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Recent Advance of 1,2-BN Heteroaromatics in China

Xu, Xiaoyang Liu, Meiyan Li, Chenglong Liu, Xuguang™
(Tianjin Key Laboratory of Organic Solar Cells and Photochemical Conversion, School of Chemistry and Chemical
Engineering, Tianjin University of Technology, Tianjin 300384)

Abstract Polycyclic aromatic hydrocarbons (PAHs) and their derivatives are widely used in the field of organic
optoelectronic materials, and the photophyscial properties of polycyclic aromatic hydrocarbons can be effectively modified by
heteroatomic doping. By replacing carbon carbon (CC) units with an isoelectronic and isostructural boron nitrogen (BN) units,
the electronic structure and intermolecular interactions of PAHs can be fine-tuned, resulting in new BN-heteroaromatics with
unique optoelectronic properties and bioactivity. BN/CC isosterism can not only enrich the famlily of heteroaromatics but also
promote their applications in the fields of optoelectronic, catalysis and biomedical applications. In particular, the researchers
from China have engaged and promoted the development of boron/nitrogen-doped heteroaromaics, leading to some great
results. The recent advance of 1,2-BN heteroaromatics in China from the chemistry perspective is summarized, including the
synthetic development of 1,2-BN heteroaromatics, as well as their applications in variety of research fields. In the end, the
development prospects of BN-heteroaromatics are pointed out. Through highlighting these advances of boron/nitrogen-doped
heteroaromaics in China, it is hoped that more researchers will be interested in the synthesis and application of
boron/nitrogen-doped heteroaromaics. It is also hoped that this review would stimulate the conversation and cooperation
between the chemists and material scientists in the related fields.

Keywords boron/nitrogen doped polycyclic aromatic hydrocarbon; isosterism; aromatics; organoboron chemistry
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- . B Ar
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Scheme 7 Synthesis of 1,2-borazaronaphthalene

223 FRGE 26f A EBAFR IR

2014 4%, J5 AR IMILAL T 24425 26f BEE
MBI 2R, Fo0F 268 19575 5% B A S N R AT T TR
FIWEFL. AR AR A2 43 7T LS 2 Fh o f i)
R 2 B AT A A 1) 28 AR B S B2 (B Sonogashira
Suzuki-Miyaura 1 Heck KIN). #F—BHFFR, &
M2 ZE AT AN Zn(IDAT CA(ID) &5 T B A5 MRk 3%
PEIE eI N (Scheme 8, a). 2017 4, % B £ B6E %}
WA 2425 26f (RIRS1L SO Ak AL 32547 T #F 98 (Scheme 8,
b). 2015 4F, AAI2E B T3 T WA 4425 26f (15U 49,
I HAE A BN TR/ & AT 5 05 B R
Suzuki 58 XABEC M . BFFER I, 54K KU AC 4
50 FHLE, B35 2% U G A4 ) 48 46 3% 1 B =1 (Scheme 8, c).

2013 4, FEUR . FERIAEA LTS8 A R T P
b DU MEy IR Z4 25 (51a A1 51b), 2R b ket aE
AT DA B 38 A0 v At 1t AR YT 43 1 TR AR ELAE A AR
S1a A1 51b #FR I AL R AL AR E (B 7).
ARG BE7 5, AT DG TR T S1a BIA L
RN RS (OFET), Zas R p BUALHIIIRHE,
HEmE /N GEBREE A 0.15 cm?eV les | Xt
WU 05 e i O B B AL 75 28 . 2014 4F,
AT R GumiE Fe 1 Jo ok B K R xo) DU Wy 0 2 2 2%
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Scheme 8 Late stage derivatization of 9,10-borazaronaphthalene
CSH7 CSH7 CBH13 CBH13
S S s\ "s
= ? A Z
|
N~ . _N__~
S S S S
CsHy 51a C3H7 Cotlis g1 CgH1s
HsC CHa C2Hs CoHs C4Hg C4Hyg CsHq CsHq
S S S S S S
Nz N~ NN~ Nz
S S S S S S S S
HaC s1c  CHo CHs g4y  Cobls CiHy  51¢  CaHg CsHu 515 CsHn

