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Iron-Catalyzed Cross-Coupling of Secondary Alkyl Chloride and the
Alkynes Grignard Reagent

Jia, Wan* Zhao, Lizhi” Wei, Hengxu” Zhu, Lindong"” Fu, Lei” Chen, Weichun*?
(“ School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240)

(* Research and Developemnt Center in Shanghai of GlaxoSmithKline, Shanghai 201203)

Abstract A green, practical and efficient iron-catalyzed, base free cross-coupling reaction of non-activated secondary alkyl
halides with the alkynes Grignard reagent has been developed to afford a variety of alkyl alkynes in high yields, using iron(III)
chlorides as catalyst. This approach is quick and easy to operate. It exhibits promising in industry since utilizing the low-cost
iron as a catalyst instead of expensive palladium or nickel.
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iff 7. 2011 4, Nakamura SC56 % H EAT A RO A0 2615
Be Ak B FEEAL I AR 5 4-1R-1-FF CU 35—
FAR IR 56 O A B S B3R AT 1 AR, DL Sl E A A i W
i TC 42 0 98 A AL 750 P ST AR I B . AE S A
AT A BB L A ek T AR b 5 = RN
FEREFE 2 A BRI, BRI 69%. 48
T, X PR VAR BN B 2 AR — @R S
MBI, 2014 4F, Cheung 25" FeBr, 15 %4 o 4
R I AF T AL T IR S R = ke 5
RIS IR RIS, 1% 57755 Nakamura SEIG =77
A SO Iy, 2R T 2RISR —gRAREk
ke, WORATE 95%. (HJE, ZiEiFsas
PAFEARTE AR — AR, v, R —FP Pl
FFAKERE N R ) Kumada 15 156 5B A B e b S
B,

ARSCARIE T — PR AL I = R E AR e e 5 e A%
PR FIME A e B B 77 vk, 8 T UARAR R S B
IR AR BRI, 1207 R B R R
Bl BRI ATHREAYIEEE), JE bt
HEYIRME T — SR RRE.

1 ZR5TR
1.1 RNEHHMHK

B4, IATUUEACIR PEbe(1a) 5 = 57 YRR A 2k Lk
SRR (D) AR IR S SRR . LA FeCly AL
TMEDA A##. Xantphos AR, H R AEF], ¥ Lk
JNE AR 4y — kM I ON B AT B b R O R R, 7R
100 CHIEE T &M 3 h BRI 3RIGEAE 4 1c. SR1M,
P USCRAUA 43%, AN 74% (Bq. 1), FA12808
A IMBEIR, 564 FeCls Ml Xantphos — 2 in A 2 FH 2 o,
P — B 18] 5 PN BRORN R, s R i R B T
62%, FtHRe 2L, fEIX MRS, FeCly; IREE
Xantphos Z5ATERL T TN IBLA YD, imidem 1P
fit. 1X 5 Nakamura SZ56 % AR 70 08K 2 — 2 g2,

FeCl,
TMEDA
Y_ Xantphos _Y
Cl+ Y—Si—==—MgBr =si— (1)
)\ Toluene /K
1a 1b 100°C,3h 1c

BT RIRSIGEE R, BAT &I T AL,
FE LA R L SO AA ST SR R SR (R 1),
B, RS ZR A FIERE, 0 F K (Toluene). 1,4-
T NIR(1,4-Dioxane).  FHAE USRI (Me-THF). N-H
FnE g BEFI(NMP). ER(ACE)FI Z i (ACN). o, Bl
FH U S PR g AU, WOR TTHE & 63% (N 1,

