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Research Progress in Friedel-Crafts Reaction of Indoles and Imines

Chen, Yongcheng Xie, Zhengfeng™
(Key Laboratory of Oil & Gas Fine Chemicals (Ministry of Education), Xinjiang University, Urumgqi 830046)

Abstract Indole derivatives have a variety of merits, which have received much attention as building blocks for the synthesis
of many natural products and other biologically active compounds. Recently, there are a lot of reports on the synthesis of
3-indolylmethylamine derivatives via the Friedel-Crafts reaction of indoles and imines. The research progress in these catalytic

Friedel-Crafts reactions of indoles and imines is reviewed.
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fE 1877 %, Charles Friedel (1832~1899)# James
Mason Crafts (1839~1917)3L[A]ZIN T Friedel-Crafts 2
WU Friedel-Crafts [ W4 55 AL & W0 R0 55 B 22 0L
AR R U T B S BT AR R P, T e Ak R
FELHE BATWE PRI RS A BRIEA S AT G5
Friedel-Crafts s M. ({#] FR {8~ e [ W 8K F-C J W) & 3 HLAL
F PO BB B (AT RO vk P R S AT R
Wi T (¥ 55 75 8 ARG AR AT 280 12— 18T, — g4y
A Friedel-Crafts $¢3&4t % N A Friedel-Crafts BESEAL
J 101 (A% RO (R A AL Lewis BRA AICI,
FeCls, BF;, ZnCl, 1 TiCly; Brensted /411 HF, H,SO, fl
H;POy; RSN Si0, Al ALO; %5, ALHEA. BRI |
HEE 1 RITHG  Iog 55 £ A 1) 25 0 07 B A & ) 5 AN TR) I 58 sk
FHYE B ShHN FHEF % Friedel-Crafts Je V. SR, 16
T AU R RS 43 A 2 AR B 0 S Mg PR R s 1)
R4

EARF D, R EEAEERN, AV T
A i AR R BT, Horh— KRR TT BRI E Y,
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X R A Db, CBL & W IR 1) 4k & W) B o
g1 B SRR, W R AT AR L V2 A
R0 g . AR, BrEdk. RS, JLRMEA
YRR ISR AT AR ) 25 8 0 Scheme 1.
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K EATTEAT i B TR AR A P R MR () 2 RS, 3-HUAR

& & EVE 2 A AR & MR R SR 7 ) 1) o 2 45 4
FIT, DBEAEBTII S Wk i PR 0 75 A 3-1
ARIS AT A= 01 T 2 R R i X

LA, 3-HOAR N I RT AP0 1 & BAE R 22 55
BT T HIOE, BARAR TR LN IVF 2 A 3- K
FRIGIR PR AR 1 T VR AT T #3251 15 i
(AR FR F-C S A £ TR 1) 3-M e FR R 22 1 —
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1 M| 5E%AY Friedel-Crafts KL%

TEAGFIAE AL 91 55 i 1) F-C s B A i 3-HAR
WSIWRAT A=W 0 —Fh AT SE R PR R v, AR AR TR b
kK, BHEZES WE&ELG MR il
A RN F AR ILAb A AR, Bl 32 22X L7 T
S| 55 i 1) F-C e NBEAT T 45534,

1.1 £RBE&Y1E{LA Friedel-Crafts [
1.1.1  Cu(l)# ¥ 584 Be oM A7)

1999 4E, PFE RIS Johannsen™ ¥ k] TP 1
CuPFg-Tol-BINAP 554 1 AL I 5 0 i ik & 4= F-C
N, 38T HA G YRR 3-0 Wk -a- 2 R AT A
(Eq. 1). WFFURILA THF VESS I, 5N AE AR J ¥ i [
WERK, BT PE AR I - I 54, I ee fH
REIk 3 87%. U CHLCly BT [FIFE I SN IS, R0 &
MNRHT LR NS, FINAR T KRR, H eed
W LA, AHTC IR EMRRPE A b, Ak 70 00 s b
F 1 mol%H, RN F=FH ee {HLTAZ M. HE
X} ee (AR KW, WAL —20 CHIA 91%[1) ee fH,
2] —78 CHY, ee (AN IAE] 96%. MIWEIF FiEAT45 LT
(RFE A, R NREATIRARIGR], 1] 3 BI1R S0 =280 ee
(B MEA W F I BURIE R, =R B~ R, (HIL
ee (H)LFANZ M. IX Ak G 6 24 2105 B 2 R LR (1)
—ME T, RS — R 3-HURI| W -a- 2 R 1)
— i B 7 vk
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TsHN

