BRR R YEREX—$
BMEFAT. AT BRMNFBAERE, 5% 6a N AN FRBBLERT TRIPB I 6b
B, RAVEHR I 2K B RS9 1R IR H & 4 T (Table 2-3, Entries 1-6), 3 HF=Z %

B, BEANBXBE, FONRAFERR T Entry 6).

Scheme 2-8

Table 2-3 The three-component aza-Diels-Alder reaction of 1 with aniline 4 and
indole-3-carbaldehyde 6 in the presence of molecular iodine (5 mol%) under
solvent-free condition

Entry R R” Prod. Yield/%"
1 H Ts 7a 75
2 p-Cl Ts 7b 70
3 p-Br Ts Te 72
4 p-CHs Ts 7d 85
5 p-OCHj Ts Te 71

6 0-CH; Ts 7f€ I
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7 0-NO; Ts NR’ -
8 H H NR.® -
9 p-CH; CH; NR.® —~
10 p-Cl CH; NR.® -

“Isolated yields. °No reaction. “cis/rrans=86:14.
BATHZA R NRE T —NATRERIVUEE, BATAATTRER T EKHIN 54 Fiz
7= T — /AN SEHuE A T T X ANEAL R BE AT (Scheme 2-9),

(s
O
@\ o~ —_— @2 C —_— *
N, .N/\©
— ‘ trans- product
—
Scheme 2-9

cis- product

2.4 NG

BAVERT ELBAEE T, S FRENIS LRSS N-Z B i 4
ZIAiEiT aza-Diels-Alder R4 RITEEMAT AN R T, T AHRR. B,
3 BIRBEAR AT T B IRATIE LA (0 B e FR 0 SO T 5 7 510 B 0 PO e A A 2
MM=H 5 R

E: MAERKRTF (FELZE) , BEK.
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S TFREANF PLR BT F=F TN RS RN RN

£2=" ﬁ?@%f&ﬁﬁ:iﬁﬂ’]ﬁ%ﬁﬁ&ﬁ"

3.1 FIAHER

BRAZTHUEDR—FRFERO DRI, RE5 o FRFRI R ETFFEH
RSB RR 1,2-FE eI 8. XEREZAFFRBETE. 24D, B. 5
BE%, FEMAL, C2EROXERMNIGED. HiFSHHREHTRIXE
FFIRRBY, Him ZnCl, Bi(OTH)s, InCl3 %, H45h, WA —EBSHMALNIRE,
0 PBus. DABCO %.

20004EWu2s AP2ZE5 mol%AITBAFYEF T, #E40°C FHERE8-12/h 0, BF=153)
BRI R FIMe;SiXHIFF A=Y (Scheme 3-1) . ZRMEYE—, BiEHE, FEHE
1R AR A R IR

Pll TBAF (5 mol%), THF J/NHTS j
R"
VAT (X=Na, CN, CI)

R R’

‘NHTs
Scheme 3-1

2002 £E Bhanu Prasad % NHRiE T 7R 5 A T oK ARMBEOFHTK
¥ (Scheme 3-2) « ZEZEMBERH T, 2 HIHRIT T BF;-OEt, 71 Sn(OTL), BAEILF T #
FHRRI. SEMAHRE BF-OEL i, KRAAEEN Al AR BT B2 .

R? R.\__LNHTs

Lewis Acid (10 mol%)
N—Ts t —

R? R "OR
Scheme 3-2
20024 YadavZ A\ R 8 T 1 B 8 5 £ KSF 88 % 1B 458 Amberlyst- 1576 — 1 P 4%
P4 T BRI PR K FFEF )R B (Scheme 3-3) o 7EZ R T HiHE3-8/ MBI AT B =8
fEB BirL A Y. BAFIRTCAREFER, B4R T LewisBREF AT I E M5 L.

NHTs
J;N_Ts b OROH — /E /E

R CHClp, 1.t

R =ary}, hexyl; R = allyl, benzyl, propargyl, alkyl
Scheme 3-3
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S TFRELK AR BBIZ B=F S TS B0 T BN

20024 YadavZ NPHRGE T BRI G AIBIMR . MEME . Wk, EEW ZEInCL AL T
FIFFIF SR (Scheme 3-4) o %SCHRIRAL T NG F R AN BRI A FOE T T
fihE, ERNAHERN, BRTNAHT, FEP%.

Ar HTS
;N—Ts . /) 10% InCl3 Q\(\NHTS \
Ar N CHLChy, rt. N A / N\
H
Ar = Phenyl, p-CiCgH4, p-MeCgH4
Scheme 3-4

20024EHou A\PHRIE T ZEn-BuPMB 5T, RAR#H TEAAREAR. 7k
PA R B & AT FFEF R B (Scheme 3-5) « ZEARGRMn-BusPRY, R MNEFRF KA
AN T 10 mol% n-BusPf&, FFRREMHTRBRES, FEEN%ESR. Hf, X
BEBAEBFEEFEERESE THTHZRN. B, MITENRNMAOVERTT
Hit, WAn-BuPERNPSEDER T FRE, B FFRERRNMHL.

rR2 R
N7~ NuH, PBus (10 moi%) R ! R? !
N > ) + —
1'13 Solvent NU NHR® RN Nu

Scheme 3-5
20065 Krishnaveni® AP35 T ZEKAR PR I — U & 1 f-CDREAL T BN AISR
B LA R ERIFFER R BE (Scheme 3-6) o X R R4 HEA, Z& FEVAIEAT, P#EI0%
EA, BRMERK.
Ts

SR
B-CDM :
Ry mooH —ol0 o R
rt NHTs

Scheme 3-6
20074EBlyuminZ APHRE T 2 R FEANBEH I FEAEYELRDY
CsOHtERF, BRANMNARKBER, BR— M7= (Scheme 3-7) . ML
RERKE, FUNHEE—, MARBREREERR N>R,

NHTs
A~ CsOH (5 equiv), toluene
NTs + Het EWG ———— > “, rEwc;

n-BugNBF4 (20 moi%)
Het
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Scheme 3-7
R EERAAN SRR R NBE TREFNARE, THREENESE=T
IHFH R, ERBEREFRIEBAPHTZHAINIRN, HHENERTER
o FIEEZ R R B HIRE .

32 IR

FREBAEETRAERUURSSSE=THNARREURT FRYEET —
ERIT AR, ETAAN S TFRELNAEIURRNTIR, FrERAZRA S Fi
R A ER P B FH R Y (Scheme 3-8).

7 R’
N
/'Q 12 (5mo%) I't/n\

¢t 3 *R—OH ————>= ¢ v T

\_4' reflux ~_¢’

8 9 10
Scheme 3-8

33 £R5iw

B 56, WATLL 2-ZFH-1-3F B R RABL B A 0E 8a 7E FFBF 9a P9 RS (Scheme 3-9)
SHEAFIMAR UK RNRERT THR, 4FR5F Table3-1 P. NERHPTLIEH:
ZRMNERREAHET, AEENFIE(Entry 1), RNBEERHIT, BREFEERE
Kiatial. TAIMEATIEBUE, RN Zm; 3 AMERATRRERNEN, RN
A B R4k, FERIRE; HEAEN S mol%it, RN A&, F=E&&E(Entry 4).
Fef, FA, AW TZEELGTHRN, RARNHFTHIRE, 23T 100
NEF, R EIF=EEH RE 69%(Entry 6).

8a 9a 10a
Scheme 3-9
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Table 3-1 Investigation of catalytic activity of iodine in methanol under reflux
condition

Entry Amount/mol% Time/h Yield/%*
1 0 40 60
2 1 24 95
3 25 6 96
4 5 1 94
5 10 1 ‘94
6 10 100° 69

%solated yields. Room temperature.

BE, BOERLHFHT, 2T AREBRK 2-FE- -5 FEHMBIEANE 8
5XF®E 9 #9 K (Scheme 3-10), £ R %T Table 3-2 . NRPBATTLAFH: X
o ) B R R E U e AR AR A5 B AT H 55 B R A PN IR B 3 DA AT (7= 4 A B
—MFFEFRF=Y) 10. FEFEANEY 8 B, FATKI 2-3F FEER-1-% PRBRBEEARN
BE 8b(Entries 8-11) 5B K MR MBIRA, F4/IRZ RS RN E2H H=%1R
B T A 2-55 2 1% SRR S A UE 8a I, RAVAY (B A<, 55— B2 (Entries
1-5)76 1 B 3 /PRI Z R BIsE S, FFEBEERNEEANEN, RNEEEHEK: [
BERTE, ETHERTEANRAUARM R, /TR s TH T BRI AL FE R,
8a FEMT P RIT 24 /MRS, F=RJIRIRIK(Entry 6, 9%).

Ts

/ Rl
N I, (5mo%) N.
* R—OH —* Ts
reflux R

8 9 10
Scheme 3-10

Table 3-2 Reactions of various 2-phenyl-1-tosylaziridine 8 in alcohols 9 catalyzed by
5 mol% iodine under reflux condition

Entry R R’ Time/h Yield /%°

R

1 H CH; 1 10a 94
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2 H C,Hs 15 10b 99
3 H n-C3Hy 2 10c 92
4 H i-C3Hy 5 10d 80
5 H n-C;Hy 3 10e 90
6 H t-CiHy - 24 10f 9
7 H CH,=CHCH, 8 10g 77
8 CH; CH; 0.5 10h 95
9 CH; C2Hs 0.5 10i 95
10 CH; n-CsHy 05 10 93
1 CH,3 n-C4Hy 0.5 10k 92
“Isolated yields.

2R R 7-%F B R EARE A 7- 2R [4.1.0FF 4%t (Scheme 3-11), HATEAER
REHERER KRS, MRE LRMEILHTHETRE, FEZEKRMNAAE, Table 3-3
I T EFMAEAENEEHT, 8c SFRMRMNYE, BUEMKE 1 HEH,
RBARE 3 NP A ReSE R (Entry 5). 23R, RAERET — MBS SR
10 mol%(Entry 2), REEWEHT, BART 8¢ SAMFARNWARNER, RNY
THITAT AN, FEHTREE.

RO ARRRY) 8 FIRUHMARRNIAR, R ZRVAREH T — %
EBFHGE, 1 2-53E-1-3 PEBEBEEFE 8a, 8b X T 7-3¢ F KRB R-7-F%
WIR[4.1.0PFF k% 8c FIE R ERFRISE, BRFEFXMNRNELBEAESHT, M
JaE LB

,Ts R

N H
l2 N<
+ R-OH —— Ts
refiux

8c 9 10
Scheme 3-11
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Table 3-3 Reactions between 7-tosyl-7-azabicyclo[4.1.0]heptane and alcohols

Entry Amount/mol% R’ Time /h Yield /%"

1 5 CH; 15 101 86
2 10 CH; 10 101 89
3 20 CH; 9 101 82
4 50 CH; 5 101 95
5 100 CH; 3 101 90
6 10 C,H;s 10 10m 94
7 5 n-C3H, 15 10n 52
8 10 i-C3H; 12 100 41
“Isolated yields.

