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Recent Advances of Polycyclic Aromatic Compounds
Containing Four-Membered Rings

Cui, Yingcui Xia, Debin*
(School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin 150001)

Abstract Polycyclic aromatic compounds containing four-membered rings usually exhibit unique photophysical and
chemical properties, and have potential application value in many fields. The synthesis methods, intermolecular stacking
behaviors, photoelectric properties and carrier mobilities of linear, angular, helical, and ring-shaped polycyclic aromatic
compounds containing four-membered rings are reviewed. The research shows that the surface synthesis method is more
conducive to the preparation of regular-shaped polycyclic aromatic compounds, linear molecules show higher carrier
mobilities, angular molecules usually show higher anti-aromaticity, and helical molecules have optical rotation properties and a
larger optical band gap. It should be emphasized that the numbers of four-membered rings and its position in molecules have a

decisive influence on their photoelectric properties.

Keywords polycyclic aromatic compound; organic conjugated compound; four-membered ring; anti-aromaticity
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Scheme 2 Synthesis of compounds 13a and 13b
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Figure 3 UV-Vis and emission spectra of compounds 31 and
301
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TEEA LR AP W R BN R R SRR
BRI S NTT CAFT FRHEBR, AT A5 30K 2 SR 05 ARk 7 F 5
iz,

W 2075 7T LG 1R 2 3 R R R R AR I — A BB
WS NG R BE, H T 05 A MR S 95 A R, T A
PR 22 A B 2014 45, Millen 25514 7 B A )\
NANVY TEIR L A B SR A SRR oK s k. e e R
BT 1. 4. 5 F1 8 ALHIE BEALTRNG, 2% RIS H
F VU R AL 1 58 AR R b Ak, SRR 55 e
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[ AR AT AL S I[2+ 2130 5. FIHZ 7T
BRI IR R AL MR S, R A R
Ik, SEE0OR T A R A A KA S s, e
BTN TT BRI, JF RIS BRIy B A A,
Horb A R R AT DL AT S AL R 1 B
JiEs 38(1 5), HILEBRAT 2.7 F12.9 eV Z[H]. IEAF,
SR NI THILL, B20Eks 38 (K i 45 H S5
THERFEEF R EKNAE. ST, 12
JiEH 38 MR -k TR, HRBA 4000
P R N LN TE AR I VA SRRER 1 SR S I N ke i
FBIGHBCR, NE RN 2 3505 & A DA T
R 7 BT BR3¢

4 RESHEEULEY

—H LR, AIFRXARLEY) 39 KT R AR
75 B AR R B, kT TR R MBS AT,
BRI ARSI 39 HIA Ak, HOA KR B AR T
Vollhardt HBAS R[22+ 2150 I s 8z, 45 314 3
RIARGEDY, SR, TEARFIMISLES & 0F T #A AL S 3L
B Ja — RN AR RE. T S5 52 a8 5 PR I B i 4 o
IR SRAR BE 3R, TR G — AN eI e e fe — 20
AR Y, A B A5 5 (TE 6 5.97 Ab)
) H (BB AL 22T 2, 6 6.20), IXFE B S 39 (4K
HA AT,

T LR BLFE A 13 B U A Y 71 39,
T 2 TH] B B AE SRA5 FLA R0 T2 35 16 A AL oK 45 44 77 T
T LA R AR 341, Y 224k 2 I N L IR S R
AEANFEERFRE LW RE G L4 )E A
AT 25 Fh R T B N R B AR Y. 2019 4E, #&
AL A MU A O o &, R 3 1 RS
T8 R (STM)FI DFT B0 EE 9 1 2,3,6,7,10,11-75
TR =R IR (HBTP)E & J&8 AR H [+ 2P I s B, 58
SR HBTP 4140 BIAE Ag(11D)A Cu(111) A
PURHEZLAHELE, PIE A& 2 &R IETHIE, £
240 C UL il 2+ 203 e A HAR B 3L 84 2 1L
LML, A LR E R AR e, BIMELE 300 'CF
WA R AR 2RI M. M2 R, 78 Au(111) 7%
BRI+ 20 I A L& AR, (H7E Au(111) |
1% Cu Jo, BB BLIRAT HBTP 2) 1-7E 100 ‘CH} 5 Cu
ZRIRGE ST A NVRECEY), 16140 CHRA[2
F20IR 0 B, T DA 2 AR I 2 i L4 R 4
[2-F 203N RS2 () R R =4, A9 40 1) STM K5
BOR T N EENUE, ANARKEAEN 1.49 nm, iE
ST HHNASHBTP 3-8 ik DY o A AH HL%E 2 110 s 1 45
¥, BARCERAE T 220 s B, STM E (& 6) 15
N1 B2 BN NAE A, fER X, 210
WA A E— I 4 2 FLI & /B, BLZBF iR
B, SR+ 21N pk s o7 2 A 1R 1 R HE R 1%, 78
ANF R FIBEA R N R AR, XL SOSE BT
FIFA[2 42158 0 A il — 4 S A WL 2R ORI A

