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Synthesis of 2,7-Diaryl Substituted Fluorenes and Fluorenones
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Abstract 2,7-Diaryl substituted fluorenes and fluorenones are widely used in fields of organic semiconductor, chemosensor,
and metallocene catalysis. Traditional synthesis methods can not meet the requirements of flexible molecular structures and
regulation of diverse properties. Aryl-aryl cross coupling reactions based on the catalysis of Pd and Ni complexes have become
efficient methods for the preparation of 2,7-diaryl substituted fluorenes and fluorenones. Various types of metal catalysts with
phosphine ligands and N-heterocyclic carbene ligands have been applied. The synthetic methods of 2,7-diaryl substituted
fluorenones and 2,7-diaryl substituted fluorenes with or without 9-substitutions, and the conditions for the application of Pd
and Ni complexes are reviewed. The challenges of various synthetic methods at present are summarized and a brief outlook on

possible solutions is provided.

Keywords biaryl; fluorene; fluorenone; luminescent material; metallocene

2,7-Z 05 B WS 123 B e HATAEI(E DA B
ARG SE T K B T I P G A A RE S I s 1), AN
IR TABUROEHT A8 TR BH e L b2 13145
AN SAPRL, B Z N REF RO e
FAGIKARIS 2 BT A AN B R R R R
S AL TR RO2TVRI R A A 2 282958 A8 2 R BIE FT AT,
JEEHT 5.

SR, 2,7- 57 BEBUA 27/ 273 B 1) FRAR S T sk i
(B 2A). ARG BRITIE LS A HROT ZEE5 M1 2,2 10K —
IR AR, 1ERKT 300 CHIm R T KBARAEE] 2,7-

* Corresponding authors. E-mail: caoyc@srici.cn; gpcao@ecust.edu.cn

TR, PSR SR S RO LA A 9-TE AR
2,7- 05 HEHUR 2P0 S d ik et 25 F T P EAR s B g
—B AR 9-BUAR 2,7- 37 FEEAR GBI, R LR AN A
AR, e FERIBCIR — PR JEC A 1) i 6 2 B K 11 X A,
20 el 80 EARK LK) Kumada. Negishi 1
Suzuki-Miyaura 28 XABIEK N B437, {8 H] Pd Fl Ni it &
YL AtMgX . ArZnX H1 ArB(OR), 5 K875 18 B
SR T 95 B0 TR SRS 2A), N 2,7- 05 HEHUAR
2115 A A R T AT 2 A F B B2, 7-— g 5
FRFEHE FARFITE 3 mol% U (= 2K B AR 2B, M2) 1§

Received November 7, 2023; revised December 11, 2023; published online December 21, 2023.

Project supported by the Shanghai Rising-Star Program (No. 22QB1402800).

T AERHRUE B2 TR (No. 22QB1402800) % BT H ..

1494 http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2024, 44, 1494~1505



Chinese Journal of Organic Chemistry

4
F CeH Bu
N pk \(@OMe \(©/ (©/ 919
r:
OMe Bu
O q12334152] 2[31.4951] 3051 4551 5[51] 651
7151 853l 9l33] 10054 50] 12050
o \/©/ ;©/ \(‘
13126.40.41] 141261 150261 1620 17126421 qgrac436064]  19[27:43.61.64] 2007
211571 2011] 23132 14143.60-64] 5(55] 6581

27143,60-62,64]

H NH

CsHis N<ph I I NTO‘BU : _COOEt : NH, 2
o

36012

8[43.60.62-64]  29I43.60.62-64] 300531 3q60.64] 32043.6062] 330 3404 350
37156] gissl  3gise] 401561 1156] 421561 430561 4454
Ph Ph CcN
Ar R= C4Hg[446] ] R =cyclohepta- 47 R = Efl6!l R = cyclohepta- 50 R = Et[!3] 52 R = cyclopentanel®!
trlenylldene[94] 48 R = CgHyg026% trlenylldene[941 51 R = cyclohepta- 53 R = CgH 474!
3 trienylidene[5%4] CN
{@/SIM% : _.COOMe {©/ i ~CsHy4
¥ : 69 R = Mol 71 R = Me!®l 73R=CgHy*  TAR=Mel™ % o0
54 R = Mel®2 70R = CgHy/#  T2R = CgHygl4 75 R=Ef* "oE
113]
55 R = Et " 63 R = C,Hg*61] O
56 R = C4Hqg 64 R = CgHygl®?l 65 R =Et*) Ph
57 R = CgH43"! 66 R = C4Hg[*! ‘
58 R = CqH [46,91] - 43
59R=c 8c|c1):)ropane[95] o : CGHBL‘; TBR=Me
= oy . 68 R = CgHy7 R = Me[19] 79 R = Phi*
60 R = cyclopentanel*! 80 R = C,Ho[* R= M (82]
61 R = cyclohepta- 4T e R = Mel”7)

