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Recent Progress in P- and S-Arylation Reactions of Arynes

Huang, Yuanting Chen, Qian™*
(School of Chemical Engineering and Light Industry, Guangdong University of Technology, Guangzhou 510006)

Abstract Arylphosphine and aryl sulfur compounds have been widely used in organic synthesis, functional materials and
pharmaceutical chemistry. Thus, the development of green, mild and highly efficient methodologies for P- and S-arylation is of
great importance. Recently, the reactions involving arynes provided a novel approach to the arylation of organophosphorus and
organosulfur compounds. These reactions can be performed in the absence of transition metal catalysts under mild conditions
with broad scope. The recent progress in P- and S-arylation reactions with arynes is introduced on the basis of different

reaction types.

Keywords aryne; organophosphorus; organosulfur; arylation reaction
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FE AN )56 B AGR), A e Al — B D5 J2(Scheme 2).
(TP R D i WP 2 S 2 AR Wil ()3
24 R =280 (1) i 7 A I B 55 564K % B (Scheme
2, Route a); (2)4 7> ¥ A1 BEBCR RAR G 19 = 2 70 [l ¥
(Scheme 2, Route b); (3)& 7+ Wt BRG] 0-8L
-5 N\ SN (Scheme 2, Route ). I 55 bR i) [ 7 7] 8¢
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He(2004 4F LAK) 75 2 5 B NG 05 S5 A0 R BRI AU T

[ S

E
l|©} A, {@E‘E) Route ¢ @[E
Nu Nu
lNu_

[@ Route b @:E
Nu E* Nu
H*l Route a
gl
Nu
B2 b sl iinlin i s B

Scheme 2 Reactions between arynes and nucleophiles
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Sk, B P AME LA 22 S IE 55 e 5 WL AL A 1 S v
BRI T — RGBT,

1.1 BMERSEURE

2010 4, Jugé WA HRE T =R NSRS 50 F
PEAAEFME PAIL &Y B8 55 3L R N (Eq. 1). %
S, B O T R R TR AR O bR, PR
75 He B TR R RS, R EITF R
(o7 K2l dh. oAb, = RIS IR SN R DL
PRI BRI T A

R ~ |
AN OTE Row:P CsF N
R R R Ghon orr (M
X ™S 3CN, r.t. R3w P '
rZ R
R', R? R®=H, alkyl, aryl, amino groups 18 examples

58% ~ 95%
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2014 4E, Hosoya HREAIZHIILL 1,3-X0( =% Pk A
B )-2-WCR R 05 i A4, LEAK% IAGRIVE AR AT LB AR
B 3- =R EEE A IE AR, s i, SRR e SR
W23 R A SR PR B A e . SRS, &R AR R A
T Fries HAF, SR = HRBEIETR 20530 1, &
Je 19 275 27286 25 (Scheme 3).
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Scheme 3 Direct P-arylation of triphenylphosphine with arynes
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= L R ATV B4 57 H Ak (Scheme 4). 1% % MAE
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T R T AN O U A . i RS, SRR
PN & WE BT B, AT B2 P A S 82 i 42 43 3 B
Fare. R a h, RNEVHERS R 2 R0 15 2105
ALY, %42 b 5 Michaelis-Arbuzov [ N2,
IR R b 6 P EL. [F)4E, Hosoya BRI YR IE
TRARI R TT ik, R BADY T R R AL B2 (TBAF) 9 9
#h, [FIRE DL A5 257 R B R 5.
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Scheme 4 Direct P-arylation of triethyl phosphite and its deriv-
atives with arynes
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F B A A B B 0 FE Ak I B (Scheme 5). % VAR
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Scheme 6 Insertion of arynes into C—P bonds
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Scheme 9 Insertion of arynes into P=0 bonds
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Scheme 10 Insertion of arynes into P—P bonds
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24y ] Mi(Scheme 12). %A, BUBE B e A% E Y
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Scheme 12 Three component reactions of arynes, tertiary phos-
phines and aldehydes

