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TEE: BT AYS 1,8-ZR NI RE 4R & SR s, 453 meso A FCHURFN R SEBUR A FRECHR (T .
) B PR EAN k¥ (BODIPY ) Yukl ( . IV ), HEMADEAMEREZ NMR, HRMS, Hfh, UV-Vis K
TG PRI GTE R EAZOOCEHAT T RAE . 85RFRY], meso 5] AW IS T T REIRZOLA
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Prepar ation and spectral propertiesof red region dual-state
emission materials BODIPY
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Abstract: Two meso-unsubstituted ligands (I, TI) and two methyl group substituted N,N-fluoroborate
complex (BODIPY) dyes (I, IV) were synthesized from condensation and coordination reactions of indole
derivatives and 1, 8-naphthalenimide. The structures and spectral properties of products obtained were
characterized by NMR, HRMS, single crystal, UV-Vis absorption spectrum, fluorescence emission
spectrum and solid fluorescence spectrum. The results indicated that the introduction of methyl group at
meso-position made the solid emission spectra of ligand Il red-shift 34 nm compared with that of ligand
I . BODIPY dyes displayed high intensity fluorescence in dual state (solution state and solid state),
especially, the corresponding fluorescence quantum yields of IV were as high as 65.8% and 76.3%, with
solid fluorescence quantum yield 4.2 times higher than that of I (14.6%). The excellent optical properties
of IV could be attributed to the absence of C—H--x interaction and different "head to tail" z-z stacking
between layers. Different from other strategies in solid-state fluorescence improvement, the strategy of
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introducing small steric methyl group in the parent meso site made BODIPY exhibit dual-effect red light

emission performance, and enriched the types of dual-effect organic luminescent materials as well.

Key words: red luminescence; dual effect fluorescence; fluoroborate complexes; efficient solid fluorescence;

organic light-emitting materials; functional materials
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SNEC AW R RS LAY 2K 200 K Fn — R S ) 455
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44 1) & G 1EfE 5 2019 4F, DUAN 262€50 24 , PhMe;-
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S 2 N AT R B T N v R A b A R PR 5 2022
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LT, MEEAE /AR, LTQ FT Ultra (5
PR, 36 EPEB R RBHE AR TU-1901
BOEHERS-1] WA E T, A6 i AR A
PR 3% 412~ 7] 5 Shimadzu UV-2600 Y48 7h-1] WL 4565
JEit, HAR R HHRIMERT; HITACHI F-4600 81585643
SRR, HAKR &AL B HIVERT; & T FSS
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I :R=H; I:R=CH, I:R=H;

1.2.1 Btk (1) 896 m

] 50 mL [E B, MRIKIA 1,8-Z5 LT
iz 169.0 mg (1 mmol ), 2,3,3-=FIH£05LE 191.0 mg
(1.2 mmol). FZE (20 mL), JHEZE 120 °C)5,
SEENTE R R R HPIA 1,160 mL (5 mmol ) =& %
W, HEEER N 2.5h, TLC (HZERAi%E ) SCat
W s R R, RN AR, BT EER, A
TR A ARV OB B N R AT A pH=7, B & H
PEEATAEE, A LA I i A R KR 3 Ik, G
KRR T 1) . WUERBRER, Sa L2
B ORI VoA ) - M(CEH k) : MRS
Big)y=15:1: 1) glifb, BEZ)5159 2R 6k 1
176.0 mg, F=HN 56.6%. L&Y 1~ 2-2-[(3,3-—H
HE-3H-M5| W2 K WP HT 3 1-1,2- — A 2K I [e,d] "8I W
'HNMR(500 MHz, DMSO-ds), 6: 11.30 (s, 1H), 8.13
(d, J = 7.1 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.69 (t,
1H), 7.54 (d, J=7.6 Hz, 1H), 7.43 (dd, J=15.1. 7.9 Hz,
2H), 7.38 (d, J = 8.2 Hz, 1H), 7.30 (td, J = 7.6. 1.0 Hz,
1H), 7.16~7.09 (m, 2H), 6.52 (s, 1H), 1.39 (s, 6H),
CNMR (126 MHz, DMSO-d,), d: 184.1, 154.6, 148.9,

