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BN 1,4- 0 BRI IAR R 1,3- T B R N

Fgr = A HAEEE

AR ZEEET R 3 430072)

WE RTEETEIRN, KE TR 1L4-30 O R0 1,3-X007 240 SR, 75 2 51— JE X Bk £ 007 54
7). eSS BAT 75 B DX AN B — X BRI . SR 4 RAR WIAE AT A2 IO R I e A B L i
B R BTN cis-1,3-X055 HEHUR IR Qe R S & i it 1 {77,

RegiE LR SRR ek STARIERE

Palladium-Catalyzed Stereoselective 1,3-Diarylation of
1,4-Cyclohexadiene

Pang, Hailiang Wu, Dong Yin, Guoyin™
(Institute for Advanced Studies, Wuhan University, Wuhan 430072)

Abstract A palladium-catalyzed migratory diarylation of unconjugated cyclohexadiene is disclosed, which exihibits high
1,3-regioselectivity and exclusive cis-diastereoselectivity. The excellent selectivity suggests that the olefin does not dissocate
from the palladium during chain-walking. This study provides a simple method for the synthesis of 1,3-diaryl-substituted

cyclohexanes

Keywords palladium catalysis; metal migration; alkene; stereoselectivity

AR, 2T R B2 R I E ke B — il
SR AR EEREE, BA =4EGD) LRt &
YA ERF AR, g, 13- 0ER R Ol
B AAE TR S TR T ERCRET
VF 2 7R 3-05 BRI et &4, Htk
A REMER S Larock BREIZHPR E IALMEALE 1,4-3F
O N E BEHEIAL [ B (Scheme 1a). IS S B AT PLA
1,A4-FR 0« 07 SR P R (RO A% AR Rl 4% 1,3-
THURKIRR Qe R ATAEY. B, Zhou RSBl T
1,3-75 FZ A N AT AR, (EAE RN, XL N
H PR A O P4, 2019 4E, BA TR
IE AR 1L4-3R O 0 1,3-55 FE0AL [ B, ik
P A B 1 72 ) (Scheme  1a). & 2L FII 51N,
NIEBE RN AR TR Z 2. S/, fER 1,3-
RF5 IR I e R S WAL, A ReTS 2SR
R, 5ok, SCERP ST 1,3- 205 EAL S

* Corresponding author. E-mail: yinguoyin@whu.edu.cn

B RTEARAE IR, AFAE SRR 0 . i n, Li
A1 Knockel 5 HIGE 1 42 i 4% A Ah X b ik i A4 5 1
BAHEAT IR I S % 1,3- B Ot &4, 12
53 4/1 [ AEXT I M (Scheme  1b). 3T A TR THI )
WFFE, ASCRE TAMELR 1L4- 302 0. J5 2R
N5 BN ER G ¥ = 2H 7 OB, AR S (1) X Sk B PR A R
SRR A R T — B 1,3- X005 R B R Ak,
A ¥)(Scheme 1c).

1 HR5WE

Ve 1L4-F0 O M 0 AU RO AR R 1 g
MR, BFEFE TGRS Bl 7 AR SRS
M1 AT RAE H, AN ERN SR IR S RE = %4 B i

‘152 (Table 1, Entries 1~6). 244 F4% 2R,
JRBINGREEAT, Forf Me,NCL BhF, BL 47%007= 245 5
HAR™ Y da. AT, AIGEIIFIN, SN 4 AT
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a) Previous works: palladium-catalyzed difunctionalization of 1,4-

cyclohexadiene
© Bpin

cis-1,3-product (Yin)

— —

(A] QO

N © Nu = Ry R NN
H

trans-1,3-product NuH = GWE.___EWG'
(Larock, Zhou)

b) Previous work: synthesis of 1,3-diaryl-substituted cyclohexanes
by coupling reaction

cat. CrCl,
I+ TMS MgBr ——

Meo\©\© ©/TMS
)

82% (dr = 41

MeO.

c) This work: palladium-catalyzed 1,3-diarylation of 1,4-cyclo-

hexadiene
. . @
RN

@

cis-1,3-diarylation
A1 130 b &0 &

Scheme 1 Synthesis of 1,3-disubstituted cyclohexanes
LKA, 193] 23%[1) 7= % (Table 1, Entry 7). [ LA
Me,NCl 1EAFARBINF, BT T ARSI R
RIFAI5E M (Table 1, Entries 8~14). SEHE5REZH, 7EAE
F1,2- & L FE(DCE), L 73%UCRA 3] 1,3-X55 107
Yi(Table 1, Entry 14). B R 70 1 JGHLEEN I S B 52
Mi(Table 1, Entries 14~18), W45 RE W CsF 18R &
BACHIBE. 8516 Pd(acac), fL% Pdy(dba); TEHELL T,
155 79%M1 53 B ISR (Table 1, Entry 20). it Fik &8
FAFRITRIL, RAF T AR N 24T 5 mol% Pd(acac), 1f
R, CsF E NI, Me,NCLAE RN, DCE {4
SANACSHIR

TESRTF B R IR BL 25 I, %) R B IR 3 M a3k AT 1
Fi. GRWE 2 P, RABEBRE R AT %15
B 1,3-8055 Ak G (4a). A HH T B 7 EEMUR AN DT
FEUNER, WA i A AR, X g R A T K
Suzuki fEER B PIRIF=Y), W] REE I A ALk
J&, WilEih NN TS R &R R E SN, A
AN, ZAA R IR AR 2R, VR 2 05 B R Al
J5 SNBSS A2 SO, FRATT A B2 3ok B AR 5 7
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Table 1 Optimization of reaction conditions