B 7 DYmEmy R R e 5
Figure 7 Tetrathieno-fused borazaronaphthalene
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PRV AR (] 8). S5 SRR, A B 45 B A g
T2 A B DY MRy R U 5% 52¢ FERRMEVE 77 TR 2R B
R 3R B 6 (Local Excited)fil HEfif #4575 (Charge Trans-
fer, CT)A I, Hplie, BASPEACH) CT KM UE 1) 75 fir
Kk Z g, FW] T B RBECRE. BAh, #E
T E SRR R DYy SR AR R R A E R IR,
AR T RGO A R . 2022 4F, FHBEARF
XI| FREFE S BOIEARRIT TE 1 45 HL (05 BE ) AR i (2
5 M) A= A1 P HUA B O e A B o R S ), A AT
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2022 4F, WENHA « SR IEA TR A S DU 2R S o
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Hartwig 8IS N 70 51 5] AR 9,9-— I 5E-9,10- 4
MY RELR R RIG, 193] T LLEHZ 53 1E NSRS -2
1-2514(D-A-D) BRI 2% 5 /2 S4a F1 54b (Scheme 9).
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BUE— PR B MR 07 2, BRI R roaEy
HPERE, TEANUMEIR Rz, e4 kP RiE T
PR PR BAT A 9, 55a~55¢e). 1960 4,
Dewar BREHPOMRIE T W Z 44 55a. 2014 4F, Liu ¥R
BTG B0/ 0 2 242 180 55b Al 55¢, I His ik <M
LHMCHE T RESTE A T BRI B T A5 M, IR T
M5 2K E R BT A AT 7. RBPEREIT 7T 3%
AR 55b F1 55¢ AREHATIAIMER B AT Friedel-
Crafts Vi, {H 55¢ o] DAHEAT SR LML R L. 2016 4F,
Klausen Z5ECSHBHE THIEZL B 55¢ fTAEMIMA K, I
FFE 70 1 0 0 SR BT 2 FPE B B 540m. 2019 4F,
Liu B WRIE T2 55d ATAEDIRI AR, WA
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T PUZRABAL. 2021 4F, SRR TR AN FH A S5:Le0)
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Figure 8 Tetrathieno-fused borazaronaphthalene bearing a diarylamine and/or diarylboron groups
9H-carbazole or
O O 9,9-dimethyl-9,10-
B NBS I|3 dihydroacridine ||3
|
N CH,Clp/CH;CN N Pd,(dba)s, P'Bug-HBF, N
O ‘ 5 5 NaO'Bu, toluene
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Scheme 9 Tetrabenzo-fused borazaronaphthalene and its derivatives
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Figure 9 BN-anthracenes reported in the literature
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Figure 10 Thieno-fused BN-anthracenes
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Scheme 10 Synthesis and functionalization of bis-BN-anthracenes
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Figure 11  Aryl fused BN-anthracenes

HFRAR T b R =AG53 R R 5 H0E R 8, SRR T
XEefy R RN, $Rm T 66 fEGE N IAREE. B
R 66'FHEL, SIATNERITE, 40T 66 LA
T RSy ORI T AW R AR A R A5
66 FILH R A Mk 66" MALIIHES 451, oyt
[AIPE B ST, A AT I AT AR . 2T 66 ) 5.
A R A SRR L 0.33 em?eV Tes A UGE
2. 66 [ mife e VEAT R AT HIIERE 3R 0, B TeH)
RN I AR E R R IR R A ROTE, RS
BA DT AR AR — Fh T 47 58, 1X
O NI Aoy SR R A U R A VAR E

2020 4F, B AN Rl SHE O TS R T A
XU A% BN o0 ) BAT - — 3R & B SR [ 2,3-b ]
Wy SR R TR 68, S ARG B, (H
RATTIE 68 1 HAT () 5 AURIDGAS SE 1 (Scheme 12).
ZREH RS T 67 Fl 68 e K A=A,

TR 55 e TPl R 1 Lewis BRI, 1L&4 68 7T LLik
PRI 5 FRT ATAALASI, RO 68 & — M RA T
RS TR, BT HRIBU AR OFET #4F1)
WRMEL LRI EY 68 B A H L ifa et | m s R
YL BRI T n-n HES K, D FHEH
£ OFET #3141 B4 K}

B — PR B EOR A G ke, HOA MR B AL R
BRI R R R T AR B O A 11 E L R B
2020 4F, mAs RS AY) 69 S oCHRT A, @
Toh 0T A 1D S R AR OB A B TR T B U T R
70 FIR A 5 K2 71, AT RG9S 1 70 A 71 4L
SR GE R 6 AL A T DR E AT TR S T R R AT A
(Scheme 13). WFFLFEH 70 M1 71 EAGHA K BRI
Kasha [¥5¢ 6 R 5. 180 % 305 7 0] DLEAT T4 M,
{H2 70 F1 71 RN =8 IR 5 KA T B, 3%
A R B PR R R A SN, LIS 7S Rl A T BRI A
I 7 R RAFIR I 5 12, NS JE R HA MR PR R AN 1)
RE PRI Y 2R Lo 05 e it 1 o 1) S B

FAXS TN PN AES DT 12, TGN R4 J5 A
Fis b, 2021 4F, GRIANEE H SECOE FTEART /NIl A
H 75 1% (32a~32d) i T 3L A b, JERE Stille 32 X ABEE
TE R EE IR AW, RIGTEE BT 5 T8
SN SN B B T AP B IL RS S 72 R0 73, T2
A 73 RIH R AP RRIEAT A, 0 H B @[ e v
MFFEE (B 12). BERILAER G 72 F1 73 B n 4
FRTEAREE A B W B 42, R 68 A7 R0 7 1K B & X 3k
IR, FERRICEA A2 R IRk

66'
2iE=v NI S R IPRAS I S
Scheme 11 BN-doped tetrabenzopentacene
Si(Pr) SitPr)s Si(Pr) Si(Pr);
Il Ph Il f Jh It
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Y A - Y A
P Y = 74

S = S =
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Scheme 12 BN-embedded eleven-ring fused heteroaromatics
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Scheme 13  Azulenyl-fused BN-anthracenes

B 12 FETHERENHEILIES
Figure 12 Ladder-type conjugated polymers based on BN-anthracenes

2021 4F, BCARHEIRRZLIOTHRIE T LS S 44 BN
RO R — BRI R 24 05 R T4 RN B IR 2 95 2 T6.
HHREDEIR 76 FHT il 4 m AU A HLA BH B8 it
(Scheme 14, a). ZEEY 76 REREN =LER%K
E(T)FE/N LRS- — RS BEHE AEsr, 7 LA B%
KPR EAR = EEMREDR. ETIHEY 76 ANLK
FH fiE L 2R 3R 15 T =k 16.1 %R DR L AR DL &
0.88 V [FJFEEHLE. 2022 4, ZIG S SHRE T — ok
BT B 07 R I 2 AR - 2R RS2 R (A-D-A) B e 34 53
T 79, W AEA HLK BH B8 It ) 82 AR A R
(Scheme 14, b). Fiszk 79 A AL 5 12 77 EFi R
NiE . WEALREE 79 A W a3, HH AEs KA
02 eV. ZTHEY 79 FIANUKHEEHEILERFRE T
8.3%MIZA, FIRR N AR 5 R AE A HUKPHBE Fit
AARAKHIHT .

