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Abstract

Biphenyl compounds are important chemical intermediates, and molecules with a biphenyl skele-
ton have a wide range of applications in pharmaceuticals, agricultural chemicals, ligands, chiral re-
agents, polymers, and organic materials. Therefore, the synthesis of such compounds has aroused
great interest in both academia and industry. Chemists have developed many synthetic methods. In
this article, we first summarize the structural characteristics and application prospects of biphenyl
compounds, and then summarize and generalize the methods for synthesizing biphenyl compounds
in recent years from the perspective of reaction types, providing reference for the synthesis re-
search of such compounds.
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1. 518

I (Biphenyl) FH@ i [1, 1AL AHZE I PR AN R PR ZE A, oAb 22 10 5 5 R AH AL, = 2 A 5 L B S vz (A
AL L BRI AE) . HAE R EEM AN R, AU 2 R B A A EE A YL O 451 B
[1]-[4], BAEZWIREAR . A A 7= F G B Rk S 3 H 22 Jo R A EL[5] [6]. Bemis IR F 404 T
5120 P ZMIHIMESE, 1FH4510: S0%MI AL 32 Pl S84 pk, B2 H 2 —[7]. 1,
Diflunisal. Fenbrufen 1 Flurbiprofen j& 3k §$ 482847 7 25 1) #8445 7, Losartan s2 &N T697 & L)L A %%
REETIR. BeAh, SR BT R E AR IR E IR 2 [8]-[12] (] 1).
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Figure 1. Examples of structures of commercial drugs and natural products containing biphenyl skeleton

E 1l SAERXERNHEAMRRAS

AR, W2 RAT A O TR 12 B T B2, 2B rs 1R s PUME MR [13]
I 2 AL, BARRIUOVPIE R PU . PUACEY) . PUBsE. PUE e PuME . ta . ot
FEBR T B AN POE S S Th R [14], B0, 6-(3-(&Rlke-1-F5)-4- F AR L 45 ) -2- Z5 R (7 o & BT IR A I8 1 M 28
SARANHRGEAE R A, FEA TR GRS, FEARABIEIEM: Sonidegib & M TiHYT H K40
M 254[15]: Tazemetostat 1FJy2H 85 1 AL R RS B4 7], H 2020 4 7 H3R3EE & 24 i i B g
JR(FDAYILHEf5 ,  CL R b R R PR 1 B R T I $6[16] [17] (K 2).
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Figure 2. The application of biphenyl compounds in the medical field
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BRI AL YA 7] S B P A 160 4EAT. 1855 4, MRAMIRRIERXIF)E, 19 thalk, Wurtz
T HRIE TR TR R SN TE K C(sp®)—C(spd) 8 156, 1862 4F, Fittig ¥4 [ iy e 2| 75 5 1 & 75
75 R AR R TE Nay Liv Aus Cu fil Ag 2 F& 8 RTHAFAE N IBIBR N . 13X — OSSR J
Eﬁifif“ W J5 2 B0 B 2 T 19, B ASEILAN JF B ) 2.1 Z R R B R, 15 BIBCRATAER) 2.2
(4 3)e X—FFEME TAEA RSB AV G RBE 1A, D) T AN E RS IR & .

| | ;
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Figure 3. The sodium medium coupling reaction forms C(sp3)—C(sp®) bonds

B 3. 9T BUBER S R AR C(sp®)-C(sp®)

HHT, SCI0= & RIBR RGN T2 Rt & BRI B, FE Suzuki f5EE. Stille {5
16, Negishi I, Kumada {56, Hiyama AT Ullmann fBIE4%

Suzuki B G IR AT A ) — Mg & VG 7R (18] 12 5N I8 AT A A A 0
B A4 5 7 S B S R R A DR SE B (1] 4) 0 S5 AR RIAR L, Suzuki AR R B B
EATEEIEFKM, I H BT IEAA k47 . SR, 1548 Suzuki ABIK L ZWAFE —LLR/RME,
Forp A 5 11 1) R R A AR AR RN A% B B ELEL A B, RIS DA SEVR & 0 HH 56 4 0 8 o S5 T I el o
A5 FLAE Tk b R S F () mT RE M B AR, U an bt Suzuki (R s B2 PR G vy 30 ME AT 32 140 s i FH
HAKIARBARRNEM &M A TR —