R —CO,Et
AN s R
@ o) ot N )
N l \
H Eto,.C N

Ts= p-CH3C6H4SOZ; R= H, OMe, NOz, COZME, Br

ol
HP: <

“CuPFg

HP.
[>Tl
Tol
1

7 2000 4E, Jorgensen 4[] CuClO4-(R)-Tol-
BINAP (2)ftfb WV e il s v+ 1K 05 LA A2 F-C )
M(Eq. 2), RMNAFE] THLFIRI= 2, ee (N IE ] 98%. U
T3 1] 25 S M A B0 A5 A 2% A LA 5 el R R R
PE LT e

P p
N‘/ g AN o
EtOjH\H . Ay Cat2 Etom)\ A )
o o)

Pg = CO,Et, CO,Me, CO,Bn, Boc, Ts

‘
H P/

“SCuClO,

HF‘\T |
Tol '©
2

2002 4, Jorgensen %52 X4 T TV BINAP-
Cu(l) GYHEA LT ee (w1 B A G AR ME R o- 28
MR2(Eq. 3). AT MR DT B 05 B 230 o FE IR
W B LU R AE, T 77— e A B T %
Rl BAT GG VR 05 A 00 2238 a- IR, i 1K)
JEC IR JEURER AN S 43 (0 A A TR 2% S Ml 5 il T 22 1) T
PERIBTER, FAE ST IR R RS T AN KL

P P
Q\N g\NH
ArH  + t Cat. 3 (3)
CO;R Ar”*"COR

Pg = CO,Me, Boc, Ts; R = Me, Et, i-Pr, Bn
L
Tol
~
HP CuX
ol

~
HPC
T
Tol
3

1.1.2 Cu(Il)A ¥+ &84 Bt G- 1AL
2001 4, Jorgensen W57 ZHPHRIE T Tk () XU
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B ik St R
PR = 95, PR R 70 4 AL IV 5 = S P R o %o
G AR F-C SN, {55 T o S AR B 1 e 24 oA
FE, B S R ]S 5 94% (Eq. 4). o/ Ry ™ o NHTs
d  N= -
\ (6)
NV \ O N

R2
0
Cat. 4
[ )R 4 ey OH 2
3 Et,O
"‘l o]
R

2 HO ;\COOEt OT><TO
CF3 8 j

NN
| D—g! od U B @
N U T, P

& 4

aR=Me, R'=R?=H;b:R=R'=H,R?=C;
c:R=R?*=H,R'=Ph;d: R=R'=R?= H;
e:R=R"'=Me, R>=H

2006 4F, Jia 250BU4E Jorgensen UREZH BT 9T (1 A E
3B T 1 Cu(OTH),-Bn-BOX (5)fEALIGIM: 55 55 7 N-Tifi ik
TG RAEARIFRE) F-C MY, 3T ee RSN 3-
EAR PG o R (AT A 0B, 5). — M=, Wl b5 W0 Jii
(1) F-C oK P bt B () sl = A i, i AL 7] 5
FEAGINS, I AT IR PR R [ Rl = ) A . e T kg
B AT EREER) 3- T b F AT AR s T —
Tl i L) 7V

Ar.
N/R NHR
F- O sey QO ©
Ar N CH20|2, r.t.