24 WRFRIE(EW)

FERBM T, R E 5
NEME, FERA AN, FETIE ST NLE 1)
ANFE, SCHRP OSSP B A 2235 (B 13).
AR IER S — D A 4E 80a & H Dewar R4 F
1961 4FA . BN AN 1V 2 B840 U A 3R )
G BRIPE AT FLEAT TR, 1969 4F, Williams P&
ZH U0 S R A e ) Y IR I N & T IR FE 80a
IATEER). 2007 4F, Peirs PRARAHTIR THE R TIIA N E
IR FE(80b), 80b EA W5 (5 e A i i 2 o &=
FrEE, 2013 4, EATIHREATIERE T —MOLEuHE %R
LA & 24 3E 80c. Vaquero il Garcia-Garcia 2517311, 3-
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Figure 13 BN-phenanthrenes reported in the literature
24.1 MRZIE 80a A B AL S 12

2018 4, ¢4 Hi A SRR NI AR TOR FH 2 0 3 17 R 2%
LA S B e 7 R B T BB R O e 82 LR
) 84 (Scheme 15). HI%IT7 Kt 82 MELTEILHER &
84 £ HIVE T th R I R4 A Ak, £ DU S kR
IR IR A D RSO A . BETRILHER &) 84
MEI5 575 8.3 X 10° g/mol, BA mfi#vda et X
R SCHR OB 2 B B AR T L HE S A M AR IE.
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Scheme 14 Polymer embedding BN-aromatics and their application in organic solar cells
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Scheme 15 Ladder-type conjugated polymers based on BN-phenanthrenes

2018 4F, ] IR URGE T —Fh 05 F MK B 1)
W2 N, & T 9,10-Z 40 FE 544 85 F1 86, X
WK 86 L5757 Ik "I ERER BN = T HZ A K A 4
AL BB RN, H3 T 554 88 #1189 (Scheme 16).

Chin. J. Org. Chem. 2023, 43, 1611~1644

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

NT AT BB T, AbATIH A T ORI B A A
ek 87, SA AL EM BAR/N 7T 85 FiT 87 AL HE
RAY) 88 F1 89 F I H R4 1) 25 S/ /K o R ME AN SR 5
FEME. /INo>T- 85 F1 87 FILET SR A1) 88 1 89 MV ]

http://sioc-journal.cn/ 1623



BIKE

DLA SR A M 9 B8 1, 4 9B T I 2/ 73+ 85 i1 87 Fi
AR A1) 88 F1 89 1, £ FHEUR MHE 5 I W R
HAR B A/, FEERE PO L. RS
) 88 1 89 LR tH b /NoyT- 85 A 87 T 471y b Z AL Jk
e, KR OTRNER] & PH TNy 87 FIEREY) 89
{18 R I 10, ¥ 7 0T 5 1) R A bl A

2021 4, JiEIR . O TSR I s 1
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2021 4%, AT MR ZH 8 B Suzuki-Miyaura 58 XA
BRI B R T — R B A REFE T RFERS 9,10-
BIRMAER B 75542 922 (Scheme 18). 9227 7E B4
SHESEFERERBRIMESZOK L BAAE

TrEE(9=0.57, A=15 ns). 92X IR EFE T ROLHER
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2 DR MV )5 43 2 18] (1 5 1 B ) 2 5 P E er i #S
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BARIE T TR T A RIS e E AR5 ES: WFHE T
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HE— BRI T 9227 v BRAR 0 R HE B0 AR (R
I FH 2] 0] 30 H0CH0 R A 2 k. A R TAE AT K
TR R T AR FER RS R RO T, T H.
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G — RV EAREFE S ROCR R AR R I
WBEWY 73 DA R B A5 48, R H U (R B
WA AT R
242 ANRZIE 80e HEAL AR 12
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N FE-1-ZR ORI, 20t o8 A s B 55 2 55 I B
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Scheme 17 Studies of single molecule conductivity properties of BN-phenanthrene
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Scheme 18 Cationic PAHs based on BN-phenanthrenes and their redox properties
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Scheme 19 BN-phenanthrenes (80e and 80f) and their derivatives
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Figure 14 Imide based on BN-phenanthrenes
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Scheme 20 Azulene-based helicenes embedding with BN-phenanthrene
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Scheme 21  Synthesis of bis-BN-phenanthrenes and their properties
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b ATT IR 77 B0 RN GRS T SR PE (B 15). BR AR A,
=PRSS (114d, 114f A1 114g)7E B ARSI A
B RIFIROEEE. B2, 4% D-A-D BIMEI
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B 15 HEAEIIBLIR B G 5

