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Recent Advance of Acyclic Diaryliodonium Salts in
Arylation of Heteroatom

Ma, Jiaoli Chen, Licheng

Yuan, Zhongwen

Cheng, Huicheng™

(College of Chemcal Engineering, Guangdong University of Petrochemical Technology, Maoming 525000)

Abstract As a kind of low toxicity, environmentally friendly, high reaction activity reagent, hypervalent iodine compounds
have received the widespread attention. Acyclic diaryl iodonium salt as aryl cationic reagent, has an important application in
organic synthesis. Under mild conditions, diaryl iodonium salt can react with nucleophilic reagent, which has been one of the
effective means of the arylation of heteroatom. According to the classification of chemical bond formation, the application of
the acyclic diaryl iodonium salt in the arylation of heteroatom (including oxygen, nitrogen, sulfur, phosphorus, efc.) is dis-

cussed and the development direction in the field is prospected.
Keywords acyclic diaryl iodonium salt; heteroatom; arylation
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ZWIRH, AR E—EHZ BRI 2 %0,
1982 4, Der Puyfti# 7 =75 3t Eh 2 5 I BAR TS IR 10
A BU(Eq. 1) 12K R BRI ) KF AR, Hi%x
NAFTE SR PR I B S5 B L TE IR % F R,

T MR A R URART
L X
At KF DM A—F (1)

(a)109 ~ 118 °C, 2 h
(b)160 ~ 170 °C, 20 h
X = Cl, BF,, CF3CO,

10 examples
11% ~ 85 % yields

2013 4F, Sanford WARATHRIE T 4R AL AT RR —
55 FLRICER 9L S S (Bq. 2). 12 B AN B S AR A,
i H A B e e B A S RE A 52 1. DFT iH5
T, ZRMNAH T Cu(D)/Cu(II) N FE.

cr?%z

R%;, @

Cat. Cu(OTf),
Cat 18-Crown-6

DMF, 60 ~ 85 OC
10 min~18h

26 examples

c R = OMe, ClI, Br, CN, NO,, eftc.
up to 85% yield

TR F R TR T R R(PET) R AEM R, T
Wz F T IR SRR 2 7. 2011 4F, Lee M@t &
BRI L 5 SFRBIA R T F AR PR
215 1. 2013 4E, Pike ZCHRGE T IEE R NLEE T, F
A 55 SEMER AN ' 9603 D A a1 U5 BB (Eq. 3).

I*X-
AN AN < i
. ©/\© R? 4 18- 8 min
18 F18
R1_'\ F
-

3

G

R' R?2=H, OMe, CHO, etc.; X = OTs, OTf, Cl, etc.

2014 4E, Rotsteinl 25T DIMEIR AR 75 5 = it 5 A J
BB M 55 BRI AR 5 1R 1 F AR & R(Eq. 4).
THE T B T S AR A BE 1) 5 B R A 35 e I
FISZELREAL. BEAL, Z 5 R0E T 2 B R RE Y
PET 2455 T WU 1 L.

12 ZHEMIBES5R C—NEME
1.2.1 & N—H #5935 2B R

I S JE AR SEILEUR O AL B T, H
RHTEESBMER R N AMECN %)% 5 A,
T LIRS 5 MR T 5 T AL R R ) 52 1) 4L 2
FIFIE. 2007 4, Carroll 2 HRIE T 75 % 155 34k [
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MN(Eq. 5). 7 DMF H, JCidiE 4 )8 2t ae A s o 0% fié

157 BAL BN

0

B e _ Et;NHCO,

R—— + '°F fluoride
Z 5 O/O DMF, 120 °C, 10 min
18,
o
R——
=

21 examples up to 90% yield

R = Me, OMe, Br, NO,, etc. (4)

CFsCOy
_DMF, 130°C _

NG H,N
O
= 24h
H
N X
e

13 examples R = H, OMe, 1,3,5-trimethyl
upto 92% yield  R'=H, OMe, F, Cl, Br, NO,, efc.

2016 4, Stuart YAHHRIE T &R AL —
75 AL 5 RE PR S BA(Eq. 6). BF TR IL: 4
BTN =W ORI, N AR Wy A
2,4,6-— R IR Fo 30 iy, RO AR AL AR
g R IR A T SR ER R R . AR
A, DA BUAR Y — 55 Ll 3 A At e IR 15 31 H
FRr=4.