H

==z

R =Ts, Ns

0P
&N NJ + Cu(OTf),
Bn v Bn

5

FEFTHRIE [ R A KRR F-C Je i, W ALEE
ZHEMYS Lewis MEWAIERT 1,4-88 1,5-2H
03200 AR R N, BOSELER A R RGN
JEF O JsiFamad 1,3-58 550G A b0 Js -1 AHEE IR )
AEVER R(Eq. 6). IXFWFT AL Lewis MM AR FR
(258 A oot N-RRTSE D e ()32 I LA K s g,
1.1.3  Pd(ID)A P = 64 B - HEAL A

Liu ZP3EFar ARFSU AL, RIL NHCs
(N-Heterocyclic carbenes) A L4 @05 & —FhlEH
HEEWGEGHRFMEAR. Foh, HARPd R EHYLE)E
AT P I AT — i G4, EARFMIRIG Pd
TEMEAL SN P Bt T VF 2 0B RE, (EEA1 3 20k
FH#E Heck-Type [ VAl Suzuki-Miyaura f#5¢ [ W/, 1
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NHC-PA(IDZ &4} F-C VI EAHIETT LT3 A i
ik, NHC-PA(ID) 1 2% & WA A LAk 5 AR S —Fh =1k
s AT RIS — APk . A %
52, 2008 E IR A ] NHC-PA(IN &4 6 AR % 5
HTER AL N- R P R A F-C WY (Bq. 7). WF
FAF BN AE I RN 45 F 0 53 R, NHC-PA(ID W45 &)
VEREALF, 4 A 50T 05T -GS 552K TR 1 ki Bh (i AL 771,
CH,Cly 2y SO I 2R A TR 0) T Ak M| e 5 i
TR F-C N —AMRATRLI S LGSR 8 f A 771,

Ts
N‘ NHTs
Q) : @ s | $)m
N Solvent
Br H Br N

0L O,

_ClI 6b: R=CH
Pd 3
< 6c: R=CF;
¢ @ i

6

1.2 £EEH{#1LAY Friedel-Crafts iz

2006 4F, Jorge 2 HHRIE T/ Cu(OTH), (x=1 5% 2)
AL N-H LRG| 55 N- eV % & 4= AFC (Aza-Friedel-
Crafts) /X V(Eq. 8). 1HidR 1 nf LA H =ANFH 458
(a)h 7a K Ud, H CuOTE FEMEALTI, NV TFFEL 72 h 4 R
SERUE 1, Entry 1), 111 Cu(OTH), AL N AT7E 5 min
W52 (F 1, Entry 2). (b)F] CuOTf B¢ Cu(OT), {1k W Ji
Ta~7d 5 N-F LM W] £3 2N [F] (1) 45 L, CuOTE 1R
FUN R Az 30— (1) F-C J b, Pt rs 3 73 f i 3-1¢
ARG AT AR 8a~8d, AT B i, i T
Cu(OTH), KA, EAEHFAIFRI(SS min)N, nikH
PE LA 2177 258 = O RAL &4 9 (72%~85%). (c)
2-NEE I il R 0 2 (Te) AN 7] T 3 e s 0 i, AN g
JIl CuOTS B Cu(OTH), AL SN, 3537 R I 21 5U0g ik
AW 9 MR, AR T =585 m i 3-HU ARk H i
AT 8e (2 1, Entries 9~10), HARH = —FH
NI 45 T L%, Rk, H Cu(OTH, Ak 2-nHk e fif
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PV 1% (Te) 5 a1 A A F-C S il 46 3-EOAR g e e )
e — R Tk, JEOFTURIUT AN R AR 2-
WELIE RO MV 2 7 A AN [R], e i 3 ) T IR T
2-EE e Al I e

RO,SHN

N SOR Ph
. @ Cu(0TH), N .
P H N CH,Clp, it N
\
7a~T7e CH; CHs
8a ~ 8e
Ph
o
CH; CH,
9

& 1 Cu(OThH, (x=1 B 2)fEAL IR L 7Ta~7Te 15 N-FAE
WIVEIY) AFC [N

Table 1 Cu(I)- and Cu(Il)-catalyzed AFC reaction of sulfonyl
imines 7a~7e with N-methylindole