- )
X + (HO),B >
Base

Figure 4. Palladium-catalyzed coupling reaction of aryl halides with aryl boronic acids or boronic esters to synthesize biphenyl
compounds
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2003 4F, i/ TF R T — P FH TG BC A4 A 48 16 751 B PACLo(dppf) 1) Miyaura 7% SRR £k 6 Bl 75 v
WEFE R I, JoTC A PR T R FE i AR I B B R I HE A e (0 (A 1k R o 3K P ot 1) 7 VR A R A T 1 12k
8 A 771 2 B3 280 % DA B AR A7) A A 45 T 45 5 TS T IR 46 1 Miyaura & . 7EARE 2644 T (Pd(OAC):2,
KOAc, DMF, 80°C), 75k xitb#(ArX)n] @it R HAH RN R £ 2.3, 2854 ArX 5 3 mol%H)
Pd(PPhs)s 1 1.5 4 Bk R H — NN B R BR AW . IFAE 80°C NN Fid %, By 13 BT
By, A, LR 7 2% BRI ER £ AT DL EHEFH T Suzuki REESON (18] 5) [19]0 33X — e TR AMY
WAL T PR 2R A, ERERRIR T ESRISY, NS S GRS I gt T —F

SO LS %,
Standard Protocal Suzuki Conditions
>  Ar—Ar!
Ar'X (1.0eq)

Yk

Figure 5. Suzuki coupling reaction to synthesize biphenyl derivatives

[& 5. Suzuki 1BEX R N & BB AR LU ED

not |solated

Stille 52 X A3 S it — M ES e 2.5 AT 2 k7] 2.4 Z [ C-C # A EL L7595 (14] 6). SR,
SN 52 2 BRI, Z R R RS S K RE RS, I R A BRI lek:b
JRI BRAPEAL AT Stille fH IR S MEAE SN FH HH T I Bk A, R ) A AR AR A A AR A 22 x5 T

O - sl 22

24 2.5

Figure 6. Stille cross-coupling reaction for the synthesis of biphenyl compounds

B 6. Stille ZXBEAR B & REXFR LS

2014 ¢, EgE/NHHESL [ PA(PPhas)s fHEAL 1IN 5 5 s A0 ) ey 08 SUIRBRRSE (1] 7). 10715545
PR N5 A8 SR I FRAE e — SOSIAR R AR EAT, T BAZE 100°C FA7KAH A AR s n R R (10 min) il 4 4% Fh XL
FEAEY), HWCERE . Z7ERE RIFNE R 2, HZMERERDI S5 I N 28UE R
FARLFIARIE =4, ALHE D TR 05 B IR s ) o AL, 12 BEAE 2,5- IR IE 22 ARG R R L
IR X Sk B, XA — R A B RPN SO AT R . 12T R R AR R 25 T 5 B
aifb B IR, RAEME, AKIERBR—IER, RERG T R07 MGG B EE[20].

X' MW, 100°C, 4 min [ N SnBus] MW, 100 °C, 6 min R@_@Rz
qd > i >
R Pd(PPhs)s, Sn;Bug R©/ A2 Cul \ 7/ \ 7

TBAB, KOH. H,0O

Figure 7. Synthesis of biphenyl compounds through the coupling reaction of aryl halides catalyzed by Pd(PPhs)a
7. Pd(PPhs)s AL BT Epa L BEX R L& KR LU S

2016 ©F, FARTF/INANRIE 7R T R id C-N SRR Stille 52 SR I S B & BB AT A= P (14
8)o FiFE/fEdk - ZHIEEER[AR-NMes]* 2.6 7EAEALE [ Ni(cod), FIBKMERC {4 LA K2 3.0 24 [ CsF f77E
T, S5 REGE 2.7 WA R AN, A AR IS FRTIR T 7 o 12 N K A A T RS e e SR e Z= i £
HEFAMNOAZ AT IS, e T Stille fRIBCS N AN TG, JFJy C-N HEIH AL SRR A3t 7 o87 i Bk [21]
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Figure 8. Nickel-catalyzed Stille cross-coupling reaction for the synthesis of biphenyl compounds
& 8. SR1EMLR Stille ZBIAR N & BRBKELILEY