Figure 15 PAHs embedded BN-phenanthrenes featuring me-
chanochromic luminescence
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YRR 2153 B v 7 %8 (Scheme  22). 1% M F 5 38
e hr, ZRRMAMERZES 1,2- 2055 R BinT L
B3] — RHM LRI [a] B B AT WG Fwe
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FEANHEFT 7 I 20 B 50 3 2R I [a] B FE T 25 M A
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I R 2% R I [ UELAG 208 1) B R AL K

1E FRBF IR I, 2019 4F, EFH. HIAHAM

SN, SRR [a] B 11 5e B 4Bk T I fEAL, SR T
— RINMEF R I [a] AR (1212). —FH)(121b)F
= E¥)(121¢) (Scheme 23), S T H AR IePEREIIA 2K
RO Ik 1210 B FHeSORI. B AR IAEA
[ (R b 350 mT DAEAT i A, HR SO S0 A 5
TEAS RARH TG, H8 S0 I R RN oy P 3t B35 1R
m, HERAERIR, THRFPRACEE, 30 s PRIAT iR g,
AT CAER B, T A R I [a] O BUR et
B R THRSUs I, RS, WABOERE T
P, NIRBUSBHE AT KA T i k.
2020 4, A MG RN B A EE A5 S0 o B A o
n IHIA R, ST RO L 0 R e R
(123)[1J# 5 (Scheme 24, a). Wid 5 HARWP X LA,
R I S G 1 5] N AT LA 2K TR T 43 IR A ELAE
I HERARR R, 3k T S RO Re R HLEREE 7L
R WIS B 5 2 1 HEAR 7 s RBEIR B R (A) 25 ki
TE R R T 2 T 1 BB B RO RER 2 BRI,
BUIk 77 8048 €4 85650 F A BUER AL T — & I B AR 4.

A R A 2605 o 3 Fh AL R S SR A ke S Ee PTCIE AR AT BAR S SROK, i FLRCA I R AT
o ” (] JERN Ve
: N-g :
C : NH OO NJBH OO g-NH ZNF ph
115a b 115¢ s ; nse, 7N

115h 115k 1151 115m

------------------

Bl 16 WA DUA T
Figure 16 Tetracyclic BN-PAHs

Pd(OAC),, PPh;
Nazco::,

116 +  Ph—=—Ph
CH3CN, 120 °C
N
"B
= Br
117

BK 22 P E A RO RIRAL S RIS ST A R TF [a] B

Scheme 22 Construction of BN-doped tetraphene by transition metal catalyzed alkyne cyclization
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Scheme 23 Derivatization of BN-tetraphene and fingerprint imaging studies
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Scheme 24 Mechanochromic luminescence and bioimaging applications of BN-tetraphene derivatives
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FH EI B KEPAS I 455 (Scheme 24, ¢).
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crye
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2.5.2 AR IR[A12RHAL5E. 115g) A s a9 A IR 35 1%
2020 4F, sREAEASESHRIE TR RYIHEF
THT PRV 60205 [4 148075 53 -1 & BRI U 72 (Scheme 25).
IS Suzuki BB S5 T AL SCEREUR N, 6
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RUA]ME 7 LA WA A AE B e S5 4. &5 & ER T E
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F [ATREME (B 2601 R 2L 55 10 05 A 1k, B9 VR ) A [
I T 05 B VR R AR K. A R 51 I Ak (4]0
AR T A RRIE, R TR OGR4,
2.53 AR E[4]3R M A A0S 69 a0 R AR IR
2015 4F, FEWR . FHELT IR O TG R 1 Yy
AR MR 75 45 128, WK 128 RILH L F 1)
fa e YE(Scheme 26, a). IbAb, @il SE RN . AU
HIAZ SUABBE S 3 Fl Knoevenagel 46 N 55 % 5 Wi
ST 128 WIfiTAAL, 1REIT —RAIMATAEY 130, JF
X IX SE AT AP M AT T VA I AT, 2021 4, 3

c  CCIBN ./ g~ R
D —— /
” NH

BN-[4]helicenes, 115g
@==042~0.70

B 25 WA [41E4E
Scheme 25 BN-[4]helicenes

Suzuki

Coupling

B 26 WEW /BRSO T e
Scheme 26 Thieno/azulenyl-fused BN-PAHs
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HUAFEFE T IX ST A5 R I L S A L e BRI S5 DA K
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B 27 WEAIRIEIT R
Scheme 27 BN-doped larger size helicenes
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Figure 17 Oligomers with multiple BN units
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(Scheme 28). 5 H ARk RYIAALL, AR AELEXT
BRI S5 e I IR S, AE AT DSOS 2 TR P F - 45
PR B . & T B AN EUR 7 o] LASR = BT3RS 1) 2
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Scheme 28 Bowl shaped BN-PAHs
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Figure 18 BN-doped perylenes
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Scheme 30 BN-doped perylene diimides
262 MMAIEREARLGIZ

% K (Coronene) LY FR A “HE AR, Bl N &/
A st i oy 1, HR L BAERTE. S — R A
HA Den XIFRYERIFI TS 42, & —Fh EEE RGN A
BT,

2014 4, M. FHETIRBAN R RIF LA
R, B =D R, MHTTEA 13 DI PIAIECR
TCIKIH 2% 5 (144a F1 144b), X 2 SCHR F RS K
RS PIARER M 20 2% 75 482 2 — (Scheme 31). H 4R 4544
KW, 144b 737 BA LI o K1, JF B AT AR EEEIH
FIAFRRMR: —fi2 S#IBA W), 5 —figld B
BRI R AR B A N AS D5 B R R S B A
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FIFETE 2015 4, sk HAFRFANCIR A 2R f
WA SR & 1 1 AH B B R = 282570 F 146 (Scheme
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MRS 146 A 355 KA.