Chin. J. Org. Chem. 2016, 36, 1060~ 1064

R RBEARL
Table 1 The optimization of the reaction conditions
FeClj
Ligand
OCI +>7\S|/: MgBr Base \SC<
)\ Solvent )\
T°C,3h
Entry” Base Solvent Ligand 7/°C Yield”/%
1  TMEDA Toluene Xantphos 100 62
2  TMEDA 1,4-Dioxane Xantphos 100 50
3 TMEDA Me-THF Xantphos 100 63
4 TMEDA NMP Xantphos 100 12
5 TMEDA ACE Xantphos 100 0
6 TMEDA ACN Xantphos 100 3
7 None Me-THF Xantphos 100 73
8 DABCO Me-THF Xantphos 100 8
o NMethyl 'yl THF Xantphos 100 64
morpholine
10 Quinoline  Me-THF Xantphos 100 59
11 DBU Me-THF Xantphos 100 53
12 Cs,CO4 Me-THF Xantphos 100 6
13 None THF Xantphos 100 74
14  None TBME Xantphos 100 69
15 None THF None 100 58
16 None THF Dppe 100 14
17 None THF Dppf 100 49
18 None THF BINAP 100 35
19  None THF Dppp 100 11
20 None Me-THF Xantphos 80 71
21 None Me-THF Xantphos 60 66

© 2016 Chinese Chemical Society & SIOC, CAS

¢ RS 1 equiv EARIRBEGE . 2 equivibRIERE IRF. 0.1 equiv. FeClss
0.2 equiv.FiR k. 2 equiv. 100 mg FIERL, #7 1.0 mL, B R 3 h; 2 U+
— Bl H1 GCMS i RER TS
Entries 1~6). &3, 7CH RIS NERI R4 T,
— R FH A NUAN T LR, % 22, FE 1,4- %%
TUIR[2,2,2] % KE(DABCO) «  N- F % 1 1E B (V-methyl
morpholine). #EMK(Quinoline). 1,8- & 4% — 3+ —H%-7-
¥ (DBU) Ak B 41 (Cs,COs), F s AxT . 45 R EIR,
AR SR =, ATIE 73%(W15R 1, Entries 7~
12). X—IGRM, 1%38 AR N TE 75 Bk e 4t

R EF, FRATTHE I B S0 770 e R AR 32 A i it A
TE 2 $ A8 B S B AR &8 AR R R0 1% 00 T, DY &K R
(THF) AT KU T SE B (TBME) 5 BESRVA H thafe 2. 45
SR THF AR FIR, NI RREIA S| 74%(R 1,
Entries 13, 14), FHELT Me-THF {E ¥ 75 FOUSCR RS £ 32
. B, 7E THF /RIEFIBISRAET, JRATX S AR 2
R A BEAT 3 — PR . D L2-XU( 2K ke
(dppe)~ 1,1'-BU( IR 8k, BRZE K% (BINAP)LL
B 1,3-X0( 2R L) P b (dppp) AR & Xantphos, F-#45
xRS, [ SIS I E A RIFRFER) T BE(ER 1, En-
tries 15~19). % T 240 2= 138 &, Me-THF Lt THF 3
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HARS M, &, BOEERE Me-THF 1E NN
P R .

5L AR S S RWCR ) — AN BB R 3R TE
Me-THF 1R HI P26, [RBIAE 100.80 CLLAK 60 C
TR AN 73% T0%LA K 66%(W1FE 1, Entries 7+
21, 22), 2 FFEES. HEF] Me-THF ) B B R
80 C, EBrHE, BATIXA P 73— P IHIE.
4RI IR, fF Xantphos fEFR{A. Me-THF 1RV I 25 1F
T, RMAARSHAT FEH 3 h (80 C), MRk
— LR F] 80%(F 2, Entry 1).
R 2 B SRS B IR AR B R B R
LYk

Table 2 Iron-catalyzed the cross-coupling of secondly alkyl
halides and the alkynes Grignard reagent: substrate scope

FeCl
\/4< Xar?tphsos \/4<
—_—

RCI + BrMg :jl\ —Si
Me-THF
T°C,3h A
Entry” Substrate 1 T/°C  Product Yield/%

1 OCI 1a 74° 1c 80
2 QC' 2a 73° 2c 79
3 E}m 3a 71° 3 77
4 090 4a 70° 4c 61
5 —NC>—C| 5a 71° 5¢ 78

(@]
6 @#—NQCI 6a 80 6¢ 85

0
(6]
74 Q_@ 7a 80 7e 71
Cl
O
8¢ F 8a 80 8¢ 66
Cl
(o]
97 </ ) < > CN ¢a 80 9% 73
Cl