81 R = C4Hgl*" g6 87 R=Mel®

trienylidene(*4! 1
62 R = benzylidene!2! 82 R = E{!"¥ 88 R = cyclopropanel®]
83R= cyclopropane[95] 89 R = 3-(9-phenyl-
84 R = cycloheptatri- NHBoc carbazoyl)*’]
93 R = Et 95 R = CyH e | Et[%] R=Et enylidene!®!
159]
94 R = C4Hg#461-621 gg R = C4H [62-63] %8 R= CHZCOOEt &
I F Q@ s sl s
90 R = Et/96%I @

91 R = cyclopropane™ g _ a1 R = cyclopropanel® R =Etel 103 R = Phi* 105 R = C4Hq*4¢? R = cyclopropanel®”)
92 R = 4-NOp-CgH,*"! 100 101 102 104 R = 2-ethylhexyl?? 106 R = CgH.4*2 107

B 1 SCRRIRIEN 2,7- 5 B2/ 2 B 45 1

Figure 1 Reported molecular structures of 2,7-diaryl substituted fluorenes and fluorenones
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Figure 2 Synthesis methods (A) and related catalysts (B) of 2,7-diaryl substituted fluorenes and fluorenones
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Table 1 Aryl-aryl cross coupling reactions for the synthesis of 2,7-diaryl substituted fluorenones

Cat.

Base, temp.
solvent, time

(0]

Ar Q.O Ar

Entry X MY, Cat. (loading/mol%) Base Solvent Temp./'C Time/h Product (yield/%) Ref.
1 I B(OH): M2 K2COs  Toluene/Water  Reflux Over night 11 (60), 12 (40) [50]
2 I B(OH): M2 (4.0) NaxCO; Toluene/Water 110 Over night ; gg;: 2 gg;’ 403, [51]
3 I B(OH):2 M4-DCM (6.0) K2CO;  THF/Water Reflux Over night 1(78) [52]
4 Br ZnCl M2 (30.0) THF Reflux 10 2 (75) [31]
5 Br ZnCl M2 (10.0) THF Reflux 6 2 (81) [49]
6 Br B(OH): M2 (3.3) K2CO;  Toluene/EtOH 80 8 1(91) [2]
7*  Br B(OH): M2 K2CO;  THF/Water 75 24 8 (82) [53]
8 Br B(OH): M3 (20.0) Cs2CO3  Dioxane 80 12 10 (83) [54]
9 Br B(OH): M4-DCM (5.0) Cs2CO3  THF/DMF 60 o.n. 1(83) [52]
10 Br B(OH): Pd@DCA-SBA (0.2) K:COs EtOH/Water 80 6 1(86),9 (82) [33]
11  Br B(OBu): M4-DCM (5.0) Cs2COs  EtOH/DMF 65 o.n. 7 (55) [5]
12 Cl ZnCl M7 (2.0) THF/NMP 50 3 1 (23 (GO)) [41]
13 Cl B(OH): M7 (2.0) K2COs;  1,4-Dioxane 60 12 1 (22 (GO)) [41]
“ Isolated yield unless otherwise noted, GC=GC yield. ” Aliquat336 was added.
Chin. J. Org. Chem. 2024, 44, 1494~1505 © 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1497



BIKE

iR SR

e}
O s
Q O DEG, 190 'C
to reflux

FH -2 45 a5 55 A FGRUAR 52, Kumada 22 AR
I S5 B AT DAL T 2,7- 05 FE 25 1 A P 5 o N A Ak
7 M5 4L 2,7- —fl 2 i — 2 5 B A B AR A7 B JE
[ 1) 75 B IRAGEEAE kR IR B 0.5 h, BT BAH sl
KGR LR 0- LB 2,7- 55 F 4200, Hodp, 2,7- 2k HE
Zi(13) AR P2 R Tk 90%, A BAAI A FH(16 Al
20)FIXLARALALBE (7 AT 19) IR IR F= A € i 2= 2R ]
15 70%~80%. 1XLLARA7 B I v] 5 BAT B2 A7 FHAH
TR, FLAEZ)HE G5 A I 5 NG T8 70 25 () A BELAT
TSN ' FL M R Ak M i ) S e A L
X161 SRR MIAR L, RARE RS 2. 2,7- )
7E Ni {165 M5 4L T 528 1 Kumada 28 X AR
SN, BB =) 13 IS B =2t 90% £ 2|
73%0201 i ] Pd {4k 57 M2 {4k 2,7- IR 25 AL T 3
ARIEEFAEE ) Negishi 38 XAHER L, BRI N =ik
9991321,

