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S SRR SN R A LR B GRS FLR A GR e B SR AL P A C—X(X = C 0 NS &%)
BN (Scheme 1) o i R 9BFSE B P AL VR 5 s R0 30 JUAR A4 S, RN 5 79 10 )
AT A= Pt AT A SR o s SUI IR SR, LA SRR e e A 9 AL 3R T SR BT
SRR SN IR 2 4R 1, IR B A SN AU E AT B LA 27 L S A A~ AU Ay 5 4
P TR TR 4 F AR (R 2 A 7 R SRR LA S T REAE R & BTS2 2 I R

Catalyst
R—X + R*=X ——— R'—R? + MX
Solvents base
Electrophiles Nucleophiles Products

R'=Alkyl, aryl, vinyl, allyl, alkynyl, benzyl. acyl:
R*=Alkyl, aryl, vinyl, allyl, alkynyl, benzyl;
X=1, Br, Cl, OTf, OTs:

M=Mg, Zn, Cu, Sn, Si, B

Catalyst=Pd, Ni, Pt, Fe, erc

Scheme 1  Cross-coupling reaction
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1 FeClyfi by se SUAER S b

1.1 FeClLf#1k C—C $#MBEE R N

VER—Fh BB ERER , FeCLy M A% IR RR , 15 A M Ak 700 1 )3z 7 FH 204 it C—C B A MR I6 S L 2 7
Bolm 2" 4758 T FeCly fHAL AR S b 5555 SL ML ) (B 56 S 17 ( Scheme 2) o A Z L R3], N, N - —
F£ 2, T (DMEDA) S LA, Cs, CO, EERR A, 76 132 C A4 F W 72 h, DL 15% ~99. 9% 17~ 24K L
Hbr™9.

FeCl,. DMEDA. Cs,CO,
Ar————H+ Ar—1 - R———Ar
toluene. 132 °C, 72 h

R=alkyl, aryl yields 15%~99.9%

Scheme 2 FeCl, catalyzed cross-coupling reaction between terminal alkynes and aryl iodides

A Ip e SR k- DA SR 7/ RC s S 7/ 8 S 11 NN R v R ER - U 2 s R i PR oY DR
LWL, 5 A R A U B AR ) 2 — ' 2008 4, Nakamura 452 $2 1 T FeCl, fi b A i b
et 5 e T s e = 9 P AR R 45 TR J9R 14 B ( Scheme 3) o AU R IEAE FeCly/LiBr (R HEAL T A2 A
BREERS ECIGR] , AR5 AE 60 CA&AE R, 50 B0 A ) sl 2k = 9 Y RTIR i S I IE BSGAHH EF) 740

[20]

R? R3
MeMgBr (1.2 eq) XIK\/R"‘ v/
R' —H : R —=— MeBr Rl ——
LiBr{1.2 eq) = THF. 60 °C i
FeCl, (0.1%-~ 1%(molar fraction)) X=Br. OTf

yields 60%~99%

R'=CH,, Ph, TIPS;  R*=C,H, ., TMS, H, Me;
R*=H, Me

Scheme 3 FeCl, catalyzed cross-coupling reaction between terminal alkynes and aryl bromides or aryl triflates"’

2009 4, Xie % il it FeCly fii AL, 523 T A it B 15 945 i WAL 0 &5 0L 90 04 DAY 2 4 1 2
(Scheme 4) o %S AAFIR AN, XEPRGEALF , RATG F AR =07 2455 (52% ~90% ) .

Rl A~ . RP— FeCl. . 1.10-phenanthroline R'= o A
! T CsCO,, toluene, 110 °C. 48~72 h A =5

R'=Ph, 4-MeOC H,. n-Bu
R?=Ph, 4-MeOC H,. 4-CIC H . Hex, PhOCH,, PhN(CH,)CH,

Scheme 4  FeCl, catalyzed cross-coupling reaction between terminal alkynes and aryl iodides>

—10 ~15 CHIZAET , LA THE/NMP Sy R, Z< iR IS 7E FeCl, AL R A 58 56k IR & A 32
SUBISBE Y (Scheme 5) o Xof F AR TR 4205 ((OTs ) Wik FAR ) 1R L B, 2 HUF 9 ~20 min B[
SERL, AR 47 3R AT 3 76% ~91% o BRIGHAAL A1, U0 FeCl, \Fe (acac) ; X% S 44 — 5 Ak
SR AR B ST, 2R PR BE RIS | 2 PR e SE R R 5 5 e FEk sk A0 ) 8 16 B 7t R 47

FeCl i AL /I A ST 5 48 TR L ik doe 2 2 28 SUABIBE S ™) (Scheme 6) 1232 A S AT I b 52
BC (sp” ) —OBEWTZLRIC (sp°) —C (sp®) SRR EE L AE RS BT A C—=C ., & C—=CH FRIVIELI K F5
7 AL OB Y T 1 SR, LA 5 358 99 %% (477 5 3R ASAR L ) 7400

Liu 23758 T FeCly 41 4k H 2 W2 77 26 4 4 i s ok 25 137 2 9 109 58 SU 18 186 Jid 0 Js2 12 ( CDC)
(Scheme 7)., 80 C4AFT, LA 1,2- 5 Lk i), fEFeCly/ (+-BuO) , ME IR , H & RRAT A= 4 5 A it b
JEREAGITURI 3 % A SR, DL 62% ~88% 147 F AR AR ™40 o E— B WF S 4 B 35 A5 TG 228 1) e b O AN i
RN, e H R B ORI (R =MeO, R® =MeO, OEt i) , it ] CHCL, Ay, [ R
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FeCl, (3%(molar fraction))
THFNMP
—10~15 °C, 9-20 min

RI_.R2
yields 76%~91%

MeO.__0O
— CN =N
R'—OTs= | r : | /]\ , =
N OTs N/ OTs -
o N
=
N™ "OTs

0O

MeO
N
N7 = =
RI—OTs= || | - P ; .
OTs N~ "OTs N OTs
o}

(\Njh : R*=1-CH,

oS N “OTs

PG
RI—OTs=|| R*=i-Pr-CH,
N OTs ?

Scheme 5 FeCl, catalyzed cross-coupling reaction between heterocyclic sulfonate and alkyl Grignard reagent'**!

R'—OTs + R’°MgBr

OTs

R- 0M°+\9|v FeCl. CH,CI, RNF
0.5-55h.rt yield 65%~99%

OG
A

Scheme 6  Cross-coupling reaction between benzyl/isopropyl ether and allylsilane

75 60 C R #EAT Th M n]ZRIBOMI L 71 o 12500 DA s vk S FCAT A= 0 B LB 4t 17— A g B T 22 5 14 5
%o

EBETE , Lin B 2R L T E d S R DT , i oAk AL T (1-BuO), KA 1
FEARCT A A % (-BuO ) LAY Y o RS A AR A b2 2, s, fE kR 1E
NEA AR TR (SET) JEUIER 7 3, ZJ5 KE o EIHBRTE UL I 4, Juke 50 % 4 %4
SEAZIMSAT R PSS, o R BRER R EAL T 70 1 N A A2 2R Friedel-Crafts S W i JE e ¢ H
PR

BEAh, HERRAT AT FeCly/2,3-758-5,6- 3 2E-1,4-7K 1 (DDQ) AL A AL T, AL -5 3R H 7E 4
PR SUABIRIBE ZUS I3 > (Scheme 8) o HRAE SCHR 5 3E , BRAR MR JE A7 A6 W BEUR] % A 32 R, 7= 36 1] ik
63% ~83% o BRI , FLHERR (AN B ANAR B FEANBE A AL o S AR PRI, 7 0 0 7 R A8, H
Pt VR LT , N BRI E Y S | BT B B RER S0t T AR T 1%