RN 1 equiv 5L 2 equiva FRIRFT, 0.1 equiv. FeCls, 0.2 equiv.
Xantphos, Me-THF ¥, B/ HAIGRY T IR 3 by PP, </, 5
TR B RS, L AN

I PN E AR B ZFAT N 1 equiv. AL 0.1
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equiv. FeCl; fEM4LF], 0.2 equiv. Xantphos 1AL/,
Me-THF 1E# 7 LL I 2 equiv b FRIRF, 76 80 C FIalii
3h.
1.2 RYSEERNYT R

1E EIRALHI & AE T, BAT A = RS
8 5 IR AR AR I BT T IRy &, Ik 2.
BATZER T R FARA B DL R = A AR B E AR
bk, Hoh ZRERA LT 1es 2e. 3¢ FIER 771
AEALIA ] 80%- 79%- 77%(W1% 2, Entries 1. 2+ 3). iX
FERI 45 RABXTT Nakamura SZ56 = IR 78RR, 2
— AT, BAh, AR 2K T B 5 52 b
G 4a F1 Sa, FRESLIEEAE BB A AR T RER 4%
LGP KRV, W 6ay 7a. 8a Fl 9a(liFk 2,
Entries 4. 5+ 6+ 7+ 8. 9), 73HILL 61%. 78%- 85%-
1% 66%FH T3% I 21T 2AH N KB4 e Se.
6¢c. 7c. 8¢ Fl 9c.

2 i

BATRE T —FH FeCl; FIELAK Xantphos 45 & R f#
1 Z 2 FAR e R 5 e B A A B AT = B DA i) 75 o 2
IR 73 %7 VA e S R 1 ) £ S A T o AR
VIRIARA), T HUR IR R AR L SR, T
HREMEER, HAG RS RENES. LT
TIEAEE Z e G R RN, PSR 1SR R BT
ML TE SRR .

3 SERSY
3.1 UHF5EH

SEZIG BT FH ¥ AT FH BT 380 e FE Ak B9 ) PR b v v
AT, TR Alfa Aesar WSE, A AR MBS
Ay R ()W TN R A IR A A 8 A R BFH A R 2
K, R — DAl AR, LA
BT FEE N Biotag 2 F] AN ] i & AUAK 1
IEAHEGEAEFD C18 JRAHE A, FEFF 778 A k60~
80 ‘C)/ M Mgk 2. l5/7K; '"H NMR 1 *C NMR 7&
BRUKER /A @ ) ULTRASHIELD 400 PLUS & 600
PLUS #% 3L 4R A Bl sE; Bl £ Waters 2w 1)
LC/Synapt G2 Q-TOF High Definition Mass Spectrometry
FWE; BTE SREGAE B 25 2 s v (i) BR 2R R A0 1)
T ETF R S 2 5 R
32 ZWHE

BRI AR H &) AR AR, HE
S B — o B 1 OB BRI DU SRR NN B 50
mL IR, TR 1 equiv. [ 3-57 A R rE 5 2 il it
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PRI Z R0 B R N, s RS, s m ]
50 C/RBL3h RMEHRE, HERN T —HRM.

BB & 76 100 mL =0 PmA 0.1
equiv. FeCl;+ 0.2 equiv. Xantphos. 10 mL Me-THF LA &
1 equiv. iRl ERSTAIORST N HES S 2 equiv.k
Bkt BOEFIAE 20 min PYIZTRE R B =20, JHis i
A 80 CIFIRIA, FHAAH RS S IR A I S 7, 3
h J5RMEEH, HMEAEMEERER, LBEAER(10
mL X 5), JEZ& G, H C18 AHGIEH: (L HME/K:
0~95%) 7 5 2lith, 13 HArr=4).