34 PG

BAVEE X B T PR TR B I nE FERE P I FFER RRLEEAT THRR, KRT —
F A RN =THOFR R, XNMFERR. AR FARAHRFNE
L5 hrirE2 e

E: BO&REEFF.
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ST R HLR BEFSE FNEE B2 SRR MA- 5255 B0 KB

FME HMECEZHESIRBBT-RE SR

41 FIRER

BB ARRNEENARFH— AN BERNRE, - REH,
BIET - Eh. f-RBEL. B R LSS, BRAKITRMG
FRR—REBNNEY, B RANATERR. RELEGURBRLERT.
Hep, LI-ZHERRUSYRRSRFEYEERAVE NS+ EZ
4, WK, BEM. KimELY PSR AL R T(Figure 4-1), 5
S, EHERRA T RA btk s 08T 5 KR YA S R YA e o0,

trimethoprim paraverine
Figure 4-1
LI-ZHEBERRBAEYEERBLFEMNEZHEZ RLEF-EHE SRS R
. BRESHM-ERMAT - EHBNRA, HIRNENTFESR. BR. KR
HEHSEEE, FELFERENREYERE. Bk, RELERE-EHOSE
Bk, EER, CEHEXENIREN®,
2005 4, Alexander Zapf iR B IKIRE T = SR BT B SRERRRI RN
A% 1,1- =3 E 520216 A P1(Scheme 4-1)1',
R1
10mol% FeC|3
00, e

R'= H, Me, Ph, CH,COZEt, CN
RZ= H,OMe, C|, F
R3=H,Cl, F

R*= OH, OAc, OCOzMe, Cl

Scheme 4-1
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S FHRAEL A PR BIBEST SR AL 28 SRR - 7 55 S0 U
2006 4, ZEBANET ZFHGFBUFTREFBEMRPNEHTREFZ
b R R R T 1%KA6 & ¥(Scheme 4-2)1%,

AN, 10molh FeCly N
Het(AH + | 2g ——————— HetA” 1 g
Z 80°C 4h Z

R= H, Me,OMe, Br,Cl, F, CFa
Scheme 4-2
20074E, Hajra SaumeniRif T s ZRBET, ¥ 5 EMESm(OTH MM M- peiAl

[ Ri(Scheme 4-3)1'"", 2% % R I Hh 5 8 B) B 4N SE A 0

Sm(OTf)3 (0.05 equiv)
NBS or 15 (1.2 equiv) 'lr\r

xR - R
ArH + R/\/ A R/\r
MeCN, 4 AMS, -20 to 25°C X

R =anyl
R' = H, alkyl, CO2R, COAr
Scheme 4-3

ZHEM-RFEURNNRERS, BNHELENXERRNFTRATR.

42 HIREE

TERNTEEAN A TR EHRNOER L, RISRAELENEGT, #9
FHGE B BB R B 55K 208 2 B35 S4L R F (Scheme 4-4)3F 3¢ LR
A TR TR T,

H Hs OH
OhR — - (J U
solvent free
CH, CH,
11a 12b 13b

Scheme 4-4

43 ZRE5iTE

BANETLHEREET, LAEZHE 11a F 4-FEFE 12b 2 181 5 R AR 9 SRR R
AT ARG, SRFIT Table 4-1 . B, BRIVEMRANEBREGOC)RET, £H
5 mol%HI-FH (L R NRiTIREZ M 11a F 4-FEER 12b WAT LS, AR
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53 FIRREALIOA LR BT BT RRAEZEEIRB M- e SR R
RE[DLE W, MEHIH 1:1.5 Bf(Tabled-1, Entry 2), BRH&EE, LidSHEEMR,

AL ZIEFZ 100%, GC WHEY 82%. EATRNEHA T RURAEILIEE, KR
TETAEAFIA S T H A 88T (Entry 8), SR ER, B AHEATFARE 5 mol%
o, BERKERTRE, BHEEARNELEEN, REXRFRAHENRS.
BIRRY, BERRLWRIERNEERBERN=E, MEENEENY 80C. A
PABRAIEEHRMEAH 80CTF, 5 mol%fEit B B R NG S ELEIN 1:1.5.

Table 4-1 Screening of the conditions utilizing the model reaction of styrene 11a and
4-methylphenol 12b under solvent free condition

Entry 11a:12b Iy/mol%  Temp./C Time/h Conv./%"  Yield/%"

1 1:1 5 80 05 60 48
2 1:1.5 5 Y 05 100 82
3 12 5 80 05 100 88
4 1:3 5 80 05 100 86
5 1:1.5 1 80 1 45 19
6 1:1.5 2.5 80 1 99.9 80
7 1:15 10 80 05 100 80
8 1:15 0 80 24 nr.? -
9 1:1.5 5 120 05 100 82
10 1:15 5 100 05 100 82
11 1:1.5 5 60 1 100 88
12 1:1.5 5 40 1 99.9 77
13 1:1.5 5 rt. 48 47 1

“Dected by GC. “No reaction.
B, BINELREEMBRRELHGT, HRTHFALAARAENEZE 11 5X
By 12 2 [A1#I R B2 (Scheme 4-5) , 45 5R%F Table 4-2 . JLEFAIERNKYE R
AR PR s 7 48 B B 18] R AT R Y FF BA PS5 SR O R A0 R A AR R 74
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5T BRAELINA LR BT ENT RS BRI -5 LR N
IRGRER, EBXAATIRREN R MY XSG EET —ENEM: L5K5
HIXHL IR (Entries 2, 4, 6, 7), RNZEFHIERBESAIRK>Y; WU
RERE, RFRESAURM AN IER, M EEEU A=A
F(Entries 1, 3, 5),

H
Re R, OH
) X
+ _— )
80°C R Z
;
R Rs solvent free Ry
11 12 13
Scheme 4-5

Table 4-2 F-C hydroarylation between styrenes and phenols catalyzed by 5 mol%
iodine under solvent free condition

Entry Ri R Rs Prod Time/h Conv./%® Yield/%  Select*

1 H H H 13a 05 100 82°(62)%  34:66
2 H H CHy 13b 05 100 87°(50)  >99:1
3 CH H H 13¢ 05 100 73°(61)"  26:74
4 CHi H CH; 13d 05 100 81°(54)  >99:1
5 Ci H H 13 05 100 829(45)° 38:62
6 Cl H CHy 13 05 100 879(57)% 982

7 H CH: CH; 13g 05 100 70°(37"  >99:1

“Detected by GC. “Isolated yield. “o-position / p-position.

TERHE— SRR, BATX 2-(1- KB ZE)FH 13b MRS REAT THHH
ZR. EEAERRNEGEMZ B, BRIAZEEABRRE. /LR EZERIR
AR . VP ERKRA, SEANERMA KR, G5 LTSN ik
BB R B IR 13b(Scheme 6).
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ZHFRIEAL 0 LR REBFOY BT BREEZBEMABMNAE-TI RN

OH CHs OH
£
©/\ X LIPAOAYIL O O
DMSO
CHs 40°C CH3
11a 12b 13b

Ly : 59%e.e. (39% yield)
Ly : 55%e.e. (43% yiekd)

7\
WV e S o M
pH%N A )=pn N N~/
Ly Ly
Scheme 4-6

4.4 NG

ROAS FREAEBR SR ZHE - THTEARNE R 2-(1-F R ZE)ER,
PR T EAREX RN KA R R, e, EX AN TRR AT T2 5,
FRA/T —EHER.

E: BARELHET.
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ST PR DI PEE SRR 3- (IR -2-TIRRIRTEM &R

BRE =SB 3--A g E)-2-05| bR
TSN

51 IRER

AT AT TFREEMNEBRNAREET ZFETRATY RERR
Y, LB . HEREEYURFMEZAY R T MRS
. IR R FZER R RN, iRkt .

(R FHBUEWHERTEIIB LB TREFMRE, TAIHBIVEZKIME
ATEY A R M IRE AR D « 3-(1-0rE 2 )-2-BIR BT E VR R IX KA YT —
f#, Hudson 1 Robertson B.7F 1967 fEsiREME IR 5 2,3- “ M 1,4-—
St e 2 Rl Ik A R %2646 A P)(Scheme 5-1).

0 ]
o N N
H
orbe ¥ o
B N
N
H
Scheme 5-1

2004 4E, Javad Azizian & WRIRE T %R, FRA%BG 1 K10ME DMSO i &
BT 2 25l - BEBERINGA AR BATTY, 7% 75-83%(Scheme 5-2).
0

/ﬂ\ HO M florite K10 N
enorilori

' - b—cOOH ontmorillorite /K

Voo N MW/ DMSO

oo H 4

Scheme 5-2
HUEALZE 2005 4 X LA silica sulfuric acid" " A REAFITE BB A 1 T REARERR
¥ (Scheme 5-3) .




SRR LR B FRFE RN 3- (7GR IE) -2- BN RIfT 4 0 & 1R
J

0
HO
7N silica sulfuric acid
R 0 + COOH - " Rr o
Z N N DMSO/ MW N
\ H \
R Rl

2min, 80-88%

Scheme 5-3
A 4b, Bimal K. Banik ¥4 {# RN MRMAE Z B2 Rk T i RN 347" (Scheme

5-4) .
e

N
) BI(N03)35H20
i R
Scheme 5-4
fE LRALERC, R MR RS AR SS TR I IR B K R AT, RN
HE. %R, BRVFEESREAMHTZ, EABER. FRAEHE—PRES
B, HEBEENEINTRNE—MEAREFR .

5.2 HIRiEAE
BATGE AL BIRR A YOTRLR L, WA TREN - BEBERA
BEAL AR 3-(1-M MR ) 2- I A R AT AE 400 o

53 R 511

BH, RINPBERS TFREZRBPREMERL 142 5 - BEBER 152 Z 05
454 R i(Table 5-1, Entry 5), 3¢ TLC BREF, REHAT T _A/MBERENR M54,
RS NKERR, RE 67%K BIF=Y 142 £ 5, BARINTERAT H— By
R AR R, BIERSEMZAT, BATER G AR HIX A BIE Y  4H
XTI RIXBERERA, RIMED Yadav BEAHRE T HARER TR S
RERS ARG L R B I DL B FOP= 2 3 BIMI Y B B ARP= ) %S0k P b B A 18 Hh 4 T 2
BT EAELER, RIVFELREATROREEHZBEIBHNEAZRNE SR
A MR RILE A M fk .
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S TRELNFHILRETIR SBRE = RALBAL 3- I -2-BIR AT RS R

BAETEHRAZNMERSERFHBR, TREA T AR SRR
FUEE Z R BRI % R AT T Y. 45 RFTF Table 5-1 F.

Table 5-1 Investigation of catalytic activity of different Lewis acids in EtOH*

Entry Lewis acid Amount/mol% Time/min Yield/%®
50 96

1 InCl; 10 50° trace’
24h° 28°

2 CAN? 10 50 76

3 p-TSA 10 50 84

4 CeCly7THO 10 50 31

5 I 10 30 67

6 None 0 200 22

“All reactions were carried out under a refluxing conditions. “Isolated yields. At room
temperature(25C). “Ceric ammonium nitrate.

MRS, BATLLEY, ENMEREATN, ZRNBEDBIHET. ML
AT A A A AL R AT . TR HAR, ZEARIA SR (Bl Y, = $AK4H
R RNMR B, FRREF(Entry 1, 96 %). RN, RIBHETT ER=F/HE
EZEBTRAXNMREER BRZET 24 /M, WrEERRE T 28%, XHH
BEKNFRIET XA RNEHT, FRET RMEAERE.