14 HEXERN
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Scheme 13  Aryne-induced SyAr/dearylation reactions
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2006 4, Larock BAAPVR JE T 2Kk S 526 )
B FAL R BI(Eq. 2). RN, KBRS R RTE =
I RAEZIN, CLRGFR 3245 3] R EmEE. 5
K, Yoshida Fil Hosoya 112 8 DL AT Al 55 3 = SR R i
975 WA, [FIRESEEL T BRI B T Bk

I Do 52 (0

70%

2014 4F, Mhaske i58HPHRIE T S5 W
ENAE I B 55 A R BB, 3). N H, 5k
BlE I AR R H () Bt B SR AR OS5 B, A= T BA
RIUFEMMF B = F5 2 R 577 RN B EY. FFE,
Singh 181 PR IE T AL BN ¥, (H RN R AE
80 CHIB R Fit4r. J5K, Shibata A0 gt —
PR T = R B R B R O B P I A Y L
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CH4CN, r.t.

R
N OTf 0 TBAF 0 7\
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R | + Ar1/ \Ar2 - (4)
X CH5CN, 25 °C L. OTf
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Ar' Ar?
28 examples
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2017 4F, EEEMREHRREHPRIE T TS
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R " S:< - No, )
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H TR Fa ﬁ%&%%a1¢ﬁ?}%ﬁl%% JIE W7 T i
595 = AR 5 B B TR B KA TR R AL, AR
Fr BRI AL, 2017 4R, SREERBURRIRE AP R R T Oy
WG KK a- iR Stevens HEHE N (Scheme 14).
JUF R, Biju HHPHRE 7 556k 51 K 1 p- B34 A
J]L@iﬂﬁﬁ’] Stevens HEHER M. XERPH, FHEAHTE

5 PR AR B L, B S K AE Stevens A,
RE) B-RE SRR B, Y R B OC E B
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2018 4F, TS AR I LB A P THRGE T 05 b FOR
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POIRBRIE 15 2 55 07 J A B 863 1 1 v R4 7SR AZ )
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Scheme 15 Ring opening reactions of cyclic sulfides with ar-
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(KR SLAB R SE(Bq. 6). ST, F5 bt IO e e e
P IR T R P T eh Ak, TR TN 1,405
T TR A B S A R (A, R, R S T R
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R
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1 =
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S
TMS R3 THF.0%C | A
COZMe R3 N\f/
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2011 4, Greaney VR HRIE T 6k C=S HEHF5
T4 N S Bi(Scheme  16). %M H, FHHREAIEHA C=
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WERY. Bea, S0 T IR R AT AL, 153
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Scheme 16 Insertion of arynes into C=S bonds
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1,4-proton transfer
S IPERE:
O S R S-elimination
- — . CO,Me
Ph R=COR O |
s MeO,C
[3+2] +g i €7 Ph R
©| | R deprotonation
CO,Me P B d SPh
CO,Me +& on|C
H,0 S S-elimination CO,Me
R = H, alkyl, aryl |
CO,Me H™ R
B 17 C—S B 07 ddi N S
Scheme 17 Insertion of arynes into C—S bonds
KF or CsF
= | oTf | 18-crown-6 R @E\ EWG
R + N
NS EWG\/S_\ r.t.or40°C X" sMe
Br 18 examples
34% ~ 63%
EWG EWG - .
’( ; EWG H EWG
[+ L — e | — R
| q SMe SMe
o
Br
B 18  Fir L4 C—S BRI 7 Bddi N N
Scheme 18 Insertion of arynes into C—S bonds of sulfur ylides
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THBUZPRRR R, HFSFEOFHRRE c—S #, &
Ja 1S BN BRI R R BER AL E 4. [RIAE, fafpRigtt
B RGE TR SN T, TS A B TR K
SHEZ) S

FL7E 2005 4F, Larock i 4S8 T = Fi FP 5 0 Ak
BkR% S—N B8 75 g N Bi(Bq. 9). %N [FIFELE [T
T I TCIH A, SRIETFIAWT R S—N BE 3155 1%
ARALNE REFIAL =), R R P R R OCEE, A
N 35E AR IE G (IR YE, T BRI TR R T RS
ﬁlﬁ.