KF (2.0 equiv.)
—_—mT
H,O (5.0 equiv.)

1 R2 B
R DCE, 70 °C, 24 h
|
N
7 SN2
rR—— | F ®)
NS
X = BF,, OTf, TFA
24 examples R = H, Me, OMe, Br, CN, NO,, efc.

46% ~ 93% yields 5y = Mes, p-CF4CqHa, 2,4,6-(MeO)sCqHa

2014 4, Wang SR DL RN TR, RERE
PENBR I 261 T, AT LUISUR Hh S B0 4801 10 55 3 4k Js 7
(Eq. 7). 555 NI RIE S BAR b, %07 vk T
T REVE SR AR B4 L N SR S

I+ X R1
X AN \ Cs,CO3
R | —/R + HN—Q
% = \ 5 toluene, r.t.
R 5~24h
R1
\
N—0O X = Br, OTf, OTs
., R R=H, Me, OMe, F, Br, etc.
-~ 7
R R' = Cbz, Boc, PhCO ™
2 -
22 examples R =Bn, Me, efc.
up to 98% yield
http://sioc-journal.cn/ 1587
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2015 4E, Riednler 25 i 7 5| Wbk S5 S5 1 f1 75 ik
R Bi(Eq. 8). W&Ff%%Mﬂm%ﬁT%ﬁ¢%ﬁ
R AN, %O R I = R B S I R
T 75 AL N

X
R TS | I\ R
L — ©_7 “s0°C
N
| —/R
=
X = BF,, OTf, OTs, CF3CO,

N ' ’ (8)

@_7 R =H, Me, OMe, CI, Br, etc.

16 examples
up to 85% yield

[F4E, Chen Z5INRIE T i IE 4 )82 5 AR EEHE
RS 0y SR ER A RN BE 38T /7 15 (Scheme 1), %
B LA =S ZKE(DCE) A, £ 65 CIFS 12 h #ike
BEMRF =%, MR PBRETHEE 130 CH, ZR M
FETCHAL AR 1) 254 R BB IR S B, 1% BT T 5
BRI A B B 1 S5 B T R
1.2.2 BtAe6y N—H 35 2L p o

2014 4, Wang %5 UK BL/E S0 26 A8 T &AL 4R i
= 55 LT L IR R e N—H (075 54k S R0 (Bq. 9). %
SN AR BRI KRR, B R HERA, 77
215 I B B AT 52 M AR AL

2015 4, Olofsson M HRE T — 5 iz 5
MEERRAR N-BUAR L i (¥ 05 4k S BL(Bq. 10). 1% %8G
TSI 4 JE AR, R R SN B e AR A = 1)
PR MDA RRIG 07 BN RN, SR E T
955 JE R S AR 55 1 i 208 25, 19 BBt
N-HUAR R fi (¥ 55 S 40724,

— O H

- OTf \.~N<_, CuCl (20 mol%)

AN\ 2 + X \
Ar! Ar R1—: P \O kzPOy, Hy0O, r.t.
10~16h
ol
\ /N\ 2

YN R ©

R'— (¢}
Z

22 examples, up to 99% yield

Ar', Ar? = CgHs, 4-FCgH,4, 4-CICgH,, etc.; R' = H, Me, NOy;
R2 =4- CH3C6H4NH2 4- FC6H4NH2 4- BrC5H4NH2 etc.

“OTf
£ G A
DMF, r.t.
/R
R N (10)
N s
IR

> 20 examples, up to 99%

R'=R2= H, Br, F,NO,, etc.; R' =
R®=H, aryl or alkyl; R* =

CN, NO,, etc.; R>= H
aryl or alkyl

[E4E, Muifiiz 25082l 7 — 35 B 2 510 DY 46
%:%ME&%E%N%%%&F@qH)@&FT

toluene
I—ﬂZ
100 °C 5~24h

0]

7 N\
O

> 25 examples, up to 95%
R'=H, 1,3,5-trimethyl; R2 = H, Me, Et, CI, NO,, etc.