<

O HO. N
R_@/‘;O C D e Rmo
= N N COOH ROH F N

R reflux R'
4

1 16 16

R=H, Me, Cl, Br

R =H, Me, CH;Ph
Scheme 5-5

o, BATEET T REKERIXEA KA EW . M Table 5-2 FAILIEH: X
AR EE R T 4 (Entries 1-5) # AL AT HIRIRA), MAEIFERFHEBER P
(Entries 6, 7, 8)W RGeS IMFHAT . 248 IR IER 714 %5 DMF 5 CH;CN B, &
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S FRMEALIHA AR BT 5L BRE

=LA 3- (J-HEAEEL) -2- IR RIFTAE VI & R

MR P e AT (B RIRAE, PRBAE; SRR ERT SN CHCL B,
RRARARERE. SxTR, R B R A A6 I #0957 L BE (Entry 3)9
BEMRBE. RATBER T 95% LB, 50%ZBHMBEHRY, KEBHIEME—E
B LM T RS Entries 4, 5).
Table 5-2 Solvent effect on this reaction” between isatin 14a and 4-hydroxyproline

15a

Entry Solvent Time Yield/%®
1 MeOH 50min 84

2 i-PrOH 50min 75

3 EtOH 50min 96

4 95%EtOH 50min 93

5 50%EtOH 50min 53

6 DMF 24h 7

7 CH:CN 30h 20

8 CH;Cl, 24h NR.¢

9All reactions were carried out using InCl3(10mol%) as a catalyst under a refluxing
condition. ‘Isolated yields. “N.R.= no reaction

Figure 5-1 The crystal structure of 16b
BTk, RIVEA=FHEEARUNEZEPERNZFTRT AR ERIL14
542 RMERISHRI, 4535 FTable 5-3%. JLFHARRRELHRREFHS
4- BB RERMBAT R IFLURIF M= B BF=Y. Wi, 6-REZL14nBIHERTE
L5 /NBS 9 SE LR N (Entry 8), 3FLL99%HI7™= R 18 ZIAARL#97=416h, HfERI1-F R AR
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4114bit, BE85LA98%AIF~2BE| BAR=Y16b, RN, BATEREFRT BEHHEN
BT T M 5E (Figure 5-1). Aid, ERFENR, HEAMAA IR (Entries 12 and
13), BMEARMNBERE, 23 TRKHORNNE, #3GC-MS, REREMNIE
MFEH R M EI(161: M*232.1, 16m: M* 276.0), BAVEE S BMAIET HE5H.

Table 5-3 Reaction of various isatin 14 with 4-hydroxylproline 15 in EtOH catalyzed
by InCl; under a refluxing condition

Entry R R’ Prod. Time Yield/%"
1 H H 16a 50min 9

2 H Me 16b lh 98

3 H CH,Ph 16¢ 1h 97

4 6-Br Me 16d 1h 81

5 5-Cl H 16e 1h 93

6 5-Br H 16f 1.5h 88

7 5-Me H 16g 1h 83

8 6-Br H 16h 1.5h 99

9 6-Cl H 16i 1.5h 94

10 7-Me H 16j 3.5h 93

1 7-Cl H 16k 1.5h 94
12 4-Cl H 161 24h trace”
13 4-Br H 16m 24h trace®

“Isolated yields and all products were determined by IR, "H NMR, HRMS or elemental
analysis and m.p. *Detected by GC-MS and '"H NMR.

NTFEANRENE, RIONBNEARREE, EREAHRE T IsesileE
(Scheme 5-6), 3 ELXHEKHFITM T FBMENLR . RITETS-BEHEREHRT
- REERARLS, HFHEERL1aT ERFHTHITRN. ERNERE, £
TLCK BRI T 3-(1-ML W8 35)-2- B3Ik 16a ) AL AL, FRIBSIEAE R T %83
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ATRMALHHRRTIR BHEE SN 3- H%IE) -2 BRI LY &
BATARRRA 142 5152 — M EEEE. Bk, RaRBEETHRKENT
BmAZ— KPR LE17, HnERE S WO MEHRTHIR AR 118,
1 = SO b RAR XX — 5 ML, I iX— 5 AT . B G E 2 DL R D 5-
RTFHRBMRLALERTP16a.
Ro R;j

/
RO D\fo @ @
o [ Dcoon 2% N o e Jlomn 6
N N o o )
N N N
H H H
17 18

R=H, Ph
15

A €J% J

N N
. H
— 1,5-H shift > —
o} (o) 0
N N
H H

20 16a
Scheme 5-6

4

Iz

N &
© IZ = @: \:
o
(O

54 G
BEUEER, BMNKERT—HER. FE. TAREEH 3-(1-HUEE)-2-BI%
BETENTE, #ARMIMEEAEUNERMT LRRA. £EIITR.

% WAHERRERT (FEALZE) 2008, 26, 15-18.
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ST A LR EBIR AR SXHRERE

BARE £XHGEERE

6.1 &g

FWXFEFRT 2 FREDEAFIEFTIRMFONA. RIECL LK R

BT 4R

1 FHASFRECETENLMET, Bt aza-Diels-Alder RNAK T —RFIHIUE
EEWATEY, RNRITEET=40 RN, UEENLEERFEIRT FBIME
A AT BB R, EERER. A FHIERE.

2 EEXMM PEBBER AR IR RNHETTHR, RRT —HERSTF
BB =T MR, XANFERE. AR AR RF8IXE%E
#.

3 BIRTEENEHGT, ATREAERSEZHEST-RHEILRNE K 2-(1-
FRZEER, EXEAXNRREHET T OEEN, FRAT —ENER.

4 RETH=SWEELOER, HE. EHEROER 3-(1-HrEE)-2-BIGRERAT
MR, FEMERUESYNESRMT WRRE. SEATR.

62 RHE

AXRNOFIAL FRIEARUANSE T BB, X0 FRELHEIR
BT EE, FAXERNNEME, FERANKENER. REXXRINFAL T
BYEREURSET —LHIRN, BRATHEXR, HALEEFEEFTFSZAR
24 mBENEFFERANRDABEE, ERERFRFARYE, WAMEARX
WERBERTBEN; HRNORGTENEEEFE— SRR,

TS EMREDEERRKMERZR, SHEHZIEENERRSFE.
BT R FRENFIUR AN B A KER, 7L 0 RBUE DB 2 R R
H, ToA LAY RIS R Y s R RS = K> B M AERER, USSR
EE R E LR DA BT T,
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7.1 (B FRRH

ARRIE:
B B X-TSA BB RENNE, BEHRKIE:
'H NMR(**C NMR): Varian Inova-400 MHz i Bruker ACF 300, 400MHz f%Hi3t
WAL
LI5S Nicolet Avatar 360 FT-IR £L5h i1
FCEAHr: Carlo Erba 1110 R TE 4 {4;
WAHEE: Waters 1525 B EBHA G, KA ODH ik,
SUHIE#: Varian CP23800 ARG, P cp-sil-Scp (5 HE:
AL HME: Rigaku Mercury CCD X-51 48 38 S RT Y
Jig: TOF-MS (ET") Fi%{X.

7.1.2 &A

A BRAERIBR T EWS, WhESRAN. AMME. ZKR28. & PreHuw
EBE; KNS, TKZBREBHL/ —EPREMAERENER; TR F
$t. 7Kk DMF. ST 2 A RS S A BIRA B . S22 BT/ Merck 60
F254 BUHIR, £5h. B, BERIQN. BEEFFIA 200-300 BREBRHET.

72 BHAF
721 FRF U 2 K&

¥ 5 mmol L 5 mmol FEET 25 mL BRLEHRP, WA 2 HLE, BEKE
WE THERG TR S 0%, RNGHRE, BB H#TESRKMTEARER>
2.

72.2 EE N-XF P RRBE R 3-8 F RS 6a & 12!
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I FIRAEAI A BLRBERIS FEE LR
[ 100 mL BBEFE PN 5 mmol & 3-F5[WEFEE, DA 15 mL ZEBF=E TH
H#, AR 20% S B 1S mL B . HE 18T M B R BEBEE(S mmol)
MZBMZEER 10mL. ZRBFAEERBEACENR, TELHIER SEE &
H. SHENE, EVNEHAZRIEER, EHAHME, TKRRETHR, S8, &
GEARE S, SHEPEG#TEEN [EA:PE=1:4] BHAEK 6a (T 75%).

723 Bk 2-ZFE-1-% P EREBLE A E 8 RUHI &

(o] I (10 mo'%) Ts
C'\N g Me  BTEAC (10 mol%) N
+ - e o
o > N g - N
Hx0,rt 1h Ph
Chloramine-T 8

@ 50 mL FEMFIMA 10 mmol FZKh (BRI FHEEZME) ,5 mmol FRE T,
10mol%4 FH. 10 mol%M T HRIEE, BIMAERK, ZETHHEL 24 M. R
R ZBERER (15 mLX3), HHMAABRARKSE, ZBER, AFFHMHE, B
MATR, I8, WREBEH. X HEITEENRMARY.

724 JEE N-BUREL 14D, 14c, 14d (51 &1
¥ 10 mmol BELLYAT 20 mL REH, A 1.5g BB, FWMA 6 mmol =
(R 12 mmol ), FIRERMER, B REBEBAKS, FTHBEERHE,

725 HABBALERL 14e-m ROHI&12

X g
NH, NP
X Ch¢” TOH {
= NH.OH /HON H
(1

HCL H,0, &
N
__l"&, _: 0 * NHHSO,
60-80°C =
0

14
A VUSRI S SE R T 500 mL M=FUmP A 4.25g(30 mmol)
Biledh, M 100 mL KINEERER, ZFHEMA 92 (0.55 mmol)/K AR ZBRMHEBR,
R R INE4R 0.25 mmol XK. 6 mL B K 50 mL KAIREHR AT Q6L
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Ry, FEDEMN g HhERHE0.16 mmol)AT 50 mL KEH, ZF¥MAZ 60-70°C,
BiEE S ANNE, WBEHRAIFEHEBEAEN L. B8, diE, K. TRELRE
BEfk@). F 50 mL KEEF, SN L&), BREEE 75-85C, W, #
BZE 90°C, HHA 30 240 EAH, ABHILERNBEYEEBIA 150g KT,
A, Hhik, KSR ERRY . BN 100 mL HoKPRABEIR, B0 5 mol/L
SEALAISIIEAR, BERM 6 mol/L HMERHME pHE-9. M BBBIEEE,
i 6 mol/L HhRRIERILE pH=2. MELR, ¥ Kit. TREABERE 14.

7.2.6 (4S)- 245~ (S) - B BR15b i 1 &1
HO,, HO,,

& CICO,CHs & PPhs, DEAD
COOH N~ COOCH;

ﬁ K2CO3, CH30H PhOH

I
COOC:Hs

)
PhO,

PhO,
Do, 208 TN
COOCH; (2) HCI N COOH

N N
COOC,Hs
(3) 15b

3.30g L-ZHE R T40 mLIK FEEP, MA3.30g0KKRM, ##, #25CTF
Hme.00g M FRZE, RNBEVEEZR THIEIR. EHRLIHRE T B2, INA20 mL
K, SIS0 mLx2), &HFHHUR, WA KR, KRB TR RXEH,
BILEAWRIN-ZEHE-AR)- R E-S)-MERFEEQR), 5428(82%), THEATT
— RN

3.80g ()% T 50 mLIULIBRMI, NA2.60g% R, 7.20g =2 B, B HIZ0°C, Z£40minA
% fn4.80g DEAD, EEHHEH, BEHEN, MAZB-GHEBE[V/V=11], BEH
HEEE, BRIEHREET, BEHAMRY, HREREYEHEEN [EAPE=1:5]
BAGER, BIN-ZEHRE-(49)-FH8-(S)-HERFREG)! 28.

12g Q)& F10 mLIT/K ZBES, K¥ T 12 mol/L NaOH 2.65 mL, /K% #15min,
FEBHI. RNLRER CBER=R, KARA2molL HCIRLEpHA2, #HH
15min/5 ZBEFEEN(10 mLx3), BEAFATKGRHTER REFSOCGENE, mA
6mol/L HCI 50 mLin#El#t16h, RNLRE#RNKRFZETE, MALEFEET,
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REBREHE. A0 mLEEK, FEKE TRETpHAT, KRERZETE DGR,
FKEL R 815b, m.p.238-240C (lit. 239-241°C.).