0
AN OT 0 TBAF 'S
R ] T L e )
N Sms | RHNCF THR e R |
NHR'
(o_ 8 examples
41% ~91%
via [p-C T $;5Fs
SN
R

2016 4F, 2= EA R R T =R P EBE S—N
B Y 55 e Adi N [ B (Scheme  19). 1% [ S AE A #I75 B B
R Z IR T R () =N BUAREE 1 22 K1 5 ik 71
(TPBT). B %%, — % PRI FoRAZ 3 505 b, A2 i
AR FE L 2s—A OTE F=A B 5 . SRS, B 05 bt 5
— T R B S—N BT RN, BE A E]
SRR ED. ERTER IR, ZRMNERIR
1,23- =AM i FIESAER T C—N 8. C—S # &k C—

N .
OTf o KCOs3 NH ®o
T™S T 18-crown-6 SGE
+ AHN-S—CF; —————— 3
6 toluene, 100 °C _Ar
N
oTf 9 examples éO CF
‘ 60% ~ 83% Z2s
H+
(0]
oTf &0
{ AI'N \>CF3
_ 9 _Ar
ArN—S-CFs N
(0] SOQCF3
(OTf \ 0
n ©\ ArN— s CFs
N,AI’ e N,AI’ O
| SO,CF
SO,CF, s

B 19 S—N RTINS

Scheme 19 Insertion of arynes into S—N bonds

2019 4, Biju AP — D K R T IR S S—
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N 1) 75 adi N B (Eq. 10). % B, & T i Se it
B R, PR TRk, R)E, HERAR TS T
WM R T, S8 S—N B, a5 314067
AR R AL & .

1
= oTf ,R CsF = SAr
R + AN = R | (10)
TMS \RZ DME, 25°C NR1R2
28 examples

Z e up to 83%
R—— | s
via A Kl ~Ar

R2

R1

2015 4E, Hosoya RAHZHPHRIE T 6 254
S=N # [ 75 Heddi N\ [ ¥ (Scheme 20). %M 1 a4t
FRE S=N BN, BRI T R AR, SR
Ja, VUITCHAFFIRWI S S—N 4 15 3I B 12 7 e k. &%
&, B A1 NS E 05 IR (SNAr ), FE
i?%ff MR JEFIERZRE T L, 53400 Bl

KWEY. ERERRZE, UZEY EA—H
ﬁtﬂxﬁ%ﬁ L) 8 5 it R A 1 281 418 B 25 O B Tk
Ja ok, ZMREAPE b R R T AR 55 B F R
S=N BRI HAE N AR, 1R BLE I B AR
PRI MBI NA Y. BT PN J7 3 &y
BRIEAR, PP & @ AL R R BT RS
P E R ER R A

= OoTf
R
™S SR’
N 18 -crown-6 C[SR1 R (:[
or
0
[I\IIH THF, 60 °C NHR2 NH2
R1/S\ R2 20 examples
43% ~ 82%
NH Tok, p
I

p-Tol—S
PR
o}

Tol-p o}

S/@)J\Ph
: :N

H

B 20 S=N BT M AR
Scheme 20 Insertion of arynes into S=N bonds
2017 4F, Yoshida 1 Hosoya 1R P8 —0 K JE T
AL A &) S=N H 1K 77 FAli N [ S (Eq. 11). B
FRW, IS S RA) EIREE 2 m BRI
Yo 05 B RO I, R 32 BEdkAT S=N ) J5 b
N, DA A5 B0 AL IR R 2R R A &
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Y. 24N 55 B W ARSI Jie i, e o2 ) = 8 5 A= 2
¥ B3 5 HEAL.

KF Ar
=z oTf NH 18-crown-6 é -
R——\ | *Ar=S-R = R ij[ S0 or
THF, r.t.or60°C R7 T
TMS ’
© NONHR
Z R'=aryl
| 6 examples
\\R 28% ~ 44%
Ar—S-R' an
1]
o
R'=Me
10 examples