’
O Ol 52 O - G
(o}
=H, Me, Cl, Br, etc. 65 C 12h
X = alkyl or aryl | 28 examples 7 examples
-H,0 or XOH | up to 95% yield up to 96% vyield
X = alkoxide
=7 HO X o
\ 7 N R! RE)J R!
+ Friedel-Crafts reaction
R M=o +
-H N
H /X l}l |
H H

ER1

R 75 TEA A5 R e K S S ER

Scheme 1 Synthesis of acridines via N-arylation and mechanism
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CASEIL A B 55 % (0 & B, 33k — 25 B FH 45 &4 il 771
N,N- 75 B:-5- 58 ARIME i e -3- R BE G 1 & . B9 Ah T
VSRR, BT %A 2,6-BUR K 2 H
RIS REIHTERAR, NG 2 R R 255 1 (1 i ik
R T — KB RBER.
123 BREFHN—HFTEURRK

2011 4, Zhang 2"V IR F 2% SEL = 960 F AR
HE S MEIER, SR IR N-ZK 34k B
(Scheme 2). TEARMAGS & B MHEALFIZEMET, L2
Pt FH R 2R RVE FIHEAT B, B3] 52%M75=%6. %R
FIREAIHLER U0 R 2RI 5 — I = G50 IR L
VERI K 2 —0 F =W F B R A R = 55 2 s ik &4
A ZAP AR R, B — 0 TR A R H b4

| + OTf H N/Ph
N 120°C, 24 h
SAPROVE—— PV,
N EtOH-toluene N
52% yield

Ph
\|—Ph
/
-TfOH N -Phl
Ly
N

B 2 PRIFORMEY N-ZRHEAY S B B T B ) e S AL ER
Scheme 2 N-Arylation of benzoimidazole and proposed mech-
anism

2012 4F, Han fil Wang Z:P04R0E 7 o5 itk 2 5
(R N-75 3640 [ B (Eq. 12). 2400 S HMEAE A SR it
AR 3 IR ST AR . %N LR AR R AT
R A, 8 G T E 4R A, A AR DR Th
REAL G AR AL B At T — b 57 20 B AT 10 572

H
N
£BuOK
+ _—
toluene, 50 °C

.~ OTf

N I N I
R | R
/ /

X
| R
=
13 examples, up to 92% yield
R'=R2=H, Me, F, Cl, Br, efc.; R = H, R? = 1,3,5-trimethyl

2015 4F, Novak /NHZRHRIE T 76T 4 )8 4 A4F Tk
W SRR T 1 % A (B 13). IR AT R, %S RE
LA i A 77 SR TR B il — R A N-55 AL P8, 2
It o 5 FERES A i A KA LA Y
WS A L
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REVIEW
Ar

,~OTf XA NH; (aq.)-toluene (V:V=1:1)
PN + | N .
AT CArR N rt,20min~6h

A
" H
Ar
X
| N (13)
Ar ’\ll
Ar

33 examples, up to 95% yield

Ar! = 4-MeCgH,, 4-FCgH,, 4-CICgH,, etc.; Ar? =2-thienyl;

Ar = CgHsg, 4-MeCgHy, 4-BrCgHy, efc.; X =H, |

2015 4F, Greaney Z:PHE(T T W[ WAL A4 C—Ar,
N—Ar S J7 R MBI & BT 7 (Eq. 14) . &N
&% 7 Gaunt. Sanford 55 T3 i 1) ¢ T-& Bk 147
3 A 57 BEACARIBE SE: B St A AL S B e 3-£r
TR U 07 BN O, R ORAE B D7 B 2 IR
BRI T BN %S NS T SRR R 5 B
RAH, BAE G E 25

dloxane, 60 °C

- OTf
e O
Ar” CAr Z N then DMEDA (30 mol%)

Ar H k3POy (2 equiv.), 110 °C

X
R1_:<I\g (14)
Z N

\
Ar

16 examples, 20% ~ 67% yields

Cul (20 mol%)
dtbpy (1.1equiv.)

Ar = CGH5, 4-MGCGH4, 4-FCBH4, 4-C|CsH4, etc.
R" =H, Me, OMe, etc.

