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Advances on the Synthesis of Aryl Ethers via
Dehydrogenative Coupling

Tang, Hao" Luo, Junfei™* Xie, Pan*?
(“ School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211)
(® Shaanxi Key Laboratory of Chemistry Additives for Industry, College of Chemistry and Chemistry Engineering,
Shaanxi University of Science & Technology, Xi'an 710021)

Abstract Aryl ethers are important central motifs that are abundant in many natural products and drug molecules, as well as
versatile building blocks for organic synthesis. Aryl ethers were usually synthesized through the coupling reactions between
leaving group substituted arenes and alcohols. However, the introduction of leaving group requires extra synthetic operation
and produces lots of wastes. Over the past decade, the method for the synthesis of aryl ethers via C—H alkoxylation or arylox-
ylation has received much attention due to its potential as an atom and step efficient methodology. Herein, the research ad-
vances on the synthesis of aryl ethers through dehydrogenative coupling are reviewed. The detailed substrate scopes and reac-

tion mechanisms, as well as the limitations of current procedures and the prospects for the future, are discussed.
Keywords aryl ether; dehydrogenative coupling; C—H activation; phenol; alcohol
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Figure 1 Important molecules containing aryl ethers

(a) Ullmann cul

Ar—X + HO—R —— Ar—O—R + HX

(b) Buchwald-Hartwig corss-coupling

[Pd]
Ar—X +H0—R ——= Ar—O-R + HX

(c) Synthesis of aryl ethers via C—H activation

Ar—H + HO—R E» Ar—O—-R + H,

B 1 J7 Rk 5 7 %
Scheme 1 Methods for the preparation of aryl ethers
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C—H SEREBMLITE. N T R E N R, 4T
TEGIN—A T R, HRC A7 5 ] 5 0 A 1 771 2%
&, BT Pd ARSI A0 AL 1) C—H B8 % A4 Hh ]
A GE 9 TG E N TO I A, AL S A A Ak D
B 38 R E BR W45 2 B Re AL 2 P (Scheme 2).

D

fj

ROH + [O]

B2 Pd L C—H iG] & J57 FEEHL
Scheme 2 Mechanism for the synthesis of aryl ethers via Pd-
catalyzed C—H activation

2006, Sanford HRARZI KNI T i%5mE, LS
BRI e R A 9 2k, AE P AL TR SEE T AR AL
C—H WAL, 58 1 1A BET Y6 £ (Egs. 1, 2).
R BT T VU 4 S e A S AR R, {3 R
ZA L IMRITRR A B S YENENH. 5ok
AT, R AR I SV R, R 1 R B R

OMe
N—OMe Pd(OAc), (10 mol%) N-OMe
®_< Oxone, MeOH, 40 ~ 80 °C ©_< M

10 1

Pd(OAC), (10 mol%)

<::>}_ ;:] Oxone, MeOH, 40 ~ 80 °C <::§*_ ;:j

13 O

EE Rl N-H LB % H(CONHOMe)
NG RFER, EIMRIR SN ZAE, 4RI CLF R, 2R
SRR BRI SE L T FARA C—H R ke It
(Eq. 3), ¥ KT M0l 5 H e & v . 1 FEAR A
SBLSAE T 2R T BRI EAAL C—H IR RN,
RN SRR KIE AR, X LA 30% HIYR 15 2 B figfh
Y. B G, SR O R ) B N AR R AR A AL
() PR R S I T Z B AT AE AR C—H BRI 2L
BeAIEAL RN, SRR SR N R AT HET(Bq. 4), HKE
ANE RS Y. /. IE TR fhTEE. ERE.
SRR 2-FERECRE. 2-E . OB RS
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FFIARACA R S B A, A 1,2,3- = U Dy ) i 14 52
LT HLABBLI C—H ke Al .

o Pd(OAG); (5 mol%) o
@)‘\N/OMe K>S,0g (2 equiv.) d\N/OMe @
H . H
ROH/1,4- °
,4-dioxane, 55 °C OR