45% ~ 85%

2015 4F, EWRBAPHGE 7 L& S=0 8
() 75 i N 28 (Scheme 21). %, JEXFFRIEAA S
TR IS A5 B o 55 A R M AR, AT
PR AT BRI B AR (1)L T 43155 e P AR B - 57
i, ARJE WA R, ()RS J5 &2+ 2138
IR AE R FE DU Je 3R R [ AE, SR 5 R AR [1,2)- R B 7%
BB, MeAh, (EF AT T e BRI L AR SE 5,
WEBA T 1% B AF AE B oL b Ak JE ok, 1% R
2 PR i IX 8 37 26 A AR I S g e R ) e I S
T IRANKA NS5 KRR A Y I A A

oTf 0 CsF SR! SR!
+ +
Tms R'”°S“R2 DME, 50°C

OPh OR?
21 examples
up to 80%
_ -
L SPh
o IO (X
1]
[ : N L OPh OPh
Ph SPh
— |
0 OMe

B 21 K S=0 BEITTHUEN [N
Scheme 21 Insertion of arynes into S=O bonds of sulfoxides

2017 4F, Studer IR HE— B 45 7 LR AR
T, RET OHETIN S=0 #1757 Heddh A R B
(Scheme 22). % FIFEL T T 75 5 AR [2 42134
INEAE BRI TR, SR T TR O VRS 1. e,
CATFE R R T 2R T b, 1935 2 BUR ) A 5 i
FKiea.

2017 4F, SR RIE 7 05 TR S=0
(75 et N[ BE(Eq. 12). Z M, JhiE s S=0
BAEH AR IEE k. e, ARE TS50 0
T IR A AT A, B A AR BB T A B =05
EEs RGN
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;
= | SR
N OTf Q CsF, H,0 ~
R— | + R1/S\%\R3 —_— (0]
0,
NNTMS it CH4CN, 55 °C RZJ\‘/R“
R3
22 examples
up to 87%

MeO,C o CO,Me
0
[;[é/——* |
S
L Ph pH

SPh
QX
O

\/cozlvle

ER 22 2T S=0 %175 Heds A\ R
Scheme 22 Insertion of arynes into S=O bonds of vinyl sul-
foxides

=
R |
N

R@row . ('S? o 5w
NN ™S Ar!'”“>Ar2 CHsCN, 25°C R—\ | é,ArZ
OTf At
30 examples
up to 97%
2017 4, Yoshida 1 Hosoya iR HE—5 K g T
T HAN S=0 B 5 B R B (Scheme 23). %%
N, D5 RS 0 R A B S R AR SRS,
AT T W SRIZHE SR BT I M (SnAT OB, AE A%
Meisenheimer 2554, & )51S B4R 5 AL HUR Y =05
FEBERAEY). AT R, R TR ) 2
A — AR T 5 B

AN OTt o 18-crown-6 A SAT
R— | + s —_—> R— |
A ™S Ar” " Ar!  dioxane, 80 °C NN0Ar!
28 examples
34% ~ 87%
OMe
OMe Ar B
e+ér r OMeﬁr Br SAr
s S —
(> L8
(e} @) ©
Br

E 23 55N S=0 175 Hds A\ R
Scheme 23 Insertion of arynes into S=O bonds of diaryl sul-
foxides

2007 4F, Raminelli - fRZHPSHRGE T — 2 —Hilk S—
S B[ 2K HAd N\ I M (Scheme 24). {EE{XHRIE T — M
T, RMAFE] 1,2- T CORBUFE) R, 72 F AN 29%. (i34
HIF S, fEEXT Se—Se SMIZRPUEN RN HEAT T8 A
MBCRBTTT, PAhSEUCERAT B S & A ). 2017 4,
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Daugulis B8P HRE 7 X =5 2 i S—S
(1) 55 e 4 N S R, SIEB T 95 B Q1AL X = i R 2 AL
(Scheme 24). fH 13 — 42 M2, = 5 T & J5 & Wi fif
(ATSCF)ELE TV 2 AR VE S T4t h, BAAEER
= A E.

in 2007

oTf CsF SPh
©[ *OPRSTSPh oeN @
™S g Tt SPh

- 29%
: +
via S;)SPh

Ph
in 2017
_~_OTf CsF _~_-SCF3
R— | + F3CS—SCF3 ——— > R—— |
NS TMs DME N scF,
850r110°C 15 examples

41% ~ 84%

Bl 24 S—S BT HLaE AN L
Scheme 24 Insertion of arynes into S—S bonds

2004 4£, Yoshida il Kunai if81 4418 7 283 = bt
FLYmilE S—Sn S J7 Ml N R (Eq. 13). I,
B SR TSR AZHE BT BRI P v B 1 (a4 ARG, 73k
BT T W SRIZ I BV IR 1 3 80 S—Sn SEWT L, e
153 BRI R AR 07 e - & . tesb, PR it
177 W SRR G, DL=T 2R 05 B N JEORL S T

Stille A HA 5 1V <5 o 1 A0 1 58 SCABYERR S5 .