727 DEADH%] %12

Na,CO
CICOOEt * NHNHzH,0 ———————= EtO,CNHNHCOEt
95% EtOH @

— €k -
A EtO2CN=NCO,Et

A HUA 89250 mL= 0, IA4.7g 80% K& BE&30 mL 95%Z 8%, #&
BBRZEI0CLLT, HAETHM4gETRZE (BEELS-20C), Hm—Fn, RHH
HNNa,COs7K ¥ B(7.3g NaxCOsE 35 mLAKS) . WnsgE, ¥R B8 ERTHENT,
B4 R N 30min, €, FWRAKK=K, B8.06gHEHKREEHG), WHEKT0% Gk
B 82%) o

B LR ERMEaERERE)Se. 25 mLE. 25 mLEBKIMA250 mL=0OEF, 3
VB, SSEEKKA LAY, HEBEARS, REEBEEFIEISCLUT,
MR ELOgES, FILERR, MBREABAG. SERERN, AR
RA4HER, KERAEXZERG mLx3), 8HEHNE (EBLE) , 3:H10% Na,COs
WEFH, BHAKERR, AXKNGLSOTEH. BEHEMN., BEEMB, WE
107-111°C/15mmHgfy 84y, 85.36gB L ik, WE68%(SLHERILZES83%).

7.3 S TFHUBLEERZME T —Hikaza-Diels-Alder X Y
73.1 4 FHUEAL N-ZEEME R 1 55T 2 A505FY 3 PR

(o

N
I2

x 1 —_—

R _‘—
R _@\ . solvent-free {
rt.
X Né}\T:iij

| —r
/
2 cis-3 trans-3
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¥ N-Z k8 4w 1 (0.5 mmol). F5HZ 2 (0.5 mmol)Fl 5 mol% 7 FE TH

Krkh, FETHE. TLC MERMN, REARE, AEEREERRNEEY

HEBEMBMP, Tk, #TERENEA:PE=1:6to1:3)B4H™) 3.

732 S FHEN N-ZH LB 0 1. 7 4 T 3R FEERTAEY 6 = A RIS
BP9 7 H R B

N (o] N&O
- ,H
5.
OH
O\ * solvent free Z N =1
N
7 R"

¥ 5B 4 (0.25 mmol). 3-T5|WEFEERTAEY 6 (0.3 mmol)F 5 mol%sr T E T
Bk, EETHE. TLC MERNERNESE, BFMA N-ZEEMERE 1 (03
mmol), FHEERNEHR. AEEARBRINEEYIIEBEHERES, Tkl
BHTHEW([EA :PE=1:6to 1 : 3]1B4% 7Y 7.

7.3.3 EYEIEFRIE

&o

N

oH
)

e

H
cis-2-phenyl-4-(2-oxopyrrolidin-1-yI)-1,2,3,4-tetrahydroquinoline, cis-3a: colorless
powder; mp: 46-49°C (lit. 143-145°C)®%); IR (KBr): v 1605, 1659, 2925, 3357 cm™’; 'H
NMR (CDCl, 300 MHz): § 1.99-2.14 (m, 4H), 2.46-2.52 (m, 2H), 3.20-3.23 (m, 2H),
4.00 (s, 1H, NH), 4.61 (t, J = 6.9 Hz, 1H), 5.73 (t, /= 9.0 Hz, 1H), 6.58 (d, J = 7.8 Hz, 1H),
6.71 (t, J=1.5 Hz, 1H), 6.88 (d, J = 7.5 Hz, 1H), 7.06 (t, J= 7.5 Hz, 1H), 7.26-7.45 (m,
5H), HRMS (m/z): [M]", calcd. for CyoH2oN20: 292.1576, found 292.1562.
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trans-2-phenyl-4-(2-oxopyrrolidin-1-yl)-1,2,3,4-tetrahydroquinoline, trans-3a: white
powder; mp: 166-169°C; IR (KBr): v 1605, 1659, 2948, 3365 cm™; "H NMR (CDCl;, 300
MHz2): § 2.25-2.35 (m, 5H), 2.99(s, 1H), 3.07-3.12 (m, 2H), 4.02 (d, /= 6.3Hz, 1H, NH),
4.69 (t,J=0.45Hz, 1H), 5.71 (dd, J= 3.9 Hz, 10.5 Hz, 1H), 6.77 (q, /= 5.7 Hz, 1H), 7.09
(t,J=5.1 Hz, 2H), 7.16 (t,J = 5.1 Hz, 3H), 7.03-7.37 (m, 4H); HRMS (m/2): [M]", calcd.
for C;gH;6N,0: 292.1576, found 206.0987(100) and 85.0593.

(D=0
[llii u |llii NO
2-(3-nitrophenyl)-4-(2-oxopyrrolidin-1-y)-1,2,3,4-tetrahydroquinoline,  3b: faint
yellow powder; IR (KBr): v 1605, 1659, 2925, 3334, 3450 cm’'; 'TH NMR (CDCl;, 300
MHz): § 1.95-2.07 (m, 4H), 2.34-2.48 (m, 2H), 3.16 (s, 2H), 3.98 (s, 1H, NH), 4.54 (dd, J
= 1.5, 3.9 Hz, 0.14H, -trans), 4.74 (d, J = 7.5Hz, 0.86H, -cis), 5.48-5.50 (m, 0.14H, -trans),
5.69 (dd, J = 1.8, 4.8 Hz, 0.86H, -cis), 6.58 (d, J= 5.7 Hz, 1H), 6.70 (t, J = 5.4 Hz, 1H),
6.83 (d, J= 5.4 Hz, 1H), 7.03 (t, J = 5.7 Hz, 1H), 7.20 (s, 1H), 7.49 (t, J = 5.4 Hz, 1H),
7.68 (d, J = 5.4 Hz, 1H), 8.12 (d, J = 6 Hz, 1H), 8.33 (s, IH); HRMS (m/z). [M]’, calcd.
for C9H9N30s: 337.1426, found 337.1424.
2
(o
(L -~

OMe

\
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2-(4-methoxyphenyl)-4-(2-oxopyrrolidin-1-yl)-1,2,3,4-tetrahydroquinoline, 3c: faint
yellow powder; IR (KBr): v 1605, 1667, 2994, 3056, 3311 cm™; "H NMR (CDCl;, 300
MHz): § 2.02-2.09 (m, 4H), 2.48-2.55 (m, 2H), 3.23-3.27 (m, 2H), 3.83 (s, 3H, OCH3),
3.98 (s, 1H,NH), 4.50 (dd, J= 1.2, 4.2 Hz, 0.14H, -trans), 4.57 (t, J = 5.1Hz, 0.86H, -cis),
5.59 (t,J=0.6 Hz, 0.15H, -trans), 5.73 (t,J = 6.6 Hz, 0.85H, -cis), 6.58 (d, J= 5.7 Hz, 1H),
6.72 (t,J=5.2 Hz, 1H), 6.88 (s, 1H), 6.92 (d, J = 6.3 Hz, 2H), 7.05-7.10 (m, 1H), 7.28 (s,
1H), 7.36 (d, J = 6.3 Hz, 1H); HRMS (m/z): [M]", calcd. for C20H2N,0,: 322.1681, found
322.1680.

r ~

(o
Ch s

2-(benzo[d][1,3]dioxol-5-yl)-4-(2-oxopyrrolidin-1-y1)-1,2,3,4-tetrahydroquinoline, 3d:
faint yellow powder; IR (KBr): v 1605, 1667, 2948, 3025, 3326 cm™"; '"H NMR (CDCl;,
300 MHz): § 2.01-2.08 (m, 4H), 2.43-2.59 (m, 2H), 3.18-3.27 (m, 2H), 3.96 (s, 1H, NH),
4.45 (d, J = 0.6 Hz, 0.12H, -trans), 4.53 (dd, J = 3.6, 6.6 Hz, 0.88H, -cis), 5.57 (d, J=0.9
Hz, 0.16H, -trans), 5.71 (t, J = 6.6 Hz, 0.84H, -cis), 5.93 (s, 0.28H, -trans), 5.98 (s, 1.72H,
-cis), 6.57 (d,J=5.7 Hz, 1H), 6.71 (t, J = 5.4 Hz, 1H), 6.80 (d, J = 6 Hz, 1H), 6.87 (d, J =
5.7 Hz, 2H), 6.95 (s, 1H), 7.06 (t, J = 5.7 Hz, 1H), HRMS (m/2): [M]", calcd. for
C20H0N,05: 336.1474, found 336.1474.

( )

&o

N
A 9

H
2-(4-chlorophenyl)-4-(2-oxopyrrolidin-1-yI)-1,2,3,4-tetrahydroquinoline, 3e: faint
yellow powder; IR (KBr): v 1605, 1667, 2917, 3048, 3334 cm™; "H NMR (CDCl, 300
MHz): § 2.01-2.09 (m, 4H), 2.47-2.54 (m, 2H), 3.21-3.24 (m, 2H), 3.98 (s, 1H, NH), 4.53
(dd,J=12,2.7Hz, 0.1H, -trans), 4.60 (d,J = 1.5 Hz, 0.9H, ~cis), 5.57 (dd, J=2.4, 3.6 Hz,
0.11H, -trans), 5.73 (t, J = 6.3 Hz, 0.89H, -cis), 6.60 (d, /= 6 Hz, 1H), 6.73 (t, J = 5.1 Hz,

\,

Cl

\
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1H), 6.88 (d, J = 5.1 Hz, 1H), 7.08 (t, J = 6 Hz, 1H), 7.31-7.37 (m, 4H); HRMS (m/z).
[MTJ", caled. for C9H;sCIN,O: 326.1186, found 326.0934.
—

(P~

oY ~
2-(4-nitrophenyl)--4-(2-oxopyrrolidin-1-yl)-1,2,3,4-tetrahydroquinoline , 3f: faint
yellow powder; IR (KBr): v 1605, 1683, 2940, 3063, 3280, 3311 cm™; "H NMR (CDCl,,
300 MHz): § 2.01-2.12 (m, 4H), 2.41-2.60 (m, 2H), 3.22 (t, J = 6.9 Hz, 2H), 5.40 (s, 1H,
NH), 4.61 (dd, J = 1.8, 3.3 Hz, 0.05H, -trans), 4.74 (dd, J= 2.7, 7.5 Hz, 0.95H, -cis), 5.53
(dd, J=1.8, 3.3 Hz, 0.05H, -trans), 5.75 (dd, J = 6.6, 8.4 Hz, 0.95H, -cis), 6.64 (d, J=7.8
Hz, 1H), 6.77 (t, J= 1.5 Hz, 1H), 6.90 (d, J= 7.5 Hz, 1H), 7.10 (t, J= 7.5 Hz, 1H), 7.64 (d,
J = 8.4 Hz, 2H), 8.25 (d, J = 8.7 Hz, 2H); HRMS (m/z): [M]', calcd. for CisHyoN30;:
337.1426, found 337.1424.

O~

(L ~
l
2-(p-tolyl)-4-(2-oxopyrrolidin-1-yl)-1,2,3,4-tetrahydroquinoline, 3g: faint yellow
powder; IR (KBr): v1605, 1683, 2917, 3049, 3296, 3350 cm™; 'H NMR (CDCl;, 300M
Hz): § 1.99-2.12 (m, 4H), 2.31 (s, 0.51H), 2.36 (s, 2.49H), 2.46-2.57 (m, 2H), 3.16-3.26 (m,
2H), 3.98 (s, 1H, NH), 4.50 (t, J = 0.9 Hz, 0.14H, -trans), 4.58 (t, J = 6.9 Hz, 0.86H, -cis),
5.62 (t,J=2.7Hz, 0.12H, -trans), 5.72 (t,J = 9.0 Hz, 0.88H, -cis), 6.57 (d, J="7.8 Hz, 1H),
6.70 (t, J=7.2 Hz, 1H), 6.87 (d, /= 7.5 Hz, 1H), 7.06 (t, J="7.8 Hz, 1H), 7.19 (d, J="7.8
Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), HRMS (m/2): [M]", caled. for CyHuN,0: 306.1732,
found 306.1664.