Ent Imine R Copper Time Yield/%

7 Salt 8 9
1 7a Tol CuOTf 72h 41 —
2 7a Tol Cu(OTf), <5min — 72
3 7b p-NO,C¢Hy CuOTf 69 h 47 —
4 7b p-NO,C¢H; Cu(OTf), <5min — 85
5 7¢ 2-Thienyl CuOTf 65h 50 —
6 7¢ 2-Thienyl Cu(OTf), <5min — 80
7 7d N(CHj), CuOTf 70 h 45  —
8 7d N(CHj), Cu(OTf), <5min — 82
9 7e 2-Pyridyl CuOTf 22 h 72 —
10 7e 2-Pyridyl Cu(OTf), <5min 72 —

7 2010 45, Li 25T InCly Ak 1510 55 0 g % 7
F-C MN(Eq. 9), KM AR 5= R S ARIE P 2
T BB .

OPiyOPiv /x\
=
Pivogqo N K R+ R1{\/E\> I,

OPiyOPiv

PivO
PivO

Piv = Pivaloylated; X = C, N; R =p-NO,, 0-NO,, p-CN, p-CF3,
p-F, H; R'= H, 2-Me, 1-Boc, 3-Me, 5-MeO, 6-CI

1.3 Bl FHELE Friedel-Crafts &5
FT, 7EA BN TR SERZ ) F-C SV
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W (AT 4T Bronsted I A7 R FT A M W 2
7, Horp Brensted F& A0 7 A5 AT G238 PR R IR AT
4. BINOL (1,1'-25-2,2'- %) [\ i IR A1 4= ™
TFA(= 5 LR AL,

1.3.1 Brensted ERf&E ¥ #) Friedel-Crafts K& iz

1.3.1.1  BRMRAT A AR A )

2006 4, Wang 5P P A B AL 7] 10~13 f#
NG 5 0 e R A AN RR K F-C [, A T F-PE 3-
310 FP AT AE A (B, 10). JCrh AL 11, 13 30 45 24
RV PR 15 75 i T Vg 8 M e e P F-C e W #5 F E
1) ee (EAVEL I I =28, AHJ I NI 0 1) ) [A] B K.

RPHN_
2
)NLR . = @ Catalyst
—_—
H™ R X N

R!
=
Rf\ \ (10)

R? = Ts, Bs; R = Ph, 4-CICgHj, 3-MeOCgH,,
2-BFCGH4, 4-CF3CGH4, 4-MeCGH4;
R = H, 6-Cl, 6-Br, 6-Me, 5-Me, 4-MeO

Iz __

12: R=H; 13: R=0Me

2008 4F, Qiu ZEUSH —HEMEIAT L5 A4 S fH A0 g]
MV R F-C RN(Eq. 11), 3807 R ILRAREA
B ee fH. ZJa, MATFHBIRET A4 458 40 A= )k
14, 15 KA XUEMERET L8 54 5, 7677 H ee H 7 1M
A TIRKIEE. 153 T 80%[HI = H A 95%[1] ee {H. i&
WHFFURILAE 50 CHFF AT 14 A0 Rk 43 2]
MR E D), IR 2K, HE ee HE— P53 T
P, IR I NI, BRI I (P BRI,
ee [HHANR A BTG, F I NV ETTE N 4 d SEKF] 7d, f£0 C
T MR LWRT BRI 14 AL RN I, 1538 T
55%[1) 7= 2 A =R 99% (1) ee {H.
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Solvent

1.3.1.2 BINOL #9BFBRAT A& M AL A

2006 4F, Shirakawa Z5EUCHEES | A7/ 5050 = 2H 7%
R A, AT & R N (Scheme 2), 45 H LI
R 3-HUARHS s R R 2B 16 LA TR IR C—N
e I AR S 5 WA o A S A e 3,3 XU e R L
17, BEAh, Bt n] HaE WA AR R N AR R 3,3"- XU
FRGERI =) 17, FERNX — )l 2R S T 2
CLR IR R AEAAH PR AL A TE K C—C k. T
SEMATIAEACHT o R R A « AT e ANk = 21 43 R AE
AT 5 1) F-C [N, RIRERNT I A 1R K
G T BT R SRR BRI K AT %, &
ER IR AL E R A, AR M=K, XMk s
J8C 3- AR W FR AT AR — BB B a2 SEH

R
0 ho N/ ol NHR
MR, — _ncole, B
A H Ar”H N
llndole 16
Ar. Ar l Indole
OH
| N\ Indole O { 7 O
N
H N N
H
H 17
Scheme 2
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PR R 7 V2.