—E M, FeCly-6H,0 i b N, N- HBE 2 i 55 2-2% Wy b fig 2k 76 38 S U6 B0 0 B v
(Scheme 9) o HFFE /R O, H,0, . DDQ N-JRACT Bt ik (NBS ) S5 505 A0 LT~ 50 A H AR 47
Ao BUTDRUT i AL S (TBHP) /AL RIS, 520 24 b, FAR 177 30005 67% o %% 25 F LA, TC

R-OMe =

oo 2

[25]
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R-‘
(0] R? L R?
FeCl,, (+-Bu0),, CICH,CH,CI

R! H + Ri—== e ek ok . R
NH O 80 °C. 12h R N ©

yield 62%~88%
R'=H, Cl, MeO; R*=NHMe, OEt, OMe;
R*=Ph, 4-C(CH,),C H,. 4-CIC_H . 4-MeOC H,

: e |

Meo\©\ Me0\©\ ikt MeO
OEt  -BuO- - \©\ &
E/Er — N/Y VN N O

Fell Fell 0
1 2 3
—H
Ph
Meo e (+-Bu0), MeO J\W — McOO
= OEt
N O -— - OFEt
N
(0] Felll II /\H/
€ (0]
[ 5 4
Scheme 7 Dehydrogenation cross-coupling between terminal alkynes and glycine derivatives and possible mechanism™*!
R
0 COR
FeCl,, pyrrolidine, CHCI, ﬁ‘j/t\N”C“I'[J(‘I—MeO)
Q DDQ, 60 °C, 12h X

R OEt, PMe, Qi-Pr; X=CH,,C,H,, O]

Scheme 8  Dehydrogenation cross-coupling between cyclic ketones and glycine derivatives' >’

i 2 25 UK, s Sk 5 | A BUBBR B REIAT, HLIX e Rt , &5 iURA A R B RE MR 7 3L 5 1)
{OESEYEibpIRFA

_ N HO
FeCl, - 6H,0{20%(molar fraction)).
TBHP X O
R.l_'
tolune, 4-5 h, 0 “C-r.., open air = Q

[ =R*=CH,; yields 45%~67%
R‘

~H, 4-Me, 4-Et, 4-+-Bu, 4-F, 4-Cl, C-Br, 4-1, 4-CN, ete:
R'=CH,; R?=CH,Ph; R?=H, 4-OMe

Scheme 9 Cross-coupling reaction between N, N-dimethylaniline derivatives and 2-naphthol ™!

Liu Z SR N NN N -PY 38 2, i (TMEDA ) i, SEEL T FeCl/O, figfb AL N-Z 31k &
Y55 0y HAk P B0 SRR (R SN ( Scheme 10) o 32 5 W B Y G BRI Sy 2 I B I AVBK R 5 0%
FERALEE 5% Ak o A L () ArTi(OR) 5, ArTi(OR ), 55 #H B 1) N-2% 26 05 JE A6 & W I L B B[] 4
AN[ OR, IM, )5 /£ TMEDA 1 FeCl,/ O, L B ALTE B B AR Ar-Ar™ , £KFR (thepe ) B ITA AL AT LA
AR R E AR =007 S 3 R A TR sl V-2 30 05 B 5 W 8 SIS B TR 1o BIERE \2-7R
FENEIE (AEOp S sk R e b RIS S AL B W A AT R e A2 A RO, I AT AR R G AR H bR
Yy, AR AR AL IR R A RESCEUMLBERT A= 2 5 10 SN o

2009 4, Daivd 25 521 T FeCl,/KF fi4b 35 356 s 55 JL R 1 Suzuki [E5X 5 7 ( Scheme 11)
SV LA A, 6 100 °C 2040 T %5 348 AR 16 ~ 36 h, B & ™ R ME iUk 5 b &9 (T7% ~
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FeCl, (8%(molar fraction))

thepe ArM - 'I'MIiD}‘\{ZU"o’u{ molar fraction)) !
ArMeX —— = 20 o [ APArTI(OR),IM St st =  Ar—Ar

yields 76%~96%

Ar®=3-MePyprimidine, 6-MeOPyprimidine, Ptprimidine, etc;
M=MgBr. Li

Ar=4-OMeC H_, 4-COOE(C H,, 2-CNC H,, 4-BrC H,, H, efc; ‘

t[28]

Scheme 10 Cross-coupling reaction between N-heterocyclic compounds with aryl Grignard reagen

99% ) o X4 KB, AR FeCl, -4H,0 VAT, K, CO, Ry fill, b SR [ BF RE AL E 4T, FLIROR
AL 80 °C o WHTERMI, A T PRk S U IR 57 AL, LR S0 55 B B R 14 m] A1)
BEATIRIONL o %7 AR B, 2 BE RO, AN R 1 R ER A N IR B, [ st D K5 e Al & W iy o] &5 4
PRI

@ X4 (HOLB‘@ FeCl, (10%(molar fraction)). KF(3 eq) RI@_@ R?
=|= - Ethanol =

=
R! R? yields 77%~99%

R*=H, 4-CF, 4-F, 4-OEt, 4-Me, 4-MeCO;

R'=H, 4-Me, 4-MeO, 4-CF,, 4-MeCO, 4-NO,:
X=Br, |

Scheme 11 FeCl, catalyzed Suzuki reaction'’

Xie 2538 T L FeCL iR, DDQ SR 8L H 55 SEH R Sk 1 B- BRI Ay 11 S8 A 10K SR
(Scheme 12) o %k & L CH,CL N5, 75 15 C 26 R AEHT 15 h, FeCl, RE i 1k J7 55 B PN ik ik 19
C(sp®) —HEENGAL, I LA 45 2 FAR =1 (37% ~64% ) o WEFE R, LA FeCl AEREALHINT, g
L ARAEANAL 57 FEHR N 5 B 0 E 5 2B 1 B I BN, 3 FSURH L 44 BLAE 5 o

OMe
1 R Ar
— FeCl.. D 1.2eq)
Arﬁ ¢ClL. DDQ(1.2 eq )
OMe CH,CL,. 30 °C, air, 15 h Ar— (o]
H

yields 35%~51%
EIZ  60/40~93/7
Ar=Ph, 3-MeC H,, 2-MeC H,, 4-MeC H,, 4-CIC H,,
4-BrC H,, 4-FCH,

Scheme 12 FeCl, catalyzed homo-coupling of aryl propargyl ketones!™"’

LA DMSO Sy, K, CO5 M, Ag, CO; N NINH , FeCly -6 H, O AR, A U5 bl 5557 SRR RE & 2k

TR SN2 FSUFRL R () — 35 B pied ™ (Scheme 13) o LN G N, S MR IO G- 78 130 CHYA

PE R R 24 h )5, LA 30% ~T0% F 7 ZARTG A AY — 57 FEARAE o %R Nl IV R, 5 36 A B 3

FAECAE VUL (IR T A5 P o S B TS B 5 o (B — 4R A0 02 , Ag, COL AU T LAAG 50 S A S e

FeCl, - 6H,0(0.2 eq)
K,CO,(2.0eq)

DMSO, 130 °C, air
Ag,CO.(1.0eq) yields 30%~70%

Ar' —=— AP

Ar' ——}H + ArB(OH),

Ar'=4-MeC H, 4-MeOC H , 4-COMe, C, H :

AP=Ph, 4-MeOC H,, 4-CHOC H,, 4-MeO,CC H,.
4-MeC H,, 4-FC,H,, 2-OHC,H,, 4-CNC H,

Scheme 13 FeCl, -6H, 0 catalyzed cross-coupling between terminal alkynes with arylboronic acids'*!
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e H BRI =PI IE B

Liu % G T FeCly -6H, O AL IR 5 9 58 MUK S ( Scheme 14) o 32528 I S VR e
5, P I AAUE L E TSR I e , RESEBIZ S N BRIk 15 51, e & B H ARy 0 7 S e e ] 3k
99% o SN AAFILAN, BTGP, W IR AU, SE AR o S5 0 A, A% SN A BT N R

=N
o

R* R?