14 .
ROH = MeOH, EtOH, 'PrOH 15

21 examples
up to 87% yields

Pd(OAc), (10 mol%)

H R K>S,0g (2.0 equiv.) H

) R!
X CH3SO3H (0.2 equiv.) X
|// E/ ROH, rt. 24 h l// \g/ @
R H I R OR

R' = Me, t-Bu, Ph

22 examples
ROH = MeOH, EtOH, n-BuOH, S-BUOH, 36% ~ 77% yields

n-PrOH, j-PrOH, MeO(CH,),0H,
CI(CH,),0OH, ¢c-HexOH, c-PenOH

PR VR DU ARy T SR, A PR
LEEAFAEN, SR C—H HEM A Bl o S R L
(Eq. 5). ZeP o HA BRI SO A7 B s 2 A2 X0
C—H BRERIML, T2 e AT A o ) o7 ORI JU) 4 A o
C—H HheH. 5HAhT AR, SN AT BUE
ZIATAEAL, LU LI JE R B S L KA AR 2 B
715X ERI| AT N (e R VSEAR S(EVSES SR JEIP s LEbuS
n 5 5 B RO ATE BRIME T 4 19, ABEREZ 5 L5
TG C—H 8, Bt PR B BR1S 2R
H L.

oN Pd(OAc), (10mol%)  §R oR N
| = Na,S,0g (5.0 equiv.) XCN SN
& : I or || ®)
/ ROH, r.t. then 70 °C, 24 h 8/~ ANoR
R 1 R1
16 R" 47 .8
ROH = MeOH or EtOH

BEAS, PhRFRARAAE AL, 2-nibng R A
N-JedE-N-SE AL P 3 R, B Pd &R A L
A, = LRI (PhI(OAC),) NAEALT, FekmEAF ke
AT, B ARAL C—H BRI M 2 57 SR AT A=)
(Eq. 6). bR BA B 1 RERIm 2 1. R
N-5t 5k - N- S0 iFd ik 2 fie m] e e b g SR AR B, 3 JiR A
FMERTAN).
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.
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©)KN/F"P Phi(OAc), (3.0 equiv.) E':ka/PIP
H N H (7)
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14 15
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MSEI 7 C—O BIE N T75(Bq. 8), LA R
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[EALORFRI Scheme 3 FR: 226 FATE S P fEALARGE T85O
N S e N N N S . MBOQC Ng QOZMe
C—H HEFALTE N TEERA [ 4 24, HETTT UL 3 ] R MeO goMe
TR 25, BRI 25 R : U e
/) R — = AT A . Lt ~ H
B S A4S 3 AR IR AT AR, I EORAE T A AL ) MeO MeO OMe 26
EREALTEER. 70% yield, >97:3 dr
95% ee
R? R2 CO;Me CO;Me
R® Phl(OAc), (1.5 equiv.) MeO : Ar Eq.8 MeO
X Re Pd(OAG), (10mal%) (™ R? . HCI \@(\/ conditions m Ar
|// OH  LiCOs(1.5equiv) Y/ A~g "R EtOH p O o
Rf CeFs, 100°C, 24h R 27 28
22 z 80% 57% yield, 13:1 dr, 95% ee
20 examples
42% ~ 91% yields
NaOH [Pd]
Z > CO,E
S , OH
HOAc B4 C—H BB BLA B AR IR RT A4
Scheme 4 C—H functionalization for the synthesis of dihdro-
@(\’/\ benzofuran derivatives
0
Rd" “H F(d”/O\H R’ R!
05 " 24 L,

