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Progress of Cross-Coupling Reaction with N-Tosylhydrazones
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Shen, Chong

Shan, Shang™

(College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014)

Abstract The recent progress in the development of the application of N-tosylhydrazones in the organic synthesis is summa-
rized. Mainly, the advances in the areas of both metal-catalyzed cross-coupling and metal-free reactions with N-tosylhydra-

zones are introduced.
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Scheme 1 Proposed mechanism for the Pd-catalyzed
cross-coupling of N-tosylhydrazones with aryl halides

UL, Sekar LK e e 1 Pd 9K AHEAL 77 B T 5%
FH RS 5t 7 5 5 SR P A8 AR B S 82, ) 22 BUAR
JEIE REE AL T — MmN i (Bq. 2). HS —ERIE,
%R LS AN TR BN N RO, [RIEE, sORERR ) E
FHURE 25 isocombretastatins A4 F tamoxifen {4 K.

NNHTs I ‘\\

N R? @ PdNPs (1.0 mol%) = @
* . iv. 3
\// R3 l/ K3P04 (3.0 equiv.) NN R

R Dioxane, 100 °C |
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MeO OMe |

M
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tamoxifen

2008 4, Barluenga P4 IE T HES . B A6 Y 208
P it 200 3 A S R ot FR AR T s 5 7 28w A 4 100 22 SC A
BCR M(Eq. 3). RMHEE. B n] DLE AR N AL 2
5N, 338 m e ) U, SRR R, OB
Y) N—H BRI A 2 52m S BRAE. BT I SR
PR T R RS G IR R R, DRI 5 ) 8 4 R R FR R i
JiFs
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0 [Pd,(dba)s] (1 mol%) -
1)%/,?3 + Arx _ XPhos (4 mol%) R1)\rR 3)
R , LiOt-Bu R2
R Dioxane, 110 °C

up to 98% yield
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2010 4F, Alami 252308 1 Pd AL B Bk 25 AL
BEL 6} FR 2RI I i 5 5 8 s AL IS, A i — 2R 5
T WS VBRI E T — R ik, JRE
BRI e R, AT PACL,(MeCN),, Fi& dppp,
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SN 25 At 38 P T 38 A A7 SEL 20507 16 Sk B S il i 45 38
TR R A ).

OI NNHTs +
/
RZ

7E Pd AL I B R 2 5 A8 SUIB I B R,
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5505 B = 5 R R IS 1 A8 AR B R R TE B
+-BuOLi, 1L Pd(OAc),/BifA XPhos FI1EH N33
REIE 97%M 5 IR A, ZIR N R FREAE T
T A SRR RIS 2 K AE R BL(Eq. 5).
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up to 95% yield
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AN . XPhos (10 mol% N Ar,
(RO AT 0B (ROBI ®)
= Dioxane, 90 °C

up to 97% yield
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FE =R AR AR LG, D5 LT BRI &) T 5K
) 44 RO T P AP A P4 SRBGAE AN 5 equiv. /K
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R'=Ph o
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up to 99% yield

Bz 2 Pd A R R 5 07 5 s (LB & R a0 —
75 I LI SR

Scheme 2 Pd-catalyzed cross-coupling of N-tosylhydrazones
with aryl halides leading to a,a-diaryl acetaldehydes
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Scheme 3 Pd-catalyzed coupling of a-alkoxytosylhydrazones
with sulfonates leading to polysubstituted isoquinolines
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Scheme 4 Pd-catalyzed coupling of a-alkoxytosylhydrazones
with sulfonates leading to polysubstituted isoquinolines

(0]
)S(oa
(0]
ArBr

NNHTs [Pdy(dba)s] (2.5 mol%) . Ar
1 XPhos (10 mol%) R %
R COEt — , 2 COgEt
LiOt-Bu, Dioxane, 110 °C R2
up to 70% yield