Negishi {15 5 82 BB A A HATA (K 9)h i HT B C-C BBk N 2 — o e Bl A HLEE BT
H5HP I AR EEIE R C-C 8. 2 Ml &R 4657, 41 Pd. Ni. Cu. Fe #1 Co, #nJH T#fL
2. Negishi 5155 R P H s 0t 702 B e At DA K R B RE AT 32 P, O A LA 7 b iy
HC-CHMEETLAZ —.

Pd/Ni/Fe/
O ) 2,

Figure 9. Synthesis of biphenyl compounds by Negishi coupling reaction
9. Negishi BB R B & REEE LU E

2005 4, Andrei Gavryushi /NHARIE T —FhA 2 E AL 10 757 3 1L 8% 2.8 577 36460 2.9, =31
FH e it 8 T R 9 A AL D A8 AR BB S N A R R A A (] 10), 1z A AR 2> &1 NiCl, (0.05
mol%)1E AL, I LL(EtO),P(O)H F1 DMAP (% 0.2 mol%) Ntk . %5 ER B ERBAE T HTZ 1
SNGE PR, K230 B BRTE =R T T s & 47[22].
« - NiCl, (0.05 mol%)
nBr THF-NEP (8:1 FG= =
= = (EtO),P(O)H (0.2 mol%) N\ 7/ \ 7/

DMAP (0.2 mol%)
25°C, 1-48 h

29 238
Figure 10. Nickel-catalyzed cross-coupling reactions for the synthesis of biphenyl compounds

B 10. SREMNRZBIKRNEREEELLEY

Kumada 15k S W2 — b ELA% B 0 & ORI 5k, el i Il 5 07 2E s 4 2.10 805 5
FORRIR 6 2.11 SR BISEBL(1A 11), ZT7 R — A B AR T 7R P & sl BT £, AN fife 17 i
AR, SR, 5 Suzuki A1 Stille S RiAH L, Kumada {5556 52 ) B BE T 52 PEAR BRIk, A%
T Negishi RIS, Kumada {1 DL 5w O DR, DROA BTG 1R BRI E AL o BF AL Ar 3X —
WHNLER, TSP Negishi B S B Z LA R4 R 23] -

Pd/Ni
X + TsO/XMg _—

2.10 2.1

Figure 11. Kumada coupling reaction to synthesize biaryl compounds
B 11. Kumada BB R L& REX R LU S

2009 4, Arpad Kiss /INLIF A 1 i B (1 AR S5 AR SRt VR 1 B AL [ ARl S AR (I HEAL AT - i AL
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FURRIh T 55 3 stk ¥, 45 92 55 B Kumada (BB SN (18] 12). W 5E Bl BB oAk SsOs 4644
SR T O HR IR AL B BRI 5 5 B A CRE I AL ) I AR B, FR3RAS T RPN . thAbh, %
AT AR SE A R PR A A3 i B 45 BRI R % A A S AL 1) 5 R VR A PII 23 15, DT A 20800 . 1 7= 4 Hh 4
BREAIINER, D3 T RS S YRR =4 [ 4l FE [24]

Ni**-MgLaO
e =) e D)
refiux, Et,0
Figure 12. Synthesis of biphenyl derivatives through Kumada coupling reaction catalyzed by nickel (I1) catalyst
B 12. SRONEAFIELR Kumada BB R R & REER LS

Hiyama 28 XSO Em B S 1 DY T IS R Z7E T, AR 2.12 FIO5 k)
2.13 Z [A A MR SN (] 13). 1% J2 H Hiyama 1 Hatanaka T+ 1988 4E 14 IR H o - 7E IR Bt %%
PERSCEL T PSS RIF R A A K. 5 Suzuki fBIEAREL, Hiyama OB AR e T HAE F 1
BURERE R AR T A WU &9, ROy — R B8 B R T7E. SR, BT C-Si S fIMERAK
b, JONOEH E A 5 A SR AL . XA T AR, BN T R AR . X —
BRI T Hiyama 28 X ROSLTE Tl A 1 B FH RI4E T [25]