2,7- M%) % Suzuki-Miyaura 38 X ABEE SN 6l 45 9-
TEHUAR 2,7- 75 525 W AT 76 ) S FC A Pd 3 ML L
N SEIRSSY. A FH BRI bR, 7 PR A AN K R A A
[, M1 B340 2,7- 2 5 1F S 2R R i A e
R, BPAT1S2] 81%HEBIE. 1 M1 ML 2,7- %)
5 4-1E 3 HE-2,3- ORI R (AR I R RN LA 85% HI#L
E RIS BUE B 30, B R T BETH A8 T AR R
VIt s A IR TR R R 1 = S S PR AT Pd
HE A TR 0 o A

CHR T E % 9- BN 2,7- 5 S Suzuki-
Miyaura 38 XABI S B B i (i ) 2,7- 577, X 7] R
KPR T IR A . BRI e e &5 e, L
2,7- 1R 5 05 HN R AE SR BR R BL R Gt iA R 2
PAPU(= 2R M2 AL, DABRER BRI IR ER 4
B, TEHRZE. HE/ZKER NMP 28155 A b #Aak Bl — B
B [ 5 2% 0k S B, 44 B 4 it A i 40 B A5 B B
a1 XU B = A 1150581 {2 e P EAR 32k [T ) B 2%
PE, FEBRT M2 ROHEATETEKT, X AR S B
Wi A (E 2, Entry 6~9). Fpile 75 500 R 55 28 145
HL 2L (W1 OMe) i SR IEE AL RLREY, 41 FIICRICH
7%, T AT W I A 4-T5 S 2RI R AT B i XU
=40 21 FIUSCR N 51%057). ([EAER L, nTRem T 5
— ANRIAFIILHERON, M2 {1k 2,8- IR eI 25 5 1-Z5 )
TR AN 2-ZE IR 1) Suzuki-Miyaura 28 AR SR AL
N 7%~8%!%),

1498 http://sioc-journal.cn/

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Q Q'O O @

FARBERFE 0 2,7- AR AT XA SAB B SN,
I LR =, BeAh, TR R IO, RN
R AT 8 R AR B 1 R 55 SR TR B BB S R B, Gao
L2 IR KOBu 2644 N 6 mol%H) M2 FlL
THE/DME AR R, 10 2,7-—1R%55 2,4,6-=HF H K
TR (O XU IR S 2, A LA 40% USR58 17, FEIERE 1)
T, BT R AR s AN BB I B, WUAE SUAR B B
HHEFEEAN 57%.

Pd AT BC A 45 04 1 TR B i XA A R R
NI PR R PR 1) = Bg e, — s i s
Pd 3P0 ) TR R A A SO IR s S R A A T
SNEIR R, T 38 R 2 (R AN LB T TR 3 ok e 2
AR, AT IA BFE FHEEALTE P IR H frlee-71,

TR SR M4 BT E RIS (BOC) R IR
FERMNER AN 2,7- IR %5 (A8 SABIE L, 33 (YR AT LA
ILF 90%0%. T Pd {1671 M6 A RIER FH 2,7- iR
ZifBER, PARIA 99% MRS 2 13, ARSI A4 L
Gt ik R RIBZE R (I 1.5 h), 17 AL E i
LG AR R KIRFFRE 0.05 mol%!*0). JUE %4k Rk
P BRI, ER WS T 25 S5 M X Suzuki-
Miyaura A2 X AR B B0 BT AL,

UbJ5E, Zhou ZEUNET T 45 A M A B (Glu) 4544
JCITKME ER KRR, IR T 9-ToHUAR 2,7- 05
GitE R, Tz T 77 AR N A, £ 4
it /7K TR s 7R HR A FH B R B L, 0.05 mol% FH &1 M8
AL 1-ZEIER . 2- L ZRIER . 3,5-— F ALK
B2 3,5- (= ) RIIIR . 3,5- R INER A 3,4-5-
SRR S 2,7- IRV EEL, SUBRE) 18, 20, 24,
27. 28 F1 29 USRI KT 90%0. [FIFETE LBE/ /KRS
I M9 AsEE KOH ik 2,7- 75325 & e
N, M9 [ FHE AR ZE 0.01 mol%Itt, 20 24 F1 27 (k%
IRREE 95%. 97%F1 98%61. Ak, ABAEH Glu
SRS A K BEIE NHC AR T BAZR 1.7~2.1 nm I 5
BRI Pd 9Kk T, FEATEfL 24, 27, 28 F1 29
HIAE R, PABCT BT N0, 133 94%~96% I M10
I AL 7 0.0001 mol%EP 7], J i Hsf 8] 44X 75 0.1 hi62),
M1 & R R T T REAE R B 2 5L, AT R0
SONTE T, A AW 24 28 F1 29 )& R AT #E 4l K T 5 R,
KN 93%~97%, {HE MI1 FHEFEMNE 1.5
mol%!%3). M12 7E NHC 544 71 5] AN ZK IR ] S iy
P b 28 B AL BH A AE F, 0.03 mol% & B m] 4k % Fh

Chin. J. Org. Chem. 2024, 44, 1494~1505



Chinese Journal of Organic Chemistry

R2 il 9- TR 2,7- 05 HE A 1K 05 H- 07 FEAR I e 8

Cat.