4, Kang SRS T FFrERRATAEY) S-18 4
ARSI 15 Ts- 30 e (X FR R I 0 110 ) e A= A6 BR ) F-C
SN, ARZE S AR 3] 3-M5| Wk FF I (AT A= 40 (B, 12), ee {H
B I 99%. BRAEALFAEMEALIGINE S Ts- 0 & & A %
NI LB AR S A v, O AL 18e R 18f,
REAT L B 92%F1 93%) ee {H. IR A& BRI B AR S8R
MR AR ENAE = T ee H. MLRNIEH T —H
TC 4 8 1 AL TR, ARSI SN 4 R A8 TR
(7= 2R ) ee fH, A& P& 3-11W% AT A )
) R A 7).

TsHN
Ph

/T
A N"'° Cat. 18
\ + J —_ ‘ N (12)
N Ph Toluene, r.t.
H

N
H

Ul o tanet
18b R = Ph
O\P//O 18¢ R = SiPh
/Nop 18d R =3,5-(CF3),CeHs
OO o 18e R = 4-NO,CgH,
. 18f R = 1-Naphthyl
(518

Terada Z5U81% V] F-HEA Bronsted FRAEAL ELA
PEM) & TR 3T sk BRI F-C V. 2006 1L T
YR ESE T F BINOL (1) PR FR AT A4 19 f Ak 15[ 5 45
33T F-C P2WI(Eq. 13). WFST R BVEFIR L I N
XN FE A ee {HA—EMIFEN, (oMM DS A
BRI, J3] TR E, (I ee (HER, MAEHK
PRI 5 A 70 = 0 SR T A B e (1) 7 %6 0 ee {H.
A5 =5 R R AR AL s AL b, 43 3145 5
AT, SR, LER AR R A Bl i M 7
41 DMF, DMSO H, 723 ¢ ee fHA 1R W0/, e)h
iff 72 i 35 HH e B 2 I KT I 288 s I A Tl R A A ¥

_Boc

Boc
HN
@ LN Cat. 19
—_— 13
N H/l\ CH3CN, 12 h ©\/\§'\ (13)
N

Boc = COQC(CH3)3

I,
i-Pr.
%y
VAN Ar= i-Pr
O
Ar i-Pr
19

H
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HP R ee (HIITE 90%LL F. IERFA[R 45 M)
HEAT THIETE, B W51k 5 45 b A R I 0 e e I 2B e 7 38
IRUFINF= AN ee (H. XFPITVEA 2300 F5 1B A )2 40
BB T — A R ST,

2007 4F, Terada %Il BINOL (¥ iiafir L4
R-20 (Eq. 14)/EALIIWE 5 Boc- V(R ] 48 FEmE W i) & 2E
F-C NV, 1938 T ee (AR =8, XI5 E—FP6 ik
3-05 FEHUARM IR B RL A 07k 2 —, WXt & 3-
U7 TR B AR | W R i 1R — Bk A8 i, A, X RO IEA
B N Ak, T JRE G T I A R 1) A

X
@ Boc\N
N+ I

\ H Ar
TBS
TBS

X =H, Br, Me; TBS = tert-Butyldimethylsilylindole

N Boc

Cat. 20 | N\ (14)

X
z/i
=

(R)-20
(R)-20a: R = Me (G = hexamethylterphenyl)

(R)-20b: R = H (G = terphenyl)

2008 4, Zhang PO LB RR AT AR 21 HEAT =
Aoy 8L IR V(Bq. 15), BFFURIMAEILT] 21h [k
&ﬁz%‘%%ﬂ? FERN L 99%. BEAk, I s N LR

AT T HEN(Scheme 3), 5t a8 sk 46 1 5 i A= O fievh
EWS, RIGE— L RANEY 22.