2019 4F, Kim R4 I o 36 e Bz, LA
HBTP 43 FAENFIE, 75 Ag(111) B3 TNk, 7EEmr
TR T &8 JE TR bR, TR T PLY e &Rz v £
YeILA 2 41, BT I20 IR KRS R STM MLER(A 7),

90% yield

Bl 5 LA 37 s g i R A AL & 38 (i FE )

Figure 5 Single crystal structure of compound 37 and its synthesis process of compound 381"’
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Bl6 LAY 40 ME AR R R TTVHE ALN% STM
5

Figure 6 Chemical structure of compounds 30 and STM image
of a porous network formed on the surface!*”

41

B7 B E nim B[2 -+ 2R S5 K STM B
Figure 7 STM image of one formal [2+42] ring structure su-
perimposed by the chemical structure!*®!

WA 41 DY ST I [2+ 218 I e B A .
JF H¥kE DFT 704, MSEImPLe LEe 7 &RA 3
I BE BT AN R AR, X — W T8 S 4 R T A € ) B P 2k
AA L v 1A (A s o) vh R T4, A BT &
LA — RS BB TRk, AT A B ) T 2%
P BGR AR 46217 R A B ATLUE H, SREA IR
JNE, PR AL EE T oA BTE A IR S, A2 A
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WIS A 7071, A aid T B & DY oo A
JNTG m SEHIIE, ARSI B A R T AR

5 HESHEEULEY

HAb S VYT I 23805 S 2a B RL, W
GUKAT . AR TR, 2 R BT R 7T,
Barone %" DFT 57 T H/\AS 75 ANF1 YNk
IR AH R IR e B L — AT A W (L AN [ 5
FFAR 5 R I F R 5. b, BEIRIA AR AR
DLW MR TR R sl AR 5 B, 25100 T4 SR gl
b S B 7 = S - RALN 7N A N i = S e
B 5 0K 0 P SIS, AR H R A B 4K Ay
(0.62 nm) 2 ILH 1.71 eV KA FR, 58 2.14 nm 3T
gk 2RI 0.08 eV BB, B ALER T B A I
Kz ah, AR & B E . 5a RGP A
[ A2, B REAR A T S TN 3K 79 ol 1 25 465 ) 8 2 I o 1k
). Ak, BRFRERE G R BCRIG AR E B A E &8
Rt

B T WANKTT 2 Ah, B A TE L A R A R
SEA TR AT LLRN. Foi sp® A4 1bmi R T 20 )
L ERFEHES UL R BASAI AR ) Foe A3 4 1 i %, fEi45ax
FAEYBon TR E AL SRR, I O 7 %
ZE Yz —. SR, &SR AR R T AT AN
JUHR SR, AT AR AR AL DU eI AR LS, BT A
JI R B 23 48X AT SR B & 2. Rubin [ BAP DLt
TR RT IR JERE, fEBOEIES T AR T & $%
C(62)(HL A 42)(EI 8). X —45H N C(62) 1 7 Ml 75 5L
FsE MATEM SR TS /1. TR EE &R
P, BHALE Y 42 —E ARG 55, EMAIRE TR
FALRIHLH, AR T RE T 43, B AN E
YIH) X SRR R AR T X e I eI R T
B X WRIE CQ) B EEM A E] C(60)FIHELL + &
AT, RESTE—A P A 2R EN C6Q)RTEY.
R, B AR T — R E A A s R, Bt
CQ2)F Bk k3 B 5 1 & .

HTFRA CA0) MR R R 44851 12 4
(10156 ) 20 ANZEAT 30 MR T IR, "B HIRER N iZ L
C(62) K%, HOMO-LUMO [a][f 5 C(62)f1Ll, X+
TP CHR IR, I HEROZR I H A 2 KRR
FEME. 7T 44 TUB O —FERTE 450, HA
A KPR, (BT AT — e R RRAE T
XM, A7 i R e L X BN, B H AT,
XF 44 (6 R E BEE PRV E(LEY) 45
E4 B4 ). Schulman Z5°217E 2005 4E % 44 LUK )\ Ff
SR RIBRR B EA S AT TIH R, RILTARIL
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B8 (Lt 42~45 Hifh g iy 0ol

Figure 8 Chemical structures of compounds 42~4500-51]

TR 5 M BRI SCRE R R R SRR g5 RAEH — 80 A~
LI EA B BIR, 53008 0.1479 F10.1364
nm, 1fi VI L NIE B, B T3 M4 o3 i
NICS fEIE N, 20 & —1.9 F1—0.2, PYTTIRRI NG )y
1E1H(3.2), WA REEA A 95 & A B 05
.