Base, temp.
solvent, time

Ar 0.0 Ar

REVIEW

Table 2  Aryl-aryl cross coupling reactions for the synthesis of 2,7-diaryl substituted fluorenes without 9-substitutents

X Q.O X+ AMY,

Entry X MY, Cat. (loading/mol%) Base Solvent Temp./C  Time/h Product (yield?/%) Ref.
13 (90 (GC)), 14 (70 (GC)),
1 I  MgBr MS5 (3.0.) — Ethyl ether Reflux 0.5 15 (50 (GC)), 16 (70 (GC)), [26]
17 (70 (GC)), 18 (60 (GC))
2 I MgBr MS5 (0.8) —  Ethyl ether Reflux 0.5  19(70),20 (81) [27]
3 I  B(OH): M1 K2CO3  Acetone/Water Reflux —  25(81),30(85) [55]
4 Br MgBr MS5 (3.0) — Ethyl ether Reflux 0.5 13 (73 (GO)) [26]
5 Br ZnCl M2 (10.0) —  THF Reflux 4.0  23(99) [32]
Over 37 (44), 38 (20), 39 (16),
6 Br® B(OH): M2 (13.6) Na,COs NMP 100 night 40 (28), 41 (7), 42 (18), [56]
8 537,440
7 Br B(OH): M2 (5.0) Na>COs  Toluene/MeOH — —  21(51) [57]
8  Br¢ B(OH) M2 (2.0) K2COs  Toluene 85 120 22 [11]
9 Br B(OH): M2 (3.0) NaCOs3 Toluene/Water Reflex 120.0 26 [58]
10 Br B(OH): M2 (6.0) KOBu ‘BuOH/DME Reflux 0.083 17 (40) [42]
11 Br B(OH): M4 (10.0) Cs2CO; DMF 90 16.0  33(90) [59]
12 Br B(OH): M6 (0.05) K>.COs ‘BuOH/MeOH 100 1.5 13 (99) [40]
18 (95), 20 (90), 24 (93),
13  Br B(OH) M8 (0.05) K2COs  EtOH/Water 110 1.0 27(96), 28 (97), 29 (98), [60]
31 (95), 32 (86)
14  Br B(OH): M9 (0.01) KOH  EtOH/Water 100 1.5 19 (93), 20 (95), 24 (97), [61]
27 (98)
15  Br B(OH) M10 (0.0001) KO'Bu EtOH/Water Reflux 0.1 24 (96), 27 (96), 28 (94), [62]
29 (96), 32 (90)
16 Br B(OH): M11 (1.5) K>.COs  Water 90 1.5 24 (93), 28 (97), 29 (96) [63]
18 (93), 19 (92), 24 (94),
17 Br B(OH) M12(0.03)  K»COs EtOH/Water Reflux 0.5  27(96),28(95),29 (97), [43]
32 (94)
18 (92), 19(91), 20 (92),
18 Br B(OH): M13 (0.01) K>.COs  EtOH/Water 90 0.5 24 (94), 27 (96), 28 (98), [64]
29 (96), 31 (96), 34 (93)
19 Br B(pin) M3 (10.0) NaOH  Toulene/THF Reflux  23.0  35(56), 36 (65) [12]
20 Cl MgBr M7 (2.0) —  THF 50 30 13(63(GC)) [41]
21 Cl ZnCl M7 (2.0) —  THF/NMP 50 30 13(77(GC)) [41]
22 Cl B(OH) M7 (2.0) K>COs  1,4-Dioxane 60 120 13 (52 (GC)) [41]

“Isolated yield unless otherwise noted. GC=GC yield. * The substrate is indenofluorene. ¢ Aliquat336 was added.
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77 AR LGB B BEAR, R LR R AE B R KT (91% ~
93 %)[43-44]'
BARCAIUESE B Glu 2514 NHC/Pd fiEfLAA R EA
L v PP A M RN L R R DI B, (BT R R
RTE 2,7-Z872i 2 50 R B R, FHARRNH T 5238k
SR SRR 2,7- 525 5 77 FEIR 158 AR R B
H. Goldup ZEHIZ2 {8 FH RAAFU S HT NHC-Pd fE 467
M7 A 2,7- 755 B SRR . RS IRAL BRI OR I

1499

http://sioc-journal.cn/



BIKE
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SIS SUBBR SN, 25 Sz A0 77 B A R FAS
R R LI ZE 5, 13 FAH i iR 7E Suzuki-
Miyaura. Kumada 1 Negishi 32 XA ¢ 2 57 K IR Ft 5,
N 52%. 63%F1 77%.