2022 4R, EH RIS RS DL A T8 Bt 5
PR TT, 18 EURE T 0 S X 5] N — 4l &R o,
1330 —Fhopr B A 2% 95 & 152 (Scheme 34). T84+
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Scheme 31 BN-doped coronene derivatives
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Scheme 32 BN-doped coronene bearing three BN units
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Scheme 33 Hydrolysis reaction of BN-doped coronene
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Scheme 34 BN-doped coronene-like PAHs
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HL A Bl TG e e FLAT AR A R 1 ' A B A o
ﬁi%%@?ﬂﬁkimﬁ%%t,mmﬁiwmﬁﬁ
AN EG BT — RPN RS h % 166, JLHZ G
TW% LI F R (K BRASE R 160, 159EIFIRE T BHARY
RGN, B AR N B S b R ) G5 M R B
1 I ~F- T P (Scheme  37). A #3438 i 1 5 A0 SEEG A 7%
Ko XUR 2200 o IR P 55 B AT T Bk, B AU R A A
TIN5 B 1 Ll A B iz R AH AR 1) 05 A RS e ER
WFFER B, FEXS T A B iy e A4, U 2005 iz s (1)
WAV SIS R A T — e REE MR, BT AR
fe PRI R PR = e R T, O 20 i e K AT
AW 166 HEFAMEA NG BEARNF I El). T2 H
M, VB ARIE 1“7 AR h s 162 AR, ™
e 00814 SR FH AH ABA 1 5 FL AL S B A 1 T — &R A
R INEIG R, FERF T T O ERPE R 5T FERT
AR U R b, 2021 4F, XSG ERAIZHIOIR F VA
J 5 1) 5 FBAL SBE, B BT G/ A A i e
170 FIXUHH %S $i1 % 168 (Scheme 37). SN2 Hi1 1% 168
AT 170 327303 X S ZRHEAT T B AR G RALE. %WﬂLA
SRR 166 AH LG, T4E45 4% n] DARRACHT 26 73 19

(2) MesMgBr, r.t., 6 h

sol
B.

c
4

HoN NH, (1)BBr3 180°C, 48 h
2) MesMgBr, r.t., 12 h

15
HN !‘ NH
B B.
Mes” OO Mes
156

B 35 RS RIS =
Scheme 35 BN-doped perylene and BN-doped coronene

H Ar
N= _ PhBBry, EtsN
N W R Tol reflux, 8h
H

157

Q“i

158 Ph benzopentalene

Qi Qiph Qiﬁ

158a

158b 158c

B 36 MR FIFIRIER
Scheme 36 BN-doped benzopentalene
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ekl
3
isoelectronic HB N BH
| |
O isostructural HN \©/ NH
159 160
(1) BCl3, EtsN, PhCI (1) BCls, EtsN, BugNI, PhC
/[T"& (2) PhBCl,, Et3N, PhCI / 5 { 5 then RMgB 4?7&\
Rz N (3) BCl3, Et3N, toluene (2) BBrg, 0-DCB N g-Mes
HN Then LiAlH,, Et,0 then TMP, Then MesMgBr S
'Half' BN-Ullazine
'Half BO-Ullazine
162 164
(1) BCls, EtsN, BuyNI, PhC
) ﬂ ,  (1)BCl, EtN, PhCI ( 5 [ )\ then RMgBr /@
RN e R (2) PhBCly, Et3N, PhCI (@B&&amm Rg A R
’{j l{l (3) BCl3, Et3N, toluene then TMP, Then MesMgBr ! ]
R! “R! then LiAIH4, Et,0 : _ o o
Bis-BN Ullazine Bis-BO Ullazine
166 168a: R = Mes
168b: R = Tip
Of\ RN
N R\II3 . EI3/R
HoN OMe borylation HN o]
BN/BO Ullazine
169 170a: R = Mes
170b: R = Tip
B 37 WL h
Scheme 37 BN-doped ullazine

H—0KH 168 F1 170 1E AN KINE, Hil& T8I
HHLR G & (UV-OLED), iFF T 168 #1170 7£ UV-
OLED H#15 B .

WG A JE IR 45 I TE CP-PAHs 1) 217 1E.
2021 4F, X JE e i 2H 00K B bl s B U T 5 R 1
C—H Wik S BAE R S8 By, HOEA R T — RAI A
FIR AR A AR T 17T1a~171e( 19). BT X
BRHHROE I B AT R, 2 DUOR AR B e B U 1
S F AL S SRR, 2T TR P I R R T 5
] (15 FRAIAL S B, A pRs A i 404 CP-PAHSs 244t
THRER. BEREY, 17T1a~171e KCYBMR 555
FE I RSE RN A 77 B VA G, SRS 7 B S I 3%
B, i RIA VISR s i &0 P T R
(TBAF), £ FHILI SRR 5 i &R K b 7= A T
— AN,

J& J#i (Acenaphthylene) F1%¢ & (Fluoranthene) & H. A7
A% CP-PAHS [ 8 LA 1. e o e M/ ¢ U Coo 13
ARGER R B, TE I/ R AT A S Coo I EE ZEZH K,
B 2022 4, XU EREAL & T —Ff i ek g 7Y
BET 51 TR SR B B, PUEM R T A A %
173 MG 177. RS E /58 0T LUK AR X 38k 3
) B AR R, i A 284 e 4 2 R ] DAsE — 2B AT &
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171d 171e