PhI(OAc), or F*

BR 3 B C—O PRkl AL K
Scheme 3 Pd-catalyzed C—O cyclization

o5, ZAR A PO AR C—H BRI RN
Hl4% 7 B Rk B i A S IR AT AE Y. %
TSR ARUT B R R e B Tk (TBS) PR 1 I 71 88
W T 5SEBM AR EATFRAEE, LR &Y 26.
FRPESE R LG 26 FRH) TBS BLARY 155 27, HIES
Eq. 8 MHFEIFIZM N R4S T N IAT B SR IR
fiTtEY 28, PR B JEA R Bk 81 (Scheme 4). 7=
V) 28 R KA R FE S R T 5 T 05 B A BRI
C—H W3R, [F4E, e P K %500 i
JERR LRATHEINIARAL C—H 1SRN, B TW
IS S BT 248 Pk e ] P 7 R0
1.3 CuEhFERSERX B

AR — M WL &R, B R FRAE,
H A AERHIC R, BRI s2 20772 %3k, FofE A0 i S
P55 FE MR ) T I AR . MR P A
®T Azacalixaromatics FIARAL &Y 29, ZALEYIAETH,
1,8- AR IR [5.4.0] +—Bk-7-4 (DBUYFEAE T 7] 51
BRI K AR AR R AR B LB AT AEY(Eq. 9).

2014 4F, RETFREHPIRIE T NO-—15 573
HEERARAL C—H S s B R B, 75 BEAE S5 o (1) &=
1 F AL AR (CuCDAFE I 264 T 1#E4T (Eq. 10). OV H
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Me Me Me Me
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N ; N R20H (2 equiv) N N’
— 7 DBU (2 equiv.) /— OR? )
WP () by G ¥ N (@)
| —/ CHsCN 4 —
N. N. _N reflux, 12 h N. N. N
N\
Me/ U Me/ | = \Me
Z 17 examples ¥

26% ~ 82% yields

CuCl (1.0 equiv.) /N
K,CO3 (0.5 equiv.)

7 N
* +
(0] _'N\ o) =N
NH o — , NH o (10)
ROH, pyridine, 130 °C, air
H 11 examples OR
31 32

38% ~ 87% yields

BIRG R B ReHI 2Pk, X3, s, Mk, esdt.
P FH G 55 22 P e L1 R R A 350 mT LR A e . AR
HEM A A0SR S S SR AT = A S S H 2 BtOe
FIHEE — 4481 C1ICuOOH. CICuOOH Fl ik 5 [m] 2 4] 4E
AL & 33, 33 Al EtO-1F AL =ik &4
34, o 34 105 B AE RS BB P2 P (Scheme 5).
LTS5, SREATE MR ERR, Hk
KBRS B SAS. 2013 4 Goofen R P44 F {1k &
FIBERRH(Cu(OAC)) KL T & N F R 48A, C—H
fi A FE A (Eq. 11). 7B I\ 9T 6 1 S B f8 46 706 25 G
Scheme 6 Frrx: — 5 FREAFRER(AgOTOIE NI 1T A0 ik
7, SERERAEAE A RS e AR 38, 38 SHL G
) 37 RAERHBETERER =M EY 39, JFRAER
J B R A5 2 05 Bk = A — A i Cu(DL,, — /4
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CuCl + O, — CICuOO* ﬂ EtO- + CICuOOH

=
R ) e
N~Sp~ CICuOOH ©)Hy N" EtO"
—_— "
H |_ -HCI cu'-0 -H,0, 0,
o) % '
/
HO
33
0 = | 0 = |
[ +
NS eud NN
Cu—0 Hob
Y OEt
34 OFt

BR5 CufM C—H fe b
Scheme 5 Mechanism for Cu-mediated C—H alkoxylation

-
S
OR
35 24 examples 36
32% ~ 82% yields

Cu(OAc); (25 mol%)
AgOTf (1.5 equiv.)
- s

ROH, O, 140 °C

Ag'X

ST HX ©i\\N_,
i _// Cull

N 37 |, Ag'OR
H 38

cu''L, Ag

B 6 i C—H LA b IE IR E
Scheme 6 Catalytic cycle for Cu-catalyzed C—H alkoxylation
[A4F, Daugulis 2B 8-Z SEmEm A1y G ) S 41,
SEHL T AR AR IR AT A AT 1 C—H e S A S B
(Eq. 12). ANFFZ AT LAE, 2 50ms DLREIE 1F 9 S Mo

X | X
| N/ ROH Z
CuOH),CO3 (11 mol%
HN. O ( )2C03 ( o) HN. O 12)
Pyridine, TMG, 110 °C, air
OR
24 examples
39% ~ 89% yields
CF; CF3
40 4“1
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7, WEAAAE SR, SCELT S 2 R )
BB, {H 2 12 S L SR M AN 6 e = g R EUA P 2 HH R AT
EVE .