2009 4, Nakamura 255U BINOL (B FR 144 23
HEAL T E VY iz 551534 T F-C 2 Vi(Eq. 16), 35 T &
PR ee (HI 3-URATAH.

[F4E, WP iR P ) BINOL HIB R AT A4 24
fEALIGINE . LR SR AR IR 34T — 2143 [ W (Eq.
17), N 5E I LB R £ 1555 B R i A i i o T
PRI S R A F-C B, 29381 T HArr=4).

2010 4F, MR TR AT A4 25 Ak
W5 K HATAE S LR 56 e e AE AN RR I F-C 4t
FEAG R VA(Eq. 18), A H T — R AUMIREUR I H & R AT
44 26.

A4, Xu ZPYH](S)-SPINOL (1,1'-Spirobiindane-
7,7'-diol) VIR AT A= 40 27 (AL ISR 5 W % 2B F-C J .
32T 3-BURIIATAEPI(Eq. 19), 7223 A1 ee fH 537 0]
% 97%1 99%.
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Cat. 21h

Oyl ()

R= 4MeO 3,4,5-(MeO)3

©\—/\)\ /O (15)

R 21a:R=H
R

21b: CeH5
0 o 216R=4-NOCeHy
\P//

4AMS, rt

21d: R = 2-Naphthyl

/7 \ 21e: R = 9-Anthracenyl
OO O OH 24f R=4-Biphenyl
R 21g: R = SiPh3

21 21h: R = 2,4,6-(i—Pr)3C6H2

SO,P
\-SO2PY Ve

)\\ + B Cat. 23c HN* (16)
Ph H H toluene, r.t.,, 12 h Ph)\EQ
Py = Pyridyl N
H
I
23a: R=H, X=0H
Q O

K 23b: R = SiPhz, X = OH
/ \X 23c: R= 3,5-(CF3)2C6H3, X =0H
23d: R = SiPh3, X = NHTf

R
23
OMe R
©\\/\> . )‘O . /©/ Cat. 24h, 5A MS
N EtO,C7  H,N toluene, -50 C

PMP = p-MeOCgH,

17
= HN@OMe an

HN_/
CO,Et

24a: R = Phenyl
24b: R = SiPhg

R 24c: R = 3,5-(CF3),CgH3
OO 24d: R = 4-NO,-CgH,
,O 24e: R = 1-Naphthyl

4

P\ 24f: R = 2-Naphthyl

o ©OH 24g: R = 9-Anthryl
24h: R = 9-Phenanthryl
R 24i: R=2,4,6-(-Pr)3CgHy
24 24j: R = 4-Biphenyl

WS, WP U415 /] BINOL [RIBERRAT 44 28
PRSI 5 Ts- 0 Ji AE F B A R | Wk (] 7=49) 29, 4k
A2 i = 95 AL A4 30 (Scheme 4).

2011 4F, Husmann 2559 BINOL [ 4) 31
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BHLLE £k 53R
H */R
F3CYN \ 7/ NHp
OH “ 4R Ms CF ©
0L /O HO™ “OMe /\/
—R AN /P\ R
Pt
N 0" OH
Y/
F3C
RO
o~ oH
— R1 —
—\ R
\ Ul o o4
*R/O\ //*O*NQR @ O\P/O u \ 7/
N Y/ H < No (R
S NIV
N */R R —— R»] H—N
Pl \ 7/
FsC
3 N H ~‘\CF3 -\ -
R\ /P\ N@
O OH H \ ‘ //
‘ N
N R
H
Scheme 3
~ P Cat. 25
R {\/\r\> + MeOON/\COZEt =, =2
XN DCM, -78 'C o /©/
H
s
- S
= Cat. 27
HN* e R7\ | ; * R'—r b toluene, -60 C
AN CO:Et (18) N T ,
Rl
NS N ,
H R
" Ve
\\S
A= N\
Ar 25a: Ar—2,4,6-M63C6H2 HN \O (19)
25b: Ar = 2,4,6-(-Pr)3CeH, “
25¢: Ar = 1-Naphthyl = Y|
Q rRETY R
\ O 25d: Ar = 9-Anthryl =
25e: Ar = 2-Naphthyl N