R RY OH FeCl, - 6H,0O (10%( molar fraction)), TSOH( 1 eq) R
R>'=< + DCM. 45 °C CH,CL(15mL). 2.5~67h R' "™ RS
i < E-alkene onl L
- F-alkene only

yields 43%~99%

R!=Ph, 4-MeC H, 4-CIC_H,, Ph; R*=H, Ph, Me:
R*=H, 4-Cl etc; R*=Me, Ph, etc

Scheme 14 Cross-coupling reaction between olefin and benzyl alcohols™!

1.2 FeCl,f#{¢ C—N $AIBER R KL

BR T C—C #AHEE, FeCL IR 1] FE) C—N M @2 b, 5 pd AU S 5 (B, Blom 5 5 1)
SHL T N-J7FAL SV (Scheme 15) 3277 15 B A A RSB AL I - Al 58 SUBIRE OB A LE, S it T
—Fhag e FRRAY FeCl,/ DMEDA fiE{LIA 5

FeCl, (10%(molar fraction)) —
— DMEDA(20%(molar fraction))
Ar—X + [ (\ N~y
\N .NH K,PO,. toluene N
135 °C, 24 h : s
X=Br, yields 37%~64%
X=I, yields 18%~87%
FeCL, (10%(molar fraction))

N I “ DMEDA(20%(molar fraction)) R
M A :
Ry = L K,PO,. toluene \ / Nu

135°C. 24 h :
vields 48%~97%

0 H (0]
N
e o, CIO. 7 ™

Scheme 15 FeCl, catalyzed N-arylation in toluene™*

FZHEAC IR AR |, T g A5 0 5 SR IV 1) 5 SCAIER S Rz, W] 5 B A% o 57 SR Bt 1 Ak 1 114
£ (Scheme 16) %, KR Hh R ST K LAREAT 7= R AR5 FLAR =1 (73% ~96% ) IR TF KR TS 1
FARME (U 12% ) o TTANTTHRE MRANRE L LR o

]

Rk _“,"e_ FeCl,, DMEDA. K,CO, 0 Me /@ "
R_:O/ + O=§=NH toluene, 135 °C, 24 h RN
7= Ph Ph
X=Br, yields trace-12%
X=1, yields 73%~96%
R=H, 2-OMe, 2-CI, 2-1, 2-Me, 3-Me, 4-OMe, 4-F, 4-NO_, 4-Me,
4-COOE, X=I; i
R=H, CF,, 3-NO,, 4-OMe, X=Br

Scheme 16 FeCl, catalyzed cross-coupling between aryl halides and sulfoximines'™’

AL VR R A BRSSP 1 N-Je 56k 38 SUBIR R (Scheme 17) 127 1 b 62 T A HLIE 7 ()
A R AJETRICTE ARSI AFAE R KA 50, (A7 ik 1) 36 BB A i 2R 0 S I 3
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FeCl, (10%(molar fraction))

— DMEDA(20%(molar fracti (o3
Ar—X + C\NH ( (molar fraction)) \N’N\Ar
N K.,PO, - H,0
H,0,125°C, 36 h X=Br, yields 21%~75%

X=1, yields 17%~88%

FeCl, (20%(molar fraction)) (6]

(0]
N I - DMEDA(40% (molar fraction)) R N N E NH
i + -
R = “ K,PO,-H,0 \ / ! Nub = NH L/Iv\/) :

H,0, 125 °C,36h
yields 12%~61%

Scheme 17 FeCl, catalyzed N-arylation in water >’

Pan %573 3 B2 M 4 9 o (i FG C—H IE o, SEBL T NSRRI B s K 7 2 0 0 4 L
(Scheme 18) . ZECICH, CH,CIsK, FtOAc 1,80 °C A& PE T, 25 36K A W 5 il (BRI RRE)
ARG 1L 40% ~ 1% HA 7 A< RIUNTI F B 7490 4R A% PRI AT FEL ™ Sy NIRRT bt
AT 0 R T TS 7

N=\ 0.
E:[N\> O FeCl, - 6H,0 (20%(molar fraction)) N \Q
+
N 0 TBHP, DCE. 80 °C. 1h
H

yield 89%

Scheme 18 FeCl, -6H,0/TBHP catalyzed reaction between tetrahydrofuran and benzimidazole™”

Yao 28 FE 2R A K, CO, , FeCl, -6H,0/DMEDA , 7E 90 °C 45044 T SZ 3R 1 Hk & ks i 5 02 e o
AR SR, A5 8 T 5 S bR L e e 2 Ak 540 ( Scheme 19) o 1% W R B R, W 2T
BRAERRT B PR R (5T% ~90% ) , J 75 FER SEme e i & ARt T A B3 %

H FeCl, - 6H,0(0.1eq)

O
0N DMEDA (0.2 eq)
@ + Ph—=——Br N——
K,CO,(2eq)

toluene, 90 °C, 12 h
yield 57%

Scheme 19 FeCl, -6H, 0 catalyzed cross-coupling reaction between 1-bromo-2-phenylacetylene and pyrrolidin-2-one'™

ZARSEIAC I BT AR 5 WK e 14 5 SCAB S 07> Al T 58 ek 1k 52 B ( Scheme 20) o fF 5 8
N E-CARIEBACIE OB YIS , Z B 5 £5(Z >60% ), 1 E- MR B AP IR, MR FRI E
B (E >50% ) o (HAS—3RHYE, Y E- LA ALY IUR YD , 7R 2 9 ROV i 120 C i, 774
(7 A W R 3R g, (HL B B = i o 1) AR AR, e 1 2 S O (B et 24 i e = 14 77 5
1 E BYSSAGURIIAT TR AIG s 45 PR AR A 10% B 7R G0 H50i) Cul, BBAR 7™ )7 ARG, (EAR T )7 1y vp B Y
SRS 90% LA I o

R'I
X o E \
P T N FeCl, (10%(molar fraction)) ; !
e L e R ‘ AN
R! ~ N K,PO,. DMSO, 120 °C )=
R*“TN

H

yield 52%~76%, E=50%:
[ R'=H,CH,: R*=H,CH, J yield 35%~99%, £>60%

Scheme 20 Cross-coupling reaction between vinyl bromides or chlorides and imidazoles'™

1.3 FeCl,fiEft C—O BHIBEL R M
Bolm 2" i i+ X Wit 14 (L1 ~ L6) ({9575 56 , 2L T FeCL AL 1) O-35 AL SN (Scheme 21) o SR ik
1 Cu, O 347 ,2,2,6,6-PH HTJE-3,5- 58 — i (TMHD ) S LA, Cs, CO, i, DMF S5, 130 C
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ZEAE T WM S BB AL 5 5 AR R ) O-he R A S SUMBIRR SR

Nap N / l
MeN  NHMe Iyle COH-HHCl B \g/\(n)/Bu
L1 L2 L3
) ¢ Q D (I:]>‘COOH
H,N NH, =N N= H
L4 L5 L6

FeCl, (10%(molar fraction))/Cu,O

OH | (0)
A N L3(20%(molar fracti X N
RO + \GR' (Ftmos Toction) R | R
Z K,PO,, toluene Z Z

135 °C. 24 h yields 50%~95%

Scheme 21 FeCl, catalyzed O-arylation™"’
Yang %" D88 T FeCl,/1,10-phenanthroline fif {40 U I 55 K 3 35 e () A I0C SR, 45 B8 T 5%
G 2 IR LA MU A0 Scheme 22) . 2T B Cs, GO, K 75 N, S50, 120 ~ 145 °C i 4
PR R 36 h, VBP9 7 5 (43% ~85% ) #4 BIAHRNLAY HAR ™10 WFFE0 A B, ARBOR B 5 1-07 22~
PR RS CHRAEAH R 25 F R WRE R L5 i 2- 97 SRR kIR o
OMe

Ar
Ar:ﬁ |~'cL‘]_=. DDOQ( |2 eq) o /
OMe CH,CL,, 30 °C. air, 15 h Ar——= (@]

H
yields 35%~51%
EIZ  60/40~93/7
Ar=Ph, 3-MeC H,, 2-MeC H,, 4-MeC H,, 4-CIC H,,
4-BrCH,, 4-FCH,

Scheme 22 The reaction of 2-iodophenol with terminal alkynes'*"

Jana 2512 LIRS HEHUGE R VA NS BE T FeCly -6 H, 0 A A 35 B 5B SN , 26 AR 55 i
FRALA Y (Scheme 23) o AFFEFRMT, ARV U QA S 7 HR 2 BE -5 HH R B SR, L 39% ~ 80% 1Y 7™
AR IERHRAC W), BT FE R L 15 L i 1 P PR R B ) 2 A BOE, L 7 0 18 7 SR B

=)

IF] o

R 1
| OH FeCl, - 6H,0 RS R?