2015 4, LA ﬁﬁ@m%m32QM%ﬁ)ﬁ&
(PIPYE R T M 2L [, ¥ Bk SRmE 40 N H T 2 1005
FIRPI(Eq. 13). RNAGEFH T A FH fE R EUR 2K
H Hﬂﬂﬂﬁﬁﬁ? SIME A, W | AR FIEEN .

AERIHLEE 40 Scheme 7 flr~: Al Cu(IDX, H 65
%rﬂ%ﬁaﬁiﬁi:m%ﬁ%é\% 42, Bk a2 50
A TR R 2 A R S AR R = A LA & 43 R — 4
Cu(DX. 43 38 JETH BR A — M AL & 44. 1) 44 5T
WS BT FEE =R Cu(DX. Cu()X #%SEAL B 3 A il
Cu(IDX, AL 58 B AL IEEE.

(@] o 0
R pip (CUOH)CO5 (5 mol%) g PP
\\ N/ KOCN (1.5 equiv.) |\\ N (13)
' 1 H  MmeoH,air 120°c,24n LA _H
H OMe
14 21 examples 15
25% ~ 96% yields
air
> cullX,
Cu'X HX
Y :
HX L y=N
air H ?“
o - 2 X
dL CuX + 2HX X
MeOH

I/N
OMe \
©ikc |||’N

B 7 —ifEi C—H FERLE E
Scheme 7 Mechanism for Cu(I)-catalyzed C—H methoxyla-
tion.

14 EBEMERBRHEACFTERSERXIBEH
2015 4E, RETIREART 1 RRIE 7 AL 55
Fi&E C—H Bl AR BA(Eq. 14). 1EE S ANE KIS M
Fe PGk G KB, 2-F FE-mE e -N-FALYE X S
BLAF, R B R R A B, 2
SEAEHE FEAR RIS 3775 A 22 B SL(KIE, ky/kp™
X X

| N Co(OAc), (20 mol%) | N
SO Ag,0 (1.0 equiv.)

NaOAc (2 equiv.)
ROH, 60 °C, air ,12 h

\/\ | 31 27examples
4% 88% yields
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1.0), RAFIEH C—H BRI ZRELE. 57—
T, 0 E H I 2,2,6,6- VU 3L IR ng &AE AL )
(TEMPO)ZxBHIE s B[R 35 4R 2 s By T B2 )77 T
EfEEESurEh

2017 4, &ARA BRI AREAE A 77, ZRAE 6
Bl () B R A T AT DA R AR R AR I AR BT A B AL A
(Eq. 15). ZMNAEREFIA R4, TEHHINEALTH),
SACNME— BRI PR, AR IX 2 BT ARIE R R
PR FAT 7 B 25k 2 U AR B, s B2 AT RE 28 75 1 3o 72 4
Scheme 8 Fiw, YT 3-FJE-N-F LMk 5 (QuCN ™)
WO L R B 28 QuCN'", K B H T H B E
QUCN A AR IE B 7 [ R QuCNe. [, ZKFR
IEBS T H B SRR M AT CoIEH FAEK
I E B 47 5= MEvE &Y Co(ll)—H. &5 47 5
Co(II)—H 1E FH JBi &4 55 75 25 Bk 7= ) 0 — AN &l Co(ID).
Co(INF[ 5 QuCNe{F A H H7 4 i AL 77 QuCN ™ F
Co(D)/fEAL 715 B fiE AL B