Pd,(dba); (2.5 mol%)

MeO BOH):  CsF (2.2 equiv)
© * \©\| * ©/ additive (1 equiv.)
1 2a 3a 23" !’:(3(,12?;1)
oL D
4a
Entry Base Additive  Solvent  Yield®/%
1 CsF Me,NCl1 DMF 47
2 CsF n-BuyNCI  DMF 38
3 CsF n-BuyNBr  DMF 30
4 CsF Et,NBr DMF 35
5 CsF LiCl DMF 12
6 CsF MgCl, DMF Trace
7 CsF — DMF 23
8 CsF MeyNCl NMP 60
9 CsF MeyNCl DMA 68
10 CsF MeyNCl CH;CN 28
11 CsF Me,NCl1 DME 33
12 CsF MeyNCl Dioxane 44
13 CsF MeyNCl CHCl; 20
14 CsF MeyNCl DCE 73
15 KF Me,NCl1 DCE 5
16 Na,CO;3 MeyNCl DCE 37
17 K,CO4 MeyNCl DCE 67
18 K;PO, Me,NCl DCE 31
19¢ CsF MeyNCl DCE 37
204 CsF Me,NCl DCE 81(79)°

© 2021 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: Pdy(dba); (2.5 mol%), base (2.2 equiv.), additive (1
equiv), 1,4-cyclohexadiene (0.6 mmol), 4-iodoanisole (0.2 mmol), phenyl-
boronic acid (0.4 mmol) in the specified solvent (1 mL), 80 °C, 24 h; * GC
yields against naphthalene, dr>20 : 1. “5 mol% PdCl,. 45 mol% Pd(acac),.
¢ The number in parentheses is isolated yield.

BV I % 4 Jem e e 1) 7 SR A B =4

PR ORIESRE 1,4-FR 0 0. et R R R G A0 5
P AR B TS 4 SR T IR S I, 3 — 2D AT IR R 24 A (1)
oAk, SRR 3 R, AT RA 2 E
Mi(Table 3, Entries 1~13). {3 A WL = Z A TEH LI
FALER. ZIREN. WIREMN. AN, A, B
FREH . FEEAART, 1% N ASRE & 4 (Table 3, Entries 1~4,
8~10, 13); 4 FHBRER A . BRERHAIEU T By, LA
R U %153 H A7 77 #)(Table 3, Entries 5~6, 11); 24/#
FH B 25 SR i, 9 I RE LA 34% 00315 21 1,3-X00%
Ak &4 4¢ (Table 3, Entry 11). B J5 18 F F AR A A
PRI S R FRIEAT T A, R BoR, TERMRMER
7577 DMF HAN g & A ) Wi (Table 3, Entry 14). f# F& %
IR, SRR, 34%~39% U RG 2] H bR =4

Chin. J. Org. Chem. 2021, 41, 849~856
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Table 2 Substrate scopes

Pd(acac), (5 mol%) e e
CsF (2.2 equiv.) w‘ @l

(j+:@%4+gghm

1 2 3

Me4NCI (1 equiv.)
DCE (1 mL), 80 °C, 24 h

O

0
MeO
o O L 0
4a: 79%" © ©
o 4b: 38(%1C 4c: 19%0
. QO . 2
o © Me0\© ©/N\Ph MQOJKC Q/Me
. 0/.C
4d: 66% © © Me
4e: 40%° 4f: 32%°

“Reaction conditions: Pd(acac), (5 mol%), CsF (2.2 equiv.), MesNCl (1 equiv.), 1,4-cyclohexadiene (1.5 mmol), aryl iodide (0.5 mmol), arylboronic acid (1 mmol) in
DCE (1 mL), 80 °C, 24 h. “Isolated yields.  NMR yield against 1,3,5-trimethoxybenzene.

K3 RPFILAL

Table 3 Optimization of reaction conditions

Pd,(dba); (2.5 mol%)
base (1.5 equiv.)

MeO,C Bpin
GEERGEIP]
|

Me,4NCI (1 equiv.)
solvent (1 mL)

wery )

@

! % 3 60°C, 24 h
4c
Entry Base Solvent Yield”/% Entry Base Solvent Yield®/%
1 Et;N DCE 0 12 LiOMe DCE 34
2 KF DCE 0 13 NaOMe DCE 0
3 NaOAc DCE 0 14 LiOMe DMF 0
4 NaHCO; DCE Trace 15 LiOMe CHCl; 39
5 Cs,CO; DCE 14 16 LiOMe DME 4
6 K,CO3 DCE 23 17 LiOMe Dioxane 49
7 LiOH DCE 10 18 LiOMe THF 7
8 NaOH DCE 0 19¢ LiOMe Dioxane 20
9 KOH DCE 0 207 LiOMe Dioxane 75
10 K;PO; DCE 0 21°¢ LiOMe Dioxane Trace
11 LiO'Bu DCE 27

“ Reaction conditions: Pd(dba); (2.5 mol%), base (1.5 equiv.), MesNCI (1 equiv.), 1,4-cyclohexadiene (0.6 mmol), methyl 4-iodobenzoate (0.2 mmol), phenylboronic
acid pinacol ester (0.24 mmol) in the specified solvent (1 mL), 60 C, 24 h; b Gc yields against naphthalene; dr>>20 : 1; “ 3¢ instead of 3b; 4 3d instead of 3b; “ 3e

instead of 3b; Isolated yields.