B 19 TREAIE AR A AR A

Figure 19 BN-doped CP-PAHs
FhAZ AR S 87 LA 77 A — 2 A1 B 50 e M ok B AT A4
(175a~175d Al 179a~179d, Scheme 38). ¥igitH %
B, RN R TR DA K /98 BT HOMO-LUMO
REB. S EERT AR, AR E R AR A RLE
TR AT e PR AR e R TR
CP-PAHs ¥ T 18 %
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(1) BCl3, EtzN Br,
NH & —
(2) MesMgBr R=H
=
173a:R=H
172 173b: R =ClI
‘ \ | R=Cl ‘
Suzuki Miyaura Buchwald-Hartwig
coupling borylation coupling

OH

175a 175b 175¢
BCI3 EtsN
2) MesMgBr R =Mes
177a: R = Mes 178
177b: R= Ph ‘
Suzuki Stille Buchwald-Hartwig Sonogashira
coupling coupling coupling coupling

179a 179b 179¢ 179d

B 38 W& O UM A T 4
Scheme 38 BN-doped fluoranthene and BN-doped acenaphthene

28 WHETMIE(NBN)ES THTHREE (Scheme 39, a). NBN 7% K FFAEH 4 180b [HRACHTA
" _ - . Ye] DLt — DR Ec S 3] 181, T MBI A g2k, fib

IR RIS R 2 R B A E0E 2 ’
L PR R S e 2UE IS ErH T NBN 42061 182, 182 S HFI MG
BT R, TR, &F NBN HICHil & A ER i AL IR, BE ], 2l it
BRI AR ES e e T DN j_qu%iwj%’“ et NI T
Xk, (BRI NBN MOEEh s ARER SR 0 YRS, TR S R Em L. NBN A
Zih e B Pk GBI, TREET 2 FRIRITEE 22, AT A s KB
2016 4F. BRSNS Suzaki FRECHIF i, FAXUEREE, AR 2 R AR s 55 0 05 A

N ‘ un V. FTRER S G A AL B T R (L
S IER L R, 2t T NBN 2 — %56 A4 180
. = SCI W], 180a JUT R BN Jy — B A 180a-2, BLEE
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R SR

W RN, RN T 180a AIBHE T H i3k a4k,
A WL S SR e sy e B NN = I N (T =g 5%
BETHIRAE. 2020 4, FRILRIR OB 180 34T T
S0 TR, 15183 Mo TR RS sl &8
TEALPIEERR RIS T — R 511 183 T4 T Bk
(Scheme 39, b). HFFERM, XL T B4 NBN HIGH T
BEA mE TR, X T B OLED 8 &
P 2B R A

2019 4F, FRIUFIA SCE SR R T A0 BRI (2

R R Ce'{‘13
| |

(@) O N-g-N O

180a: R =H
180b: n-Hex

Suzuki-Miyaura

BB R SRS, = R T I B ) = 2R 9
la, 1 2EATEY) 187, SR )G &t UE T 5 1 5% Fe il 4k
RNA T 24 NBN ZUHH31 75 1% 188 (Scheme 40). 188
B SR S AT AR R B T KR A T A G a5 . e
VBRI T AR, 189 EA SR A GEUR A = B AT
AR 2. fhATCL 188b 1E N REZHI % T
OLED, i £kt B 85U G2 FE 7 AR X AU 1 J5 2 vl
JE(2.8 eV)FI T 8095 cd/m? 5 At i

Bu 185 Bu

Bz 39 NBN BBUCRIFAEARIE
Scheme 39 NBN-type dibenzophenylene

coupling
Ullmann
coupling
183
R R R

| |
NH HN
O A e O
O DCM, r.t.
=Z A Ph

Ph Ph
186

| |
NH HN

QL

O BCl,

0-DCB, 120 °C
Ph

188a:R=H
188b: R = n—CsH13
188c: R = n-C12H25

B 40 NBN RUFHI 742 K ILAE OLED Hh )R]
Scheme 40 NBN-type PAHs and their applications in OLED
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2020 4F, FRULF SR 433 S0 ST i 8 IX 4l 5 1
[1)5rF M Scholl RIE L T BARE Co XIHREE #4120
BRI [S1H547 190 AN A 6118 ) 191, FinZit
T A MR ST e AT R i AEiE 45 74 (Scheme 41). NBN
LTGRO T 7 U S5 4 X[ 6 M e A P e 7 1
5, BHNEZAUERE 190 A1 191 FI5OLE TP %5 M m
1£ 0.83 10.80. 191 £ T4 43 5945 2 B (M, M)F(P,PY P Fh
R SF AL A, 35 SR H S B AR R G(CPLYRFE. BA 191
VERRICE BRI BRSO, R

~<*" FeCly/MeNO,/DCM

N 4692 cd/m?, ULH T FAEA LG HL AR A T AR R
HrH.