ROH
CO(dmgBFz)g(CH?,CN)z (3 mol%) OR

QUCN* (5 mol%)
(1)
hv, CH3CN, Ar, r.t.
45 25 examples 47
16% ~ 76% yields

F\ /F
/B\
? 9
N N
RV
MeCI\HA/—Co—INCMe
N/ \ 2
NoA
O\ /O
/B\
F F
Co(dmgBF2)2(0H3CN)2
OR
© 45 @47
QUCN™ ™\
QuCN* co! H,
SET
QUCN* SET | PT
Co' H
& + '||| H
O
ROH

B 8 it C—H Led AR &
Scheme 8 Catalytic cycle for Co-catalyzed C—H alkoxylation

2011 4, RBERIAL Z RO R BRI R kAl TT
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R HE D5 AR C—H BB SN (Bq. 16). %0715 R] Peig
il — RANIE S RZ BB, AR (FeCl) T BE 5K
EH, HJcilnt B i 3% % (SET) A4 B B Hh 22 Hh e 4,
HET R T3 E FeCly AEIE & T rh Ak, Rtk
1% N 75 BEAE 2 equiv. LA _E I FeCly A7 R 7 il 147

R R
o X
|\\ FeCl; (2.5 equiv.) |\
=

/ —_—_—
DCE, r.t.
/

B \
48 OH /\’ 16 examples 49 O N )
R' | 32% ~ 89% yields R
R =H, Me, MeO(s)

R'=H, MeO(s), Br, Cl

2 HFHRRMEmDGRSERK

i L5 Sl E Ak, TR I AT A A A B 7
MRIE A b, H 28R N A 57 A AREL. 2011 4F,
XZEWRAAP RIE T Pd ML 2R 7 P
BRI, SEIL T 05 SRS H IR IR (Eq. 1) A
Jil. TR AT I N BEVE N T R R, (R AR C—
H BEE I, R A SN EEA s, T
C—O Ht. {EE K 2-FR BRSS9 Pd 1L
FIRR SRR & 13 2R 0 &1 52, A WTE
120 “C LA 58%[I 7= R AN AR . [0 R hr
105206 R I C—H M C—D BT AL B H [F] (7 2
Rk, R A% S (1 R0 B — A v e i C—
O SRR RV BRAP IR, RNZ T PA(0)/PA(IT) AL IR,

R‘l
Pd(OAc), (5 mol%), IPr (10 mol%) \ |
MesCOONa (0.5 equiv.) N
) 0 (17)
4,5-diazafluoren-9-one (10 mol%) S
K,CO3, 3 AMS (2.0 equiv.) \
//
R2
51

0.0

mesitylene, air, 120 °C, 24 h

32 examples
20% ~ 91% yields

O /H\O Pr 'Pr
R g |7 Q o O
P‘\j‘o Bu i
ipr
52

53

0 -

[F4E, Yoshikai BRARZHCHBARIE T 2- 2B IEIR 15
TR N (Eq. 18). OW L 3-fi L mtbng /E v ik, i
AA IR BT liE (tert-butyl peroxybenzoate, BZOO'Bu)
VEREAMA. AN T XN GBI KR ONAR R, TEEIE
k2 77 5 A AL 2R OSL(KIE) R IAE % & T, RN
PA(ID/PAAV)HEALTEIR, T C—H B W24 0k s Joi i vk

MR,
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R'I

1
Pd(OAc), (5 mol%) R/\,

3-nitropyridine (5 mol%) |
OH  BzOO'Bu (2 equiv.)