N\

L NO,

CHs
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cis-2-(2,4-dichlorophenyl)-4-(2-oxopyrrolidin-1-yl)-1,2,3,4-tetrahydroquinoline,cis-3h:
faint yellow powder; mp: 200-202°C; IR (KBr): v 1613, 1659, 2933, 3303 cm™; 'H
NMR (CDCl3, 300 MHz): § 1.87-2.07 (m, 4H), 2.42-2.58 (m, 2H), 3.14-3.28 (m, 2H),
3.88 (s, IH, NH), 5.04 (dd, /= 1.5, 11.4 Hz, 1H), 5.75 (dd, J =6, 12 Hz, 1H), 6.64 (t, J =
8.1 Hz, 1H), 6.75 (t, J= 7.4 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 7.08 (t, J= 7.4 Hz, 1H),
7.30 (dd, J = 1.8, 8.7 Hz, 1H), 7.40 (d, J = 0.3 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), HRMS
(m/z): [M]", caled. for C19H;5C1oN,0: 360.0796, found 360.0785.

e |

HaCO

(L o
2-phenyl-4-(2-oxopyrrolidin-1-yl)-6-methoxy-1,2,3,4-tetrahydroquinoline, 3i: faint
yellow powder; IR (KBr): v 1605, 1675, 2925, 3357 cm™; "H NMR (CDCls, 300 MHz): §
1.97-2.13 (m, 4H), 2.40-2.59 (m, 2H), 3.17-3.30 (m, 2H), 3.73 (s, 3H, OCH3), 3.98 (s, 1H,
NH), 4.39 (dd, J = 3.9, 10.2 Hz, 0.22H, -trans), 4.54 (dd, J = 4.2, 9.3 Hz , 0.78H, -cis),
5.72 (t,J=8.4 Hz, 1H), 6.48 (d, /= 1.8 Hz, 1H), 6.58 (t, /= 8.7 Hz, 1H), 6.70 (dd, J=2 4,
8.7 Hz, 1H), 7.26-7.45 (m, SH), HRMS (m/z): [M]’, calcd. for CooHpN,O4: 322.1681,
found 322.1681,

O~
CI
A

2-phenyl-4-(2-oxopyrrolidin-1-yl)-6-chloro-1,2,3,4-tetrahydroquinoline,  3j:  faint
yellow powder; IR (KBr): v 1598, 1675, 2956, 3357 cm™; "H NMR (CDCls, 300 MHz): §

| —
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2.00-2.12 (m, 4H), 2.43-2.60 (m, 2H), 3.21-3.27 (m, 2H), 4.05 (s, 1H, NH), 4.43 (t,J=1.5
Hz, 0.16H, -trans), 4.59 (t, J = 6.9 Hz, 0.84H, -cis), 5.56 (d, J = 1.2 Hz, 0.16H, -trans),
5.68 (t,J = 9.0 Hz, 0.84H, -cis), 6.51 (d, /= 8.4 Hz, 1H), 6.83 (s, 1H), 7.02 (dd, J = 1.5,
2.4 Hz, 1H), 7.32-7.43 (m, 5H), HRMS (m/z): [M]", calcd. for CioH;sCIN,O: 326.1186,
found 326.1183.

(— 3

P
C
e

2-phenyl-4-(2-oxopyrrolidin-1-yl)-6-bromo-1,2,3,4-tetrahydroquinoline, 3k: faint
yellow powder; IR (KBr) v: 1598, 1675, 2925, 3350 cm™'; "H NMR (CDCls, 300 MHz):
82.01-2.15 (m, 4H), 2.41-2.62 (m, 2H), 3.24(t, J=7.5 Hz, 2H), 4.04 (s, |H, NH), 4.46 (d, J
= 3.3 Hz, 0.15H, -trans), 4.59 (t, J = 6.9 Hz, 0.85H, -cis), 5.54 (d, J = 5.1 Hz, 0.14H,
-trans), 5.69 (t, J= 9.0 Hz, 0.86H, -cis), 6.46 (d, /= 8.4 Hz, 1H), 6.96 (s, 1H), 7.14 (d,J =
6.6 Hz, 1H), 7.26-7.40 (m, 5H), HRMS (m/z): [M]", calcd. for C;9H;sBIN,O: 370.0681,
found 370.0686.

r E—
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2-(4-nitrophenyl)-4-(2-oxopyrrolidin-1-yl)-6-methyl-1,2,3,4-tetrahydroquinoline, 3l
yellow powder; IR (KBr): v 1621, 1667, 2925, 3288 cm™*; "H NMR (CDCl3, 300 MHz): §
2.01-2.10 (m, 4H), 2.24 (s, 3H, CH3), 2.41-2.62 (m, 2H), 3.21(t, J = 6.9 Hz, 2H), 3.91 (s,
1H, NH), 4.59 (dd, /= 2.4, 9.0 Hz, 0.17H, -trans), 4.69 (dd, /= 2.4, 10.2 Hz, 0.83H, -cis),
5.72(dd, J=6.6, 11.1 Hz, 1H), 6.56 (d, /= 8.1 Hz, 1H), 6.69 (s, 1H), 6.91 (d, /= 7.8 Hz,
1H), 7.54 (d, J = 8.7 Hz, 0.34H, -trans), 7.63 (d, J = 8.4 Hz, 1.66H), 8.23 (d, J=8.7 Hz,
2H); HRMS (m/z): [M]", calcd. for C2oHz1N305: 351.1583, found 351.1696.
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2-(4-nitrophenyl)-4-(2-oxopyrrolidin-1-yl)-6-chloro-1,2,3,4-tetrahydroquinoline, 3m:
yellow powder; IR (KBr): v 1605, 1659, 2969, 3095, 3249, 3350 cm™; 'H NMR (CDCL;,
300 MHz): & 2.03-2.10 (m, 4H), 2.42-2.61 (m, 2H), 3.23 (t, J = 6.9 Hz, 2H), 4.08 (s, 1H,
NH), 4.62 (dd,J=2.4, 4.5 Hz, 0.12H, -trans), 4.72 (dd, J= 2.4, 10.5 Hz, 0.88H, -cis), 5.49
(dd, J=12,2.7 Hz, 0.13H, -trans), 5.70 (dd, J= 6.6, 11.4 Hz, 0.87H, -cis), 6.57 (d, J =
8.4 Hz, 1H), 6.84 (s, 1H), 7.05 (dd, J = 1.5, 8.4 Hz, 1H), 7.62 (d, J = 8.7 Hz, 2H), 8.25 (d,
J = 8.7 Hz, 2H), HRMS (m/z): [M]", calcd. for C;5H;3CIN;O3: 371.1037, found 371.1054.
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cis-2-(4-nitrophenyl)-4-(2-oxopyrrolidin-1-yl)-6-methoxy-1,2,3,4-tetrahydroquinoline,
cis-3n: yellow powder; mp: 169-171°C; IR (KBr): v 1598, 1683, 2948, 3102, 3388 cm™;
"H NMR (CDCl;, 300 MHz): § 1.98-2.12 (m, 4H), 2.39-2.60 (m, 2H), 3.22 (t, J = 6.9 Hz,
2H), 3.74 (s, 3H, OCHj3), 3.83 (s, 1H, NH), 4.67 (dd, J= 1.8, 11.1 Hz, 1H), 5.74 (dd, J =
6.3, 11.4 Hz, 1H), 6.48 (d, /=2.1 Hz, 1H), 6.61 (d, J=8.7 Hz, 1H), 6.72 (dd, J =24, 8.4
Hz, 1H), 7.64 (d, J = 8.4 Hz, 2H), 8.24 (d, J = 8.7 Hz, 2H), HRMS (m/z): [M]", calcd. for
C20H2iN304: 367.1532, found 367.1533.

\
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cis-2-(N-Tosylindolin-3-yl)-4-(2-0xopyrrolidin-1-yl)-1,2,3,4-tetrahydroquinoline,
cis-Ta: faint yellow powder, mp: 237-239°C; IR (KBr): v 1598, 1675, 2940, 3342 cm™;
'H NMR (CDCl;, 400 MHz): § 1.99-2.05 (m, 2H), 2.21-2.25 (m, 2H), 2.36 (s, 3H, -CH3),
2.41-2.58 (m, 2H), 3.21 (t, J = 6.8 Hz, 2H ), 4.04 (s, 1H, NH), 4.88 (t, / = 7.0 Hz, 1H),
5.76 (t,J=9.0 Hz, 1H), 6.60 (d, /= 8.0 Hz, 1H), 6.74 (t, J=7.4 Hz, 1H), 6.90 (d, /=72
Hz, 1H), 7.08 (t, J = 7.8 Hz, 1H), 7.24-7.26 (m, 3H), 7.35 (t, /= 7.8 Hz, 1H), 7.61 (s, 1H),
7.66 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 8.01 (d, /= 8.0 Hz, 1H), BC NMR
(CDCl3, 100MHz): 5 18.70, 22.08, 31.88, 33.76, 42.82, 48.62, 49.40, 114.33, 115.69,
118.99, 119.51, 120.58, 123.26, 123.70, 124.83, 125.55, 127.35(3), 127.42, 128381,
130.46(3), 135.93, 145.57, 176.37, HRMS (m/z). [M]", calcd. for C2sH27N303S: 485.1773,
found 485.1758.

( )

cis-2~(N-Tosylindolin-3-yl)-4-(2-oxopyrrolidin-1-yl)-6-Chloro-1,2,3,4-tetrahydroquino

line, cis-7b: faint yellow powder, mp: 214-217°C; IR (KBr): v 1605, 1675, 2925,
3373cm™; "H NMR (CDCls, 400 MHz): § 2.01-2.07 (m, 2H), 2.21 (dt, J = 2.0, 7.8 Hz,
2H), 2.36 (s, 3H, -CHs), 2.43-2.60 (m, 2H), 3.22 (t, /= 8.0 Hz, 2H ), 4.04 (s, 1H, NH),
4.86 (dd, J= 1.6, 6.0 Hz, 1H), 5.71 (t,J = 8.8 Hz, 1H), 6.54 (d, J= 8.8 Hz, 1H), 6.85 (dd, J
= 1.6, 2.4 Hz, 1H), 7.03 (dd, J = 1.6, 8.4 Hz, 1H), 7.24-7.26 (m, 4H), 7.35 (dt, J=12,7.8
Hz, 1H), 7.61 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 8.01 (d, /= 8.4
Hz, 1H); HRMS (m/z): [M]", calcd. for C;sHz6CIN303S: 519.1383, found 519.1396.
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cis-2-(N-Tosylindolin-3-yl)-4-(2-oxopyrrolidin-1-yl)-6-Bromo-1,2,3,4-tetrahydroquino
line, cis-7c: faint yellow powder; mp: 242-244°C; IR (KBr): v 1598, 1670, 2960, 3355
cm™'; '"H NMR (CDCl3, 400 MHz): § 1.98-2.07 (m, 2H), 2.19-2.22 (dt, J = 1.6, 8.0 Hz,
2H), 2.36 (s, 3H, -CH;), 2.41-2.58 (m, 2H), 3.22 (t, /= 6.8 Hz, 2H ), 4.10 (s, 1H, NH),
4.85 (t, J=17.6 Hz, 1H), 5.71 (t, J= 8.8 Hz, 1H), 6.48 (d, J = 8.8 Hz, 1H), 6.97 (s, 1H),
7.16 (dd, J = 1.6, 8.4 Hz, 1H), 7.24-7.26 (m, 4H), 7.35 (t, J = 7.6 Hz, 1H), 7.60 (s, 1H),
7.63 (d, J=8.0 Hz, 1H), 7.79 (d, J = 8.4 Hz, 2H), 8.01 (d, J = 8.4 Hz, 1H); HRMS (m/z):
[M]", calcd. for CogHasBrN3038: 563.0878, found 563.0859.