w-0O
/
o\_z
=
[}
w-0O
/
(e}
=
@
w 2
© W
o

(Table 3, Entries 12, 15). BESSIE IR R BT RA ER
[R5, f§ A Dioxane B, KUK Z IR RIS 49% (Table
3, Entry 17). ZRNATSALELE Suzuki I B 1) 56 5+
7, DA WA AR ARG 1) 1) R 25 %% 1 FL e AN [A) 7 FH B0 i

Chin. J. Org. Chem. 2021, 41, 849~856
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PEZE S 1 05 TR, MR RREE 3d B R )
Suzuki fREER AR T HH], L 75%W A5 ) H bR
Y. {EFAE Dioxane ¥ fift 14 95 22 1 2R 2 = U R
(3e)if [ N FEAA KA.

TEHT I RS A6 T X R i 3 B AT T #F 9
LA EE RN 4 B, AR EUR S ) 55 FE i R A 55 56
TR TR #R REIUREEAT IE R SN, DA S5 31 R AT ISR A3
FMTA-1,3-8075 FEIAR R OB &9, BRI
R 75 0 X Sl B v N JE X ik 1 (ar>20 2 1), — &
HH WL E RE ], BIUIEEEE(COOR). 75 HE% (ArNH,)-
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Table 4 Substrate scopes

Me
Pd,(dba)s (2.5 mol%) .
‘/ ﬁ LiOMe (1.5 equiv.) @
Me4NCI (1 equiv.) ©
Dioxane, 60 °C, 36 h

3 4
0
HoN cl O ‘
v SIS SSY . 4 - 3
. 0, N 0,
4c:75% 4g: 81% 4h: 71% 4i: 84%
cl
ReUN < I e GU s s O
4j: 68% Ak 59% 41:53% am: 57%

B©©©3©©© [SUS S v

an: 64% 40: 56% 4p: 59% 4q: 57%
< oy "0 < "y SEERSNS A,
4u: 47%
4r. 55% 4s: 53% 4t 31% ’

“ Reaction conditions: Pd,(dba); (2.5 mol%), LiOMe (1.5 equiv.), MesNCI (1 equiv.), 1,4-cyclohexadiene (1.5 mmol), aryl iodide (0.5 mmol), aryl boron reagent (0.6
mmol) in dioxane (1 mL), 60 C, 36 h.

SHIEHI(CY). UEHIBY. = I (CEL) S bR A4 b, 2.5 mol

Ph H
Fe. BT 195 S R S e R e 1 T T R . . . [“] Sphos (5 mol%)
(Table 4, 4s vs 40). fAHERMR, W T4 AN S 7 O~ o NaoBul2equiv)
4

S . SRR A), Sk A RN FRILE TR RH THF, 85°C, 4 h

Ph

b2 1% $ 1 (Table 4, 4j~41, 4n~4q), X319 AR @
I AR AT 5 SRR AL IR A THLe, Btk &9 4) __/
kit Buchwald-Hartwig B4 TT LALL 74%i 45 5 74%
1164 57 (Scheme 2a). 162 4f (IR LU 1 (d2eqiv)
St S R (m-CPBA) A AL 5 B SR AL & 6 \‘\‘ DOM,rt, 12h
(Scheme 2b). F35b, fEHIFLHENYT 13- C Sl E IR, 6 54%
ATLALL 18% IR A5 2] 1,4-=000 =% 7 (Scheme o
20). e P )

HETHE RSO i THER T 25 M @ @ ﬁ e o () ©
HLEE, U1 Scheme 3 Fiam: 1%, %151‘[3’]-’%1%1% AT 555 Me Dioxane, 60 °C, 36 h Ph
B SRR = R 0y 1) N . e 1 <3 e~ S L | e SR EI N 7:18%
I 7E DY B 2 S A e (P T A R BH 25 7 ) A7 40 o 1] B2 HARY 4j 1R FTS SEPERA O I 0 S

. ey o ST, Scheme 2 Transformation of compound 4j and reaction with
L )R, Mk 1 Jllf{ﬁfﬁﬂti}\ C—Pd %Eﬁ@ﬂ@ﬁi V. s eyclohexadiene
B, B-H JHBRA P A V, I dd N A2 B Al VI
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W AR B LA PR G, BRI AL
WIS TR, HHCE, J7 MR 3 Helat
B TEAA VIL fizfm, Siafd VID A A0 BRI BR A R
HK-1.3-X07 ALY 4, FHAETMAEAEALT, 58 BpEALTE
.

@—| | MeuNci
(Ar] Pd>/ &Pd” \

(A7 - V o [@—“F;d\]<©
() CE”@ o (g”]
MeO[B]\ | /N
@—[B]/UOMe@ CEd”]v@ C[/j ]

Vi

B3 e R B

Scheme 3 Proposed mechanism
2 #Hig

BT e RIS, KR VAR 14- 0
Wi 5 SRR T SRR G (1 =200 SO, 2 S
PRI PR M5 B T — AR A 3 7 R A A RS I K-
1,3-X055 FE BRI e R 5.