DL EARiR mT LU AN [F AR 2 9- AR
2,7- 05 B ARSI B LR e T LA RO S
SR SN RO A5 T (R G R TR AR B PTG s N
PR B TR 78 o Bk AR PR, BT DLVA A &
() A [5] W R =2 A58 6 72 ) 7= 3 ROR 22 e I R R B9, 7
Suzuki-Miyaura 38 AR M H, G TG D5 B R
MEEAER, MoKE I NPT LR E e, — 77
RN PAR PR R AE A, 55— J7 Rk 1 sk &
ek ttl, EERAUKE R AR TP hah, 1Al
R LR SIS o B AR A, TEA LA FRIANK )
BA R, WS INOE 2 B A R AR
Aliquat336) 32 XUAZ AR 5 ST AT 761,

3 9-HR 2,7-—FEHIER

037 2 £ 51N BT LASRE 6 2 B T AR A7) - AR
2,7- RS AT LA I 9-TCEUAR 2,7-— P LA A IR
SR S S 5 ) A7 B T AR S 232331, BT 4
KR EIIS JRAEAL RS S 4 B, AT LA 9-Huft
2,7~ 735 4 TR B 1 0 B B S AT A A 3] 1312491

(A)[31 ,49]

MeMgBr

_ >

(Scheme 1). AL, BONFEHERI T IERIE 2,7-—K1K7-
O-fr AT BUAR R M AE B 9,9- —HBUAR-2,7-— kit %5, il
Tk A O B0 B A AR RN, SEEL 9-HAR-2,7- 0%
FZ5 06 2280, A SCRRARIE T 27 2 R B A AR
77 J& ) Suzuki-Miyaura A2 XABER L, A& X RTIA G AT
EIIANTE. 2,7-Z A2 /27 LS -28:45,82-861 ] 4 HE — A 1
@E[45»46,84,87—89]ﬂ%%%irﬁﬁﬁ aﬂzﬁ >

il 2% 9-HUAR-2,7- 05 HE 2 ) 45 T 07 J2 -5 BB
N ULEE 3, R 7 M2 AR 9-HAR-2,7-
TR 55 FEIR ) Suzuki-Miyaura A2 XABRER N, B
SRIX L Suzuki-Miyaura 58 AR MV SEHL T % 9-HL
R-2,7-Z 05 D M 4%, ABATSRAAAE — Sl i (1)
WA K, B TR ER 1 d, B L S R A R A
W3 d, BEFELL M40 ) UEB =R A R, HAFH
PRI 22 51 K (38%~ 85%) 5591921 (3) Pd {4k 71
EidE, M2 —fHEN 2~5 mol%, HEFIRERIA
10~20 mol%, FEA N7 B p AR I 12082930, fifi ]
H Glu 4581 NHC/Pd 4Lk R M9~M12 Al M14
A AT I 4 i) 7 B g 5 (43.4401-630 (1) fig JB7 I (1) 45 o &
0.5~1.5 h; (2)XUBIE Ui 238 KT 90%; (3)Bk7KAR
s M1 & 1.5 mol%, HAth e R A6 71 &5 0.01~
0.03 mol%, HEFFEIKE 0.0001 mol%. & W,
BRE R I, M9~M12 F1 M14 A5 R &4 A1 — F 4

LiAlH4, THF

THF

et g T Cete O

\/C

O e O QQ Cree

(D)[22]
Br QO Br
KOH, TBAB
+ toluene

o
X
Br OBu

0

0B !
Y PhB(OH),
Nach3

Pd(PPh3),

B 1 9-HAR 2,7- 55 FEEUR 25 10 & kT v
Scheme 1 Synthetic methods of 2,7-diaryl substituted fluorenes with 9-substitutents
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R3Ol 9-IUR 2,7- 55 FE 5 ¥ 95 R 5 BRI S

Table 3  Aryl-aryl cross coupling reactions for the synthesis of 2,7-diaryl substituted fluorenes with 9-substitutents