1.2.4 =5 A sk ey s KALR S

FFHEERA R E B TRR, AT L
Folr s 24 A g el o () 4k, AR FH TS AR IR AR HE ) TR
YEZ5%5. 2016 4F, Olofsson iR ZH P HRE T 78 &AL 71 )
T, W R — 5 A ikl 5 55 18 1) 75 1%%(Scheme
3). GV R A A R T B, AR AR B S
5. [FI4E, Mo ZEPYRIE T =I5 ik &
STV R I I A 2 55 98 P g
1.2.5 WA L5 C—N4#HER S R

2013 4E, Chen HREIAVRZR T 4L H — 75 FEml
L BE AR =AM A R N A R BU R R AL &
Yi(Scheme 4). Z NN 2 HUARIEIRAL AP0 1) A5 AT 72
PO T R A RO . SRR R S A
T T iR B S A T A A TR I AR
S 5 — N E R R — o TR DT R, Ay i =
PrmR IE B 7 A SHEVER, 2053 50 bk A BT g B 25
T B; &Ja B YR SRER AR ENKIEST C,

http://sioc-journal.cn/ 1589
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recoverable

!

" mepBaA, HX + NaNO,, base N NO,
R—— — = | AN OTf| ————— R~ + Al
“ Arl, rit. Ar 60°C, 3h %
12 examples
R =H, Me, F, CI, Br, efc.; Ar = 1,3,5-trimethyl up to 81% yield
B3 O R A AL R B
Scheme 3 Nitration of diaryliodonium salts
. OTf 2
NN Cu(OTf), (10 mol%) AR
R'—— | —R'" + R*—CN + R*—=—R* R |
Z 7 DCE, 120°C NN R4
R'=H, Me, CI, F, etc.; R?, R3, R* = aryl or alkyl RS
34 examples
Cu(OTf)2 41% ~ 95% yields
| o
RZ—=N-Ph  Cu(l) >\—N\H
B Ph,IOTf R Ph
— R o Ph—I T H,0 i i
| R3—: R4 N\ R H N\ R
*Ph=Cu(lll) p— —
A R4LERSH 3 11 T ) 7R3
R* R*
c

B 4wkl &R & mT RE R SN BB

Scheme 4 Synthesis of substituted quinolines and proposed mechanism

RKZTT AT BN H AR =4, Forh 55 SEE 0 1) A Rt
AN A I E ). [A4E, Chen {RAHPS AT —
75 B ER RPN 4y WS AR AR AL T —He i Rl e R AT
W BEJE, ZI7EE G D RO B DY AT BE . EERAT
WSS B AP & T,

2014 4F, Cui ZEPON N-35 LG IEEAN — 55 Hepih
K, W= WA AR T R RN A
(Scheme 5). fERKIRHMIIEH T, N-J7 RN 5 =7
FETUER f2 N1 5 8 A T R AR BN N- 5 SR A, AR
Ji 0 I A A R A B 1) O A S

N-J5EBEAE LM T RIRFAM . LA A4
WAHF R T ARZ R, HABITEI I T AT 2%
. 2015 48, Xiang Z5PUFF R 1 H (A0S X6 a7 525 8 ik
B R [ BL(Bq. 15). Wi SR A7 A B — 05 S £
SEERWEYI RN, — 5 S2B a8 55 i S B e A S
. 5 Je A BELASOS AT R S0 38 e A s ) g A
WE TR Ik FErE, Tei Ay &5z s
SN 2 PR E — W ORI N 2 3 equiv. B, AR R
N-75 FE B F= Wtk — 25 A TS b S 7 Fe Ak e v A
Fl L A RS20 R I I A SRR T K.

1590 http://sioc-journal.cn/
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R_ _CN ., “PFe (1) Cs,CO4 RN
N * A "N, toluene. 1t l
H N,, toluene, r.t. Ar

+_PF6
171N 2 o
AL A R ML A
(2) AcOH A
(3) Cu(OT¥),, 60 °C Ar
29 examples
up to 91% yield
R = aryl or alkyl

Ar = C6H5, 4-t—BUC6H4, 4-|C6H4, 4'C|C6H4, efc.

B 5 SRS 1Y BRI T B R B
Scheme 5 Copper-catalyzed tandem arylation of N-arylcya-
namide

R1
j@ + R—=N
TMSOTf (2.0 equiv.)

2
R H,O (3.0 equiv.), DCE
H reflux, 15 h

R! R
o

22 examples, up to 93% vyield

Cu(OTf), (10 mol%)
Mesl(OAc), (1.5 equiv.)