= (18)
CgFg/DMI, 90 °C, 2 h S
\
18 examples 2/ %
14% ~ 72% yields R
51

2012 4F, KRR PIE R TSI Csp®)—
H 843 C—0 BRI (Eq. 19), 1% 77k Pl % —
IRFERIEATAE D). 2R SR [ SRR Ty F2 S 00 7 5t
W FE T AR IR AR, T RE IR iR DR 5 FL 1 3 (A1 1R 17
TEA] 7 IR 2R By S5 M A Ak, VS I T P9 b o] R 1) s B
BLER: (D40 7738 S B 1R 42 08 22 03 7 (CMD) (13 72
AT C—H SR A SR E DY) 54, B R FRAF]
TIRIFRIATAEYD; (DA TS T IER AR o %
G55, TyFRdE SR A% MU 25 A I XU A 1 56, 56 225
iz B-H V8 B 43 1) — 2R H: R IR (Scheme 9).

2

R 2
Z) | CuBr(omoi%) . =R
EWG N PivOH (1 equiv.) N\ //
_ > 19
Cs,CO3 (0.5 equiv.) f0) (19)
OH DMSO, air, 140 °C R
R' 50 51
15 examples
44% ~ 72% yields
EWG = NO,, CN, CHO;

R'=H,F, 1, Ph; R? = H, Me, OMe, F, CI, Br, Ph

Cu(O,CRY),
-RCO,H

0,CR
=
50 _ :‘Cl/{ O CuOCR g4
Cu(O,CR), 0,CR -RCO,H H
\—> 2 —2> O 4T
OH
(I O
55 56

B9 AL T C—H 5L
Scheme 9 Mechanism for Cu-catalyzed intramolecular arylox-
ylation.

[F4F, VR AR PR I T S kM 5 e B A 1 4 O
FERE )7y TN C—H BEb S B(Eq. 20). 1M, B
Ji 3 ) AN A o) e 2 ) X e 4, [ It 89
SSLHETE. S34h, Zid AR (Cul) fFERS, K
IE SR A R, AR5 AL 7 TN C—H Bfb %
LR RAAR — 2K FE IR (Eq. 21).
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Os_R H
N
NH  Cu(OAc), (20 mol%) 7]/R
O PivOH, 14 h o
0 (20)
DMSO, O,, 100 °C
OH
8 examples
44% ~ 89% yields| o, N 58
0N 57 2
R R
A 3
| A Cul (1.5 equiv.) R
Z PivOH (1 equiv.) = s ’1
—_—
OH  DMSO, air, 140 °C 1)
22 examples |
O,N 32% ~ 82% yields
7 50 0N 54

TEZE AT AYIN C—H BeE Ik it (Eq. 22),
Daugulis 2 VR I [ BT FIA NN-— F 3 B e
(DMF), BECNTREREN(K,CO5) R, 8-Z FEmE MR A3 it 2K H
FEATT AP o] S 2R AT AR DA G, SR AR, C—H B
ARAIE, AR O B B REHE. SR M
BER 1 3% 45 R A U 1 2R F R AT AR Y RE R 1 AT
SN, EBASE B AR, 2014 4F, KRB PR
F 2-F B e -N-SE A UG 3 ) 3 A, SR T A S

YRR C—H KA AL ) MY(Eq. 23).

AN X
| ArOH |
/
N (CuOH),CO5 (11 mol%) N
HN O 22
AN O k,co,, DMF, 110°C, air (2)
OAr
7 24 examples R—/ |
R 39% ~ 89% yields x
59 60
o / _;: Ar—OH 4 _+\
N \O Cu(OAc); (1 equiv.) O N N\o- 23)
Cs,CO3 (1 equiv.)
DMAP (0.5 equiv.)
H OA
oxylene, air, 130 °C r
31 25 examples 32

54% ~ 82% yields

2016 4E, R4k RIRMACHRGE T —Fh 2R A A A
B A T ¥2:(Scheme 10). B 4642 8- FEMEMR R4 1)
RBRAT A5 AR IR R R A il — 05 LR L &) 63,
o1 A 5 A B T R A A S A i 2 AR R B R AT AR
Y. AEFN RS BB &9 63 it Goldberg F&fb AL ik
AEEH =W, WAEAAAE KA Smile HHEM T HZ LA A%
HHEY).