= = o + _l‘
@TH R.;'J\R: CHNO,. 60~80 °C R g

yields 39%~80%

R?=Ph, 4-CIC_H,, 4-MeC,H,, 3-NO,C H ;

R'=H, Cl, Be, OMe, NO,, efc;
R*=Ph, Me, C H,

Scheme 23 The reaction of terminal alkynes with benzyl alcohols'*’

1.4 FeCl,fE{ C—S BMBEER

s 5 5 A 905 T B T 5 70 T 37 3o A A S B (Scheme 24) o %A R LA Xantphos B 4,
DMF £, i-BuOK A, S0 T B UG AL o S [5] 0 e A 0y s L 240 B 15 R ) A e )
LA 33% ~99% I FRARHL H AT H0 o 1% N5 15 G B B 1) A 6 2 I8 A B, SE M 17 X -1 243
B LIRSS R A5, FFRE RS SR A B E R0
1.5 TFeCl, {4t C—Se/Te $#H{BEL R i

Wang 2 SEHL T B 5t FeCl, 58, FeCl, fi AL 55 5L 00 R 15 — ik B — W kA 8 C—Se fE C—Te
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FeCl, (10%(molar fraction})) S

X

4 Xantphos( 10%( molar fraction)) ||/ R
R! I_:( +R* —SH = R' <
1-BuOK(2 eq)
dioxane or DMF yields 33%~90% 0]
PPh, PPh,
R'=¢-Bu-Cyclohexane, Cyclophentane, Cyclohex: : -
Xanphos

R?=Ph, C(CH,),, 4-MeOC H,, 4-CICH,, C,H.CH,,

Cyclohexane, C H, . 4-CIC H,
X=I, Br

Scheme 24  Cross-coupling reaction between alkenyl halides and a thiols™*!

SRR S U SR ( Scheme 25) o Gl X S A5 PFREAT I 16 4 BE, LA DMSO S il , £ 130 CHYZ&AE T
A ARIRCER AR AR o A MU SR X TR e A2 S o (BRSSP A
SN, SN BE A AR o BN AL s R BRAE IR IV PV B, BR AR R B 2 3, X BRIR AL, T oy
AT C—Se f .C—Te HALGYHRBL T AT 5 .

Fe. FeCl, or FeCl(10%(molar fraction))

(R'Y), + R’B(OH), R—Y—R2
3 DMSO. 130 °C
R'=CH,, 4-MeOC H . n-C H: Y=Se: yields 66%~97%
R*=3-MeOC H,, 2-MeOC H,, 2.4-(Me0O),C H,, 4-MeSC H,,
4-Me0,CC H,, 2-OHCC H,, C H,, 4--C,H,C H,, etc
R'=CH,, 4-MeOCH,, C,H.CH,; Y=Te yields 62%~98%

R?=4-MeOC H,. 3-MeOC H,, 2-MeOC H,, 4-MeOOCC H,, C H,

Scheme 25 Iron-catalyzed C—Se/C—Te coupling of arylboronic acids with diselenides and ditellurides "’

2 Fe(acac) s AL AR S b

2.1 Fe(acac), & C—C BB KR N

Bl DA E AL RIAE A LA B BN B8 2 B0 05— FP b &5 W) Fe (acac) , i 12 I T3¢
SUMBIE S B 2 H . 2010 4F, Daniele & [A] 35 sz B T 138 b 5 4 ML AT IR 0 B9 58 318 € R
(Scheme 26) . 2 i LA FGIR A JERER il O AILE 7], L THE S5, Fe (acac) s L], 25 C 2%
PFTAEH 20 min, DL 18% ~82% 7= 2 4R B H AR W {8 A LA 2500 S5 4% DRl AH LE , A &kt 20
TR B AR SN KA o IRV RE A B — FR AN 07 FE bk, HAT RN 25 A, B g s Tl 4 S A o B
BRI 11 5 PhMgCl/ CuCl 78 25 C AR, 15 21 2 Wi ia (78% ) L 78 - 20 C By 4:A4F
IR G 7 AT IR 18% , AH R I K 1 7= S s 2 Ky 56% o

Fe(acac), (10%(molar fraction)) R'——R?

THF, 25 °C, 20 min yields 18%~82%

R'——=—Br + R*MgCl/CuCl

R' =EtOOC, Ph, 4-MeO;
R*=Ph, 4-MeOC,H,, 4-FC H,, 4-MeC H,, 3-PhC H,, 4-MeSC H,,
thienyl, PhCH,CH,, 3,4-(OCH,0)C,H,, 3,4,5-(MeO),C H,

Scheme 26 Fe(acac) catalyzed cross-coupling between 1-bromoalkynes and organocuprate reagents

Kumada {15 52 W 245 be L al 05 e PGt ) 5 5 AR 05 R B 2 4 ik v AL 0 7 S s AR A T 19 52 S A
HESZ I ), 2014 4F, Francesca 257 4L il T Fe(acac) , fi Ak IEE 0k 475 A6 9 5 4% =X 1850 B9 Kumada 7 3
(Scheme 27) . % W4 A4 2R A ROZ /K STI3S il g sty — 2, BA SOM I )42 (A3 h)
SRAFIRAN, P AR (RT3 91% ) W HF A, , 12 5 4 P AR AE A AL 550 I 75 SO R 16 b, P= 3 1) 7= 2R A Ny
85% .

Shakhmaev %1 1ot 1,3-— 4P SRR N-Le LA I N A S HR IV (R 3L A6 1, SR8 s 1o
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NBu,
NBu,

N

N BrMg Fe(acac), (10%(molar fraction)) I\II/S; \>
N ) -~

P > ot NMP/THE, £t 1 h NN
c” N7 N Ve
Me yield 91%

Scheme 27 Fe(acac), catalyzed Kumada reaction"*”!

1! Fe(acac) AL T B S AR S L Z 1 (Scheme 28) o i i 5 483 S AL B BB IR , HL H B =4 7= %
51k 90% , HAr R Es (B: 2 =98:2) o Al A PRIE HAR ™ M 7™ 3R, 5 A G i R S Sl A B o
PRIEFA BN AR AR, SEAAR TR = AR Ao

o &

ﬁNH [
Ph YN\) MeCN [ j PhMhCI, Fe(acac) [ j
Ph N

Ph

NMP THF

Ph Ph Ph Ph
yield 90% E:Z=98:1

Scheme 28 The cross-coupling reaction of vinyl chlorides with phenyl Grignard reagent'*’
L THF S5, o AURTE 5% FE IR 38 Fe (acac) ;/ TMEDA/HMTA (FE/R HE 1:2:1) 4 LAY AL 1A &
H B 5 0 S AR 2 A 58 UM R (Scheme 29) o 12 I IS 403k AV BB, A8 B IUR (-
5 B-IAR) B IR (o, B-88 B, 8- HUR) M SR IRAL B | I 2 AP Ge VS A6 ) (PRARBTCERAR ) B m] & AR 1%
N, IFLL 48% ~84% 7= 2RI W) o A LU AR, SRS 50 SOV s i B b= 7=
BRI HAT SO A5 AR AN, I IS IS T, B A P W AR R S LA (22 E = 85015 ~