R', R? = Me, OMe, Br, etc.; R = aryl, alkyl

Chin. J. Org. Chem. 2018, 38, 1586~ 1595



Chinese Journal of Organic Chemistry

REVIEW

1.3 ZHE#MBS5R C—0 #iiE
1.3.1 Z5akil & 55 KRk R odpey i

77 FEEE R EE R TR, R R 2k
o FEEN G BB, JCHAEDUA R A ENE
YA b+ W, 231 Ullmann fB5ESN2& A
TG RERR I E . XA O AR R AR WA
PR Lo, HAMEA L, JGHIE J5 &< & B 2R3
(1355 A B ISR AR

TERT N TAERZEA B2 Olofsson #f f4H B3 335
W TS BRI =RAM T, =05 R 2K ik
BN PGE £ il 75 5 ik (Scheme 6a). S KR &
R E Re B R e R SE LR Ak, 1Ak, AR A7 FE )
R RERF 2 5 I M, X AU 4 R A A R SE B
(1. BEFLRIL: A% F AR R L A R X RR P O R,
SR AR By S 2R, 5 5o R A R 3 0 1) 5 B 2 LA
MRS RS 2, AR R & R—J7 B =
77 S Wk, SEIL T A% FE P (Scheme 6b). Gaunt R
PRI F 55 R 3 th k47 7 R 4RIE

" OTf

NaOH
R'—i— O/ \GRZ + A—OH — 7,
H,0, r.t or50°C
(O
3
R R a

11 examples, up to 98% yield
R', R? = Me, OMe, Br, etc.

“OTf

OH
it O/ \GR1 L R O/ t-BuOK
r.t, 2 hor40 °C, 15 min
Z4 AN

39 examples, up to 99% yield

R', RZ = Me, F, Br, etc.

B 6 Moy HE b S B
Scheme 6 O-Arylation of phenols
2014 4, Karade PRI S B4 T, =553
iss R RE i B vE L  2-mbng B AT A= R I AU 7 R R
J5EEACR L, T 23 I ) N—H 5 AR AR N-5 5
1k(Eq. 16).

1
" OTf R
R+ R =N K2COs3
/& toluene, reflux
8~10h

= Me, ClI, Br, etc. 0 R

~ 74
N (6)

16 examples, 53% ~ 74% yields
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FLAE, McEwen 5050 11 — 5% JL it DU SRR £6 5 %
BN L RE S A RN R e AR R, H R B R .
2014 4F, Olofsson /NHP*P VR BT — 25 i e 1 48R 1
AT A 2P — 0 R SR R A O A RN 1 RS A
NO,. CN &5 5 M - HE A — 75 J 51 iS4 3 FH (Eq.
17). e, Stuart ZEBHRIE T EALNIE AL = F

T BEMER 55 TR TR IR AL 1 N )
BONTZ, YWE— R E . RRE. R TN
LIS REAS B BT ISR,

+ X
{ A | X
R | — R+ R—OH

NaH or NaOBu-t
AT erer

toluene, r.t
R', RZ = Me, NO,, CN, etc.; R = alkyl 30 ~ 90 min
=z O\R
R1—\ | “7)

22 examples, 43% ~ 98% yields

2016 4, Olofsson UL THRIE T B 1] — 7% KL &
Z 5K A SR T 15 340 R (Scheme 7). 7E
FEIRATCAE SRR BT, &R
FEHELRRIAIH S| N B H AR 7. BeAk, =5 238 07 Bl
S5 RN, AR = SRR ).

-OTf t-BuOK

toluene, r.t.
~——0 _ _toluene, r.t. N
PO+ R7IN R Ar PgO" T
OAr
Pg = protecting group 28 examples
up to 99% yield
- OHTf t-BuONa
. CHCl,rt. OX&
PgO—<_: /Q * RNy T o PO
\ R = CH,CF3 O-_CF;
3 examples

48% ~ 78% yields

B 7 Bk ERE ST S SR
Scheme 7 O-Arylation of carbohydrates

1.3.2 = kakil & HE5 XIS ag M

2012 4, Olofsson IR PP & 1 — 55 FEmuth 5 1k
W B 95 FE R WG 1Y )5 22(Bq. 18). %5 K AL T I
BN, AE F 2R R0 261N ek REIDUR S 8L, R 7 sk
KI5 BRI RE S 5 .

“OTf

O/\GR + R1—S OH

R =H, 1,3,5-trimethyl; R" = Aryl, AIkyI

0}
R—— /X (18)
N~ gf ©

3 examples, up to 90% yield

KOBu-t
toluene, reflux

http://sioc-journal.cn/ 1591
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2014 4E, FOURA R EHPRE T —FE e R s
% B R AR R AT AE M IO T VR (B, 19): TE DAL= Z & $e it
TRESCAE S, BEERATAEY S — 5 S EL E F ok Fp R A Y
B RBL, A R IR = 2 1A 96%.