- PEEE-2-(1,1, - = N B ) - 2 R (1e): (R
WU, 7% 80%. 'H NMR (400 MHz, CDCl;) o:
1.01~1.08 (m, 21H, Si(CH(CHs),);), 1.51~1.55 and
1.70~1.78 (m, 6H and 6H, (CH,);), 2.64~2.68 (m, 1H,
CCH); "*C NMR (400 MHz, CDCl;) d: 11.33, 18.66,
25.43, 27.81, 34.75, 32.00, 79.79, 114.17. HRMS: 7£ ESI
VBT 20 B R A AN BEAS I 2% 4k &4,

1-FR L 3E-2-(10,1,1- = R A SR i ) - 26 2e): Bt
HARTBAA, 7% 79%. 'H NMR (600 MHz, Methanol-d,)
5: 1.07~1.09 (m, 21H, Si(CH(CHs),);), 1.38~1.40 and
1.40~1.51 (m, 3H and 3H, (CH,);), 1.73~1.78 (m, 4H,
(CH,),), 2.48~2.50 (m, 1H, CCH); "*C NMR (600 MHz,
Methanol-d;) §: 11.08, 17.68, 23.99, 25.68, 29.55, 32.43,
79.06, 113.45. HRMS: 7£ ESI 5 0 A _EANEE
I 2 Z Ak & 4.

1-FR IR IE-2-(1,1,1- = R A SR i ) - 26 (Be): Bt
HARTBAA, 7% 77%. 'H NMR (400 MHz, Methanol-d,)
5: 1.02~1.13 (m, 21H, Si(CH(CHs),);), 1.61~1.67 (m,
4H, (CH,),), 1.76~1.78 and 1.92~1.95 (m, 2H and 2H,
(CH,),), 2.69~2.78 (m, 1H, CCH); *C NMR (600 MHz,
DMSO-dg) o: 11.08, 17.65, 24.38, 30.94, 33.80, 78.40,
113.98. HRMS: 7E EST I 1) 5170 #F i i A AS BeAsr i )
ZEY.

1-(4- 58 2 30 C3R)-2-(1,11- = R R R RE L) - 2 ph
(4e): LAMARBAA, 7% 61%. 'H NMR (400 MHz,
Methanol-d;) 6: 1.08 ~1.13 (m, 21H, Si(CH(CHs),);),
1.63~1.67 and 1.86~1.91 (m, 2H and 2H, (CH,),),
2.77~2.81 (m, 1H, CCH), 3.56~3.61 and 3.89~3.94 (m,
2H and 2H, (CH,),); *C NMR (400 MHz, Methanol-d,) o:
11.03, 17.65, 32.11, 65.56, 26.56, 80.53, 111.41. HRMS:
1E ST B 70 H i s A E A BeA I 226 &1,

1-(4-F 23 2 e)-2-(1,11- = R R R RE L) - 2 bk
(5¢): LRk, 773 78%. '"H NMR (400 MHz,
Methanol-d;) &: 1.04~1.16 (m, 21H, Si(CH(CHs),);),
1.69~1.74 and 1.90~1.94 (m, 2H and 2H, (CH,),),

Chin. J. Org. Chem. 2016, 36, 1060~ 1064
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2.30(m, 3H, CH3), 2.61 and 2.72 (m, 1H and 2H, CCH
and ), 3.56~3.61 and 3.89~3.94 (m, 2H and 2H, (CH,),);
*C NMR (400 MHz, Methanol-d,) 6: 11.03, 17.65, 32.11,
65.56, 26.56, 80.53, 111.41. HRMS (ESI) calcd for C7Hs4
NSi [M+H]" 280.2461, found 280.2462.

1-(4'- X AR OR R R i -4 - U 38 e )-2- (10,10, 1- = 7
PR )- 2B (60): SO EARI R, 7% 85%. m.p.
60.5 C; '"H NMR (400 MHz, DMSO-d,) d: 0.89~0.98
(m, 21H, (CHs)s and (CH)), 1.73~1.75 (m, 2H, (CH,)),
1.88~1.92 (m, 2H, (CH,)), 2.47 (m, 3H, CH3), 2.75~2.77
(m, 1H, CH), 2.90~2.93 (m, 2H, (CH,)), 3.29~3.31 (m,
2H, CH,), 7.43~7.44 and 7.66~7.67 (m, 4H, C¢H,); °C
NMR (400 MHz, DMSO-d;) J: 143.79, 132.46, 129.48,
127.54, 109.65, 82.44, 43.18, 30.21, 25.83, 20.14, 17.59,
10.89. HRMS (ESI) caled for C,3H3sNO,SSi [M+H]"
420.2393, found 420.2394.