OTf

= 18-crown-6 = SnR3
R— | + R38n—SPh ————— > R—— | (13)
0,
NTms THF, 0°C " sph
_ 17 examples
=
R— | Y 21% ~ 63%
via X é/SnR'3
o)
Ph

2011 4F, Murafuji IR JE T 753 =55 F A0
fif S—Bi BEFIZRMATA RN (Eq. 14). 1%,
AR e 7 5645 B AR J5 B SE B 1 55 S 4 2Rk & ). b
1) 4% 4 75 Ak 5 ¥ DR 07 A TR 7 B 07 2 A ) 5 el
D AP v, BARKREE. o, EHE
SEPL T S—Sb BEAIARBEA

BiAr,
(:[ (14)
SAr

up to 79%

CsF

oTf , CH4CN, rt.
+ ABi—SAr — "' s
T™S or

KF/18-crown-6
THF, 0°C
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23 ZHHARN

T o-Bl m-EE A 0T B N SN SR O R AR AL AL
BB LR — R A R s, (8 SRR T
e, BAE —ERREE. SHhs 50 =45 R
KB B 13 H R ST, 6 AR XUR BE Ak 75 48 1 B Bk
FHEA—E IR

2014 4, BRINZEAN B SORE IR T8 Yok —
BB NF55 H A o-IRARER AL AP = 5 e pi, T8
HFHAEN S=0 #E, 75312 FCHT 3 PR RR KL &
Y)(Scheme 25). Z M, —HEGAE AR 1R 218 5
TR AE P B TR AR, ARG, SRS T TR
A T 8 A B D e R AL 325, P03k
FEI =R PR EE a AL AR S a-IRARIRE SRR
T IR ERRBUR R, A RS &b ik, B, R
BT SAE B AR, EA RN, —FE
BXTE 12 S B2 r [ B AR Sy FR R 66 Ab iR R R AR . BT,
Gogoi WAAICHE—B 319 T 1% I BRG], 1FH
DISE LI T e IR AR S a-TRACIRIEIL &1,
S 7 [ RE B AR 34T

KF
18-crown-6

R@[Oﬁ . 9 . \)OJ\ 18-crown-6_
N N R 50°C
0
SIOa
NS S/

24 examples
up to 79%

O~

O
(0]
ot et
+
ST~ - ©:S/

B 25 J5be. HEA a-IRABRIEAL S 00 =205 B
Scheme 25 Three component reactions of arynes, dimethyl sul-
foxide and a-bromo carbonyl compounds

EHILA SCHR AT N, 55 22 15 1 S B3 o 19 3155 4240
REWUE REBIAF=H. SRT, KARF=WIEL 259 5 1 (55 26
ERZER =AU, EREUREE. WA TR SR bk
T L BEAR AL XUR BEAL IO R, SEEl— b M 2 B 5
$, WA PGE & 2 TR e m I E A A
2016 4, ZEMif A CHRIE T 55 bk . 55 30 P 3 AR
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BRAC I XXE’]:éﬂﬁfifh(Scheme 26). 1% 8 SEEL T AE
PR ZAELLALE P E C—C . C—S A
C—O #, B3 7 1,23-=HRI 7R TR, %Kk
NSS4 T IR T S—0 IE# . w3 R E 4.
VYT DL R R A0 B - (i R A5 i 72

OTf ”
CHLCN

TMS
; 50 or 80 °C
= SR
R |
N-"V0R®
R 7 VR2
R3
up to 87%

S

R X R X
o 5[\0_ ﬂh &R'
SAr SAr
BR 26 ISk, ST TEBURIR AR (1) = 4150 ST

Scheme 26 Three component reactions of arynes, allyl sulfox-
ide and bromoalkanes

£ Knochel 251 st Ak |, Greaney HgZH !
T 2015 FE4RIE T I7 0 BRERAT O-2K Bt R R i — 20
53 )N (Scheme 27). AF 35 DLl 2% B Ak % 1 O 5 bR il
i, FERS BARFIAEAE T AT RLBR A A2 e 05 k. 1% OB,
T My B 26 SR A% 3k I 5 b AR 05 B A B R Rl k. RS,
R AR LESR AL T R AR SR UL OB, S5 5 43 B4R 5
I AR R LKA & ).