Oer w0 o
Base or TBAF

213 212

Figure 13. Hiyama cross-coupling reaction for the synthesis of biphenyl compounds
& 13. Hiyama 2 X BEE R N & RREE R L&)

2014 4, Hiroki Saijo /NARIE T —F#T VUG £ M5 TFE B080% & 2.14 3@ C-F #8354k 1) o Hiyama
IS N (K] 14) . PA(O)HE AL (1) DY % 2. 45 Hiyama (I s MAE TCH A5 PF R AT, Ih BT aff-—8A 4
IETA . b, BEFCHIBAE I, NiO) A4 % & Hiyama MBS S AR A BRI L T R4 . X
G 7 87 P S T A E i C-F B8R PR A A I Rl S 67 77 A B — s U & SR A 4 B . s SR AL i
TEJCHE R N ke A 48 R AR .

R1|_ X F . R2©/3|(0Me)3 5 mol% [Niz(iPrzlm)4(COd)] . R@_C\?Rz
~F & THF , 100 °C _/ \ 7/

214

Figure 14. Alkali-free Hiyama coupling reaction for the synthesis of biphenyl compounds
& 14. FwE Hiyama (B R L& BB R LU EH

Ullmann fEI5k s R A2 i St b v A0 P el 982 < Jo 4 £ D ARSI BB & B S 2 (15 15) 753, il
TREEAF ST WCERARMURT AR e 2K, IR RIS S AE A LA B N A BR . a4k, B
BRI, BHRENICSEIT R T8 M5k Ullmann RIS f8R . 40, @it il
AT A4 11 4 SAR G KR T B AR R [26] [27] FaAL 271 [28] B8 il AR I F — S Ak R 48[ 29]
[30], Ullmann J 82 MI RO RA3 2 7 5, XLt AR 98 1 Ullmann (555 SR FL, - 38 o 3
FEGR EAL S AT RREE B R (R R BRI 10T A PT REE

1904 ¢, Ullmann 55 N5 UKL, FEAD AL FIINEE T, W] 008 4l FE RO [31] . X —
RNE RIS A U A TUR A L M S, B P AR & B AN R R B AT A v ()32 B2

DOI: 10.12677/jocr.2025.132021 211 H WA


https://doi.org/10.12677/jocr.2025.132021

ikt S
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PR A R 3 B R 7 BJS, P OREEE iR AR, RS ATERIR . DHAR I, MR
£ 180 K I KA RGEAGMES, TTE 210 K B SEUBR A e X — R IA OB = 20E g it 17—
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Figure 15. Ullmann coupling reaction to synthesize biphenyl compounds
& 15. Ullmann 188k R R & REE R KL &
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Figure 16. Synthesis of biphenyl compounds through copper-catalyzed Ullmann coupling reaction
16. $EMELLEY Ullmann 1BER & BREXFRH LG4

2018 F, Akanksha Tyagi /NHAIFEZLHfE, MIIF K 7 —FHAEZIAE Tioz e fb A 52 Pd
& B AT SRR BUR A A TA R, TEIRAN AR A ROt AT &M 05 35 <A 64k Ullmann £
BN [32] 0 RN B FH RN - Y BRALEEAT (] 17), Sfegithsk Pd 1) Tio St AIARLL,
X IR A AR RAE RAFR =00, 8 E5Em T N IEFEM . Pd 99K R15 Tio, F 15
Ak T 2 EAMAH: wok, Bt THOT RS R R, R, X e gt A AT 5 ke Ak R
S (1) 2% U4 SR AR o T BE T AN 2 P RE