Ar
(1) TsNHNH,, Dioxane, 70 °C %(OH
(2) ArBr, [Pd(dba)s] (1 mol%) o

XPhos (4 mol%), LiOt-Bu, 110 °C  up to 99% yield

RZ
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Scheme 5 Pd-catalyzed cross-coupling of N-tosylhydrazones
with aryl halides leading to 2-arylacrylates.
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Scheme 6 Pd-catalyzed cross-coupling of N-tosylhydrazones
with aryl halides leading to linear-conjugated dienes
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Scheme 9 Pd-catalyzed cross-coupling of propargylic car-
bonates with hydrazones
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Scheme 11 Proposed mechanism for Pd-catalyzed coupling of
N-tosylhydrazones with isocyanides
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Scheme 12  Proposed mechanism for Pd-catalyzed cross-
coupling of N-tosylhydrazones with N-H azoles
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2013 4F, Liang 25°4)0E 1 Pd fEALAORLZ 0 . X
BT AR AZ AR S 5 1 =15 OB, OBk &R
(1 R 4 B O Pt T DA 2 o T R X P STl O ok %
(Eq. 14). 22 AR B F B Pd R ML 16 AR
B-H JEBR. AL, 1% O8N AT DR IR A ) 24 N AT 15 E
T R A e XBGE BRI . B T Pd AL

Chin. J. Org. Chem. 2015, 35, 294~308

© 2015 Chinese Chemical Society & SIOC, CAS

FACE VRN S B AT S RS MR AT AT, 8 Pd AL
IS RLFRAE T — Pl R,

Na
NNHTs  pg,(dba), -CHCl,

>+ eweSewe +AJ

R’ r PPhs, K,CO;
THF, 46°C, 2h

(14)
AI'/\J:R‘I

up to 84% yield
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Scheme 13 Proposed  mechanism  Pd-catalyzed
three-component coupling reactions
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A
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Scheme 14 Proposed mechanism for Pd-catalyzed coupling
reactions of N-tosylhydrazone, norbornene and aryl halide

2014 4, Liang 2528 T Pd AL FOE BR UK F 5 A
SR 95 FE AL D (1 A8 R AL 0 R S R G 3 N e
A4 R AR R I 05 B0 I A W 1 ] Y (Bg. 17).
SN CAR LT 1) N-2 BB R 3 o o 027 R AU,
A FR 2 A8 I o oA S AR 28 0 BT, R M f 2 T
C—N M C—C . Z /N 1 E B TR 1 5% H
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SR o] PAE N5 BL2H 45 5 3 Catellani-Lautens %
N, ASEIEPd 1’%@6 Fx B 2R R i 5 C—H 1S AL RO 15

W S AR AR, I 1t — 25 B X R AR R i ) 2
R' Pd(OAc),/PPh;
) OBz NNHTs norbornene

| + ' + Cs,CO3, Toluene
A 3 100 °C, 20 h
RZ
Ar. R3
|
1
R | N Nre (17)
Vo
R2

up to 88% vyield

AT NI S SHLEE N Scheme 15: B %8, 753
W PAO)YEAL INAS 2 1, FRUK A dd A\ 21 C—Pd 8
33 Al 1L T AERR /R A R s 1 20+ HI £330 110,
N-ZK R S s T 2840 N sk A5 31 PA(TV) Ho TE] 44
IV; FfiJ5, IV & B ERTS 2] PAADH [AfE V. V AT LLE
e I HISE AL RIS, VORRTBUH B UK A 1543 31
VI, fJ5, VI S5EMAHSEMEELEDIEHR Pd K%

R']
CS2CO3

PA(0) —  pg
BzOPd
I

HPJOBz
=T CsOBz + CSHCO; g
A RS Ar 3
R‘l N/ R,] N/R
“R? “R2 ; 7
Vil y
[ Fv
A
~ 0Bz
Pd R3
1 /

N

N

R 2
R CS2CO3

VIIQ/ N, Cs,CO; NNHTs Cs+ CsHCOJ
Ar R’
i:[Pd”OBz o \(\a\\o“ &
e\eo\(o"“\\\ Pd"

Vi

N-R® n
ng

"