144.4, 142.3, 132.7, 130.2, 129.5, 128.7, 127.6, 127.2,
126.1, 123.8, 121.5, 120.1, 118.4, 117.4, 105.2, 87.8,

51.8, 23.8, HRMS (ESI), m/Z: Calcd. for Co,H;sN>,
[M+H]": S 311.1548, BE(H 311.1555,
1.2.2 BODIPY ##+ (11 ) #9465

] 50 mL [BJEHEMRS, RKmAKEY 1
310.0 mg ( 1 mmol ), L (15mL), FHEZE 120 °C
Ja, SCHT R AW A = 2% 975 pL (7.2 mmol )
M=% AL 28 1.20 mL (9.5 mmol ), fHIR A1 2
N 0.5h, TLC (W2 @5k ) SCms Wal s i e
R N JE, WEIREE R, WEEBRER, &2

v
IV:R=CH,

Brak B AEC YRR R VAR - (&R B © (&
MR lR)=15 = 2 1) glifk, Tez8/5 2R Ak I
1622 mg, FERN 453%. tbEW TN Z-1-(— %
F£)-2-[(3,3- = F -3 H-5| -2 ) W7 FH 3 ]-1,2- A R
FH[e,d]"5IWE ., 'THNMR(400 MHz, DMSO-d;), o: 8.43 (d,
J=7.0 Hz, 1H), 8.24 (d, J = 8.0 Hz, 1H), 7.88 (t,J=7.5
Hz, 1H), 7.78 (d, J = 8.2 Hz, 1H), 7.67 (t, J = 7.6 Hz,
1H), 7.58 (t, J = 7.8 Hz, 3H), 7.41 (t, J = 7.6 Hz, 1H),
725 (t, J = 7.3 Hz, 1H), 6.97 (s, 1H), 1.55 (s, 6H),

BCNMR (101 MHz, DMSO-dq), 6: 177.4,157.3, 143.5,

142.1, 141.3, 131.5, 130.3, 129.6, 129.6, 129.4, 128.2,
126.1, 125.7, 124.7, 122.7, 122.2, 114.8, 112.4, 85.0,

48.7,25.2, HRMS(ESI) , m/Z: Calcd. for C,,H{7N,BF,,
[M+H]": S2{E 359.1537, BRE{E 359.1530,
1.2.3 Bk (1) &6

] 50 mL [REEESHRT, HRKINA 1,8-Z8 MBI
169.0 mg (1 mmol ), 2-Z.3&-3,3- " HIFEAE 207.6 mg
(1.2 mmol ), FIZ¥ (20 mL), FHEZE 120 °CJ5, 2]
] AR ZEHIIA 1,160 mL (5 mmol ) =545 HE, 1HIE
IS 2.5 h, TLC ()2 (A ) SEit ol son e,
RN tsrE, RHIZEER, RIS AR
RV PAZE pH=7, MM T4, AR
TR ER K YRS 3 UK, JOKBRRREN T8, Wl LR
A, e AR AR AT 28T (PR VA0
fik) : V(G HBE) : WCRCHER)= 20 : 1 : 1] 4lifk, JiE
FEIGIAFIBL AR 149.1 mg, %N 46.0%. 1ba
YISy Z-2-[1-(3,3- - F BE-3 H-mg|We-2-56) V. £, 3K ]-1,2-
FAT e, d]IME, "THNMR (500 MHz, DMSO-dg) ,6: 13.08
(s, IH), 7.94 (dd, J=13.2. 7.7 Hz, 2H), 7.74 (t,J="7.7 Hz,
1H), 7.56 (d, J = 7.6 Hz, 1H), 7.50 (t, 1H), 7.42 (s, 1H),
7.40 (d, J=1.9 Hz, 1H), 7.30 (td, J=7.6.. 1.1 Hz, 1H), 7.15
(dd, J = 9.9, 3.8 Hz, 2H), 2.56 (s, 3H), 1.59 (s, 6H),
BCNMR (126 MHz, DMSO-d;), J: 184.0, 152.5, 147.1,