3 LEHY

3.1 UEFES5HF

MR 3R 8 F Bruker 400 MHz 5§ Bruker 600 MHz
KR LR AU 2 , CDCLs M7, TMS A P, %63\
i (HRMS)f# F Bruker Compact TOF fD"i A e
14 2K SGW®X-4 A s G e . S5 iy E‘Jﬁ$
WA B El R R A ﬁﬁ/\ .
32 TWHE

ERWE T EFH T, ¥ Pdydba); (11.5 mg,
0.0125 mmol, 2.5 mol%). F EZ4E(28.5 mg, 0.75 mmol, 1.5
equiv.). DY H LS #(54.8 mg, 0.5 mmol, 1 equiv.). 75
FEMEREE(0.6 mmol, 1.2 equiv.)F175 FEBLALHI(0.5 mmol,
1 equiv)% T 1 mL T4 Dioxane i+, SAFMA
1,4-FR . 05142 uL, 1.5 mmol, 3 equiv.), ¥ B &%
BIFNFER P, 7£ 60 C TR 36 h. RMEEHR
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J&, JREIRGARR 25 N, 8 TR SR/ ARV
=1:100~1 : 10)fE NP MEF, Bl H:ZE o B4tk
133 B AR

it G -3- 28 F -5-((4- P AU B 3 ) R ) 3 U )i (4e): G
IR YD, 109.5 mg, F2F 75%, dr>20: 1. '"H NMR
(400 MHz, Chloroform-d) 6: 8.00~7.93 (m, 2H), 7.34~
7.27 (m, 4H), 7.25~7.20 (m, 3H), 5.97~5.92 (m, 1H),
5.83~5.79 (m, 1H), 3.89 (s, 3H), 3.64~3.57 (m, 1H),
3.12~3.05 (m, 1H), 2.42~2.32 (m, 1H), 2.28~2.15 (m,
2H), 1.77 (td, J=12.7, 11.3 Hz, 1H); *C NMR (101 MHz,
Chloroform-d) 6: 167.2, 152.1, 146.0, 130.8, 130.0, 128.7,
128.3, 127.5, 127.0, 126.5, 52.1, 44.0, 41.2, 40.1, 33.6;
HRMS (ESI) caled for CyH, O, [M+H]" 293.1536,
found 293.1535.

i 20 -3- 2R HE-5-((2-F4- 2 R R ) 3 U (4g):
HERY), 114.6 mg, 7*F 81%, dr>20: 1. 'H NMR
(400 MHz, Chloroform-d) 6: 7.34~7.29 (m, 2H), 7.25~
7.18 (m, 3H), 6.99 (d, J=8.4 Hz, 1H), 6.70 (d, J=2.5 Hz,
1H), 6.53 (dd, J=8.4, 2.4 Hz, 1H), 5.97~5.92 (m, 1H),
5.83~5.73 (m, 1H), 3.78~3.47 (m, 3H), 3.46~3.35 (m,
1H), 2.47~2.33 (m, 1H), 2.16~2.01 (m, 2H), 1.79~1.64
(m, 1H); C NMR (101 MHz, Chloroform-d) &: 146.4,
145.4, 134.0, 133.4, 130.6, 128.6, 128.0, 127.7, 127.5,
126.3, 115.8, 114.2, 44.2, 39.7, 36.3, 32.5. HRMS (ESI)
caled for CigH,oCIN [M~+H]" 284.1201, found 284.1201.

Jii -3 % e -5-((4- 28 J8) R ) BE s (4h): 1 8 ]
&, 110.1 mg, 7#3% 71%, dr>20:1. mp. 117.5~
119.4 °C; '"H NMR (400 MHz, Chloroform-d) J: 7.64~
7.60 (m, 2H), 7.59~7.55 (m, 2H), 7.49~7.44 (m, 2H),
7.40~7.33 (m, 5H), 7.32~7.24 (m, 3H), 6.07~5.98 (m,
1H), 5.91~5.81 (m, 1H), 3.74~3.62 (m, 1H), 3.18~3.05
(m, 1H), 2.53~2.41 (m, 1H), 2.39~2.24 (m, 2H), 1.92~
1.79 (m, 1H); C NMR (101 MHz, Chloroform-d) d:
146.3, 145.9, 141.2, 139.3, 130.8, 128.9, 128.6, 127.9,
127.5, 127.4, 127.3, 127.18, 127.16, 126.4, 44.2, 40.7,
40.5, 33.9. HRMS (ESI) caled for CyHjyNa [M—i—NaL]+
333.1614, found 333.1613.

i G-3- 2 -5-(1-2%) 30 O 4 (4): e[l 44, 119.2
mg, 7% 84%, dr>20: 1. mp. 111.9~112.5 C; '
NMR (400 MHz, Chloroform-d) ¢: 8.18 (d, J=8.4 Hz,
1H), 7.84 (d, J=8.0 Hz, 1H), 7.69 (d, J=7.9 Hz, 1H), 7.52
(t, J=7.4 Hz, 1H), 7.46 (t, J=7.3 Hz, 1H), 7.42~7.34 (m,
2H), 7.34~7.24 (m, 4H), 7.21 (t, J=7.1 Hz, 1H), 6.06~
5.94 (m, 1H), 5.93~5.82 (m, 1H), 3.93~3.81 (m, 1H),
3.79~3.67 (m, 1H), 2.63~2.51 (m, 1H), 2.41~2.24 (m,

http://sioc-journal.cn/ 853
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2H), 2.02~1.93 (m, 1H); "C NMR (101 MHz, Chloro-
form-d) J: 146.3, 142.6, 134.1, 131.6, 130.9, 129.1, 128.7,
128.2, 127.6, 126.7, 126.4, 126.0, 125.9, 125.5, 123.2,
122.5, 44.6, 40.3, 35.8, 33.7. HRMS (ESI) caled for
C,,HyNa [M+Na]" 307.1457, found 307.1460.