212 TR ESREANBREREESBEELLEY

2013 4F, Maria E. Buden /NAHRIE T —F LS8 1E S EE: C-H J5 A0 A S b & 7572
[33] (] 18), XFPIACRAL I VELE 2 IR 5% A T e AR T AR A 0% e (an 2R ATy ) 1) 5 B AL I B, 1&F T2
Fos AN 5 g fb ), L4 Arl. ArBr % ArCl. b4, BFFT BRI S2 Bl 7 3 C-H 87554k, #
BTV » BT R, NERENS TRWETF T IR, ETIREGR, EaRb 7T —Mas
s N, A E ISR E BRI B R NIZ6IE S RN R R . SR, B RN R ETEE, TR
A B (150 M) AR (ESRR). HAl, 1Z%EBAELESE— B FOR X Mg 7 ik R 2 2 R, HHH
Pl s B A LASE i FE R T

2017 4, Florimond Cumine, /NHTFR 7 —MERUT BEFAELE T 51 AR IR 55 28 5 2858 AR I I S
AR A (A 19). IXEEEmALE NN-ZHUX ZFRIREAT A 2.15 [34], o — S B Ay
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- Y @
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Figure 17. Photocatalytic Ullmann coupling reaction to synthesize biphenyl compounds

& 17. gL Ullmann BB R & BB R LU EH

/

Y

B ]é © t -BuOK o |
[}
gS DMSO, hv N N

Ph
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Figure 18. Metal-free light-induced C-H direct arylation synthesis of biphenyl compounds
E 18. X&RBHIFES C-H ERFEUERBKELULEY

IR ARIEACH) 57 SR ) T3 8 < 58 SR BRSO N, IR E SEIL DT S IR 5 2R IR AR S N, LSRR RL
RIS T TR WW%&E?LMWﬁﬁM@E SRTT, W T I7 B F , SEIUAH [ R SO ATH R
R AN EAPRAER IR, W] RE T ET A R A BT AR SE IR S N RE 22 . X B TUN R R
QMOC%ﬁﬁ&V%ﬁT%ME%,%%mT~MW%m$%fﬁMﬁﬁ¢M§Tfﬁﬁﬁo

2020 ¢, XIEME/NATFAR T — AL B HEALTE PR 20 (2- (P i 2) 46 35) HBE[35]. /£ 100C |, £k
24 /NI, AR T FEALY) 2.16 T LA R 2R DS A SR e AL D A LK) 57 AL (18] 20), ARFHHEAT T
ARPIPLBLSEEG, JFRM T ATRERONLEL. MUBESEIESE, BmhEZS 5 TIXMERREERE, o7&k C-H
SR AT AN R g P R o K IR SEIGHE— 2D 9 1 IR BR R 2 A S R rh B S A A o 8 AR
BLLAMEREIE R, AR R /N Lo TR0 -BuOK 2 R S B A ¥ 0 B4k, FROKSRBEIE S T (A4
A TN R ATAT R, R 1R Te I < i i 7k B T el B L AT 55t
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Figure 19. The cross-coupling reaction of iodine and brominated aromatic hydrocarbons with benzene to synthesize biphenyl
compounds
E 19. MFIRFRERXXNBER N ERKELILEY

o
10 mol%

| \RZ N/ 1 RZ

O ) O-C
= Z t-BUOK (3 equiv.) \ 7\ 7
2.16

J

100 °C, 24 h
(@)
I t-BuOK
7T
R
¥z .
216 t-BuOK
— |
\ '\/R fj
2 REF_
. |
t-BuOH
+
K
t-BuOK

H — -
v R@
+-BuOK H /= / I
: \ e

-+
t-BuOK

(b)

Figure 20. (a) (2-(Aminomethyl)phenyl)methanol catalyzed synthesis of biphenyl compounds from aryl iodides; (b) Mecha-
nism of the synthesis of biphenyl compounds using (2-(aminomethyl)phenyl)methanol to catalyze aryl iodides

20. (a) (2-(FRRRES) A E) PEeE WIS £ SRR R LU EY; (b) (2-(FRRRE)ERE) Pz (L5 28L& aix
ERUEYR IR
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2.2. BEFHUASMERIRERULEY