2/ \ 3
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Scheme 15 Proposed mechanism for intramolecular C—H ac-
tivation/N-tosylhydrazones insertion reaction
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VII, VII o5 580~ i 4d A5 2] VIIL VI 254
B-H THBRAS BB Z =), FHAERMEFE TR SE Pd(0),
S SR
1.1.5 $ER S

FH — P A0 TR A [R] — OB 2% A0 4R A0 R AN [R] e JBE
R A B BB AR BN KL GE, JFH
RIBT K ERIFE T PR 1 S o241,

2011 4, Barluenga 251318 1 Pd A6 B3 BB S
RGEFE R 5, R & o ORI S 1-
WR2-FARMTAEYIR L, BfE, TR C—N ##(Eq.
18). RFiH, [A—Ff Pd (AT T D[R] R A P Fh ST
) Ia

NHR' NNHTs Br [Pdy(dba)s] (4 mol%)

R2 ‘ AN Cl Xphos (16 mol%)
+
LiOt-Bu
X 3// Dioxane, H,O
R MW (150 °C)
R3
U
L R
N~ (18)
= R2
X

up to 90% yield

2013 4F, Wang Z 4 HRIE T Pd AL (18 2040 AR
TN G 305 5L AT 34 56 R Rkt
E W [ Si(Scheme 16). MK Pd LIRS 5 100%
5 Pd REEBEHAEGIHE—MELER S, RS
F|—~ C—C HEEFI C=C XU

]
AN
TsNHNH, R J
o) (2.0 equiv.) >y

R R2 Toluene, 60 °C  Pd(PPhs)s (8 mol%)
10~30min  Cs,COz (4.0 equiv.)
Toluene, 80°C, 3 h

4+ R

R
Z X

X =NAc,0
up to 88% yield

B 16 Pd AR SRR PR B
Scheme 16 Pd-catalyzed cascade reactions of cyclization and
carbine migratory insertion

AN R SN BE AN Scheme 17: B4, 53X
ey & E AL I A8 B PdAD) HRIER 1, &
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S-exo-dig IMUAF R [AIA 11 SRJE, 10 5 A il 4% 1) &
B AV RN FRARAGRIPRATV; T IV A
BER A B-H OHBR, TG HEE n'n’ #16 1,3-108%
TR V; 5, V &5t g-H MRS R| 24774

Ph
N
Pd(0
Ph /_‘ (0) Ac
H N\ Ph/_\y Ph ph
Pd|
Pdi H™N\—Ph @
N \ N
v Ac N | Ac
\
( Ac
ph_H )
IPd
) Ph Po "
Ph. _H / o
N bl o

lTsNHNHQ

Pl Cs2C03  NNHTS
Ph H

BR 17 Pd AR R 5N # IS S
Scheme 17 Proposed mechanism for Pd-catalyzed cascade
reactions of cyclization and carbine migratory insertion

2013, Liang ZE¥HRAE T Pd (AR 0] Xof R 25 Bk 1k i
FENA R AR 5 5(Eq. 19). ZR—MH. =
R B R SRR g R AR I (X
FREEIAR 25 5 AL o f-ANVANEE ) 4%, e
REHI S AR R AR I, AT B0 L 1 7= 1) 7 2R A v
SN AET S5 T, OB AAHRA; SCE N R REL
REE T R BIHFAF F AW, 5 T 5 AN
WKL B

! . Pd,(dba)y HCI,
‘// H\ ; * A% SNNHTs  PPhg, £-BuOLi
R Ar 45~55h,60°C

THF
/ \\R1
=~ (19)
I N
Ar'

up to 90% yield

AT TN SO ALER 40 Scheme 18, 156, Pd X C—1
BN L, 15 R A7) & M= 2 S TR =4
G UL 5, HENRECBBASGE IV, IVS V
AL AR e, e, M P SR 52 S R R A 3
S A
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Scheme 18 Proposed mechanism for Pd-catalyzed cascade
reactions of carbine migratory insertion and cyclization