e ‘ J "OH
Ar

25f: Ar=Me
25g: Ar = p-MeOCgHy
25h: Ar = 3,5-(CF3),CgH3

R =H, 2-Me, 5-OMe, 5-Br; R'= H, 4-Me, 3,4-Me,,
4-OMe, 4-Cl, 3-OMe; R? = Me, H, Br

25 25i: Ar = PhsSi

ARSI 5P 3T F-C [ N(Eq. 20), BT R I
7 31F A BRI, 7= E ik 99%

[F]4F, Rueping 2] BINOL [T FR AT £ 4 32 fiik
WG 5 05 IR G R A F-C OWi(Eq. 21), S5 RIL
AT 320 XSV AL PERE LU, —60 C F R ee
HATIAE] 77%, N TIBRE SN ee {H, 1%EHAFKIH
F, AWM AE—T0 CTF, WHA VCHCLY
V(CeHsCH3)=3/1(1ARILL) I ee {H Ak 91%. MR
JSCEAT IR S 3-W (WA i 45 A6 A B D PR — e (1) T 1.
1.3.1.3 TFA 147

2003 4E, Lei 2558 TEA 0I5 55 5K 201 1R %
KU F-C RMN(Eq. 22), AT 3-MIvka i AR AEY
33. b N IR TRV AR S e G T AE AR L TR
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27 Ar = 1-Naphthyl

WG AE RN EIZ SRR IR AFAE.
1.3.2 B G BAT A W IEALF]

2010 4§, Terada VA AT BRAT A0 K 54
34 ALIIVE S o- W RZIE K E F-C N(Eq. 23). K&
HK I & X SO ee {HAT W )50, Bl 7K & ) 3
T ee (EIN 7% AT HE = 3 73%. M7V B 5 A3 Ak
FIERT a-Z LR 35.
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TsHN
Ts e
o
R@ . ‘N/ Cat. 28 . = | Q Cat. 28h (5 mol%) A
NN J NN 5AMS, rt. NN
H Ar H ~
7NN
s Oy R
N
N H 30
\
28a: R = 1-Naphthyl R= H, 5-MeO, 5-Me, 5-BI’, 5-F, 6-Bn0, G-BI’;
R 28b: R = 3,5-(CF3)206H3 Ar = Ph, p-MeOCGH4, p-MeCGH4, p—BrC6H4
28c: R = 2-Naphthyl

(e o
\P/

28d: R = 9-Anthryl

28e

d “on 28f:
LI ™

: R = 9-Phenanthryl
R = Biphenyl
:R= 2,4,6-(i—Pr)3C6H2

R CF3
w0
CF3
Scheme 4
NPG Cat. 31f
NI
N F3C~ "COOR toluene, -78 'C,3h R OO
: T, » U s
X oy o
GPHN__COOR X R N © CHyClp, 0°C
B CF3 (20) @
N R 0.0 &
22
a: PG =Boc, R=Et; b: PG =Cbz R = Et; N]"" (22)
c: PG =Bz, R =Et; d: PG = Boc, R=Me | H ©
X7 R!
R 31a: R = 4-MeOCgHy4 33 X =NH, NCH3, NTos, NBoc, NCbz, O, S;
o o 31b:R=35(CF3),CeHy R=H, OH, Br; R" =H, CHs, CO,C5Hs
\P// 31c: R = 4-t-BuCgH,
/ \OH 31d: R = 9-Phenanthryl
OO 0 31e: R = SiPh, MeO.
31f: R = 2,4,6-(-Pr)3CeHy \©\
31 R <, N Cat. 34
N )ﬁ(OEt
O MeO O
Cat. 32i
N toluene, -60 °C or -70 'C X — NH
N N . (23)
H \ P, OEt
| (0]
N
(21) H