T -3 48 2 -5-((4- ) R 58 ) 3 LU (4): TG i IR
¥, 106.1 mg, =% 68%, dr>20 : 1. '"H NMR (400 MHz,
Chloroform-d) ¢: 7.42~7.35 (m, 2H), 7.33~7.27 (m, 2H),
7.24~7.17 (m, 3H), 7.12~7.03 (m, 2H), 5.95~5.89 (m,
1H), 5.81~5.76 (m, 1H), 3.62~3.55 (m, 1H), 3.04~2.90
(m, 1H), 2.38~2.27 (m, 1H), 2.21~2.12 (m, 2H), 1.71
(td, J=12.7, 11.3 Hz, 1H); *C NMR (101 MHz, Chloro-
form-d) J: 146.1, 145.7, 131.6, 130.8, 128.7, 128.65,
127.6, 127.5, 126.4, 119.9, 44.0, 40.5, 40.3, 33.8. HRMS
(APCI) calcd for CgH;,Br 312.0508, found 312.0525.

i 2 -3- 2R HE-5-((3-F-4- 1) R B IR O (4k): TGt
HARY), 102.1 mg, 773 59%, dr>20: 1. "H NMR (400
MHz, Chloroform-d) ¢: 7.48 (d, J=8.3 Hz, 1H), 7.34~
7.26 (m, 3H), 7.23~7.18 (m, 3H), 6.95 (dd, J=8.3, 2.2
Hz, 1H), 5.93~5.88 (m, 1H), 5.80~5.76 (m, 1H), 3.61~
3.54 (m, 1H), 3.00~2.89 (m, 1H), 2.37~2.28 (m, 1H),
2.19~2.09 (m, 2H), 1.69 (td, J=12.7, 11.2 Hz, 1H); "°C
NMR (101 MHz, Chloroform-d) ¢: 147.7, 145.8, 134.4,
133.7, 130.8, 128.9, 128.7, 127.5, 127.3, 126.7, 126.5,
119.7, 43.9, 40.3, 40.0, 33.6. HRMS (APCI) caled for
C1sH,6BrCl 346.0118, found 346.0104.

JiE 3 -3- 28 F - 5-((2- S -4- YR A ) IR LU (4l): TG
HPRY, 91.6 mg, =& 53%, dr>20: 1. '"H NMR (400
MHz, Chloroform-d) J: 7.51 (d, J=2.1 Hz, 1H), 7.34~
7.27 (m, 3H), 7.25~7.18 (m, 3H), 7.07 (d, J=8.4 Hz,
1H), 5.96~5.91 (m, 1H), 5.82~5.77 (m, 1H), 3.67~3.60
(m, 1H), 3.54~3.43 (m, 1H), 2.47~2.36 (m, 1H), 2.15~
2.02 (m, 2H), 1.77~1.68 (m, 1H); >C NMR (101 MHz,
Chloroform-d) 0: 145.9, 142.8, 134.6, 132.1, 130.8, 130.4,
128.7, 128.5, 127.51, 127.46, 126.5, 119.9, 44.0, 39.2,
36.8, 32.0. HRMS (APCI) calcd for CigH;¢BrCl 346.0118,
found 346.0110.

Jii -3 - 2 = -5-((4- = 980 8 ) R ) 3 O (4m): 6
IHLIRYD, 86.0 mg, 77E 57%, dr>20 : 1. '"H NMR (400
MHz, Chloroform-d) ¢: 7.55~7.53 (m, 2H), 7.35~7.28
(m, 4H), 7.25~7.19 (m, 3H), 5.97~5.92 (m, 1H), 5.83~
5.79 (m, 1H), 3.64~3.58 (m, 1H), 3.15~3.03 (m, 1H),
2.45~2.32 (m, 1H), 2.28~2.15 (m, 2H), 1.77 (td, J=
12.7, 11.2 Hz, 1H);, BC NMR (101 MHz, Chloroform-d) o:
150.7, 146.0, 130.9, 128.7, 127.5, 127.4, 127.3, 126.5,

854 http://sioc-journal.cn/
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125.6 (m), 123.1, 44.0, 41.0, 40.1, 33.7; ""F NMR (376
MHz, Chloroform-d) 6: —62.2. HRMS (APCI) calcd for
CisH,7F; 302.1277, found 302.1304.

I 20 -3-((3- 1) A 45 )-5-((4-18R) 5 35 3K 4 (4m): T
PR, 1264 mg, 773 64%, dr>20:1. '"H NMR
(400 MHz, Chloroform-d) ¢: 7.45~7.40 (m, 2H), 7.40~
7.38 (m, 1H), 7.36 (dt, J=6.9, 2.1 Hz, 1H), 7.21~7.15 (m,
2H), 7.13~7.07 (m, 2H), 6.00~5.95 (m, 1H), 5.78~5.73
(m, 1H), 3.61~3.54 (m, 1H), 3.05~2.91 (m, 1H), 2.42~
2.31 (m, 1H), 2.26 — 2.11 (m, 2H), 1.70 (td, J=12.7, 11.2
Hz, 1H); “C NMR (101 MHz, Chloroform-d) o: 148.4,
145.4, 131.7, 130.6, 130.2, 129.9, 129.6, 128.7, 1282,
126.3, 122.7, 120.0, 43.7, 40.4, 40.1, 33.7. HRMS (APCI)
calcd for CsH;¢Br; 389.9613, found 389.9602.