[F4E, Liang Z5“SHR3E T Pd HEALHY o f-ANHAT R 5
W SEAZ IR A B S BN (Eq. 20). [N 280 55 7% 4 A AT
AN, BRI R2 ) AR A Y. [H
W, =y MR LR A, N A S EH RN
PEERRI T DL 22 B e 6 325 (1 45

Ar? > _ t-BuOLi

A NNHTs

|
E2

E' Pdy(dba)z- CHCl3/Ly

K,CO3, THF, 60 °C

+

RSN SNNHTSs
R2
O
FAC p CFs (20)
L2 =

CF3

AN R B AT BE 28 B LR I B2 (Scheme 19):
g, 75 5 )kt PA(O)E AN AT B T; 15 R A AR )
HEMNAY IR NAF RS8R 5 L I 5 Pd AHER)
PRSI B R ER L, R 0GRS TV,
IV A 0@ AR R AA vV, V R4 B-H RS
FIZ&PEY), A HPA(IDT £EBRE 2614 R Pd(0),
SCHUEALIE IR,

2013 4, Gu 25438 7 Pd Ak 155 5L s A 040 T
W Heck [ 8755 5% B Al I o A8 B 11 £ BB I M. (Scheme
20). 5T N Heck S 75 31 (1t 40 Hh (] 44 1T LAAR
IS RESEEAERE P E AR, KB AT LN
F 3 — S ZR AP A . A R RETL IR I B 1t
T M TE, FIRE, $TE TR 2RI A B
Fl.
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Pdl }R1/MN2
k E' 3 T"
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E2 ©\)TE RYSTSNNHTs
o

dx X R’
IV pgl ]|

BR 19  Pd AL FFRE 30 AR AL A I S R ATLEE
Scheme 19 Proposed mechanism for Pd-catalyzed cascade
reactions of carbine migratory insertion and cyclization

Pd(OAC), (5 mol%)
X R2 PPh (15 mol%)

PN
i + A
R - NNHTS ) i0rBu, CHyCN, 80 °C

up to 99% vyield

NNHTs  Pd(OAc),, PPh3

LiOBu-t, CH4CN, 80°C

81%
trans:cis = 1.2:1

4-MeOC6H4\|

trans cis

B 20 Pd ACIMEAN R R4 5 R
Scheme 20 Pd-catalyzed cascade reactions of cyclization and
carbine migratory insertion

2014 4E, Valdés ZPUSELT Pd AL H BT K
C—C/C—C MM, S B X B R E 2
538 AR B A4 F N Heck W AN 25 B8 (Eq.
21). (EE— M, RMAEFR—NKEF LR T ™
A C—Cp . FEONE B, SN AT LA TR HL AR E 1 )R
B —PE A n- g NI R IA A
Y, X SRR AV DL TR AR & BCAR
Wit BL R Z e T M6 k.
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Pdy(dba)s, Xphos
t-BuOLi, Dioxane, 110 °C

o'w-

NNHTs
=—, NH, CH,

X
lR

JcOCRN.
n Y

up to 92% yield

R
/‘) (’\ 1!

2014 4, Liang ZECUSEH] T 553 sq (L4007 e 3 1k
5 Rl O\ A RO B DT A R 0 OB, O
Pd TEMEALH], BEUKF G NI F(Eq. 22). XFR 7201 LA
F T4 SR B 3R =30 95 3L 2R a1,
o EA PR S B E R S A A RS A YE T
(1R A

Y NNHTs  Pd(OAc),/PPhs
norbornene, H,O

P ,
X R/ 80°C, 16 h

Cs,CO3, Dioxane
L=0, N-Ts; X,Y =Br, |

R

A

o

up to 92% yield

1.2 Cu LRI AR AR IR R N

2010 4E, Yu ZEP2HR5E T Cu 4k [ % B 2R R IE it
BA A IR &Y R N(BEq. 23). HERIEL &P

WAL (] AR EEAIBREK) R R, 4528 — R AURm
T ERGE R AP,
i R’
N/NH*ﬁ*R1 Cul, K,CO3 0—%—0 (23)
P 0 Dioxane, 110 °C,2h g A,

R R up to 90% yield

AT B S N ALEE 2 (Scheme 21): 5%, BEEES
R NERMAEY) I MR IV, B )5, 1R800 17
2R, I BBUHASRSEREARE V; A5, ST
VERFERARFEIR V 53] VI, &5, FF0E M.