Bu

I
©i _ PrMgel “Mgc
N
OSOAr THF, 78100°C @ /©/

Ar= 4-C|-C6H5 SH
OBz

cat. CuCl, cat. Phen
THF, .t
76%
B 27 J70. BREAT O- 2K FIERE R i 1) = 24 03 2
Scheme 27 Three component reactions of arynes, thiphenols
and O-benzoylhydroxylamines

2016 4E, SHEPRBAHCIHRIE T o5 = E PR
R5 2-MR 2 B i = 48 9 ) Bi(Scheme 28). % B PAFR
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7€ H. 75 %] 2% 10 = 50 B R SR AR AR 2 A% 1 = HR g 2 K
A, BL 2-T2K 2 e/ o B IR . 1% R N — 2D i A
C—S A C—1 4, 1532 {BAr =6 F Atk A O R 2K
WA, Ak, RIFPIFIA 26K Sonogashira ik
NG, - ERIER T KA S FHHE, TR E
L] Yagupolskii-Umemoto-type — i, F FE AL IR 5.

oTf '

z CsF
R— | + AgSCF3; + || W
N TS sCN, r.t.

Ph
= SCFs3 one-pot R +\ Ph
R | > s
X | ~ \
OTf CF3
11 examples

32% ~74%

B 28 FHL. =GR P RREALRT 2-THEK 2B = 20 5 I 8L
Scheme 28 Three component reactions of arynes, trifluorome-
thylthiosilver and 2-iodophenylacetylene

2016 4, MRBUSBEA SRR T Cul AT B
B AR IR T R 16 5 i B 1) = 2093 [ ¥ (Scheme  29). 7EH
FAAER, Cul Al E AR OB A, SR )5, bk
i 5 2R B A O FE R ()AL B, 05 SRR AR IR
AR R BE A P2, 19 2 WAL IE BRI 57 R Bk S0 &
Y. s AR, 12K R PRI 7 T B
DIRSUP ST/ iGN

AN OTE Cul (10 mol%)
R—\ | + PhSO,SR' + =R2—— >
™S CsF/18-crown-6
KQCO3, BnBr
SR CH4CN, 40 °C
R |
X
R2
25 examples
up to 87%
[Cu]
’ %RZ
/ PhSO,SR!
[Re—=—cu|

2//\/ CuX ©/S\R1
R base
N
N 2

R
B 29  HAEAL I B AR R I A b ) = 2H 73 s S8

Scheme 29 Copper-catalyzed three component reactions of
arynes, thiosulfonates and terminal alkynes

2019 4, Kim iR ORI T F5 ke, i i 5 05 4
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=273 S NI(Eq. 15). B, A szl et
W5k, AR AR, SR, P AR R LR
BRI K, — B C—S M C—N &, 133405
75 SRR AL S ).

KF
=z oTf 18-crown-6
R—\ | + SOF; + HNR'RZ —————>
T™S THF, -10°C
y SO,F
R | (15)
NR'R?
28 examples

35% ~ 90%

2019 4, Biju WAHMRIE 7R UK 2- 2505
HE S NG| Wb -1,3- i 1) = 2H /3 R Vi (Eq. 16). {E3& %
OB TS A ST RO =415 OB, T35
AR NALAE — 6. ZB B, B SE B
FRAERRPTPE B TR . SRR, 95 R R TSR E AR
LV R, A EUR T — A B Al S 7 Ak 2 e )
BB, IS DA AP S SR A B AL S R R 2