It 2 -3-((4- 50 8 3L )-5-((4- = 5 B L) A 38 B O 4
(40): FAELER, 941 mg, =% 56%, dr>20: 1. m.p.
87.0~87.8 C; 'H NMR (400 MHz, Chloroform-d) o:
7.54 (d, J=7.9 Hz, 2H), 7.36~7.30 (m, 2H), 7.29~7.25
(m, 2H), 7.19~7.13 (m, 2H), 5.98~5.93 (m, 1H), 5.77~
5.73 (m, 1H), 3.63~3.56 (m, 1H), 3.14~3.01 (m, 1H),
2.46~231 (m, 1H), 2.28~2.10 (m, 2H), 1.72 (td, J=
12.7, 11.2 Hz, 1H); BC NMR (101 MHz, Chloroform-d) ¢:
150.5, 144.4, 132.2, 130.3, 128.9, 128.8, 127.9, 127.3,
125.6 (m), 123.1, 43.4, 40.9, 40.1, 33.6; "°F NMR (376
MHz, Chloroform-d) ¢: —62.2. HRMS (APCI) calcd for
C1oH,CIF; 336.0887, found 336.0885.

T 2 -3-((4- TR 2 38 )-5-((4-TR) 45 38 3R © 4 (4p): B
sk, 114.9 mg, 7% 59%, dr>20 : 1. m.p. 112.9~
114.8 “C; '"H NMR (400 MHz, Chloroform-d) o: 7.48~
7.39 (m, 4H), 7.14~7.09 (m, 4H), 5.99~5.94 (m, 1H),
5.77~5.73 (m, 1H), 3.61~3.55 (m, 1H), 3.02~2.94 (m,
1H), 2.42~2.31 (m, 1H), 2.24~2.11 (m, 2H), 1.68 (td,
J=12.8, 11.2 Hz, 1H); "C NMR (101 MHz, Chloro-
form-d) 0: 145.4, 145.1, 131.70, 131.66, 130.1, 129.3,
128.7, 128.1, 120.1, 120.0, 43.5, 40.4, 40.2, 33.7. HRMS
(APCI) caled for CigH;4Br,: 389.9613, found 389.9620.

T 2 -3-((4- F00) 7K 38 )-5-((4-TR) A5 35 3E © 4 (4q): B
A, 94.1 mg, F*F 57%, dr>20 1. mp. 71.1~
73.0 ‘C; '"H NMR (400 MHz, Chloroform-d) o: 7.47~
7.39 (m, 2H), 7.23~7.19 (m, 2H), 7.16~7.08 (m, 2H),
7.05~7.00 (m, 2H), 5.99~5.94 (m, 1H), 5.80~5.76 (m,
1H), 3.64~3.58 (m, 1H), 3.07~2.94 (m, 1H), 2.43~2.32
(m, 1H), 2.26~2.14 (m, 2H), 1.71 (td, J=12.7, 11.2 Hz,
1H); *C NMR (101 MHz, Chloroform-d) 6: 162.8, 160.4,
145.5, 141.7 (d, J=3.1 Hz), 131.6, 130.6, 128.9 (d, J=8.0

Chin. J. Org. Chem. 2021, 41, 849~856



Chinese Journal of Organic Chemistry

NOTE

Hz), 128.7, 127.8, 120.0, 115.4 (d, J=21.3 Hz), 43.3, 40.5,
404, 33.7; "F NMR (376 MHz, Chloroform-d) o
—116.7. HRMS (APCI) caled for CsH;(BrF 330.0414,
found 330.0424.

i 2-3-((4- AR B 2 ) A ik )-5- 2R L B U (4r): T
IHEIRY, 80.3 mg, 723 55%, dr>20 : 1. '"H NMR (400
MHz, Chloroform-d) 6: 8.02~7.95 (m, 2H), 7.33~7.27
(m, 4H), 7.24~7.16 (m, 3H), 6.02~5.97 (m, 1H), 5.80~
5.73 (m, 1H), 3.90 (s, 3H), 3.70~3.64 (m, 1H), 3.09~
2.96 (m, 1H), 2.48~2.33 (m, 1H), 2.32~2.15 (m, 2H),
1.74 (td, J=12.7, 11.3 Hz, 1H); “C NMR (101 MHz,
Chloroform-d) d: 167.2, 151.7, 146.4, 130.0, 129.8,
128.63, 128.57, 128.3, 127.6, 126.9, 126.4, 52.1, 44.2,
40.9, 40.2, 33.8; HRMS (ESI) calcd for CyH,,0, [M+
H]" 293.1536, found 293.1543.

g 3 -3-((3- F 2 -4- 50 ) 2R 58 )-5-((4-1R) R ) BF UM
(4s): BRI, 91.5 mg, =% 53%, dr>20:1. 'H
NMR (400 MHz, Chloroform-d) ¢: 7.47~7.39 (m, 2H),
7.16~7.09 (m, 2H), 7.08~7.00 (m, 2H), 6.99~6.93 (m,
1H), 5.99~5.94 (m, 1H), 5.80~5.76 (m, 1H), 3.60~3.54
(m, 1H), 3.09~2.90 (m, 1H), 2.41~2.33 (m, 1H), 2.30~
229 (m, 3H), 2.26~2.13 (m, 2H), 1.79~1.64 (m, 1H);
BC NMR (101 ?MHz, Chloroform-d) &: 161.3, 158.9,
145.6, 141.4 (d, J=3.6 Hz), 131.6, 130.8, 130.4(d, J=5.1
Hz), 128.7, 127.6, 126.1 (d, J=8.0 Hz), 124.9 (d, J=17.3
Hz), 119.9, 115.1 (d, J=22.2 Hz), 43.3, 40.5, 40.4, 33.7,
14.74, 14.71; "F NMR (376 MHz, Chloroform-d) o:
—121.1.