R R R R
Cat.
R G
solvent, time
Cat. 7 . PP
Entry X MY (loading/mol%) Base Solvent Temp./’C  Time/h Product (yield?/%) Ref.
59 (85), 83 (80), 88 (69),
1 I B(OH): M2(8.0) Ka2COs Toluene/Water Reflux 40 91 (75), 101(82), 107(74) [95]
2  BrZnCl M2 (1.5) — THF 55 16 60 (77) [45]
3 BrB(OH): M1(5.0) K2CO:s PrOH/Water 85 24 93 (67) [96]
4 BrB(OH): M1 (5.0) K2CO:s EtOH/Water 85 24 90 (77) [96]
5 BrB(OH) M1 K2COs Acetone/Water Reflux — 74 (58), 75 (38) [55]
6 BrB(OH): MI1/PBu; (3.0) KoCOs THF 70 24 58 (43) [91]
7 BrB(OH): M2 (2.5) Na2CO3 Toluene/Water Reflux 48 57 (76) [90]
8 BrB(OH): M2(2.0) Na2CO3 Toluene/Water Reflux 24 103 (65) [83]
9 BrB(OH): M2(3.0) Na2CO3 Toluene/Water Reflux 72 104 (76) [24]
10 BrB(OH): M2 (10.0) Na2CO3 toluene/EtOH/Water  Reflux 24 54,78, 79, 85, 87 [82]
46 (60), 49 (74),
11 BrB(OH). M2 (3.6) K2COs toluene/EtOH/Water  Reflux 24 51(74). 61, 84 [94]
12 BrB(OH): M2 (20.0) Na2CO3 toluene/EtOH/Water ~ Reflux 24 89 (77) [93]
13 BrB(OH): M2 (4.0) Na2CO3 toluene/EtOH/Water  Reflux 4 86 (65) [97]
14 BrB(OH): M2 (5.0) Ka2COs 'PrOH/Water 85 24 76 (42) [92]
15 BrB(OH): M2 (15.0) Ka2COs THF/Water 66 9 62 (81) [20]
16 Br’B(OH): M2 Ka2COs THF/Water 70 24 92 (85) [81]
17 BrB(OH): M2 (10.0) NaCOs3 THF/Water reflux Over night 69 (67) [1]
18 BrB(OH): M2 (3.0) Ka2COs 1,4-Dioxane 110 24 77 (57) [19]
50 (65), 55 (83), 82 (61),
19 BrB(OH): M3 (4.0) KOH THF/Water 80 24 90 (77). 97 (71), 98 (82) [13,98]
20 BrB(OH) M4 (10.0) Cs2C03 DMF 90 16 99 (70) [59]
45 (95), 47 (94), 63 (92),
21 BrB(OH): M9 (0.01) KOH EtOH/Water 100 1.5 81 (94), 94 (97),95 (98), [61]
102 (96), 105 (96)
45 (98), 48 (93), 64 (94),
22 BrB(OH): M10(0.0001) KOBu EtOH/Water Reflux — 94 (99), 95 (97), 96 (94),  [62]
105 (97), 106 (93)
45 (96), 48 (94), 95 (98),
23 BrB(OH): M1l (1.5) K2CO:s Water 90 1.5 96 (95), 105(97), 106(92) [63]
24 BrB(OH): MI12(0.03) K2COs EtOH/Water Reflux 0.5 65(93), 67(91), 68(90) [43]
45 (92), 63 (95), 66 (93),
25 BrB(OH) M14 (0.05) K3PO4¢7H20 EtOH/Water 60 1 80 (93), 81 (94), 94 (96),  [44]
95 (94), 105 (95)
26 BrB(OBu) M4'DCM (2.0) Cs2COs DMF/EtOH 65 Over night 100 (39) [5]
27 Br B(pin) M2 (4.0) K2COs Toluene/Water Reflux 24 58 (66) [8]
28 Cl MgBr M7 (2.0) — THF 50 3 56 (69 (GC)) [41]
29 ClZnCl M7 (2.0) — THF/NMP 50 3 56 (72 (GC)) [41]
30 CIB(OH): M7(2.0) K2CO:s 1,4-Dioxane 60 12 56 (34 (GC)) [41]

“Isolated yield unless otherwise noted. GC=GC yield. * Aliquat336 was added.

FERH 9-HRAX 2,7- 57 527 (40 4614 & R E.