1-(3- 2K 2 -4 5 2 30 30 )-2-(1,10,1- = S I ke
-2 H(Te): FEAIRIUAE, 775 71%. 'H NMR (400
MHz, DMSO-dg) 6: 1.03~1.04 (m, 21H, Si(CH(CHs),);),
1.41~1.45 and 1.59~1.62 (m, 2H, CH,), 1.86~1.89 and
2.06~2.09 (m, 2H, CH,), 2.81~2.85 (m, 1H, CH), 3.52~
3.56(m, 1H, CH), 4.02~4.04 and 4.33~4.35 (m, 2H,
CH,), 7.26~7.29 and 7.34 (m, 5H, CsHs); >C NMR (400
MHz, DMSO-d¢) o: 10.0, 17.85~17.95, 27.12, 31.63,
66.09, 77.09, 78.71, 111.72, 124.95~125.00, 126.59,
127.53, 141.97. HRMS (ESI) calcd for Cp,H;50Si [M+
H]" 343.2457, found 343.2459.

1-[3-(3"- F 2k -4"- G 2K 5 )-4'- % 2% 36 L 3F ]-2-
(1, 1,1- = N B A )~ 2 R (8e): 3 (PR BAR, 7=
66%. '"H NMR (400 MHz, DMSO-d;) d: 0.99~1.05 (m,
21H, (CH;)s and (CH);), 1.39 and 1.57~1.58 (m, 2H,
(CH,)), 1.83~1.86 and 2.02~2.05 (m, 2H, (CH,)), 2.22
(m, 3H, (CH3)), 2.79~2.81 (m, 1H, (CH)), 2.47~3.53 (m,
1H, (CH)), 3.98~4.02 and 4.27~4.29 (m, 2H, (CH,)),
7.03~7.08, 7.14~7.17 and 7.23~7.25 (m, 3H, (C¢Hs));
C NMR (400 MHz, DMSO-d;) d: 161.45, 159.05 (d, J=
240 Hz), 138.88, 138.91 (d, J=3 Hz), 129.25, 129.31 (d,
J=6 Hz), 125.24, 125.32 (d, J=8 Hz), 124.17, 124.34 (d,
J=17 Hz), 114.81, 115.03 (d, J=22 Hz), 112.72, 79.77,
77.54, 67.16, 40.91, 32.64, 28.13, 18.91, 14.64, 11.06.
HRMS (ESI) caled for C,3HiFOSi [M+H]™ 375.2519;
found 375.2521.

1-[3"-(4"- Tk 2R B )-4'- S R 3R D3R ]-2-(10, 10, 1- =
R FERESS) - bk (9c): 2P EARBERCIRYIB, 772 73%. 'H
NMR (400 MHz, DMSO-dg) d: 0.95~1.02 (m, 21H,

http://sioc-journal.cn/ 1063
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(CHs)s and (CH)3), 1.31~1.34 and 1.57~1.60 (m, 2H,
(CH,)), 1.85~1.86 and 2.11~2.15 (m, 2H, (CH,)), 2.81~
2.85 (m, 1H, CH), 3.54~3.57 (m, 1H, CH), 4.02~4.06
and 4.43~4.46 (m, 2H, (CH,)), 7.53~7.55 and 7.79~
7.81 (m, 4H, (C¢Hy)); *C NMR (400 MHz, CDCl;) o:
147.63, 132.25, 126.37, 118.86, 111.25, 110.56, 80.85,
78.20, 67.79, 40.31, 32.42, 28.71, 18.59, 11.15. HRMS
(ESI) caled for C,3H3NOSi [M+H]" 368.2410; found
368.2404.

Boft R RSN SR SR L BB
HRC BRI Fr B TR A T SR, RO B 2 R s
R R 25 e rh ot (4 3 M LA E R A B 28 T R B
A 28 A1 8.

%4 Bh #1 £l (Supporting Information) & ik 7= ¥ K
HNMR J "C NMR B [E. X SEhARba] LL 4 2 AT
¥ (http://sioc-journal.cn/) | %K.
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