2012 4F, Tang ZHEGE T4 AL A0 R REEEER
55 B R T I A BT 2 B R AL &5 W) IR R B (Eq. 24).
SNER & T —PoBT AN 7 BERC AR (AR (AL T C—P #EE)
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R'I
\
020 _ 9 HE
v NNTETRY base NNRR
Lo = S
R R °R? RE7OR?
. -
>=N=N 1
R3 c R
n [Cu] o:)\s:o
" RR?
2 H
R \
R’ Ocg R
[Cu] ‘ [Cul—({ © 0=S=0
352 HO/S'\O R?\%RZ 3)\ 2
R*R v R R
v
L

B 21 Cu (A FR X R AR A P 2605 AL B
Scheme 21 Proposed mechanism for copper-catalyzed nitrogen
loss of hydrazones

FORE, 3F ELAEIBR 0P N, R T DU —
A e S e I E R )

o}
O
NNHTs HflliL , Cul, Cs,COy R3—P—R* (24)
1 2 \ 0
R R R4 DME, 80 °C R1 R2

up to 92% yield

2013 4F, Wang 25518 1 Cu (AR 1 F S FR 2R R
JiEx N-28 e nttng i 7 48 B 4 AR e B AL 1K S B (Eq. 25).
JSEALE B (AR Cul 3 AT ZATA AR T

ATLLE RN C—H BBl deAl. SRR A %A T

AT, SRR M ). SR
It Cu REFERAGI AL
$ Cul (20 mol%
u mol%)
E\Jr\ + )Nf S LiOt-Bu (3. 5equw) E/j\(
NTHO R " PhMe, 90°C (25)
NBz NBz R

up to 91% yield

2013 4, Wang ZE5URIE T Cul Ak 1% A 2R
i 5 b 2 2 AR AR 5 1,3- —HURBR AL A1 R
JSi(Eq. 26). SR 7% SR 7 8 5513, AT LA 3] — 25
PR 13- T HURBS LS. R, RRET LA
A& T e
Cul (20 mol%)

LiOt-Bu (3.5 equiv.)
Dioxane, 90 ~ 110 °C, 1 h

RSN R (26)

up to 94% yield

R SNNHTs + =R

2013 4E, Alamia ZEPR3E T 1 61 LA [Cu(acac),]/
BINAP JyiA 2 fH A Ik F 2R T fis 5 2R e ads SR AR 1615
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#] C(sp’)—N HEI R B(Eq. 27). [RBLIEH T K& R
HATCLS Z8Cs BRI, & — Mol A IE o i i
BRI S AT RN B a- B S WD SR

R3 Cu(acac),/rac. BINAP
NNHTs \ — Cs,CO;3
L+ w( -
R "R? 7°R*  PhF, Hy0 (25 equiv.)
120 °C
- g4 o7
R3\ AN ‘ @7

N
R1)\R2

up to 93% yield

1.3 Hth & BEELAIX RRBEE RIS R B

2011 4E, Miura 255738 7 Ni f1 Co LI &4
AN TR Joe 5 P St Y R A P i 0 e R4 5 A L o A
[ [ % (Scheme 22). Ni Al Co #BHT DL R fHEAL SN,
NI MBI NS, 76 Co AR T
5777 FA WA AR A - W AR PR e S At AT DASE IR, X i S s
A LMR 2R 5 WAS 25 A A E R R SR 59, X
PGP A 1 C—H i 7 iR IR A 2.

N R 7N
T e
A O R?  CoBryphen X

~ +
R1

N R

— TsHNN=(

\
C[S R2 R2

R'=R? = alkyl

. 1
NiBr,/phen C[N\ R
O R?