Chin. J. Org. Chem. 2024, 44, 1494~1505

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

75 SRR IR A 9-BXAR-2,7- ¥R %7 [f) Suzuki-Miyaura 28 X

http://sioc-journal.cn/

1501



ik SR

BIKE
RIS N B AT LA 3 9-HUAQ 2,7- 05 JE 45581 g —Fh &y SCHRARTE PRI S SR B — RN T 5 g, B
JRER L SRt 2,7- s AT A N2 2 IR IR 5 AR REWTIA 10 g4 GRS () ) 46 e R A U B

7518 S B (R 4), B F Y AR 5 e LRI DT 2
(46891 [ BEAEAE SN [A] 4 (24 h~72 h) AL F H &
T(2~4 mol%) %5 v 3. ¥ 2,7- —IRZ I — NIRRT HEAL
NREREE, WA HE4T 2 F 18] B B Suzuki-Miyaura 32 XA
SISINARCEP T/E et/

5/ 9- B 2,7- =553 7 —FE, EAVURIHIR
FBONZIR, KRS BF NHC-Pd EAF] M7 ik
9,9- 1E T 3-2,7- S 2 A A BR 1) [ N7 56 1) SAH i
WAL 34% 41,

Ak, Thomas SEEHEHEIT T 2 05 BB 1A R
(Scheme 2). LA 9,9-— 257 Miets 5ok}, it %] Br,

AT BAE [ 5 i — R = IR B 9,9-— 24387
BE— DA% Bro/KBrOs 19 F 5T RAZp 1) 45 A DY 5 A 38

BUARH) 9,9-— 2387, iXEeZ IREACZI1E 3.5 mol% M3
{4 T A N 2 R B 9,9-— 2. 577 108,109 F1 110,
WL Z 43 1N 80%. 82%FH 72%.

/0T Cho ZEPOUHTH M2 AL A Rk 57, 2,7-—R-9,9-—

IECEZ HEIER 57 g, P 76%MINZE1G3E] 57 (43 g).
Yoon ZFUTFER 78 R L IR WA BE, BA M2 Jyfi
17, BN 2,7-82-9,9- —H %25 350 g, [FIRRAN 4 h
J&, BL63% ML ER 7 543 31 86 (450 g).

4 Y Suzuki-Miyaura 3z X {85 Kk R I

Grisorio S5PUFERF ST M1 fi4L 9,9- ~1F3FH#-2,7-—
127 55 R INBR 128 SRR SR, BT BLAy 25 15 21 554 i
A 1 1) R AR 4R R RTOUAE AR =4, T A8
IEF=¥)(Scheme 3). i HbAt AT THE T 76 25 — AR I Rk
g B AR SRR B FE, B NIRRT I
SeEAMMAR L, AR R T B IR A=), Pd R T
WARFEAE T 2 BB 48 b it — 20 & @ AL AIE IRV e e
AT DA S XUAZ AR B4 58.

R4l 9-HUR 2,7- 55 HEH 157 B -5 FEAR I S B
Table 4 Aryl-aryl cross coupling reactions for the synthesis of 2,7-diaryl substituted fluorenes with 9-substitutents

R R

Q' - ‘i"% C

YiB 0.0 BY, * A™X Thase temp. temp )
solvent, time pin pdo
Entry X BY, Cat. (loading/mol%) Base Solvent Temp./C Time/h Product (yield/%) Ref.
53 (87), 58 (66), 70 (64),
1 1 M2 (4 PO4enH Tol Heat 24 46
pdo 4) K3PO4snH20  Toluene eated 72 (73).73 (98) [46]
2 Br pin M2 Na2CO3 Toluene/Water Reflux 25 52 (60) [45]
3 I pin M2/PPhs (3) K2CO:s THF Reflux 72 71 (92) [89]
ooz -glg el o R
rt, 78% 70% Pd(PPh3)2CI2 PPh3
5 K,CO3, DMF/H,0
!
108, 80%
Ph
g;zulv Br, 1 equiv. Bry/KBro;  Br 0.0 Br  ph— _ Ph—BOH), _ Q.O
AcOH/H,SO;4 B "Pd(PPh3),Cly, PPhy P
100°C Br K,CO3, DMF/H,0
Q.O B 109, 82%
of o caun w0 BT JN-or __Preom, QQQ 2
ACOH/H,S0, . . Pd(PPh3)20I2 PPh3
100 °C r B! r K,CO3, DMF/H,0
110, 72%
B2 2RI A R

Scheme 2 Synthesis
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r " pd(0AQ), P
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(1) transmetalation
(2) reductive elimination