cis-2-(N-Tosylindolin-3-yl)-4-(2-oxopyrrolidin-1-yl)-6-Methyl-1,2,3,4-tetrahydroquino
line, cis-7d: faint yellow powder; mp: 220-222°C; IR (KBr): v 1611, 1670, 2940, 3342
cm’™'; "H NMR (CDCh, 400 MHz): § 2.00-2.05 (m, 2H), 2.16-2.22 (m, 2H), 2.23 (s, 3H,
-CH;), 2.36 (s, 3H, -CH3), 2.46-2.57 (m, 2H), 3.21 (dt, /= 1.6, 6.8 Hz, 2H ), 3.95 (s, IH,
NH), 4.83 (dd, J=4.0, 9.2 Hz, 1H), 5.73 (t, J= 8.8 Hz, 1H), 6.54 (d, J= 8.0 Hz, 1H), 6.70
(s, 1H), 6.89 (d, J= 7.6 Hz, 1H), 7.22-7.26 (m, 4H), 7.34 (t, J = 8.0 Hz, 1H), 7.61 (s, 1H),
7.66 (d, J = 7.6 Hz, 1H), 7.79 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.4 Hz, 1H);, ¥C NMR
(CDCl, 100MHz): § 18.46, 20.89, 21.83, 31.67, 33.72, 42.60, 48.38, 49.30, 114.05,
115.62, 119.26, 120.33, 122.96, 123.42, 124.77, 125.26, 127.10, 127.36(2), 128.07, 128.93,
129.25(2), 130.19, 135.38, 135.65, 143.51, 145.30, 176.14, HRMS (m/z): [M]", calcd. for
C29H39N303S: 499.1930, found 499.1952. |
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cis-2-(N-Tosylindolin-3-yl)-4-(2-oxopyrrolidin-1-yl)-6-Methoxy-1,2,3,4-tetrahydroqui
noline, cis-7e: faint yellow powder; mp: 182-184°C; IR (KBr): v 1598, 1675, 2933, 3342
cm™; '"H NMR (CDCl3, 400 MHz): § 1.99-2.05 (m, 2H), 2.17-2.24 (m, 2H), 2.36 (s, 3H,
-CH3), 2.45-2.53 (m, 2H), 3.19-3.24 (m, 2H ), 3.74 (s, 3H, -OCH3), 3.99 (s, 1H, NH), 4.81
(dd,J=24,10.8 Hz, 1H), 5.74 (dd, /= 6.4, 11.6 Hz, 1H), 6.50 (d, J=2.4 Hz, 1H), 6.59 (d,
J=8.0 Hz, 1H), 6.71 (dd, J=2.4, 8.8 Hz, 1H), 7.23-7.26 (m, 4H), 7.34 (t, /= 7.6 Hz, 1H),
7.62 (s, 1H), 7.66 (d, J = 7.6 Hz, 1H), 7.79 (d, /= 8.0 Hz, 2H), 8.01 (d, /= 8.0 Hz, 1H),
HRMS (m/z): [M]', calcd. for CasHzoN304S: 515.1879, found 515.1888.

)
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2-(N-Tosylindolin-3-yl)-4-(2-oxopyrrolidin-1-yl)-8-Methoxy-1,2,3,4-tetrahydroquinoli
ne, 7f: faint yellow powder; IR (KBr): v 1598, 1675, 2925, 3357 cm’'; 'TH NMR (CDCH,
400 MHz): § 1.98-2.05 (m, 2H), 2.11 (s, 3H, -CH3), 2.22-2.27 (m, 2H), 2.36 (s, 3H, -CH3),
2.43-2.55 (m, 2H), 3.20 (t, J= 7.2 Hz, 2H ), 3.86 (s, 1H, NH), 4.75 (dd, J = 2.4, 8.0 Hz,
0.14H, -trans), 4.89 (dd, J = 4.0, 10.0 Hz, 0.86H, -cis), 5.60 (t, J= 3.2 Hz, 0.14H, -trans),
5.78 (t, J= 8.0 Hz, 0.86H, -cis), 6.69 (t, J= 7.6 Hz, 1H), 6.80 (d, J = 8.0 Hz, 1H), 6.99 (d,
J =172 Hz, 1H), 7.25-7.26 (m, 3H), 7.35 (t,J=7.8 Hz, 1H), 7.64 (s, 1H), 7.69 (d,J= 8.0
Hz, 1H), 7.80 (d, J = 8.4 Hz, 2H), 8.02 (d, J = 8.4 Hz, 1H); HRMS (m/2): [M]", calcd. for
CaoH39N3038: 499.1930, found 499.1932.

WA Yicis-3cHcis-3FHI TP 2 AR SRR .

Details of crystallographic data and refinements for compounds cis-3c and cis-3f

Compound cis-3¢ cis-3f

CCDC No. 640631 648376
Empirical formula CoHu N2 0, " CisHis N3 05
Formula weight 322.40 337.37

Temperature 293(2) K 223(2)
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A (A) 0.71070 0.71070
Crystal system Orthorhombic Triclinic
Space group P212121 P-1
Unit cell
a(A) 7.7379(17) 9.0504(12)
b(A) 12.248(3) 13.307(2)
c(A) 17.757(4) 14.6319(17
a (deg) 90.00 80.135(8)
B (deg) 90.00 73.915(7)
y (deg) 90.00 87.496(9)
V(&% 1682.9(6) 1668.2(4)
Z 4 4
Density (g/cm’) 1.272 1.343
Abs coeff (mm™) 0.083 0.093
F(000) 688 712
Crystal size(mm) 0.48x0.40x0.15 0.58x0.50x0.30
Omax (deg) 25.34 25.35
Reflections collected 13570 16246
R [1>206(1)] 0.0562 0.0593
Rw 0.1196 0.1345
GOF on F? 1.145 1.092

74 5 TFHELEB=CH BT RN

74.1 XPRHBERTR 8 58 9 MFFRN

s R
",—d:l ¢ R—OH 12 (5mo%) -‘"?\’./H‘Ts
Sac reflux Sa-
8 9 10

M 25 mL BIEEEMF A 0.5 mmol EFIE 8, 5mol%>Fl, FHHA 2mL &
9, ETHAPERKI, TLC IREERN, RNGRE, ZEBEN, #THENEA:
PE=1:4]B4i%7% 10.
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N-(2-methoxy-2-phenylethyl)-4-methylbenzenesulfonamide, 10a: white solid; mp:
65-66°C (lit. 63-65°C)°®: IR (KBr): v 3456, 1327, 1090 cm™; 'H NMR (CDCl;,
400MHz): § 2.42 (s, 3H), 2.90-2.97 (m, 1H), 3.17 (s, 3H), 3.18-3.24 (m, 1H), 4.20(dd, J;=
10Hz, J; = 3.6Hz, 1H), 4.95 (d, J = 7.2Hz, 1H), 7.12-7.65 (m, 9H), Anal. calcd for
Ci6H;oNOsS: C, 63.15, H, 6.25, N, 4.60. Found: C, 63.19, H, 6.26, N, 4.55.

( )
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N-(2-ethoxy-2-phenylethyl)-4-methylbenzenesulfonamide, 10b: white solid, mp:
99-101°C (lit. 98-101'C)**); IR (KBr): v 3286, 2973, 1165 em™; '"H NMR (CDCl,
400MHz): § 1.14 (t, J = 7.0 Hz, 3H), 2.42 (s, 3H), 2.94-2.96 (m, 1H), 3.21-3.56 (m, 3H),
4.31 (d, J = 5.2Hz, 1H), 4.92 (s, 1H), 7.12-7.68 (m, 9H); Anal. calcd for Ci7H21NOsS: C,
64.15, H, 6.60, N, 4.40. Found: C, 64.21, H, 6.55, N, 4.36.
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4-methyl-N-(2-phenyl-2-propoxyethyl)benzenesulfonamide, 10c: white solid; mp:
70-72°C; IR (KBr): v 3286, 1330, 1092 cm’; "H NMR (CDCl;, 400MHz): 5 0.87 (t,J =
7.2Hz, 3H), 1.54 (q, J = 7.2Hz, 2H), 2.43 (s, 3H), 2.91-2.98 (m, 1H), 3.13-3.26 (m, 3H),
4.29 (dd, J; = 9.2Hz, J,= 3.6Hz, 1H), 4.93 (dd, J;= 7.2Hz, J; =2.8Hz, 1H), 7.20-7.22 (m,
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2H), 7.29-7.35 (m, 5H), 7.72 (d, J = 8Hz, 2H), HRMS (m/z): [M]", calcd. for C1sH;3NO;S:
333.14, found 333.13.
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N-(2-isopropoxy-2-phenylethyl)-4-methylbenzenesulfonamide, 10d: white solid, mp:
105-107°C (lit. 103-106°C)***: IR (KBr): v 3274, 1358, 1091 cm™; "TH NMR (CDCl;,
400MHz): § 1.04 (d, J = 6.3 Hz, 3H), 1.10 (d, J= 5.9 Hz, 3H), 2.45 (s, 3H), 3.18-3.60 (m,
3H), 4.76-4.90 (m, 2H), 7.26-7.32 (m, 7H), 7.73 (d, J = 6.4Hz, 2H); Anal. calcd for
C13H23NO;S: C, 65.06, H, 6.92,N,4.21. Found: C, 65.16, H, 6.98, N, 4.14.

N-(2-butoxy-2-phenylethyl)-4-methylbenzenesulfonamide, 10e: white solid; mp:
58-60°C; IR (KBr): v 3281, 1322, 1092 cm™; "H NMR (CDCl;, 400MHz): § 0.88 (t, J =
7.2Hz, 3H), 1.24-1.38 (m, 2H), 1.46-1.53 (m, 2H), 2.43 (s, 3H), 2.91-2.97 (m, 1H),
3.16-3.24 (m, 2H), 3.26-3.32 (m, 1H), 4.27 (dd, J;= 9.6Hz, J,=3.6Hz, 1H), 4.92 (d, J =
72Hz, 1H), 7.20 (d, J = 6.4Hz, 2H), 7.29-7.34 (m, SH), 7.72 (d, J = 8Hz, 2H); HRMS
(m/z): [MT', calcd. for C19HsNO;S: 347.16, found 347.13.
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N-(2-tert-butoxy-2-phenylethyl)-4-methylbenzenesulfonamide, 10f: white powder; mp:
80-82°C (lit. 79-82°C)"*: IR (KBr): v 3293, 1164 cm™’; "H NMR (CDCls, 400MHz): §
1.10 (s, 9 H), 2.45 (s, 3 H), 3.56-3.58 (m, 2 H), 4.76 (s, 1 H), 4.90 (s, 1 H), 7.26 (m, 7TH),
7.35(d, J="7.2Hz, 2 H); Anal. caled for C;sH;sNO3S: C, 65.89, H, 7.22, N, 4.04 Found: C,
65.78, H, 7.26, N, 4.01.
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N-(2-(allyloxy)-2-phenylethyl)-4-methylbenzenesulfonamide, 10g: white solid; mp:
56-58°C; IR (KBr): v 3286, 1330, 1092 cm™; "H NMR (CDCl;, 400MHz): § 2.42 (s, 3H),
2.95-3.02 (m, 1H), 3.19-3.26 (m, 1H), 3.69 (dd, J; = 12.4Hz, J; = 6.4Hz, 1H), 3.87 (dd, J;
= 12.4Hz, J,= 5.2Hz, 1H), 4.38 (dd, J; = 9.6Hz, J; = 3.2Hz, 1H), 4.95 (d, /= 7.2 Hz, 1H),
5.15-5.20 (m, 2H), 5.78-5.88 (m, 1H), 7.21 (d, J= 6.4Hz, 2H), 7.29-7.33 (m, SH), 7.72 (d,
J = 8.4Hz, 2H), HRMS (m/z): [MY’, calcd. for CisHNO;S: 331.12, found 313.11.