97:3),
MgBr 2-Bromoocatane, THF, 0 °C, 45 min \)\/\/\/

=~/ 5%Fe(acac),/'YMEDA/HMTA (1:2:1)

yield 69%, Z:E=97:3

Scheme 29 The cross-coupling of 2-bromooctane with 1-propenylbromomagnesium™”

2010 4F, Matthias 25" s 3 s S2B T Fe (acac ), fi Ak 55 HE A% FG 12 5] B 45 79 2 46 BB ( Scheme 30) o
FFRIALYITE THE 5 Mg/ LiCL 2 b BURS FAs) , 6 1175 F0 7 F) 095 PR 2 A 45 W A IR 2 1
PR, BETE R, &4 1% % .OTs ,OP(0) (OEt), SMe OAc 2£35 P {4 R 285 1b A Wy fiE S50 I 14 4% FG
R L R 5 SR 1 28 e | M W 268 F A FC AR o RE 5 0 T SR AL S R T . %Ak 2R R S PR
TR B I RR 2R AT AR W B AR B T 8 TR 9 5

Br
| = R! (1) Mg. LiICL, THF, rt., 2 h | = |
R— + X\/‘A - —————> R L r
= (2) 0.2~5 mol Fe(acac),, 0 °C. 45 min = "

R=4-MeC H,, 4-MeOC H,, H, 3-BrC,H,, 2-CNC,H,;

R'=Me, H, Ph, etc;
X=Br, Cl, OAC. OTMS, OP(O)(OEt),, OCO,Me, SMe

Scheme 30 Fe(acac), catalyzed allylation of aryl Grignard reagents'™”’

Philip 255"V 3R T Fe(acac) , fiiAk 19 5035 96 5 48 B [ A 19 1€ S0 ( Scheme 31) o 2 7 A
TMEDA {E R BLA 16 0 °C 504 FALT R 1AL R (BE R 4351 0. 1% ) BV AT $BCE 72 1 HAR =9 . &
CF, 85 b P e o A 1) 35 BL S AL X TR 2 5% s vz
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. o R
R Fe(acac), (0.1%~1%(molar fraction))
+ Alk-MgCl — -
cl I'HF. ambient temp Alk

[R=COOMe. CONR,, CF, |

Scheme 31 Fe(acac), catalyzed cross-coupling of alkyl Grignard reagents with aryl chlorides'™"’

I B A 15 95 HEs TR 9 SE A0 IS 10 T 30 5 Ak R A AL ST (Scheme 32) o BFFE R B, A
[F P8 0108 3R g AR R B B N 1) 7 RS2 AR DR, THE/ NMP S5, SO AE — 30 “CHF L 35% 197
TG AR 90 s SO AR 70 5 THE 28 i 0 i, AU W 1) 7 35 R AR, HLIE 2375 3] 3-1R
WA FR) 38 J5 1) 5 4 L THE SR, ROWEAMUAE =30, -20, - 10 CHIE R, BE 2 7R - 78 CHynal KA
B, LA 32% ~46% 7= 245 8 AR 1) o e Lh THF S99 5], Fe (acac) s A AHEALT, —30 °C # KL
I RE R BT ER E A AR T 2- G Mk 2-TR MR |3 - RE-2- YR M R b 5 R IR AL B SV

N B Fe(acac),. THF, —30 °C XN g
+ PhMgBr -

~ ~

N N

yield 46%

Scheme 32 Cross-coupling of 3-bromoquinoline and phenylmagnesium bromide **’

Sushant % HZiH T Fe(acac)  BEAL 1K 1R (23R ) 3548 15 % BRI UE 56 (4438 35 KR 1 R
(Scheme 33) o fAZ Hh — ) ARAR IR D7 S e S AL RO A2 15 50 28 AL B 8079 RO BT LA B s Rl ) S A
A Ko AR Fe(acac) , 5 HEBIEASY (Rl 81, 88 A EE , AOJIBR 7 97 3 i , T H Bk B4

X Cl Fe(acac), (3.75%(molar fraction)), MeMgBr, THF N Et
_N then, Fe(acac), (3.75%(molar fraction)), NMP, EtMgBr =N
cl Me

yield 82%

Scheme 33 Iron-catalyzed alkyl transfer to dihaloaromatics'™

Jamie %51 5 3 2k £ A Al 2-780 0k IR 55 A PR R 0 08 I0E T N, S B0 T 2-IBCAR R e Y A
(Scheme 34) . W5 AL, (iH Fe(bdm), Fe(dpm) s S EkEh A (AT, 2RAG A 2-I00AC Wk i 9 7 SR AR
B, S FeFs - Hy O MEHEALTRINE, SR RE R AR o 283 IR T8 K BUSONE I) eA 25 AF 4 LA e (acac ) s PEAiEAL
,1,3-T 34,5 6- DU -2-MEBE R ( DMPU) S 58], SR D - 25 °C o Bt Rt (BRopR el R
IR ) I A TR 24 BE 55 A0 I ) IR W0 A S8t R AR O o S R A TR A L, R A A TR AN A 22 35 B
P i EL TS BRART 5 | Ao s Bt i) SO

. o R
R Fe(acac), (0.1%~1%(molar fraction))
+ Alk-MgCl — -
cl I'HF. ambient temp Alk

[R =COOMe, CONR,, CF,

Scheme 34  Synthesis of 2-bubstituted furans"™"

Evelina 2 il i1 Fe (acac ) i1k 2-58 M MRATAE 4 S50 BN (9 S IE, 9530 1 208 S ok AY 2 )
145 B (Scheme 35) o 25 FAF A 30 min BRI L 54% ~94% HUSCRFKIRARIL A FBR 40 o Bl 35
s A4 PO MU S S8 SR, AR sp®-sp” 1 sp” -sp” JS MU () B SRR ASL T (R 11 Jy 15, E 25 12
T2 B 5

2008 4F: Paul %' LIFe (acac) , WHEALH] , 7 DMPU 5t THE/NMP ST T XU = 9 i IR G
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AN \N
N
\ \
X Fe(acac), (5%(molar fraction)) X
_ +  RMeBr NMP/THE, .., 30 min > _
N Cl N R

yields 54%~94%

R=Me, i-Pr, Bu, PhCH,, (CH,),CH(Ph);
X=I, Br, Br

[55]

Scheme 35 Synthesis of novel pyrrolo-[ 3,2-c ] quinolines

ik BRI 9 58 SUBEK S 7 ( Scheme 36) o 7E - 25 CHIZRAIF T, LA 52% ~93% 11 7= F K UM IV 119 2-HX
PRI o 23 Wk AT A 200080 A WUEA s e = S YRR I 10 J 7™ A O T2, o RE e ™ AR L AR I H A 7 )
FIREZAE T, Pd AL A BESEBLIZ AL

OMe OMe ?Me
! !
. Fe(acac), @
@ * RMeX “THENMe, —25 'C @\ e
\ oTf A R |
OMe OMe OMe

coupling product ~ reduction product
yields 52%~93%  yields 1%~15%

R=Me, Bu, Ph, Cyclophentyl, cyclopropyl, erc
X=ClL Br, 1

Scheme 36  Cross-coupling between bicyclic alkenyl triflate and Rrignard reagents'®’

Gérard 25" K BT Fe (acac) ; AEMS B LA AL 17 PR IR 16 554 FRAsn ) (B I S 17 ( Scheme 37) , 2

I e PR ERAE AR AL AL BF B OR , T ELSE B 1 SO0y 4 i B8 S AR F:  (EAS — 3R 1002, b I sl i 5
(R B R B /2. THE o BRI 0] & A% SN, T o, B~ JRUA 14 s B PR T U 75 I A B #7575 DMIP 5§, DMPU
A REMd SN A BT o A, A TIRGR B HT 2 e P Y P R, A BuMgBr fy 0. 85 fb2= 3+ a3 fin
B L2 freit i AR R ST 56% (Z:E =91:9) $2T1 3 71% (Z: E =91:9) . MFEwi iR R 1 ke
e ESA A VR BRI T REIRT, RN RE L 84% ~96% B 7 BB, H 2 R KL F ) E RE ] TR
B R R RN AR R ER R A B AR