O

CgH17. CgHi7

SO

'U/

(2) preferential oxidative addltlo\ CeHiz  CaHir

@R

(1) reductive elimination

o OO

oxidative addition

CgHi7( CgHi7

@

transmetalation

B3 2,7-ZR%5 51058 BRI

Scheme 3  Cross coupling reaction of 2,7-dibromo substituted fluoren

5 AN A, Goldup 254U M7 AL 2,7- — 5% /%)
1] 5 2R A TR 1 A8 AR IR e 7 A FH A5t Bk FH (GC-MIS)
RAEAF RN PP, RILEH —N R T 558 AR
7= %) (mono) A A 5E X AR EL ™= ¥ (biaryl) 4 #E — 5 Lk 4] [F]
I} 7 7E (Scheme 4). 1% k&0 R ALAT B AV 7= ) 8w
mono+biaryl & FFRZIIEN 44%~58%, HE—H 4
BT 2-5-7-2R G, el A IR A A T
5. ZMP R R SR T2 5058 R R N5 IR R
Z: 5 {128 BRSO N AT B 28 P AS R ) B B 164k,
BRI R G 2 8 7 R = W b W] R AR AE R T8 B T AL )
T JEok s A B P2 . 2,7- =i AR /25 R S 5 R
Suzuki-Miyaura 58 SH I SSIHLEE B AT 6k = 58— 1A
W, AR,

Ph-B(OH),

GC-MS: mono/biaryl = 51/49

GC-MS: mono/biaryl = 10/90

Ph-B(OH)
~@hg

GC-MS: mono/biaryl = 22/78

@O W @

"H NMR: mono + biaryl = 46%

5 &RSRE

2,7- 705 B2 /%5 Wl 1) 6 B nT DB I A% 46 B
J7 V5 S IS v AR RN 2/ 275 B 2 TR) Y e AL, {E 4 ) 1
A 1) 55 =5 B A8 UMK S B DA IR AT S B2 261
R IBE R L LR PR JE A T8 I 1 B i P i 428 1 SR
TEPETIN BN V2. fED5 R EE . D7 JREE AN 05 Btk &
)3 MY Kumada. Negishi I Suzuki-Miyaura 5 S AHHX
SR, Suzuki-Miyaura 38 SR 8 H A 35 i 52 14
T F R U EA = A0 S N i 2. EAFIE R
2, ITARIRIER Glu £51 NHC/Pd {1k R(M8~
M14)7EIRJE T 1] 1) 9-IUHT 9-ToHUAR 2,7- =95 547
B B8 i B H A A v v R EC A B IR R A, AR

+ QQQQO

"H NMR: mono + biaryl = 58% 13

"H NMR: mono + biaryl = 44% 56

BX 4 2,7-— 571705 5 858 SABERRN

Scheme 4 Cross coupling reactions of 2,7-dichloro substituted fluorenes and fluorenone
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FH &3k 2 1B 7K OF (0.01 ~ 0.05 mol%), #x KA 7 &
0.0001 mol% BN AT 152 90% ~ 99% ity X A5 FEk 2= 4 i
FRFRR], ZERZAOTEARFLL 101 1 SEEKR
VAT A AR S S, M 38 A 78 2K Sz 3) %2 Fh 9-
HARAT 9-TC AR 2,7- 05 325 (A Rk, R I H 2R b )
.

INAEAE D= M BN - S S & | B Y S A K3
2,7- 05 FERUAR 25 /27 BRI AFAE — 2 o) B 7 A e (1)id
W Pd AL FHE R KT 1 mol%, A& B
Perm, R P AT B Ao, AR E T gtk
AR, AR RIAE = (2)/R4E NHC A Pd fiEfk
FIR & L AL G L AR PA fEAL TG, HL 2,7-— 07 FEHUR
e E, BART 2,7- R B 50 &M, JHT R
RIEYNE A IRIBAR; (3) & iy 3 & A0 R 2
PEBE 2,7- 55 FEBUAR /2 B ) J5 i35/, R B A1
TAEEUREEN FH 7=, HER A PR T 2.

R POX L 8, 78 RIEZ RS 2,7-Bi AR 5
FER I A4 manré B RIE IR, $h
i SN R B, (5 Tl Ak S T B3, BAR
JUANTT RMEARRVE. B 2%, BRERIR T 5 M AR %
S [t B A R SR E A 5 T RS, A ) A 7K R HR A A 7 P
H/NT 0.01 mol%MIE MR, XA T B AL

RARBTHARAL, & AF SIS T - M) B 5 24 5
PERUA R, anK I vEMEALFRIRIRIFT. Hok, AT

B NHC Bith Pd fEALF, $EF-SUE 75 ml ARG B 1)
EMERE R B NHC B 28 F AR 2 (847 PHL 2 [ 1 5
NSRS IR . )5, RIS B EOL T,
W2k 2,7- N ER(HR) 5 75 5= s A ) SRS 2 il o
XL ) ) —ANETRETT 1A, BRAh, ST IO B 45 1 4R

A5 A5z BEL 4D R 42 SO (P A FE A 2 [R) 467 B8 i) 240 R
(FRIRAE ), ARRib N FyEAL AR 2,7- 55 FE AR 2 /%)

BRI AT A, A AL —BUREAZBE R 2,7-—
WA 125 .
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