5

N-(2-methoxy-2-p-tolylethyl)-4-methylbenzenesulfonamide, 10h: white solid; mp:
71-73°C; IR (KBr): v 3251, 1332, 1084 cm™; "H NMR (CDCls, 400MHz): § 2.34 (s, 3H),
2.43 (s, 3H), 2.93 (t, J= 12Hz, 1H), 3.16 (s, 3H), 3.21 (s, 1H), 4.16 (d, /= 8Hz, 1H), 4.91
(d, J=8Hz, 1H), 7.11 (dd, J; = 13.6Hz, J, = 3.2Hz, 4H), 7.36 d, J = 8Hz, 2H), 7.71 (d, J =
7.6Hz, 2H), HRMS (m/z). [M]’, calcd. for Cj7H,NO;S: 319.1242, found 135.0750,
91.0531 and 93.0701.

\\
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N-(2-ethoxy-2-p-tolylethyl)-4-methylbenzenesulfonamide, 10i: white solid, mp:
64-67°C; IR (KBr): v 3262, 1332, 1083 cm™'; "H NMR (CDCls, 400MHz): § 1.13 (t, J =
7.0Hz, 3H), 2.33 (s, 3H), 2.42 (s, 3H), 2.90-2.95 (m, 1H), 3.15-3.25 (m, 1H), 3.33-3.37 (m,
1H), 4.27 (dd, J; = 9.6Hz, J,= 3.6Hz, 1H), 4.92 (dd, J;= 8.8Hz, J,=2.4Hz, 1H), 7.11 (dd,
J,=8.4Hz, J,=8.0Hz, 1H), 7.29 (d, J = 8.4Hz, 2H), 7.71 (d, J = 8.4Hz, 2H),; HRMS (m/z):
[MJ', calcd. for C sH23NO;S: 333.1399, found 333.1412.
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4-methyl-N-(2-propoxy-2-p-tolylethyl)benzenesulfonamide, 10j: white solid; mp:
64-67°C; IR (KBr): v 3284, 1324, 1086 cm™; "TH NMR (CDCls, 400MHz): 5 0.86 (t, J =
7.6Hz, 3H), 1.52 (dd, J;= 14 4Hz, J,= 6.8Hz, 3H), 2.33 (s, 3H), 2.43 (s, 3H), 2.90-2.97 (m,
1H), 3.10-3.26 (m, 3H), 4.25 (dd, J;=9.6Hz, J;= 4.0Hz, 1H), 4.89 (d, J= 6.8Hz, 1H), 7.11
(dd, J;= 14.4Hz, J,= 8.0Hz, 1H), 7.29 (d, J = 8.0Hz, 2H), 7.71 (d, J = 8.4Hz, 2H), HRMS
(m/z): [M]", calcd. for CigH,sNO,S: 347.1555, found 347.1636.
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N-(2-butoxy-2-p-tolylethyl)-4-methylbenzenesulfonamide, 10k: white solid; mp:
73-75°C; IR (KBr): v 3288, 1329, 1087 cm™'; '"H NMR (CDCls, 400MHz): § 0.87 (t, J =
7.4Hz, 3H), 1.27-1.34 (m, 2H), 1.45-1.51 (m, 2H), 2.33 (s, 3H), 2.43 (s, 3H), 2.90-2.96 (m,
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1H), 3.14-3.21 (m, 2H), 3.25-3.31 (m, [H), 4.24 (dd, J;= 9.2Hz, J,= 3.6Hz, 1H), 4.90 (d,J
= 6 8Hz, 1H), 7.11 (dd, J; = 11.6Hz, J,= 8.0Hz, 1H), 7.29 (d, J = 8.0Hz, 2H), 7.72 (d,J =
8.4Hz, 2H); HRMS (m/z): [MJ", calcd. for CooHzNO3S: 361.1712, found 361.1721.

{

N-(2-methoxycyclohexyl)-4-methylbenzenesulfonamide, 101: white solid; mp: 60-62°C
(lit. 160-162°C)*®: IR (KBr): v 3263, 1317, 1152, 1100 cm”; "H NMR (CDCl;,
400MHz): § 1.01-1.18 (m, 4H), 1.49-6.52 (m, 1H), 1.60-1.66 (m, 1H), 1.93-1.99 (m, 1H),
2.09-2.12 (m, 1H), 2.35 (s, 3H), 2.71-2.82 (m, 1H), 2.75-2.90 (m, 1H), 3.12 (s, 3H), 5.03 (s,
1H), 7.22 (d, J = 8.3Hz, 2H), 7.69 (d, J = 8.3Hz, 2H); Anal. calcd for C14H;NOsS: C,
59.57,H, 7.44,N, 4.96. Found: C, 59.65,H, 7.48,N, 4.97.

ér\

N-(2-ethoxycyclohexyl)-4-methylbenzenesulfonamide, 10m: white powder, mp:
98-100°C (lit. 94-96°C)"*); IR (KBr): v 3582, 3266, 1326, 1162, 1098 cm™'; "H NMR
(CDCls, 400MHz): § 1.03 (t, J = 6.8Hz, 3H), 1.02-1.18 (m, 4H), 1.50-1.55 (m, 2H),
1.92-1.99 (m, 1H), 2.10-2.17 (m, 1H), 2.35 (5, 3H), 2.76-2.80 (m, 1H), 2.92-2.31 (m, 1H),
3.18-3.46 (m, 2H), 4.93 (s, 1H), 7.24 (d, J = 8.5Hz, 2H), 7.68 (d, J = 8.5Hz, 2H); Anal.
calcd for C|5H23N03S:C, 60.81, H, 7.77,N, 4.72. Found: C, 60.75, H, 7.82, N, 4.73.

gj\

AN

//\\

o]

\o

7N\
(o]

(o)
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N-(2-isopropoxycyclohexyl)-4-methylbenzenesulfonamide, 10o: white solid; mp:
90-92°C (lit. 89-91°C)*** IR (KBr): v 3236, 3047, 1163, 810 cm™; '"H NMR (CDCl,,
400MHz): § 1.05 (d, J=6.1Hz, 3H), 1.08 (d, J = 6.1Hz, 3H), 1.12-1.28 (m, 4H), 1.54-1.64
(m, 2H), 1.95-2.24 (m, 2H), 2.42 (s, 3H), 2.75-2.86 (m, 1H), 2.95-3.09 (m, 1H), 3.60-3.69
(m, 1H), 4.86 (d, J = 4.2Hz, 1H), 7.29 (d, J = 8.3Hz, 2H), 7.75 (d, J = 8.3Hz, 2H); Anal.
Caled for C¢HsNOsS: C, 61.93, H, 8.06, N, 4.51. Found: C, 62.10, H, 8.00, N, 4.62.

7.5 BUEAE Z &SRR KA-R5 SN RN
7.5.1 2-(1- K ZB)EBMATAED 13 HE L

H
Ry Rz H
7] /©/l\ S
+ —_— |
80°C R Z
R4 1
Rs Ra

solvent free

1 12 13
X Z% 11 (1 mmol). ZE 12 (1.5 mmol) A% 5 mol%5 FHUMA—AN R ZE R/
REP, FEHMHE 10 240, REMAE 80C, TLC BERM, RELHRE, MA
50ul FERHEMED GC AR, BRTHIAZ, BERRT GC k. ¥RNEBEVE
FAHBZRRZEE, #THEIIEA: PE=1: 10018455~% 13.

752 FH4-BPE2-(1-FEZE)ER 13b &K

FSGF T, SETH 5 mol%EEEAE. 10 mol%F HEE A A% T 2 mL T4 DMSO
i 2 A/ . ¥ 1 mmol X Z4%F. 1.5 mmol 4- B HEEEY LK 5 mol% s T T
2 mL MFEREAS, —SREMARNEP. 40°CTHHE 36 NMIE, @lAKS, A
ZMZBER=R. AV, Kk, TKERETHR. BEREEN, BEHE
2E 1 7=4) 13b,

753 {LEDEIERIE
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OH ]
2-(1-phenylethyl)phenol, 13a: colorless liquid; IR (KBr): v 1451, 1497, 1598, 2933,
2971, 3527cm’™’; "TH NMR (CDCl, 400MHz): § 1.62 (d, J=7.2Hz, 3H, CH3), 4.37 (g, J =
7.2Hz, 1H, CH), 4.70 (s, 1H, OH), 6.74 (d, J = 8.0Hz, H, ArH), 6.94 (t, J = 7.2Hz, 1H,
ArH), 7.11 (t, J = 7.6Hz, 1H, ArH), 7.20 (d, J = 7.6Hz, 1H, ArH), 7.20-7.31 (m, 5H, ArH);
BC NMR (CDCh, 100MHz): § 21.494, 39.187, 116.438, 121.365, 126.916, 127.986,

128.002(2), 128.423, 129.157(2), 132.421, 145.819, 153.760, HRMS (m/z) [M]’, calcd.
for C14H;40: 198.1045, found 198.1048.

=

4-methyl-2-(1-phenylethyl)phenol, 13b: colorless liquid; IR (KBr): v 1451, 1497, 1605,
2933, 2971, 3535cm’™; 'H NMR (CDCls, 400MHz): § 1.72 (t, J = 7.2Hz, 3H, CH3), 2.38
(d, J = 6.8Hz, 3H, CHj3), 4.70 (m, 1H, CH), 4.97 (s, 1H, OH), 6.70 (dd, J = 4.8Hz, 8.0Hz,
1H, ArH), 6.70 (t, J = 5.6Hz, 1H, ArH), 7.14 (d, J = 6.0Hz, 1H, ArH), 7.33-7.39 (m, 5H,
ArH); BC NMR (CDCl;, 100MHz): & 21.699, 21.964, 39.163, 116.785, 127.123,
128.585(2), 128.702, 129.466(2), 129.510, 130.855, 133.199, 146.754, 151.757, HRMS
(m/z): [M]", calcd. for CysH,60: 212.1201, found 212.1199.

=

4-methyl-2-(1-p-tolylethyl)phenol, 13d: colorless liquid; IR (KBr): v 1451, 1505, 1613,
2925, 2971, 3527cm’; 'H NMR (CDCl3, 400MHz): § 1.60 (d, J = 7.6Hz, 3H, CH;), 2.29
(s, 3H, CHs), 2.31 (s, 3H, CH3), 427 (q, J=7.2Hz, 1H, CH), 4.49 (s, 1H, OH), 6.65 (d,J =
8.0Hz, 1H, ArH), 6.91 (dd, J=2.0Hz, 8.0Hz, 1H, ArH), 7.04 (d, /= 1.2Hz, 1H, ArH), 7.12
(g, J = 8.0Hz, 4H, ArH); *C NMR (CDCl;, 100MHz): § 21.252, 21.486, 21.548, 38.984,
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116.391, 127.830(2), 128.314, 128.915, 129.915(2), 130.399, 132.218, 136.489, 142.735,
151.589; HRMS (m/z): [M]", calcd. for Cy¢H;50: 226.1358, found 226.1353.

oH ]
2-(1-(4-chlorophenyl)ethyl)phenol, 13e: colorless liquid; IR (KBr): v 1451, 1490, 1590,
2977, 2971, 3535cm’’; "H NMR (CDCls, 400MHz): § 1.59 (d, J = 7.2Hz, 3H, CH;), 4.39
(g, J=7.2Hz, 1H, CH), 4.73 (s, 1H, OH), 6.73 (d, J = 8.0Hz, 1H, ArH), 6.93 (t, /= 7.6Hz,
1H, ArH), 7.11 (t, J = 7.6Hz, 1H, ArH), 7.16-7.25 (m, SH, ArH); °C NMR (CDCl;,
100MHz): § 21.398, 38.318, 116271, 121.517, 128.100, 128.394, 129.092(2), 129.459(2),

132.214, 132.383, 144,719, 153.535; HRMS (m/2): [MJ*, caled. for C4H,3C1O: 232.0655,
found 232.0650.