145.9, 141.6, 141.6, 132.8, 130.3, 129.2, 128.9, 127.6, 126.8,
126.1, 1244, 124.3, 121.1, 118.4, 116.7, 104.6, 102.1, 53.1,

23.5, 153, HRMS (ESI), m/Z: Calcd. for CyHyN,,
[M+H]": SZI{E 325.1705, FES(EH 325.1708,
1.2.4 BODIPY %4t (IV) #94m%

] 50 mL G ARTIMALA YT 324.0 mg
(1 mmol), HZE (15 mL), FHEZE 120 °CJ5, srHIMH
IRAWH A=/ 975 uL (7.2 mmol ) FI=FALINZ
fiik 1.20 mL (9.5 mmol ), fHIREIFY 0.5h, TLC (3
Bk ) SERTEI R N RS, FEFEAr RN, REIE
ik, W EBRA, SENTRERA: (VR VCATh
k)« (S HBE) : WCRRCTER)= 20 = 2 = 1] 4lifk, JiE
HIGRFNRLARIAN 822 mg, %N 22.1%., k&
VIV N Z-1-(ZFBNHE)-2-[1-(3,3- 1 -3 H-15| k-2 3
W2 -1,2- A AT [e,d] 5% . 'HNMR (400 MHz,
DMSO-dy), : 8.35(d,J=7.3 Hz, 1H), 8.26 (d, /= 8.1 Hz,
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IH), 7.89 (t J=7.7 Hz, 1H), 781 (d,/ =81 Hz, 1H), 7.71 2 48 Eifip

(t,J=7.7Hz, 1H), 7.65 ~ 7.54 (m, 3H), 7.39 (td, J= 7.6 Hz,

1H), 7.25 (t, J = 7.4 Hz, 1H), 2.62 (s, 3H), 1.71 (s, 6H), 2.1 EFIEE S BE 4 #T

“CNMR (101 MHz, DMSO-dy), 6: 178.6, 145.4, 142.9, fietk (1. M) Fl BODIPY Ykt (1. IV) 7E

141.4,133.4,133.2,128.5,125.8, 123.9, 123.6, 122.3, 121.4, R [ 9 0] v 0 - AT LR T S T R 5 O R i
112.5, 111.4, 110.8, 97.7, 57.0, 53.9, 45.8, 33.0, 25.2, 8.7, _
e 2 firs o

8.3, HRMS (ESI), m/Z: Caled. for CosH oBN,F,, [M+H] :

SCE 373.1688, FIEMH 373.1695, = |° LT T e300

13 S 3 06 N — e

13,1 SRR 5 SN BOM R 23 R R ST 3 ) 3K, % Lo 3
KA B TR ke, WL 2 3 0 ON e

WA R B 24107 mol/L IO 5 % w8

Wi UV-2600 BIE5h-0] WA RIS Koz S

BSR4 519 400~700 A1 450~800 nm, & N

BB W0 e AR MACIRE A A S 00 2 DI DG 36 ) 8 18
K, ZO e RO 5N 3 nmx3 nm. 4y

X BT A RN W AT UV-Vis WIBOETE 28t & = 1 1500
SPeiEmit . BRI E (TKLEE, 9=0.95%) = 0. .
HEFHI B (BB, 9=097%) HUlfENILEY = 100 &
1. I, MRV fbRfE S RS, AN 25 i T é, 7
PR, R RO R AR P R TR, = | ¥
4 F, £,
Dy ZE'A—H'E'(PS X

S gy BRI HOR RT3, %; u REH "0
MR s ACRMES UREARRG n ATTDER; 4 { 600000
HWIETE 5 F DRI ik wigL. g
132 ER LA S R m K £ | 400000 2

PNAE T ER O ER G, B YET 5 =
AR e e I E LA & T, . R E AR Z fn§
W5 3 nmx3 nm, F5E N 350~800 nm., e 1200000
133 BER 3R KSR A 40K B J