2021 4F, BAZR e AN G kg O TE T d i A Ak )
Larock BIRA{LJx M# & NBN 2% 55 £ 1) & 5
(Scheme 42). A1 T % FimiE SIS, Mt
T NBN 2580050 T, EHEAS R B EUR K e R/
ANTCHHE ) NBN Z:AEAR ) 193 1“7 -NBN Z:JEHR
1 194, FEVEAREFL 7 H e EE . AR, &
NBN HIGCHI7S TG A 1 07 B EA R T AAEE A

0°C,0.5h

B 41 NBN B2
Scheme 41 NBN-fused double helicenes

Pd(OAc),, PPh

Br,
NH
@,B @ + Ar——Ar
NH |
Br

120°C, 24 h
192
Ph. Ph Ph  Ph
(O ax
B B
o i
OMe
193a 193b
Ph. Ph
N\
Iy
N
H
193e 193f

Na,COj, LiCl, CHsCN

Ar, Ar Ar.
N, N,
wel) G
NH N
Al

193

194a 194b

B 42 ALY Larock BUFRIK S S F 4 NBN 4205 48
Scheme 42  Construction of NBN-type heteroaromatics by palladium catalyzed Larock-type cyclization
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ik SR

[F 7GR g, BA & RET SRS GV 7OtIE 5
(AIEE)IRHIE. FET- 0, 1K 193b FTHRIEY R,
HAGH PR AT PMEZE 230 ng/mL. iZAHAL K& RIS N
TR BA AT RIE LS NBN 28 2 IR ILPE/R R4 18
(7732, I Hoik— 5 B gk L BIEOR SRR IR L T
DL

FEAE IR 12 248 FH U0 Z(NBN) 2 70 B = 55 (Cs)
BT, AT LSRR R ARG A B )6 o1, T
] DU e 5 1 b A8 A FE R T NBN 34 21 BOAH B
(1) H E 2 BH B, 3 B A B SR e i SR 5 = ) A
HFREE . HE, BT G181 & BRI =11
WIETEZ, H1% %2 NBN HIoB MR IA%aK A
BT TR A PR TE. 2021 4, SFia. XIMRIA A
BT SEUR F A AN SR AL 226 O i, D
AT 7 AWM ZE(NBN)ZR B PR A IROBIE YR 195 F1218 1Y
2K 196 (Scheme 43). il ik = 7 R 1 Bg il B Bt
(STM) AN fih =0 iR F 77 BB (ne-AFM) AR 5 &, ) B
T 195 £ 196 HIEE A TSN, Heak, HfEkEIE
JEIE(STS) AN WG % B2z e R T 45 R R
B, NBN %1150 N0 CAUA R 8 4% B 55+ 1 RE B
W FIRI S 2B, H P 5 0 S 38 AN [F] T AR L IR 4 i i
WUFE VYK (bis-tetracene) I & IF: VY 2K (peri-tetracene). Hf—

N-doped
bis-tetracene

method 1:
l5, propylene

method 2:
Au(lll), 350 °C

radical cation

| isoelectronic

mono NBN-doped
bis-tetracene

W FRA, 195 AT DL — 0l fh 2= sl b 2 S AL
AR R ML R B R A B ES . Hodr, 195 ()
H EH 3 BH B 1 S5 7 iR 270 T 21 A AL Y 1 5 B R 1
I L IR (EPR)E 5, 110 195 F A/ BB 1 U oK R
EPR f5'%5. &A1 WIS ER 195 B A BHES T 1006
SREBR S RO IR, R ENIERTFRR. ZF
FONE A 2 NBN HIeif e g6 i L & m i i
THEREM AR A B0 2> T I RE T &4, I BN
JRUGTREE R R T 5 i T 85 M BE e T 2. TRt
AT, %0 5T A SRR P SR T AL 22 BRI & T NBN
B 2% B8 U AT SR 7 90K (GNRs).

— ffi )% (Triangulene) & —28 = ML K A 2806 7
T, HAMERREE R B G SR T T TSR R RHE, 72
HHBRE ABEE TR A EEENTAME. A
T, EH R [ A 1) s B S PR A 73 3 0 28 B VT B
T = AIRAAAEACOR B . 2021 4, &0
M =R EE T F R RS Bl R B, & R T 25
SEMMWE R[4 =M 198, 345 T H A Ra0
(Scheme 44). M 'H NMR i b & I, 198 5 )
PR RAR B & P T A8, —A> 198 2T rl L
FREIEANAEEE. BRI 198 W 5882 Q,7- /)
THEEE-4,5,9,10- DY BRI o SV T 2 AR 20 M-S AR 5

dication

| isoelectronic

bis-tetracene

B 43 NBN FXUF VUMDY %
Scheme 43 NBN-doped bis-tetracene and peri-tetracene
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BCl3, 0-DCB, Et;N

180 °C, 48 h

Bz 44 NBN =M%
Scheme 44 NBN-doped triangulene

1(DD-AA)YZEEFEF. Ak, 198 XAk 5 R IR I 55 1
(R e N R B, M2 5 I8 A T 2 T U B 1) 9% e A %
ARPRHE T T AL

A i (phenalene) 2 73 T-1E A e /N 2 4 A U 2111
AN B, A 13 SRR E A 13 AN xS
T HARRE R B TR, "TRICAHE 7. Bl
FIBHE =M. ARG B AR S X RRE
WA RSB T, BN B T R S E TR
MR R BB IR 2 —, — H &2 AL AR R Ak
ICVE. 2017 4F, W3 Fe iR 4 U205 tH A 200 = rpta i
H 2R o IR N L AR AR PR S . E B SEAT R 25 1 1)
SRR AR A A BB 18 N—H B8 7k,
BT RS E VBRI A A BRI SRR 4y T 199, HE—
P13 B R S5 AR 7 RS 4(200 F1 201, Scheme
45). M m gk T s, A2 AETR M T 199
AAEINE S TSRS ER 120 BT), fE&E
AR R 75, RI& @A N iR, e R A
B RaER, BREA 130 B 14 BT B 23R A
22(200). FREERAEAAEIT S A (BT 130 HL 145 44) B0
HAFR A SAE P, AT A 2 Y 8 o R R(20n
HFE50), TERURA Lo il & 44 05 & 201.