3 C(sp’)—H BEFEILHFFEB
5 C(sp>)—H RS (I S A EL, i 4k
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ul KO air N R® 72. Byt T N SRIZEEBUS BIMME ) 73, FREETAE
» N3 4, Y /
R S N@ RAEFLAI TBAI 2% 73 PELH: 2 1 TR 79 51 o
N e | 57 R I
= 30 examples A
O _NH N . __| (40% ~ 85% yields \Rz 62 oj/w oL R
Br R' Tssy (1) TBAUTBHP, THF, r.t. I
= OH = 0 (26)
| (1) Cu(OAc),, K,CO3 P OH ' (2) K,CO3, MeOH, rt.
\\ 74 °C, DMF, air N
R? R2 22 examples
o1 (2) BUOK, DMF, rt. N\Q\R3 . 76% ~ 94% yields o
\ = ) o]
X \\ TS Ts OH
I
2 62 — \)\R
seatdve
Br
o . 71
t-BuOH [ B“4N] for
63 R ["Bu4N1 [O2F
N O
S TBHP
Kl 10 R R ERNEYINE R ©:o R
Scheme 10 Synthesis for the benzodiazepine derivative ,ll
TsH TBAI J)’) R
C(sp’)—H il % 75 B Bk 10 J7 VLR IE 598 5 /b. Kappe ﬁﬁf H,0 %(km%w
e e
SEDSHGE T — Ak a-f7ff) C—H ZRAIEAL R Ri(Eq. 24). n%

S PARUT FE 3t 48 A6 & (tert-butyl hydroperoxide, TBHP)
YRR, FEM AL T HEAT. 2B R R A
2R T R AR & B B A G, T RE ) S5 R] 2 i
70 5 22 5 Wy e B AR 1 DA SO R SR 1 T8 ORI o7
(PR A Be e it ) REEAT. 2015 4F, Chang Al Wang
SRR 2R, SEIL T X S AT BBURK (1 7K
LRI R IR BL(Eq. 25). 55 AMZ R S IE v] LTEBR i)
TR AT,

Cu(OAc), (5 mol%) N\ o%

OH O
H ~. TBHP/decane (2.2 equiv.)
R+ T 0 - )
O 100°C, 3h 0
10 examples
64 65 28% ~ 85% yields 66
OH O H_ .. '
J | 7\ cucl 5 moi%), THBP. ~0” O 0 05)
O~ 15~90 min, 100 °C
65 35 examples
67 27% ~ 95% yields

66

2014 4£, Wang WEHYRIE T Y IE T 3B 4
(TBADMEALII 2> T C(sp’)—H BEIREIEAL [N, SLH
T a-FRZEIFREMERT YN A R(Eq. 26). RMAEZ{R T
BPnT AT, HEA B E eI 2. KT REr Ay
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Ts
/
<
(¢} R
73

B 1 DT S AL T B ke 21 P L
Scheme 11 Ammonium tetrabutyl iodide catalyst dehydrogena-
tive aryl intramolecular mechanism

4 IL,\—F' EE

AT 7 R S T ot A TG SR S o) 4 O A EAT AR M T
HEAIE THE KR, B, 7E R SER A EL
WFFEANT B R, H A BAE Pd 58 Cu 4L F k4T, (H
SR TR — TR B R AR N R NV, X R 5
Fe B S L R T ORI, SR, A AN Sk
RIE T 95 F e S I & 5 R L SR ik, (B
SR NARRARTE S TN R A, T2 T 15 & &5 2K
BRI 7 i2ARIE AR e b, R C(sp®)—H BRI AL
& 07 RSB TR TN HRkaE, (R AR —, HFHAR
A BRI e PR

gr LRIk, RS R e 2 18] 1) A S
75 EME I H SR T LS F R, Ha SiRERN T
R Z T EHIMOEAT, BEIEUES M/
(M. BRI, 1T 3 2 B SR A S P ) A 7
RR, KIEFAEA ., &S C—H A R aior
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