FROXIRY Fe(acac), (5%(molar fraction)) R’
R R? *+ RoMeCl THF, —20°C,15h R}Z\R:

yields 20%~90%

R'=Ph, CH,(CH,),, C,H,, i-Pr, H, etc;
R*=H. C_,H,, CH,, etc: R*=Bu. Oct, C-Hex. Ph

Scheme 37 Fe(acac), catalyzed alkenylation of Grignard reagents by enol phosphates'™”’

Knochel 45 % B35 FE M ALY 78 Fe (acac) , HEAL T RE5 35 4% K 79 42 2B (85 ( Scheme 38) , L)
66% ~98% (1) 45 3| — 75 KLl F— 20 97 3R W1 e PR S Mt AT A AR AR, 2k Dy R R 2R
EWHE R T EES%

Chandra %" 43l T Fe (acac ) , LR SR 52546 FG 150 19 58 SUAB IBE S 17 ( Scheme 39) o 122 17
LA THF A, e RIS T /B 3 ~6 h BIAT LASCAF 77 2 (56 % ~91% ) AR BUAH N B AR )™
Yo & T5 T MR sl 22 g B A ] 2 5 28 O 2 v o 3% RO 0 R AR R AE o/ AR AT Be 4, HL
SRR AN, {587 0 T s A5 AT SR s 7 1 H AR 0

Ttami 25" B SCHL T Fe (acac) AL IS5 HEB K 546 EC 130 19 52 RIS 17 ( Scheme 40) o %
SV R KRR R BIALE | BN A M5 B S AL Wi 2 55 4 [T AU A, AN 2 R AR e D7 B b
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0 (0]

¥ R2
ri = CN R2 > MgX Fe(acac), (5%( molar fraction)) R = | A
O =2 L ot THF. —10 °C, 0.5 h L =

yields 66%~98%

R'=H, CI, OMe, COOEt;
R*=H, CN, OMe, COOEt, efc

Scheme 38 Fe( acac)catalyzed arylation of aroyl cyanides'™

R L R 1
Fe(acac), (5%( molar fraction))
_A_S0Cl + ROMgX P

THF, 25 °C,3~6h
yield 56%~91%

R'=Me, H;
R*=2-MeCH,, 4-MeC,H,, 4-MeOC H, 4-FC H
2-thiophenyl, cyclohexyl, Ph

Scheme 39 Tron-catalyzed desulfinylative C—C allylation reactions'™!

alkyenyl-S /\©\
MeO OMe
\©\ Fe(acao), yield 74%
< /© + Mg THETL o
=L
OMe

yield 2%

)

Scheme 40  Iron-catalyzed cross-coupling of alkenyl sulfides with Grignard reagents'®

Fe (acac) , t, 1] WU 4 4k 35 H = B 3 £ = 550 P 190 4k 5 o 0 3K 700 190 5 SC 18 16 i i
(Scheme 41) o 3 ¥R e BUZ L 14 foe HE 25 1F 1 < Fe (acac) s fEAE AL, THE S5, NMP g 24375 551
(V(THF):V(NMP) =7:1) o {EAFIER AL NMP (17775 a] $1 2% SO 3R, 0 1% S 28 K B B
A B AME kRS IR, LK % COOEL, COO:-Pr COON-Et, ,CN | CF, W g B 14 57 5 — H HE Bt
IR P B RER Y AT 2 5% O

* Fe(acac), ( 10% lar fracti
Ar—NMeOTf + R, MgX —och (THIMOWTOON) _ Ar—Ralkyl
E THF-NMP(7:1).rt.. 1 h

Ar=4-EtO,C H,, 4-i-PrC,H,, 4-ELNOCC H,, 4-CNC,H,, 1-C, H ., et
R, ~PhCH,CH,CH,, n-CH,, n-CH , i-C.H,

alkyl

Scheme 41  Iron-catalyzed cross-coupling of aryltrimethylammonium triflates and alkyl Grignard reagents'®'"’

MRS, Guo 25 1° Hi I 324 S5 B A 1T BE HLER IR Fe (acac ), S A FG 18 500 30 SRS BI85 1 4k 791
Fe(MgX), (fbG9 7) , T8 PR A AL 0] 15 05 i = PP 35 e — 3 FH sk R 6 T A S Ak I 88 i b [ 44 8 55
NMe, , #EME Y 8 S LG HE P A ArFe(MgX) (fb549) Fl MgX (OTF) ,fL54) 9 5 RMgX B L
HlEfA ArFe (R) (MgX), (L& 9 10) , i b MK 22548 J5008 B 45 2] B b5 77 9 10 F03 PEAE LR 7
(Scheme 42) ,

Zhao %51 D) ZURUT 3t S ALY (DTBP) 48467, SEBL T Fe (acac) , fEALEREE Y C—H HETEAL, X
WAE N, SR, B8 AR B 7 3045 HAR ) (72% ~81% ) (Scheme 43) & A7 AREER AR N IR TR |
TRIRIRTR |25 SE NIRRT 5 1, 4- N R o AN B IR 13 /8 4t 7T 5@ 3 Fe (acac) 3/
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RMgX + Fe(acac),

Ar—R l ArNMe}OTf
11 Fe(MgX),
7 NMe,
R OTf
| |
Ar— Fe(MgX), Ar—Fe(MgX),
10 8
RMgX Ar—Fe(MgX) MgX(OTf)
9

Scheme 42 The mechanism of aryltrimethylammonium triflates and alkyl Grignard reagents'®"

Xantphos SEBUF/ e i A4 -554% FRasin) A (B SR

HOOC ) - 2
Fe(acac), (20%( molar fraction)). DTBP(2.0 eq) /\/E ]
/2 + 120 'C,N,, 24 h A X N0
O )
Ar

yields 72%~81%

Ar=Ph, 3-MeC H,, 2-MeC H,, 4-MeC H,, 4-MeOC H,, 3-MeOC H .
4-FC H,, 4-CIC H,, thiiphene, furan, naphthyl, 3-FC H,

Scheme 43 Fe(acac), catalyzed alkenylation of ayclic athers'®’

2.2 Fe(acac),fE{LH) C—O BIREX R

Fe (acac) ,/DTBP {38 F T JR 2 15 FR Ik 14 119 58 SO B I8 0 SR, £ IR I I R 2R A6 54
76120 CHAF T, Fe(acac) , R A LIREERY C (sp”) —H §8 K A= SR A IBE UMD SR A= BUAR L Y -
SECHETRE , FUAR W)t 7 A8 AT 3% 98% (Scheme 44) o XIFREAXIFRIY —IJ0EREE J7 BERIR (R BRI Y AT
) i 5 P TR SO o 2% ST LA TR A RIS L™ L S 7= 7 ey | X I PR A R

COOH (0)
0 O
[ j Fe(acac), (20%(molar fraction)) /[ j
+ o DTBPQ2.0eq).120 °C,4h o 0
MeO

yield 89%

OMe

Scheme 44  Synthesis of a-acyloxy ethers by iron-catalyzed cross-dehydrogenative coupling reaction"*"!