, OTf o

0 T Ll EtsN
R—— | =R + R—P—-OH ——>—
% % | toluene, 110 °C
R
;

2

R
A0~ B
R g (19)
A R2

21 examples, up to 96% yield
R =tBu, F, Br, |, etc.; R' = aryl, alkyl, alkoxyl; RZ= aryl, alkoxyl

2011 £E, Olofsson WHZH P3P MR8 7 it i 4 @ ik
IR IF) 75 R4k [ N (Scheme 8a). 7E AL Bl 2614 F,
AL F5 H R TR AR IR BR AL S ML, 110 HL AL FHL A — 55 3%
TRt RE R S 213 74, Bt S, Nagorny 251K 1
= HURBR A R 15 0 2k L Ak 2 S B AE R IR AR R
W47 (Scheme 8b). AV T5 R IR AAG TR B HE [ VL, 111
HHPR R HAT A eSS kM. — BRI A QR L 2
BRI P RMEAL T, AN i 5 = 7 Ee 7 3 i
TR ER R TS YE. Y R NAR R AT AZ Y B,
P R 18%.

OTf o
|
A X =z KOBu-t
R1_: +\©—R2 . R3— | OH e .
= Z X toluene, reflux
O Z N o1
——R
O 0N (@)
R |

> 23 examples, up to 98% yield
R'=R2=H, Me, OMe, Br, etc. R® = H, OMe, NO, etc.

X o}
| +
X X 4
" @/ \© R! + R2 @)J\OH

R"=H, t-Bu, Br, efc. R2 = H, OMe, Br, NO, efc.

X =Br, OTf, OTs
PG
% | o X (b)
N

13 examples, up to 93% vyield

B8 FRERM T EA

Scheme 8 Synthesis of aryl esters from carboxylic acids
1.4 Z“HFEMES 5 C—S #lE

BRBEFERS 24 . Ak Rl Tolk ATh REAS KL IUSA 5
BRI AT S, J7 SO E ) & Ol 5 22 2% R4

Cat. Cu(OTf),/co-catalyst

KOBu-t, toluene, r.t. R2

1592 http://sioc-journal.cn/
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B SOSLIER P FR A, T FBUZ AL AP A ik
A . Rk, *HZE AW & R OT iR T
3R 9T BAG BB . 1947 4, Sandin 25458 — R
T8 TR FAE AR AT DL S = 07 Bl 3k T AR 5 2
IR R, AE RSP 72 2R AR, TR IR 3 T AN
2001 4, Huang ZEHRIE T 75 M i 5 i R R 4 i) —
75 HEMER A5 i — 55 SERR A K SR 2006 4, Krief 241
T T e TR EEAL A 5 0 SRR B R b i T
Tk () 77725, 2014 4F, Sanford 1AL e W T 40 @ A
N A T A R e T B A, RN B
B 1P 2 A0 R T 10 B B iR 32 1 (Eq. 20).

oTf
I+
X AN
ni D s
R ©/\© R RRe

12
R=H, Me, OMe, F, etc. R, = anvloralkyl
R? = H, Me, or alkyl

S
7 \R

16 examples, up to 37% ~ 90% yields

CF3CO,H
1,4-dioxane, 110 °C

2013 4, Shekhar 254515 SR (i Ak, = 4 FF 52 O sk
BN O B ER 0 SO (Eq. 21). 1% N SR FH BRI 14
P N fEA TR, T R RE N S PR G, RN R
MR 22T I B B AR IR AR, R SIAT) B A 2
17, AEFAENZ N T Cu(T)/Cu(TI) s M ATLEE.

+ X
AN Cu,0 (2 mol%)
R'—— | —R?2 + CF380,Na —— — >
Z Z DMF, 50 °C
_~_SO,CF3
R | 21

13 examples, up to 88% yield
X = BF,, PFg, OTf, OTs; R', R? = H, Me, OMe, F, Br, NO,, etc.

2013 4E, Kumar Z558S2 3 7 s R 0k — 957 FEfif 1k &
VAR AN SN A TS W AN(Eq. 22). FERR 1T,
A 5 10 min, P2 R 96%.