221 SFERUREEBREERLESHY

2013 4, KA/ IR T*ﬁl%ﬁﬁ‘]*-’f%@éﬁ%[?:+3]7‘7‘?£[36], P SN R T A B[]
ZORBE AT [A) = 2R BE (18] 21): % SN SR — I R BRI 5 00 I BRI o= B 1 R IRR R A 1,2-
IURER 1,4-T0pse; 55 — 25 A4 TolSOsNa FAvH B - 1,6—Eﬂiﬂ£\ FRER P IRMAR ST M A B 58 /NI
EEN:0FIAS N W OV E 25 i M IR NEi0 5 &2 o AL ARl BUID Qe S R NV IR 7 W Eil N 72 NN 7 KD A = S
PN T I R AL, DR R ARG FPRANIT 06, e = M Rt SO A s R O T —
gL 5, R RN ER AN A AE .

1
Tol O Hi
i Tol\ NaH (4.0 equiv.) ©\ S H
2S : L
Rz’\)J\R1 oY T R2 R *

THF, reflux, 3 h R2 R1

H3
[ R' = Ph, R-Ph, R? = Ph, R-Ph}

Figure 21. A one-pot cascade [3 + 3] method for synthesizing biphenyl compounds
[ 21. —$RREX[3 + 1T EE KA LKL G4

2018 4, Lakshminarayana Satham /INHFRIE T #7AE (BRI S48 2,17 0 AE 2506 T 2 £ TR TG 2.18 J#EAT 1Y
B3 + MBI 22), LAFREE R RTINS R 7 HA PRI B R 207 75 3 R B 05 Hk-1,4-
BR[37]. XA S NP [y SEFEVERT SN2 S RAN y ZEFEPE R 73T A I S R IS RE, - A i BE 4 DX
iEHENE, FTase (Farnesyltransferase) & G y7 e « JE B ANVE 22 HAR I IS AE4E A, RERS B0 Ras BRH .
K77 55-1,4- B2 VP 2 FTase I WHTE, 2 AW =R I E Ak,

CO,R/CN
| Br A Xy NO2 Cs,CO3 Ar
S XxCO,R/ICN +
N2
+ AcO” CO,Et CHSCN, 1t
15 min-4 h COLE
217 2.18 2Ft
Figure 22. The novel [3 + 3] cyclization reaction of zinc-leaved Lide and nitro alkenyl acetate for the synthesis of biphenyl
compounds
22. M ESHEBRE ZBREEHES + SPMUR NS BB AL U S
o O
Ph
Ph)lz\w/\/ [PdCI(n*-allyl), DABCO Ph)l\©/Ph
' CsOPiv, tert-AmylOH, 100 °C, 20 h
N-"N0co,Me
2.20

Figure 23. Palladium-catalyzed [3 + 3]-dehydroaromatization reaction for the synthesis of biphenyl compounds
23 $EELMI[3 + JIMEF MR L ERBEE LU ED

2022 4, Kenta Koike /NHARIE 1 —FHEEAEAL O I ZERR 2.19 ANBRERIA A IE 2.20 [3 + SILETT LR
I A R R R ) R R = IR 55 R (] 23), [ il AR RALRR[38], I HIgE — iR fEke
BT . BN R A BRI I P 1 (X sk P PR B T 1 S BE RO L B o X R ST 1) 2% P AN AT FRTATL
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PR FUAR T, MR (A A FSAN R TR X 3 vt e L R M7 L AN AT 7 el B 2 3 IR A0
DX FENE S B384 AR AE & A 5 B AL 540 77 T )t — 20 B EAT SE VR BT 7

2023 4, HERF/NEIGE 7ML RBRAR 2.21 AR A R % 2.22 173 1B B AR T R ONE39] . i
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Figure 24. Molybdenum-catalyzed intermolecular deoxygenation reaction of alkynones and allylamines to synthesize biphenyl
compounds
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(a) Prenyl bromide, NaH, DMF, 20 C to rt, 3.5, 7 h;
(b) 20 mol % AICI3, Dry Dioxane, rt.

Figure 25. AICIs catalyzes the synthesis of biphenyl compounds from isoprene-based phenylacetones, phenylketones, etc.
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Figure 26. The intramolecular carbonyl allylation reaction of a-pentene or a-phenyl g-aryl ketone sulfone synthesizes substi-
tuted benzene
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