3 FeBry LRI S SUABIK S

2012 45, Olesya 2543l T FeBr, fift fb %0 4% 3 S 16 W 5 Ak W 5 55 25 5 458 3910 114 52 UM 1B S )i
(Scheme 45) . 1A Z i ffl THF Fl t-BuOMe HIR A4 (V(THF): V(1-BuOMe) =2:5) , 3 RERE AT G I 4
() 1 (R 4 TR B, ST o8 R ) R IR 8 M 5 A A W 99 1 A 774 (7 3R 60% ~93% ) o %
(R IE PTG R, A — P e | 48 BT A3 ( OBoc ) 251 A AT 1 35 S B R 4 T % A 2

BocO

N MgBr - LiCl _
Ej\/j\ + FeBr, (3%(molar fraction)), 20 °C p O
-

THF/t-BuOMe(2:5), 15 min
OBoc

yield 84%

Scheme 45  FeBr, catalyzed cross-coupling of N-heterocyclic chlorides with arylmagnesium reagents'®’
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Chi 251 ST %0 T FeBry (b b 38 5104 5 S FR A1 A4 38 UMK SR ( Scheme 46) o G
EFRRECE AR PR e 5 pa AR BRIIR AL B B0 A I RO BRI IR AL BE 4T R K A% Oy, BRI
PREEALIK 4T % ~95% o (EAT— 4R M2 H VR el THE/ O-TMEDA , 46 57 FeBr, BE IR 73450 h 10% 3
£ 20% , AT SEHUR TSP ROAA pa AU 5 PRI AL R RO AR I o SO0 2% P IR, I (e S BRI A 4 Bl A Bk
PR D0 A 832 S A 1 24 AR R R 2 TR A W LE Y AT 5 o

R FeBr, (10%(molar fraction)) "Ry

X + R*——MgeB .
8 R?_ & T HEANME L 16 h el

R'=cyclic, acyclic; yield 47%~95%

R2=aryl, sily, alkyl. alkenyl:
X=Br 1

Scheme 46 FeBr, catalyzed cross-coupling of secondary alkylhalides ®’

BRI A, B -2 B A L T i 5 FeBry ARSI . 2014 4K, Cheng 457 ST T TR A 451 0 itk
IV e 5 % 5 PP e 9 5 SUBE U 86 217 ( Scheme 47 ) S5 o7 L I Bk e P e 1 — 6 5 P s 441 %F J52
SAEHEAT T RS, R B0 AL S R Fe (acac ) S AL X 12 SR JGAE A FH L 17 FeBry AL
SORALUTF o Y LR B AR U A — IR AR BB B 11 SR R S o %1
S TVERIIG G, HE— 25 16 0 BRI AL BT, 2 I 4 TR O

. _E R ‘7< H FeBr, (20%(molar fraction)). DTBP(2.0 eq) |0\\‘ ’/N\|/ R
; RV R 4AMS. neat, 90 °C. 48 h R =,
R2 R* R¢

yields 56%~88%

R'=Ph, 3-MeC,H,, 4-MeOC H,, 4-NO,C H,, 4-CIC H,, 4-BrC H,,
2-naphthyl, Me, Ph;

R*=Me, Et, i-Pr, cyclopropyl, Ph;

R*=Ph, 4-MeC,H,, 4-FC H , 4-BrC H;

R*=Ph, 4-MeOC H, 4-MeC H , 4-FC H,, 4-CICH  4-BrC H,,
3-MeC H,, 3-CIC H,, 3-CF,C H,, 2-MeOC H,, 2-BrC H;
4-MeC,H,, 4-FC,H,, 4-BrC H,

Scheme 47 FeBr, catalyzed hetero- cross-dehydrogenative coupling reactions'®”’

Zhang %' Gl 3 AR 1 C—H WAL, SCEL T B SR EUR IR S R AL 0 S 1l 18 B R
(Scheme 48) o BFFE KB, FeBry Jp AT , 25 A B AL HLK, S, 05 \TBHP O, 354y 5 V5 S AL 7] N )8k
B I HEMAT IR S BRI ZRIR LA A TR R RS TR S USRI, S RE
R AL s 203007 ) 13- A (1,3, 4-H S SRt B PhSSPh e AR AR (Y SN o

OMe OMe

_,R FeBr, ( 10%( molar fraction)). DMF S
i - ~
+ R:S air, 145 °C. 45 h R
MeO MeO

OMe

yields 20%~83%

R=4-CICH,, 3-FC H,, 3-MeC H . 4-MeC H,, 4-BrC,H, 2-BrC H,.
CH,Ph, 3-NO,C H,, 4-NO,C H,, etc

Scheme 48  Direct C—H thiolation of trimethoxybenzene with disulfides'®’

4 FeCl, AL i3 XA I SN

Chandra B UCHIE ™ 1 Bk A AL AU PG AU 5 A S e 1 44 185 386 2 %7 ( Scheme 49) . Fe(acac) , |
Fe(OAc), Fe(ClO,) fSUAEALTII , 125 B AN RE A A, Fe, (CO) o (Fe(CO) s ASUHE AL TR, S5 B 7 3R AR
] FeCLAREMEALT], (1-BuO) A 58ALT , Toi ARAT AR FIA S, IR W ke 7 HE R = £k 2 e g 2 T
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KA o DR, 5 N, N-Z SR PRI A F 3 U125 O QIR I, 50 1l b w5 A e e
SO 32 A LA S B (7 AR H AR (47% ~93% ) , 25 N, N-— WU IR REASUR YIS , 555 e S
I BRI 9 7 HR A (24% ~32% ) o

FeCl, (10%(molar fraction)) S>J

/
O N S?J (--Bu0), (2 eq) <_/
\ AN 100 °C, 30 h, air —< >—N

yield 82%

Scheme 49  Iron-catalyzed oxidative G—C cross-coupling reaction"®’

I DRI N, N-Z 5L Z T 1 St RE S8 C—N S Ay 2™ (Scheme 50) o L CoH,CI
T, FeCl, g fiEAR5R], DTBP S %4050, 78 Ny RN, OB 3 h HERE H AR 551K 98% o i LAY
PLRARBUAE : 1) IR )™« 25 JE A I A R I 1O 249 ] e AL 5 W N-Hg AL B9 IR 15 2) S i RE A
C—HEE E A C—N 5 3) IR REIL R 25 34

N=\
N _ N/ FeCl, (5%(molar fraction)), DTBP (3 eq) N \\ o
@ ) o+ ):o CHCI(I'mL), 120 °C. 3 h N\<
N /
H yield 98%

Scheme 50  Iron-catalyzed N-alkylation of azoles'™’
Amanda %7 ST FeCl fiAL 77 5 U HE R R IR 5105 1k 20 HE HYRRINR (19 8 S5 AL SN (Scheme 51) o JZ
JS L4 SIMes - HCL SRt i , £ THE/ CH, CL /& R TP RELL 48% ~99% 173 4RI F b4 o b bk A it s
PR AL BRI T SE RSN, S AR sp”-sp® \sp”-sp” AROBRB S8 75 S8 2 20 i i BB AT 0 e 42
BT TT

= OSOlNMC:
€Y
= alkyl-MgCl, FeCl, (5%(molar fraction)), SIMes - HCI

~-alkyl | ¢cm o+ NCN —Mes
R-- Mes”
THE, CH,CI, (15%~60%), 65 "C. 3 h Q/

. OCONE, ‘
R—:O/ yields 48%~99% |__SIMes-HCI
=

(R=H, 4-CF, 4-MeO, 4-Me, 3-Me, erc |

Scheme 51  Iron-catalyzed alkylations of aryl sulfamates and carbamates'”"

Peng 27 SEBL T AEAFAE N-Z4BRMC IR B, B A0 AR T 10 3 Pl 07 R 40 15 e 3 Ak ER 50 9 S
I (Scheme 52) o i X BAL AP IR A Bl FeCl, (H,0) , . FeCl, IS A 1R %A R AU HEALT o e 2k
A PR IRGR] BEZRIBUAE = 7= 3 1) FAR =40, T BRAR 1) ffbe A ER BRI AR F AR 7 3R, I HLICER 9 ke
HH PR E DRI R ™ W (9 [ k30 2 1 B 7™ ) E e e S A R o 7™ 9 ) T S A T 0 32 B R T 57 3
JEHBRS B T BRAE R AT o

cl . R
FeClL(H,0), 0.5~19h
/@f + R-MgCl e ,©/
v H-iPr, THF 70 °C v

Method A yields 45%~98%
Method B yields 43%~94%

R=1sobutyl, Butyl, Propyl, Cyclohexyl, etc; Y=H, OMe, Me

Method A =all of Grignard is added at the beginning of the reaction

Method B=half of Grignard is added initally and the other is added
atter | h

Scheme 52 Cross-coupling of alkyl Grignard reagents with non-activated aryl chlorides'”’
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5 Fe(OAc) MMM A AR SN