55

2-(1-(4-chlorophenyl)ethyl)-4-methylphenol, 13f. colorless liquid; IR (KBr) v: 1459,
1497, 1613, 2925, 2971, 3535cm’’; "H NMR (CDCl;, 400MHz): § 1.59 (d, J=7.2Hz, 3H,
CH;), 2.28 (s, 3H, CH3),4.37 (q,J = 7.2Hz, 1H, CH), 4.54 (s, 1H, OH), 6.63 (d, /= 8.0Hz,
1H, ArH), 6.91 (dd, J = 2.0Hz, 8.0Hz, 1H, ArH), 6.70 (d, J = 2.0Hz, 1H, ArH), 7.18(d, J =
8.4Hz, 2H, ArH), 7.25(d, J = 8.8Hz, 2H, ArH);, >C NMR (CDCl, 100MHz): § 21.057,
21.167, 38.001, 115.947, 128.205, 128.744, 128.822(2), 129.267(2), 130.392, 131.867,
132.039, 144.657, 151.043; HRMS (m/z): [M]’, calcd. for CisH;sClO: 246.0811, found
246.0802.

>

4-methyl-2-(2-phenylpropan-2-yl)phenol, 13g: colorless liquid; IR (KBr): v 1443, 1497,
1605, 2933, 2971, 3519cm™’; "H NMR (CDCl;, 400MHz): § 1.65 (s, 6H, 2CHs), 2.33 (s,
3H, CHs), 4.24 (s, 1H, OH), 6.61 (d, J = 8.0Hz, 1H, ArH), 6.95 (dd, J = 2.0Hz, 8.0Hz, 1H,

Ct
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ArH), 7.20-7.23 (m, 1H, ArH), 7.25 (d, J = 2.0Hz, 1H, ArH), 7.28-7.32 (m, 4H, ArH); °C
NMR (CDCl;, 100MHz): & 21.538, 30.163(2), 42.176, 118.189, 126.550(2), 127.424,
127.578, 129.033, 129.694(2), 130.142, 135.667, 149.120, 152.132; HRMS (m/z): [M]’,
calcd. for CisH;50: 226.1358, found 226.1349.

7.6 =RALELL 3-(1-PEMe 2E)-2-W5| R AT AL R &
7.6.1 3-(1-RRg 5 )-2- I HIATAEY) 16 16 RN

o HO,
L0+ Loy e Lo
i L B
PN N~ COOH ROH AN
koo :

reflux R

14 15 16

R=H, Me, C|, Br
R =H, Me, CH:Ph

R4 14(0.5 mmol), 4-BIHHEM 15(0.5 mmol)LA K ZFALH(10 mol%)E T 25
mL BEFES, WAL 2 mL 2B, ¥RMNMETHAPERK. TLC RERMN, K
MRS, HEEN, EEF[EA: PE= 1 6)8405 Bis=4 16.

7.62 HEYEIERIE

3H-(pyrrol-1-yl)indolin-2-one, 16a: white powder; mp: 147.5-148.5°C  (lit.
143-144°C)"'L IR (KBr): v 3419, 3218, 1720, 1620, 1474 cm™; "H NMR (CDCl,
400MHz): § 5.52 (s, IH, CH), 6.26 (s, 2H, 2CHpyrotc), 6.71 (s, 2H, 2CHpyrole), 6.95-7.40
(m, 4H, ArH), 7.89 (s, 1H, NH); Anal. Calcd. for C;2HoN2O: C, 72.71; H, 5.08; N, 14.13;
found: C, 72.84; H, 5.03; N, 14.23.
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1-Methyl-3H-(pyrrol-1-yl)indolin-2-one, 16b: white powder; mp: 148.5-149°C (lit.
133-134°C)""¢; IR (KBr): v 1713, 1613, 1490cm™"; "H NMR (CDCls, 400MHz): § 3.24
(s, 3H, CHs), 5.49 (s, 1H, CH), 6.23 (s, 2H, 2CHyrrole) , 6.69 (s, 2H, 2CHpymotc), 6.91 (d, J
= 7.6Hz, 1H, ArH), 7.11 (m, 1H, ArH), 7.30 (d, J = 7.2Hz, 1H, ArH), 7.40 (t, J = 7.8Hz,
1H, ArH); HRMS (m/z): [M]", calcd. for Cy3HaN,O: M, 212.0950, found 212.0942.

7

o

\
CH,Ph

1-Benzyl-3H-(pyrrol-1-yl)indolin-2-one, 16c: white powder; mp: 129.6-130.9°C (lit.
126-127°C)"'®) IR (KBr): v 1721, 1613, 1490cm™'; 'H NMR(CDCl;, 400MHz): § 4.92
(d, J = 6Hz, 2H, CH,), 5.58 (s, 1H, CH), 6.26 (s, 2H, 2CHpyrote), 6.71 (5, 2H, 2CHymote),
6.80 (d, J = 7.6Hz, 1H, ArH), 7.07 (t , J = 7.2Hz, 1H, ArH), 7.26-7.31 (m, 7H, ArH);
HRMS (m/2): [M]", calcd. for CyH;¢N,O: 288.1263, found 288.1239.

<;:B )

o

\
CHa

Br

6-Bromo-1-methyl-3H-(pyrrol-1-yl)indolin-2-ome,  16d:  white  powder, mp:
164.9-165.9°C; IR (KBr): v 1729, 1620, 1459cm™; "H NMR (CDCls, 400MHz): § 3.22 (s,
3H, CHs), 5.43 (s, 1H, CH), 6.23 (s, 2H, 2CHpymole), 6.66 (s, 2H, 2CHpyrrole), 7.07-7.26 (m,
3H, ArH); HRMS (m/z): [M]', calcd. for Ci3H;BrN,O: 290.9956, found 291.0023.
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Cl
(o}
N
H

5-Chloro-3H-(pyrrol-1-yl)indolin-2-one, 16e: white powder; mp: 159-161°C; IR (KBr):
v 3257, 1721, 1620, 1482cm™"; "H NMR (CDCls, 400MHz): 3 5.51(s, 1H, CH ), 6.27 (s,
2H, 2CHpyrrote), 6.68 (s, 2H, 2CHpyrrole), 6.83-7.52 (m , 3H, ArH), 7.63 (s, 1H, NH);
HRMS (m/z): [M]", calcd. for C1;HyCIN;O: 232.0403, found 232.0397.

@i
Br
(o]

N

H
5-Bromo-3H-(pyrrol-1-yl)indolin-2-one, 16f: white powder; mp:167.0-167.7°C (lit.
171-172°C)!"'6k IR (KBr): v 3257, 1721, 1613, 1474cm™"; "H NMR (CDCls, 400MHz): §
5.51 (s, 1H, CH), 6.27 (s, 2H, 2CHpymolc), 6.68 (s, 2H, 2CHpyrraic), 6.87-7.33 (m , 3H, ArH),
8.13 (s, 1H, NH); HRMS (m/z): [MJ', calcd. for Cj;HgBrN,O: 275.9898, found 275.9832.

2

N
HaC
(o}
N
H

5-Methyl-3H-(pyrrol-1-y})indolin-2-one, 16g: white powder, mp: 170-172°C (lit.
163-164°C)""S: IR (KBr): v 3403, 3187, 1713, 1620, 1489cm™; '"H NMR (CDCl,
400MHz): § 2.30 (s, 3H, CH;), 5.48 (s, 1H, CH), 6.25 (s, 2H, 2CHgymot), 6.70 (s, 2H,
2CHpyrote), 6.82-7.26 (m, 3H, ArH), 7.79 (s, 1H, NH); HRMS (m/z). [MJ*, caled. for
Ci3H12N;0: 212.0950, found 212.0901.

73
B
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6-Bromo-3H-(pyrrol-1-yl)indolin-2-one, 16h: white powder; m.p.178.5-179.7°C; IR
(KBr): v 3480, 3195, 1729, 1613, 1482cm™"; "H NMR (CDCl;, 400MHz): 3 5.44 (s, 1H,
CH), 6.22 (5, 2H, 2CHpymote), 6.68 (5, 2H, 2CHpynor), 7.13-7.26 (m, 3H, ArH), 8.17 (s, 1H,
NH); HRMS (m/z): [M]’, caled. for Ci;HsBrN,O: 275.9847, found 275.9856.

6-Chloro-3H-(pyrrol-1-yl)indolin-2-one, 16i: white powder; mp: 148-150°C; IR (KBr):
v 3203, 3133, 1729, 1613, 1482cm™"; "H NMR (CDCl;, 400MHz): 5 5.4 (s, 1H, CH), 6.26
(s, 2H, 2CHpyrote), 6.68 (s, 2H, 2CHpyrrare), 6.97 (s, 1H, ArH), 7.07 (d, J="7.6Hz, 1H, ArH),
720 (d, J = 8.0Hz, 1H, ArH), 8.18 (s, 1H, NH);, HRMS (m/z): [M]’, caled. for
C)2HyCIN,0: 232.0403, found 232.0401.

7-Methyl-3H-(pyrrol-1-yl)indolin-2-one, 16j: white powder; mp: 197. 8-199.8C; IR
(KBr): v 3450, 3195, 1713, 1628, 1490cm™; "H NMR (CDCl;, 400MHz): § 2.28 (s, 3H,
CHs), 5.52 (s, 1H, CH), 6.24 (s, 2H, 2CHgymote), 6.70 (s, 2H, 2CHpyrrole), 6.99-7.26 (m, 3H,
ArH), 7.81 (s, 1H, NH), HRMS (m/z): [M]*, caled. for Cy3HsN,0: 212.0950, found

212.0956.
J

N

0
N
H
Cl
7-Chloro-3H-(pyrrol-1-yl)indolin-2-one, 16k: white powder, mp: 164.4-165.7C;
IR(KBr): v 3442, 3102, 1721, 1605, 1490cm™; "H NMR (CDCls, 400MHz): 5 5.58 (s, 1H,
CH), 6.25 (s, 2H, 2CHpyrote), 6.69 (s, 2H, 2CHpynote), 7.05 (t, J= 7.8Hz, 1H, ArH), 7.18 (d,
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J=17.2Hz, IH, ArH), 7.34 (d, J = 8 4Hz, 1H, ArH), 7.81 (s, IH, NH), HRMS (m/z): [M]'
caled. for C2HoCIN;O: 232.0403, found 232.0406.
AEYN6bIII Rk EHE: CCDC No. 614796

Empirical formula
Formula weight
Temperature
r(A)

Crystal system
Space group
Unit cell

a(A)

b (A)

c(A)

a (deg)

B (deg)

Y (deg)

V(&%)

Z

Density (g/cm’)
Abs coeff (mm™)
F(000)

Crystal size(mm)
Brmax (deg)

Reflections collected

R [I>24(1)]
Rw
GOF on F?

C3Hiz2 N, 0
212.25
1732)K
0.71070
Monoclinic
P21/c

5.6739(9)
27.118(4)
13.708(2)
90.00
90.356(4)
90.00
2109.1(6)
8

1.337
0.087
896
0.35x0.32x0.15
25.35
20534
0.0565
0.1126
1.132
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7.7 EY—%REK

Comp. m.p. IR 'H 3¢ MS | EA. | Xray | Ref
cis-3a v v v v [88]
trans-3a v + \ v
3b N v v
3c v v v [89]
3d v v v
3e N al v [89]
3f y v v [88]
3g v v v
cis-3h v v ‘f v
3i vy v v [88]
3j V v V [88]
3k v v V [89]
31 v \ ¥ [88]
3m v v v [89]
cis-3n v v v v [88]
cis-7a < v v v V
cis-Tb v v \I v
cis-Te V v \ v
cis-7d Vv ‘J v v N
cis-Te v \/ v v
7 v V +
10a v v v v [93b]
10b v v v v [93b]
10c N N v v
10d v v v v [93b]
10e v v Y Y
10f v V v V [93b]
10g w/ v v v
10h v Y 0 v
10i v v v v




LR

BEE

A TRELNHEHIRETIR

[93b]

[93b]
[93b]

[116]
[116]
[116]

[116]
[116]

10j
10k

101
10m

100

13a
13b

13d

13e

13f
13g
16a
16b

16¢
16d

16e

161
16g
16h

16i
16j
16k
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