SPh
OTf 18-crown-6
+ PhNMe, —————> (16)
THF, 25 °C NPh

TMS 0
40% Me
24 HEXRBRN
2007 4, Larock - RRZH 58 T AR5 5 25 /RS s

5B E I B(Eq. 17). RN H, R T4 565
BEMCT I, 7R I 5 B G T2 T N SR A
BRIE, 519 BIEMLER S &9, J5oK, Greaney iR/
HIPHRIE T BRI

OTf  MeO,C
& (17)
C[TMS :© THE R Oﬁ%@

65 or 90 °C
5 examples
40% ~ 64%

MeO') o

2015 4F, FHIREAT R R T AR Tk S
B 5 ¥ (Scheme 30). 2% J5 WL ) 557 ok B 140 2 K 345 5
BRARFRI(TPBT), B3 5 SR A% e BT Bk, A2 ) ]
REHBE 5 —A OTF Ja A8 oibe. Ra, BIRT 20T W
BEVCH 7 R, AR TR TR AL iRJE, DR T
TSRO EE, 193] 2,4- “HURIRIFBERE. B,
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Hoye TR =Bl &40 75 i st JAeL e Rzt
17 THETE.

OTf 0. !Bu

Bu.__O
TMS CsF
+ S _NH - N
dioxane, 80 °C \>_ph
oTf Ph I

| !

coT o - o O\_'Bu
l@\\ Nljj\tBU . @\r\ Nl)J\tBU . _/?N)
N
S)\ Ph S/kPh ©:s>_ o
B 30 BAK HEIZ 5 97 W) s

Scheme 30 Reactions of arynes with benzothioamides

2015 4F, Willis WA HRIE T 1,2,5-M8 =Bk &
Y595 HL ) [ N (Eq. 18). Z i, 1gE 2k 2 R S
5550 R AN N, 15 32K 5 R A .

s
< @EOTf NN CsF
—_— + —_—
NN TS L o THF.60°C

{QI% R{i1< (18)

36 examples
24% ~ 97%

2015 4, Werz BEEHUHRIE T 29 AR AL
& 5 55 Wit SN (Scheme 31). FEBBAEFH T, 23—
T AW fi RS SR -2 A% s b, TR 2 2 I ke (14 ) 7
PLITF IR C—S i, AR5 B BTk, 285,

FiEEE TN S BRR AT R AR IR, AR
P E R EY
= ort 18 -crown-6
R—Q\)[TMS "R @ >: CH3CN r.t.

X

19 examples
44% ~ 87%

e Ol T

O
B 31 R BRI IGS 57 B S

Scheme 31 Reactions of arynes with benzodithioloimines
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2018 4, Singh WA HGE T WS R4 R
WA 5 T5 I R S(Eq. 19). ZRMZ T IRY S 55
BRI [3 200 s B, AR B R TR AA e (3 2 7 5
— TR AT HeAL, 13 BRI R A .

R'

/ oTf 18 -crown-6 =z N\
R_ R | s (19
X ™S CH3CN rt. X IS
(\/ \>

R/—

21 examples
35% ~ 89%

2019 4F, FAERKUREHTSRE T A I &
W5 55 I [ B (Bq. 20). 1E#12 FES THE T OB HL
BT T VRN AL, Ta R ESRE T T RARE R 5 07
P32 0k, F4 C—S By A R4 IE )\
TR ED.

18 -crown-6
CH30N r.t.

(20)

21 examples
up to 76%

3 HitE5RE

M5 T H 2004 LRSS R D B R
iUk R, EEW R E T BER B o-B1 n-BEE I O
Fd NSO BA R = 215y O N AR X T A% G205 S T,
FiRS G N B G IR IR R U . ARk
PR JE TSIl 1 4 2 BRI 5 R B A 05 Btk &
WMQ&,%%%Q%ﬁA%%%%%%%ﬁA&F@
?UTﬁ?HﬂE"JEEﬁ 7Hy A?)
Wm%m\ﬁM%%ﬁ%ﬁ%%ﬁ%%£ﬂﬁ&&ﬁn
T 0L, 12 A I S e R G o ) AR A AR ) O
MR B IR KR, DR, AR A WL P Hp a4k
R BERENE, Wl 5 vt 5 e 5 5 kR Ao s ) 2
oy RN AR A JE R R T ). eAh, HRTZ
FITVERR B I T AR I AR K — B .

NN
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