I EC-3-((3, 4-— FHE) R ER)-5-((4-1R) R 58 BE O M
(4t): MR, 53.5 mg, F2FK 31%, dr>20:1. 'H
NMR (400 MHz, Chloroform-d) o: 7.47~7.40 (m, 2H),
7.15~7.09 (m, 3H), 7.07~6.98 (m, 2H), 5.97~5.92 (m,
1H), 5.84~5.80 (m, 1H), 3.60~3.54 (m, 1H), 3.07~2.94
(m, 1H), 2.41~2.32 (m, 1H), 2.29 (s, 3H), 2.27 (s, 3H),
2.25~2.15 (m, 2H), 1.75 (td, J=12.7, 11.3 Hz, 1H); "*C
NMR (101 MHz, Chloroform-d) J: 145.8, 143.6, 136.8,
134.6, 131.6, 131.2, 129.9, 128.8, 128.7, 127.3, 124.9,
119.9, 43.6, 40.6, 40.3, 33.9, 19.9, 19.5. HRMS (APCI)
caled for Cy0H,,Br: 340.0821, found 340.0836.

i = -3-((3,5- = F 2 ) 2R 3 )-5-((4- ) R ) M & )
(4u): LOHIRY, 79.7 mg, F2F 47%, dr>20:1. 'H
NMR (400 MHz, Chloroform-d) ¢: 7.47~7.39 (m, 2H),
7.18~7.11 (m, 2H), 6.92~6.88 (m, 3H), 5.98~5.93 (m,
1H), 5.84~5.80 (m, 1H), 3.59~3.53 (m, 1H), 3.06~2.93
(m, 1H), 2.42~2.35 (m, 1H), 2.35~2.33 (m, 6H), 2.27~
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2.14 (m, 2H), 1.76 (td, J=12.7, 11.2 Hz, 1H); °C NMR
(101 MHz, Chloroform-d) J: 146.0, 145.8, 138.2, 131.6,
131.1, 128.7, 128.1, 127.3, 125.3, 119.9, 43.9, 40.6, 40.2,
33.9, 21.4. HRMS (APCI) calcd for CyH, Br 340.0821,
found 340.0843.

Jigi 2 -3,6- X5 FE-1-3F 4 (7): TC iRy, 21.1
mg, & 18%, dr>20 : 1. '"H NMR (400 MHz, Chloro-
form-d) o: 7.36~7.33 (m, 2H), 7.33~7.32 (m, 2H),
7.32~7.31 (m, 2H), 7.31~7.28 (m, 2H), 7.24~7.20 (m,
2H), 5.98 (d, J=1.2 Hz, 2H), 3.51~3.48 (m, 2H), 2.01~
1.93 (m, 2H), 1.74~1.65 (m, 2H); °C NMR (101 MHz,
Chloroform-d) J: 146.1, 131.2, 128.5, 128.1, 126.3, 41.3,
29.5. HRMS (APCI) calcd for CigH;g 234.1409, found
234.1409.

FE AR T E4 T, K Pdy(dba); (2.3 mg,
0.0025 mmol, 2.5 mol%). 2- —ZE 3L B2 6'- — AR LR
(2.2 mg, 0.005 mmol, 5 mol%)~ F T HEH#(11.5 mg, 0.12
mmol, 1.2 equiv.)« 5% 4j (31.0 mg, 0.1 mmol, 1 equiv.)
AIEER(12 pL, 0.12 mmol, 1.2 equiv.)i& T 1 mL T4
THF 5509, F 5 B8 % B 3 AN FEBM B, £
85 CTFIM 4 h. RMEEW G, kW4 bR 25 S N 7,
1 2.8 2.6/ A Bk - V=1 10)/E Ak, Eid
FEEMT 7 B a3 2L A 5.

i -4-(1',2",3",6"- PO [ 1,1':3',1"- = e ]-4- 3 ) 1)
(5): TEMIRY, 23.5 mg, =% 74%. '"H NMR (600
MHz, Chloroform-d) J: 7.32~7.29 (m, 2H), 7.25~7.23
(m, 2H), 7.22~7.19 (m, 1H), 7.16~7.13 (m, 2H), 6.87~
6.84 (m, 2H), 5.95~5.92 (m, 1H), 5.80~5.77 (m, 1H),
3.85~3.83 (m, 4H), 3.62~3.57 (m, 1H), 3.12~3.11 (m,
4H), 2.98~2.93 (m, 1H), 2.37~2.32 (m, 1H), 2.22~2.15
(m, 2H), 1.76~1.68 (m, 1H); *C NMR (151 MHz, Chlo-
roform-d) J: 149.8 146.4, 138.5, 130.7, 128.6, 128.0,
127.6, 127.5, 126.3, 116.0, 67.1, 49.7, 44.2, 40.7, 40.1,
34.0. HRMS (ESI) caled for Cp,HNO [M + H] '
320.2009, found 320.2000.