}?h Ph

Ph Ph
2-
B. .B B. B |
N N
| | _18crowns | I
K, THF
199 DBAPZK[18]crown-6],2*
200
2-
g, B |

DBAP-Ph

CZ[K[18]crown-6],%*
201

BX 45  BEIN A ARG S L T
Scheme 45 BNB-embedded phenalenyl and its anions
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2021 4F, FEFIHURE2RIE T — R0
IRFI TN S 2 B 55 (0 73, A Tl A SR 0 IA
203, LAErE R AT BNB iR AIEIFESE 204 (Scheme
46), ZNARFE T REL DT T WA r TR] A R 1 4 N
= HZERL C(sp?)—C(spd)it, T ELAIF 9T 3 B i Fh
NN B —E Wi v, S RR N,
755 204 ERANIE T BA AR S AR 1, AR
REW DU FEME S 204 H AR I 5 R AR I NI4T 3
R 4% A1) 205.

% _n-Buli BulLi 2 KC8
O NH BBrg Toluene rt.

202

CL v«”

O N‘B\ Toluene, -40 °C O L@'
i

N-p
204 \

205

B 46 WA B E
Scheme 46 BNB-embedded indenophenanthrenes
BEAh, R BLE BRITEASR, 5K s
T2 AR, C—B B I i R SR 2218 HoAR
Bk, W He 2 B Cpo—B #(0.158 nm)id A
fRleiE 3 22, Lo WD B4 A P [C(sp?)—C(sp?) Bt
K2 0.146 nm]EAEEE R FE. 2021 4, RKFFEFN
RIE 7 Pd AL T HERAH AR XS FRIRI 1771 ) AN R
Miyaura BliAL 82, SEEL T AN AR AL A el 1 55
AL & ¥0(Scheme 47), BA RNEY) . B RERIHENE
TP AN B PRI m R L IR B NBN D5 R AT
PEAL S WAL T] DAE— B HAG N TR RO BERC A4, RHILTT
NIRRT R S B AR SR B T L=
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ik SR

n‘m; v IQIP
RKEjORZ Pd(OAc),, L, KsPO,
.

1,4-dioxane R3/N\B/NH

206 208
S \
N.__NH N._.NH @/
A/ B B N\B/NH
™ O
OHC MeO
208a 208b 208¢c

B 47 S NBN 5 R F A S5
Scheme 47 Construction of axially chiral NBN-type aromatics

BT =RCALE NBN BS54, JRE AR YR AL
NBN B G5 R s th i 1 5% H okl 230, il Sl
P ZURC AL B RE KR A o IEHEAR R e T RES, %
TRl R, WERH, KEEHE o Ban7+S
APEL, JEflE T 2 MR R A DGR AT, e
7 TS B $h R TR R A 2R 05 T A B R . 1%
A F B2 1 B E R 22 S A DU S A A 2 AU ) B A
Bl B 5200 77 1) A AR AR AR — 21 25012300 7 A PR
MR T Z A 253 T % — ik i (BODIPY) ) 75 42,
IR TENES AN SURA N . i AR 7
B, RO 2 AT A2 (A O SRR,

3 REMRE

ZRIR T I 1 2-MIEIR TR FU R, Ay B
ERIRAENE B T R R A OT R R R K4S, U
12 1,2-M %05 e AE B 1 A UK. 2 H4E KRR,
P BFA AL 1,2-W %% 55 K (1 15 RN FH A2 A4 L
THEERTIR, JCHRAE 1,2-00 %% 55 ke R U
T BA R RO CEE B, W RT AR R R O —
ANETROIT TR L IR T A BRI BT AN R R TR
AR RN T B s, IR T 7RSI R — L
SRR o AN U ) F 2 ) S O U 5 ke B
A REN, SR T TR R T AR R DT R
DT ERERAZA miE RN R, AR RO ke
TN AT XSGR R PEAT AR AL R AR 5 e B s
R T, AT RAA RO 1 R 5T ke O A B S
JiR, NHEAECHEM R R SR T TR B,
P& AT M T = 7RI R REE, TR EA
R THRERDE N BEM BHE It 7 5 2 nThE.
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b W FL RN ITIR N, T 4% 05 0 S Al T e o —
Sepkit: (1) 1,2-BE%T7 B HIE O o ¥ —, Bl
ZRETEE TS RIEBEMIML RN, FHERREEZH
FERM R R A5 1, QMR T4, Easy
EHIFE R B =, 2% CP-PAHs Ik
WA 7 A KLy ik AR R, A R 2= A R R
TAEHE FLFSS T, QYA 07 I i T 5] N “Il ke
AR “RIGF” AR KA, JCHZ LY
HE TR (4)B S A 0T I I T 2 R R AR A R
ST, AR N A5 B T AN L Rk, B RZs J5 I A A
W 5 I S G R — 2D kW (5) R T AUR Ty
KR 55 A Mok 3, BTN T 1856 2 DhREI K
i, F TR BRI 732 T KA 1A
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