2010 4E, King PRI =24/ 7 R4 du s Bhid
FBL 46, AR BLEE = 5 e o b ke L A bR B S A Y
LA, AR TR T IERI sp® 2R, B4
BIIMRERTE AN IR, Xt T R IR R 7 72
AR, AZHE 7 AR = B 3R B NI =
LR Gy, PR R AR ) = R R e (TMIS) AR ]
CLBR VAR, N JE BI04k 22 I L AL BR SR A 5 (3. 1k
W) 46 FIR SR EERIWE 9 Fios, AP JeHE A 1 NICS
T T3 T M B BRI 5 B VERHE, 5 ILARLE
MFHICH B NAEF &M, Mimuis C W58 405 &
1. L ARMERRIR, PIANSK AT — M TMS 2 F]1H
WA — AN FHIL, 5 —ArwAs TMS ER 22104
WEUD, X E RSB T 2 FREFHS. (&1 46 (1
SN -] WG AE 325 A1 244 nm kb EoR B KAl 7E 400
1260 nm 4L E IR JE g, 7E 430 A1 350 nm 2 [A]45 55U
TFEFMAE TMS BURES A M E SRS SR =
FERBWEESZ RN 2.68 eV, (LAY 46 (AR
2.64 eV. ILAb, LAY 46 75 REIARA T HA Bl I #ida
e, MRIEREIR 170 °C, FEXFAl WA E. thEY) 46
(14 R ER 26 AR IR, B )a — b= RN 2%, HiX
BT SONE . LTS AR TGS A F IR R R
.M, RN E RS VTR 2 S H LAY
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OB 138 i) S8

TMS TMS

B9 E 46 LA ai i R R A . AR HERD
Figure 9 Chemical structure of compounds 46 and its single
crystal structure and crystal packing!®®)

— MR, R RV IR B S N B I
T R S SR I, R 8 R B AN BB A A L
IRIRBRS BB AE AN AT AT B BL R, 76 B Em #
IR TR R AT R U O A R X S B AR
TEM o LHEE AR, Horp— e AR N RN E R
711, 2013 4E, Fukazawa 255445 il 7 —Flr 55 w3 A 45 1)
FTEEDD 48, J N4 v FE A i 1 2L B0 3R 2 A P AN s
oy, EAS ISR EOLT, i I SR AN
FEARA )R MEY), BRI AR, JEiE
KT HIF=EA 61%, MK THI=%A 59% (Eq.
2). B THERW, #UxPRIEIEST) 8 Fl 4n (I
AR AT, T R B — AN B R R [2 +2]
IR R, A9 48 H R S MR, A&
A0 R BE SR ), AHARPEENS IR 2 [ i 1 F1 4.80°, IE
SET SLHOLE RN A I R pR ) 5 T O Ry
AR I B EL AT 45 T M B 2 E AR SRR I, 7
BT WG RN e S AR RL T B 7 TR A BT %

R R= SiMe,'Bu

47 Condition A: 61% yield
Condition B: 59% yield

Condition A: hv (low-pressure Hg lamp), cyclohexane, 5 d, r.t.
Condition B: 80 °C, chlorobenzene, 9 d, in the dark

2014 4, 1Z BNV S B 0 ) S0 R KL
B 49 FIMEI IR AL, 735 LA 56%A1 4% 453 1
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Bi-E DU TG IR AL A1 50 R 2 E AL AL A9 51 (Eq. 3).
TR, RIS E =R R 0T LT 3k e b, B
RITE 24 h NSERK, 145K 5657 49 FI#IAMEAE 80 C
THRE9 d A RETERRIX —H T T B XT b, 5236
AR HT TR L, RIELE 49 w HAT —NEM AP AL,
2 ARG 8n AT 4 FRIRL SN TG AL 34 22, B~k
PLEY 50 EonH—RPABIPER, 540t AbAH
KBV IR M AT AR B i SR A RR (B =

1.17 VYLLK HE B8 286 B T RCR(PF=0.20). X4k

R T A SOLES PR 7 1, IR n B
B SRMRRN R S RIS B T 1 K R T 5.

mCPBA (12 equiv.)
CH,Cly, r.t., 24 h

56% yield

(©)

51
4% yield

6 HiLSRE

LR LRk, 2T EHENEWR RPN EEGHY
T, RHESHWTH R RITEHERAEY, B A
R ERAAE BT R I N TR A R, M S 45
HuT VA, REHELBEARN ST, KA 15
ARTEAT I, EAE DY TTHR A A i 2L AR
JiE RLAFAE 1R 7 5 AR A DR FL L s £ 445 ) AN PR TR DG 1
T BOE KRG B, TP A 3738 8 B R R
FLIRGEH. TR A MO ML iR AL A,
RLET) 1 R HR Iy HB A EH IR B SN ), A
— LB JE A R IR B A5 TR R RS, HiX
ROy THIREEVE AT AR AT, R H R ) S 55
A VU A R A 45 LI H BAT B i i er IE A 26

BT UL L, ORI I2E T DU eI i 230557 &
AR T EAT 9K A 880 i 380 1 1B A% R A 1 o o
RGP RE, 2 WU A AT A
AR, R PSSR R A &5 17
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