BI=X 22 Ni Ml Co AT B AR 7 5 e 34l 5 W 1 10k S 7
Scheme 22 Proposed mechanism for Ni and Co-catalyzed
cross-coupling of N-tosylhydrazones with azoles

2012 4, Barluenga %P HRIE T Fe ML AL A
E R B R VL(Eq. 28). RSEFEH B X
B ERIF K(Scheme 23). [N E A MG, w7 LA
B2 B a p-ANEATRE . B B S KR &4
o8 A & LTI 2 W HL - 1) 05 B AR JR AR AT LUK AR R
TER BT, MR AEEEAZ . IR e AR
A A SZ 5200,

)T\IHTS FeCly SO,-p-Tol
I —— 28
R OR! EtMgBr R R (28)

Dioxane, 110 °C up to 76% yield

Z 377 A& W) (PACS), Horh 145 2 3 07 & )&
(PAHS)IZIR AU, FEATHLAL . 2L AL R
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HN N4 o
| base ) RL_N I
RN RN2N 2 4 -
\r \r \i R/S\O
R? 2 R
R1 SOZR

B 23 Fe fAGKINT B RARETBE I it U L EE
Scheme 23 Proposed mechanism for Fe-catalyzed nitrogen loss
of N-Tosylhydrazones

S EE . B, SRR et
SEE. JdEJLTER, KA KEERE R PACs
J7THE T ORE TAE. SRV, I SR R
NIy F N C=C BUETE K& i PACs 5451 NVE
H . XM 7707 LA ) 560 057 B A0 S P P s 3
PACs. McMurry & N2 5 kI B e 40 C=C 1)
A F B SR, #E McMurry J 5 A & B ] 24
1) @It JFA A, I H e HIE ReHI A REAR A LR,

2012 4F, FOIE RS T R 2 3y
FEACA WD J7 % Rh(I) 8 A4 0 00 i 1 34 4k e L
(Scheme 24).

R R
o) NNHTs
@ @ TsNHNH, @ @ cat., Rh", LiOt-Bu
o) TsNNH
R R

R
(¢}
(0]
R
PACs

up to 95% yield

BIR 24 Rh-fEALXT R R A A0 S

Scheme 24 Rh-catalyzed cyclization reactions of hydrazones

2 FEERHNPRBEEIRNR N

X FR 2R P Jo 5 A AL 4 R e A 0 iR A B I
IS 2 A% I 0 00 ML 0 SR, A ML )8 Ak
FEEHEIRE N EN SR EY, WAV eRE
SN H AN B 5 — S BB B R [ Sife i A A5 I Y
P 4.

2009 4, Valdés 2R IE T R 2 ik I 4 J %
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Rt L 5 B PR3 BRI S I, 5 7 TR 1 A AL
JE17(Scheme 25). SN A& FHVE IR, 5 &
TR~ 2% 53 R B I P A 1 I ) 4 0 X R B B
fE KoCOs HIAAAE T SR ] BLGUA M BEAT . % T TR,
ANV L T B BT 97 A A% 0T IR BRI R I
Heo RITRIIRR, #WT DURAEIE IR RN, B AR
*E%E%W%ﬁ%ﬁﬁ%ﬂ%.ﬁﬂ%ﬁ@%@m:
ME . WSS WESANG JEARRELE S B2 AF AN R A L.
%% %Eﬁ%ﬁﬁ@xﬁ%h?gm&WMEi E5]
b, BMIR] P R L ik SR

3
NNHTSs K,CO R
. RSB (OH), #, 1)\ 5
R! Dioxane, 110°c R~ R
up to 99% yield

) (1) TsNHNH,, Dioxane, 80 °C

R3
R1 )\ R2

R "R? (2) R3B(OH),, K,CO4, 110 °C
(2)REB(OM)z, KGO up to 9% yield

B 25 0 HIORRAIE I 5 07 FE 0 R i A BB S L
Scheme 25 Reductive-coupling of N-tosylhydrazones with
arylboronic acid

AT S JEAR R ML EE 21 Scheme 26 AlT7R: 1%,
NEdh 1 AN E S-S I B S, @tk v 15
FIFREEMRR VI siE @ ER T VI 3305 R
VIL; )5, VILTEGRE S A A B 43 21 5 28 1 7= 4
VIIL