£0 CF, MALEY 4§ (31.0 mg, 0.1 mmol)i 45
HLE(DCM) (2 mL)i#E#H IMA m-CPBA (85%, 30.5 mg,
0.15 mmol). 7EE | FHFERP 12 h 5, FHIEFM
NaHCO; & SRR K IR Be%, H DCM A=k, &
HAERHEAETCIK NaSO, TR 5 sk 4s, IREEH
LR ZE/ATHEBEY - V=1 : 200/F NP, @ik R
o s Atk 5205 6.

JiE 3 -4-(4- 1R 2 5 )-2- 2R Jik - 7- S8 2 A [4.1.0] BE e
(6): LEMCRY), 177 mg, P%F 54%. 'H NMR (600
MHz, Chloroform-d) 6: 7.42~7.38 (m, 2H), 7.37~7.34
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(m, 2H), 7.29~7.27 (m, 2H), 7.26~7.25 (m, 1H), 7.09~
7.04 (m, 2H), 3.46~3.45 (m, 1H), 3.30~3.23 (m, 2H),
2.91~2.86 (m, 1H), 2.46~2.42 (m, 1H), 1.96~1.92 (m,
1H), 1.91~1.86 (m, 1H), 1.53 (q, J=12.6 Hz, 1H); *C
NMR (151 MHz, Chloroform-d) ¢: 144.7, 144.1, 131.7,
129.0, 128.7, 127.8, 126.9, 120.1, 56.2, 54.4, 42.8, 38.6,
35.1, 33.7. HRMS (APCI) calcd for CisH;sBrO [M+H]"
329.0536, found 329.0520.

45 Bh#4 Bl (Supporting Information) HArb &4/ 'H
NMR Al "C NMR &3, XS n] L 5 A1) 93t
(http://sioc-journal.cn/) I N %K.

References

[1] (a) Erlanson, D. A.; Fesik, S. W.; Hubbard, R. E.; Jahnke, W.; Jhoti,
H.. Nat. Rev. Drug Discovery 2016, 15, 605.
(b) Velvadapu, V.; Farmer, B. T.; Reitz, A. B. The Practice of Me-
dicinal Chemistry, 4th ed, Elsevier, Netherlands, 2015, p. 161.

[2] (a) Melvin, L. S.; Johnson, M. R.; Harbert, C. A.; Milne, G. M.;
Weissman, A. J. Med. Chem. 1984, 27, 67.
(b) Wiley, J. L.; Beletskaya, I. D.; Ng, E. W.; Dai, Z. M.; Crocker,
P. J.; Mahadevan, A.; Razdan, R. K.; Martin, B. R. J. Pharmacol.
Exp. Ther. 2002, 301, 679.

856 http://sioc-journal.cn/

(3]

[9]

© 2021 Chinese Chemical Society & SIOC, CAS

(¢) Huffman, J. W.; Thompson, A. L.; Wiley, J. L.; Martin, B. R.
Bioorg. Med. Chem. 2008, 16, 322.

(d) Kare, P.; Bhat, J.; Sobhia, M. E. Mol. Diversity 2013, 17, 111.
(a) Larock, R. C.; Lu, Y.-d.; Bain, A. C. J. Org. Chem. 1991, 56,
4589.

(b) Larock, R. C.; Berrios-Pefia, N. G.; Fried, C. A.; Yum, E. K.; Tu,
C.; Leong, W. J. Org. Chem. 1993, 58, 4509.

(c) Larock, R. C.; Wang, Y.; Lu, Y.-d.; Russell, C. E. J. Org. Chem.
1994, 59, 8107.

Zhu, D.; Jiao, Z.; Chi, Y. R.; Goncalves, T. P.; Huang, K. W.; Zhou,
J. S. Angew. Chem., Int. Ed. 2020, 59, 5341.

Pang, H.; Wu, D.; Cong, H.; Yin, G. ACS Catal. 2019, 9, 8555.

Li, J.; Ren, Q.; Cheng, X.; Karaghiosoff, K.; Knochel, P. J. Am.
Chem. Soc. 2019, 141, 18127.

Topchiy, M. A.; Asachenko, A. F.; Nechaev, M. S. Eur. J. Org.
Chem. 2014, 2014, 3319.

(a) Amatore, C.; Jutand, A. Acc. Chem. Res. 2000, 33, 314.

(b) Jeffery, T. J. Chem. Soc., Chem. Commun. 1984, 1287.

(c) Carrow, B. P.; Hartwig, J. F. J. Am. Chem. Soc. 2010, 132, 79.
(d) Schroeter, F.; Strassner, T. Inorg. Chem. 2018, 57, 5159.

(a) Stokes, B. J.; Opra, S. M.; Sigman, M. S. J. Am. Chem. Soc.
2012, 7134, 11408.

(b) Mei, T. S.; Patel, H. H.; Sigman, M. S. Nature 2014, 508, 340.
(c) Thornbury, R. T.; Saini, V.; Fernandes, T. A.; Santiago, C. B.;
Talbot, E. P. A.; Sigman, M. S.; McKenna, J. M.; Toste, F. D. Chem.
Sci. 2017, 8, 2890.

(d) Singh, S.; Bruffaerts, J.; Vasseur, A.; Marek, 1. Nat. Commun.
2017, 8, 14200.

(Li, L.; Fan, Y.)

Chin. J. Org. Chem. 2021, 41, 849~856