Krishna %™ #£ 2007 4F RN HLSEIE T Fe(OAe) , A1 5 {5 485 ER TR Y sp -sp” 58 SUABIR LR
(Scheme 53) o JORIAT AIIABCHR , sRBERSEFEA 2, 2o AR Y I S L (S 24T A A IE oAk B-1H
B SN AEE) |, A R SN AR A R | S 2838 7 4, 5- X R BE B9, 9-— Y FL 4R 2% 1 ( Xantphos ) fE LI,
Fe( OAc) MEAEALH , Z BT, LA 43% ~64% (177 R 45 2K 0 09 H AR 7=

Fe(OAc), (3% (molar fraction)), 15 min

R'Br + R*MgBr

RI—R:

1 0 a et S 1 ethe
Xantphos (6%( molar fraction)). diethyl ether. r.1. yields 43%~64%

R'Br=1-Bromodecane, 1-Bromododecane. 1-Bromotetradecane,
I-Bromohexadecane, 1-Bromo-1-butene, efc
R*=n-butyl, n-hexyl, 1-propylbenzene

Scheme 53 Cross-coupling reactions of unactivated alkylhalides with alkyl Grignard reagents!”’

Qian %™ YA T Fe(OAc) i1l N-Z23R35 0 55 N-REIE 0 e 11 58 SABIK S ( Scheme 54) 2%
SR SE B N-Z 3055 ke P C s —HRD V- IS0 1 1) C=N S AT 3R, i S AP P il C=C § (7
Yoy ERY) o ROSEEA RPIVER AR 3 (s = 280K 99% ) X Bk i SO

R.m +A AR Fe(OAc),(5%(molar fraction)) le TR
r
PN\ R N Toluene, 120 °C. 24 h ZSNT A Ar

R2
yields 76%~99%

R'=H. 6-MeQ, 7-Cl, 6-Br, 6-Me, 5-CI-8-OMe, 5-Br-8-Cl, 5-Me-8-OMe, etc;
R?*=H, Me:

R*=Ts, Ns, Boc, Cbz:

Ar=CH,, 4-CIC H,, 2-CIC,H , 4-BrC H,, 2,6-CL,C_H,, 1-naphtyl, efc

Scheme 54  Direct alkenylation of 2-substituted azaarenes with N-sulfonyl aldimines'™’

6  Fe, O AL i3 SUHER SN

A A R AR R A B A, B N-Jg B AL SO AR mT A AT, LA DMSO Sy 58], L-ifi 282 oy i
1A, Fe, O3 AL, BT SEBL R AR T7 42 S N-F5FEAR % ™) (Scheme 55) . 24N TG b4 7 RIK
e VS FE™ , 5 230 At ] 2 53 B, 72077 38 853K 93 % o LA 2- = 3 Y BERIOR 15 0] il BE A
JABUS RGN AF B 7 )77 Z A . AR L-Ifi R I Fe, O X% S0 BE 75 WUR 47 22 G L, (H )2

Ao+ HN,R’ Fe,0,(0.1 eq), L-proline (0.2 eq) AF\NJR'
R -BuONa (2.0 eq), DMSO, 135 °C, 24 h R

yields 33%~93%

-

Ar=Ph, 4-MeOC H . 2-MeOC H , 4-CF,C H , 2-CF.C H,,
4-MeC6H4, 3-MeC6H4, 4-CIC6H4, 2-pyridine, 3-pyrindine,
2- -methylpridine

X=1LCl Br

; R! (\0
HN~ _ o ’ /\/\NH: /0\/\/ NH:
R: ’ ’

Scheme 55 Fe, 0, catalyzed N-arylation of arylhalides with amines'™’
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BRI ANAFAEAE AR A BC R I AT 5 A SO, (AR T e 55 0 SR ) | AN I AR IR 7 4y 7 R 24 W
AR

7 Fe(NO;);-9H,0 ALY SZ SIS L

LA Fe(NO, ), -9H,0/K, S, 05 (iR 2 , THE/H, 0 (AR LL 1:1) S5 550 al SC B ML 59 RS 07
SRR A IR (Scheme 56) o S A 70 C I & A — A= 5T BUR A= 5T (9 46540 (s bk
WM AR IR A5 ) ] R A S SN, o ARG W14 7 ) 93 3 43% ~92% \54% ~95% o TEFE I
AAFT S ERAL BB I FE IR RE LA o 10 54 BIAH AL H AR 41 (60% ~90% ) .

S Fe(NO,), - 9H,0 (10%~20%(molar fraction)), air S
K,S,0, (4 eq), THF/water(1:1)
(L e monon, — 0 p
N TFT(2 eq), rt. to 70 °C, 24 h N

yield 95%

Scheme 56  Iron-catalyzed arylation of heterocycles with arylboronic acids'™’

8 Fel;-3H,0 ALY SUHER S

A THE D9 55), Fels -3H, 0 m i1 57 i frde Rl fk 196 i -5 Joe A% ER X5 1) 52 SUAR BB S B, A 39% ~
90% I35 AR UHIR (19 F B34 (Scheme 57) 77" 12 46 AT 10 Al S5 R Y LB R TG 5 o o Ak ER 3590 49 )2
BLo S5 HEAEMATIANLL %RV ] FeF; -3H, 0 FEAEALT , WRAE E G 5344 7 P O A, [ I 3d RE e KR
FESAR IO (9 FBR P40 2014 4F Anrawal 617 9 YO 55 5o BRIV E S B A4 , O LT 3K
IR AR F R4 o HH Hbe R S A B, D5 3 i A 6 14 i T BE AT A5t S s FRaatonl 9 11 B9 i 30K B vz

KA.
FeF, - 3H,0(10%( molar fraction))
I1Pr( 20%( molar fraction))
Ar'—OSONMe, + R'MgCl i e Ar'—R!
. Y . reliux, n
yields 30%~90% (N
Ar'=4-MeOC H,. 4-MeSC H, 3.5-(CF,),C H.3-CF.CH,C H. N
2-CH(CH,),C H . 3-Pyridine, 6-MeOC, H_, 4-MeOC H , Ph
R'=r-Bu, CH,,CH, .CH,

[77]

Scheme 57  Iron-catalyzed cross-coupling reactions of alkyl Grignards with Aryl tosylates
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JRR O AR SN , FEA A0 PRI B L RO R0 SR T 7 ) 48 43 7 P S R IR S 07 o B SR A AE SR 1 1) R,
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Research Progress of Iron-catalyzed
Cross-coupling Reactions

ZHOU Wenjun”"* | DENG Jiaying"
(“College of Chemistry and Chemical Engineering ;" Key Laboratory of
Fruit Waste Treatment and Resource Recycling of the Sichuan Provincial College
Neijiang Normal University , Neijiang ,Sichuan 641112 ,China)

Abstract Transition metal-catalyzed cross-coupling reaction which has advantages of simple operation, mild
reaction conditions, and broad scope of substrates is one of the most efficient methods for the construction of
carbon-carbon bonds. Iron is one of the potential green catalysts as it is one of the most abundant, inexpensive
metals on earth, and environmentally friendly. Iron salts and iron-containing compounds are widely
commercially available. Recently, more and more studies report the use of iron as catalyst in cross-coupling
reactions. This paper reviews the recent advances in iron-catalyzed cross-coupling reactions based on different
raw materials and we hope to provide some inspiration for relative research.
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