NNHTs
NNHTS e,
R“ORZ T R!
I l
‘-Ts
Bwo \\12
_ 3
N~ RBOH),
H+
wﬂ\ %wm_»/k
m
Vil VIII
| N
. R! /
R'“OR? R'BOH) | | _ OH
v R27+ B~OH
R3
'

B 26 X FORBATE I 5 05 HEA R AL J5 A 156 S S ATL 2
Scheme 26 Proposed mechanism for reductive-coupling of
N-tosylhydrazones with arylboronic acid

2010 4, Valdés 25\ HRIE 1A E5 42 (kg R T
Ji 5 oy R P 3 A 6 S B (Eq. 29). BB AT RAFE I #4
B T 26 N IEAT. LEB KoCOs IIAFLE T 133 — R 51
RIBE. X9 EESR it T — Mo I 75
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3
NNHT + R3OH K,COj3, Dioxane or PhF O’R (29)
R' 110 °C or MW, 155 ~ 165°C R1)\

R?
up to 83% yield
2011 4F, Peng %5 Ml 1 R0 TAE, REEEM
Xof PP AR B P 5 P P 3 SR AR IEK S (B 30), OB 2%
5 Valdés PTG 1 AR A 2 AATE T B
HERAZIRF. 2 BSEHL 7R FEXT S—H BN, AT
AT B 77 R R R S B

.R®
NNHTs S
A, ' RsH KOs 1J\ , (30
R'" "R Dioxane, 110°C,24h R' "R
up to 93% yield

2013 4F, Wang ZEURIE T — g & eI A1 25
B ) 7 v, I g N R ST 6-C-C BE N3R5 (Eq.
31). RMNATEES B, ERAT & T star bl
17, NE SRR IEEUH) PACs $R4L T —Fig 2t 7
1%, PACs BFEAENY . ZEMAT A LA B 5 FLARALI) 23R 1
. HTRAEE G 15 LR 56 £ 0 E Re A, X Fi
FERBSEANE BT Z R .

HQ R
(1) TsNHNH, (1.03 equiv. )

(2) base (2.5 equiv.) /Arz

up to 99% yield

AT s S ATLEE ) [ 3R 4 Scheme 27: B5E, TR T
IO SN SRR N {1 | W | BN A
1L I~ VI AT REZE I RIS AE: (a) 1 Je 19 BIAH B Y =
BAED IV, 5, BERAE THRERRIEER V,
%E,ﬁiLzﬁ%ﬁﬁﬁﬁﬁNﬁ%ﬂﬂl@ﬂH%
0T N-REMUEREIR M VI, VIRAE 1,2-1IE8 4
F| VIL @250 S5 Ml g 4s b EATTRE. BN,
(1) B 78 A H B S04k G 4 v TR AR 2 41
() BIAT AR Z IR N R A, (H72 B ORI A5
FIER A ZEDFTFE 60 C.

2012 4, Valdés S UIE T — Mg Bs L7 ik, i@
IEFRER ) O—H B X PR SR I i B o7 1) 46 1) B A &
VI N IS BIES AL B . S8EE F b B JE 4 3 BT,
ARG R A N T BRI R ) 46 R R ek, IRONAS T B 4
A, BERERR. 224, RMNVIE(Eqg. 32).

2012 4, Valdés 2R 18 T 38 i 7 FE R 5 %o
it T i 10 3 J5E £ B XoF Bk 66 A 5 4 3 AT 0 4 1 IR B
(Scheme 28) . IX A& —Ff i (10 B LAk & Wb Bk (1) 7
W, RN TS B RE TEFR S, 7T DL S 2 M RE
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Scheme 27 Proposed mechanism for intramolecular carbine
migratory insertion of J-C—C bond

O

NNHTs K.CO O)LR3
PN + RCOOH 2278 , (32)
1 2
RO R mw jssoc  R'R?