+ X
ON
AN Vate MW
R—— | =R + R'—S_ .
= = \O 50 °C, 10 min

R =H, Me, F, Br, etc. R' = aryl, alkyl
X =Br, OTf
r O\\ _R!
4 S\\
R— || © (22)

A

17 examples, 73% ~ 96 % yield

2015 4, Anbarasan Z5UCTF K 7 BIUL AR AL — 5%
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B 2 5 1 07 RO =3 2R SOV (Bq. 23). 1%
I DL LR — % F S AR B — 6 24607, S-phos A
Bofk. A S, ek, MREE. RIESEN I ERYIhEE
JIGER) ) S B — 5 PR Ak, e O B = A R RO
() E R [Al{A. )5, Rueping MM HRE T LI =
G S T g it — S R AR 5 AR R 0 R 2R
(VRN ST 5 5 R =5 F Ak, 1% BRI T
BN 2, BE AR, ey, BERMRSE IR R IH e
A5 b S5l H W,

D\COTf Cul (20 mol%)
7N I\Mes S-phos (20 mol%)
R * ASSCRs ouE s0oc 120

R =H, Me, OMe, F, CI, Br, COOH, NO,, etc.

N
~SCF3 | b~ -SCFs

R@/ Cu (23)

i
= | N X-
35 examples X
up to 95% yield R
A

2016 4, Mo ZPMRIE T — 97 Hpl Hh 5 FR A &
%77 SRR FUE ) SN (Eq. 24). AEXS AR 55 FERLES £ 5
i TR S LR, X FR AR 2 0 o 1 0 B AR R 5 e
PR E 2, A5 5] R 8 B — 05 BRI 5 B B
g =), HA R SRR

+ OTf

0 X I X
R'=—_ | — R2 + KSCN
_~_SCN
R1_<j/ (24)

16 examples up to 95% yield
R'=R?=H, Me, F.Cl, Br, NO,, etc. R = H, Ph, Br, etc. R? = OMe

1.5 ZHEMES5H C—P #E

P I A LWL E . SRR B LA T
A EER N, 2013 4F, BEIFRBASIRE 7T —1h
B R A 2R 1 5 T AL 5 5T R AR AW I
Mi(Eq. 25). fEZHR T, 10 min BIAT 52 BN, 72 3R ik
98%. %I N APEIRAN, B T ARG LA S BUBGR A
T EL AT DAHEATOR. BRI JESTAR 1 = 05 Bt
;B 5RO, AR TR R 2 T E BT
(95 3L 724, Ve iAW R N AT REZ T T H H1 3k
JREHLE.

1.6 ZHFEMISE5K C—BEME

55 MR T H A B % Fa e (K55 L T Re A 32 1
UFEEA s, Rk, THERSAL S & R B et — B2
HL& BT R $ 5 2 —. 2008 4F, Miralles 594978 % B¢

DCE, 80 °C
—_— >
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.
AN Q Cat. CuCl, Et;N
R—— | —R + R—P—H ———
Z Z CH,Cly, r.t., 10 min

R2
S _R?

SR
R_|/ R3 (25)

> 42 examples, up to 99%

R =H, Me, F, Cl, Br, CF3, efc.; X = OTf, BF,, OTs, PFg, Br;
R, R? = alkoxy, aryl, alkyl

SR &P 5 2tk — 57 S A JE AL IR TR e
LA R RO ) 25 1 57 SRR SR AL B M(Bq. 26). 5164
6 T IAREE, 25 T R R A L
JrE 1R S AT PR B i

OAc”
.

AN O, %\ MeoH,50°C
R-I— | Jr o+ ( B8 ) =22
= = o) X
X
B
I\ \>
RI—T x (26)
=

> 27 examples, up to 96%
R =H, Me, F,Cl, Br, Ph, etc.; X=0, NH

2 #WERE

CRIRPTIE, 2Rk =7 Mm% — IR S SRR
s ARBEARRE . 5 T & 07 S, AR AR
APE PR B EEE, BOVA LG R i
BRI FE AU —. o7 R SO R AL Bk
R 2 SR SR AR s S 2R 0 B4 ), H AT CRIE
I KB 7 s LA R = AR 5 e 7 A, TR
B, B, AR A AT e SEBLE AL IR R,
S T M R R A AT E L T, Ak, =
75 SEMAER IS M) 50 1« RIRPW I 4 T BEAAB M )
OB A IR, AR — PR ORI &
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