O
O | .\\Ph
N

N
H

32a: Ar = 2-Naphthyl
32b: Ar = 1,3,5-(i-Pr)3CgH,
32c: Ar = 9-Phenanthryl

32d: Ar= 3,5-(CF3)2C6H3

32e: Ar = 4-NO,CgH,

32f: Ar = Anthracyl

32g: Ar = 4-CgHsCqH,

32h: Ar= 3,5-(t-Bu)2-4-MeOC6H2
32i: Ar=SiPhg
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1.4

a: X =5-Me; b: X=5-MeO; c: X=5-Br;
d: X=5-CO,Me; e: X=6-Br; f: X=H

HOOG_ COOH
o < 0
0o o
nH20
34

Hib L7111k B Friedel-Crafts &z

2010 4, Qian 2T HIMHALF 36 fH Ak 0 i 5051
WRIEAT F-C R V(Eq. 24), &5 F AL 36a [FHE LI
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BHlLE

Bedly, H7 A ee (AN L 96%.

2
R \  Cat 36a
I + \ -
o | N THF,50°C
X H H
R——
=
R’I
0
NG
o) R2
R—— %
N
H

R = 4-Cl, 2-Cl, 4-Br, 2-Br, 4-F, 4-H, 4-Me, 4-MeO, 4-isopropyl;
R' = 4-Me, 4-Cl, 2-Me; R? = H, 5-Me, 5-OMe

R
R! AP 36a: R=CF3, R = H, R?= CFy
j;/( ‘ 36b:R=F,R'=H R?=F
R? N N
H H
36

36c:R=R=R=F
NMe; 36d: R=CI, R'=H, R?=CI

[i]4F, Yadav 2%f] BDMS (Bromodimethylsulfo-
nium bromide) L7 37 LML BERIZIEAT 2 4
N(Eq. 25). #24], F] BDMS ARGk 48 F I RO %
WHAR HbCEY), 3 N-BURRRIZ I H ARl
B, 1 H R R BOH H L RCR s, 7=
AIE 96%. X H: [ N HLEEREAT T W57 HEM (Scheme 5),
7. BDMS fEAL &, N-HUAR IR 2 1 B 28 P e b A2 e 17 0.
Jie B8 - e A4, SR 5 e R IR Mg PR TP % 25 - v 1)
1, wJE13 T HbsMb &) 38.

NHR?

R
Cat. 37

+ R'CHO + - .

A\
” EtOH, r.t., 1.5~3.5h

¥ 0
|
N R?
H 38

R=H, OMe, Br; R' = CgHs, 4-CICgH,, 4-MeOCgHj,
4-MeCeH4, 4-N02C6H4, C6H11, 4-C|06H4, 3,4-(MeO)zCGH3,
4-HOCgH,; R? = Me, Et, Pr

2 RE

SRS, IV B I, HERIRE 30U T
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- L
\ Br R1J
o Me,SO
Me,SBr Br €2
BDMS + R

HBr ‘ ‘
m)
N

5
i

Scheme 5
TP & BT Ut e ik, L& O VL IEANKT S 2k
HEFIBEr, AE 2T Tk A P= AT 3R A7 A1 AR 2 il R [A]
M. PRI, R A 3-HUARI W R AT A,
EZMNEANTTII SR &8, EHEIE T Tk
WFNZ 5 V| 5 % (AN K FR Friedel-Crafts Kt 4k [z
PAT & — AN BA PR AR L

BRI A B S e AR R B, SEILT
— RA G e i B AL 1Y) Friedel-Crafts SOV, A&
FCTFE 3-HARI IR FF G AT A X — R E N AW
AW RN R 25 FHAME A AT ok T B8, AT TAH
15 B B2 EBE 0 AN WSS R0 TAR & RN,
PERE S s PR B A 1 A A el W 5 I i ) AN R R
Friedel-Crafts [ W (R0 PR 2 AN BT A IR
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