up to 70% yield

VESHE . He s L JE 420 35 4 R AN [R) RHRE e I 2 A1 ) 422
i, P LA 2R B AR [F] 53 S A 1A

R
Rz)\/\

Ar
up to 93% yield
1
K,CO3, CsF, Dioxane
4 p X\ B(OH), K2COs,
1)LR2 R

R
=
MW, 150 °C, 30 min RZMAF

up to 69% yield

NNHTSs KoCO;
X _B(OH — 770
R1)LR2 v A X-BOH) Dioxane, A

NNHTs

R

B 28 0 ORI Il 5 445 S R0 i AER B S I
Scheme 28 Reductive-coupling of N-tosylhydrazones with
alkenylboronic acid

2012 4E, Barluenga ZFI8RE TR &t 4 )8 (%)
R ORI It Il 5 3 WAL SO, [ R B J S AR A
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SRS — R BRI A )2 AR S, 35 3 i
BRABI S HBAPRNBRMLEY. ERERKN
Kt SN B e R AL TR IR R, BEAN,
RiA] Ul “ iRk BERREREN SR RIS RS
Y, WATLAS Cu MEALII[3 21305 S RNAR S & 5 i bR
N B H BRFE AL A 045 B = AL 570 (Scheme 29).

NNHTSs KoCOs JE'
R

Dioxane. A up to 82% yield

1. TsNHNH,, 80 °C, 90 min Ph
2. NaN3, KzCOS, TBAB N
o Dioxane, A, 12 h ,\j’\é
R1)kR2 3. phenylacetylene N
CuSQy, sodium ascorbate
H,0/t-BuOH (V:V'=1:1),60 °C, 6 h

R1

BRI 29 X HIORAAIE I 5 B AL R I S
Scheme 29 Coupling of N-tosylhydrazones with sodium azide

2013 4, Yadav ZENRIE T 388 50 t6f F A i 5 Fk
FEAL AW I SE AL N (Bq. 33). RN AT E 4R
14k, [ER, BT LB G Y@ “C—HiE” B
BAS RIS NP, RN IERTEEE)T, &EH—R
H A,

F
NNHTs KoCO3, Tol
2 3, loluene 1)\ ) (33)
R” “R2 EtsN HF, reflux R R

up to 93% yield

AR S 56 45 AN SCHR RO, A AT T I S RIALER 40
Scheme 30 Fii7~. B %6, X HRBEIBEIE AR AE A T 7
RS R EEZMEY UL Bi)E, TERRESEE 1V, &
&, REX H-F @A S 2IRm &Y v.

- N-
_NHTs
)N‘\ KoCO3 N"NTS Ts N M
R "R R RPN
| 1 m
e, EteN-3HF F
R R " )\Rz
v v

B 30 X HORA s 5 il A K S S
Scheme 30 Coupling of N-tosylhydrazones with HF
2013 4F, Wei SOURAE 1A S8 HEAL X R
BERz . RN “ —8E " & S-h sk T ERARIR )
Ti1(Bq. 34). Sk FARE I ¢ Hy A [ A S 16 55 5 A0 g 07
EWERR ) 25, 13 2B A S-hedk R,
75 FAN G W5 RN 2 AL W R A IR B S 2 I8
TARER 25 Tk iy — D HE AR, 2014 4, Allwood
SEUVMRIE T H 4-, 5-, 6-JCAFREA B 5 (5% F 2R R I A
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S
NNHTs K,CO4 PIg
(S N ) e TN (34)
R "R? Dioxane, 110°C, 4h I O
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ArBr (1.5 equiv.)
. Pd(Pt-Bus), (5 mol%)
Bpin KOH (10 mol/L) (2 equiv[
Ph

Ph Bpin  Dioxane/H,0, 25°C, 6 h

Bpin

Ar

Ar'Br (1.2 equiv.)
Pd,(dba); (5 mol%

)
PPh; (1 equiv.) /\)A\r
Ag,0 (1.5 equiv.) Ph Ar'
Dioxane, 90°C, 24 h

BR 33 1L1-WERER A o7 e R S 0T 1
Scheme 33 Stepwise coupling reactions of 1,1-diboronate with
aryl bromides and aryl lodides
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