R CTEASE Ry ARG, I e A ' : ' : ' 700
Fre RN TF . POCARE N 375 nm, HEEHk '
S R E N 3 nm, = 400000
134 #4941 % <

B mg A T ~IVEMT 1.0 mL —fft: < { 300000 &
100 mL EC KR BRI R, R 2 o H
R B A 6O 5 1 S 2
135 E=FhFiHEFH% $ : 1 200000

BT SR 2 MAE (DFT) Figmis & | » , | | N
J#9Z MFLiE ( TDDFT ). Gaussian 16 & F1k28L % B0 S0 S0 60 60
QiAT. H BRI, RMBITESI B ) 1) (o) T (o), IV (d) feRRER
(IEFPCM ) YIRS, i H A A 00 AT 144 UV-Vis WRIOGHE 9220 ) IBOE R DL (B2 )
ARG A A IR g b S th o I DFT i, 76 Fig. 2 UV-Vis absorption (solid line) and emission (dash line)
B3LYP/6-311G(d,p) HE 41 F AL 43 F B H — B Ak 1) spectra of T (a), T (b), T (c), IV (d)in different

AL AERALRIAEAZER [, (1] TDDFT-D3 solvens
BT, (AL R, ATLUTR AR T A1 605 5 I
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540 &

WOGIE A TS 8 T 57T 468~480 F11491~499 nmy;
A7 T 483~498 Fl1 507~516 nm ). i 7 FIH
B (HR< W be< < g < H 3 ),
BOAAR A 524 0-1] WSO S & AR RN R . 1 295k
RAPEREA 1T 1 ANF I, FIEAE 585~592 nm
Z 0], 5 A Bt UG 1R A~ ] AL IR g e 2 B A X AR
M 7E 613~625 nm Z 047 1 T8 B 96 & JHig o T
PR 28 A1 - T DL WA A 06 AR 20 Y e S 0 A 57 A B T T
2% 7 15~33 nm, HTHEWS T, »tET
TR N 1%,

BODIPY 4k} ( T AV ) HECARZEFy 22 505K,
HZ AR 0] DL SO M9 & 6 IE A B B 22 5
I ANV [ 28 50 A7 WL WSO 1 A WG > 2, 43 AL FE
496~506. 532~543 nm Fl 520~530. 557~570 nm; XJ
I A7 % & B EIEAE 550~557 . 589~597 nm Al
580~587. 623~629 nm. FMIELALG , 2 N4 o 2
Ko, 78 5 MO [ ) A TTRTIV SR 175
N 37.9% (205 ). 41.8% (TNER ). 50.4% ( —
BN ), 57.6% ( W EE ). 71.8% ()
40.8%( ZNF ). 40.7% (T ). 46.2% ( —HIFEIZAR, ),
53.9% ( 4 W ke ). 65.8% (), 45REH, %
1A W 8 W SO 2 555 A7 "B AN R 2 IR R 3800 1 5
0. TCIE R L S BODIPY 4ek, meso fii 3L I1E
FEAT A5 28 A1 -] DLW 135 26 1 1 467 B 3 &
ATIHRMAR, SOOI ALDGIX,

£ 1 A 1 ~VFEHICMEINET /Y [E A&
PR . PR, HIEF 1AV ARGL 6,
I oker o, MEiemng . WG 1~V 8 R EHEDE
& B BT 651,691,685 Al 677 nm, ££ 365 nm
ARG, RS ET%55h 6.8%.
14.6%. 11.0%F1 76.3%, XF FHA, HILHG] AL
ARG R 2, M4 T AP LIR T 34 nm;
XIF BODIPY ik}, SIAHBEEIVE TEKER T
14 nm, {HERG T = REES T 4.2 145,

1 EW T ~IVIEHCREINDET i BRSO EEE
Table 1  Solid fluorescent data of compound [ ~IV at

sunlight and ultraviolet light

I m I v
o (@) ® ® -
2/nm”® 651 685 691 677
or/%” 6.8 11.0 14.6 76.3
o/ns” 1.6 1.7 4.5 3.7

OBA 365 nm; QEKFE RS K SIS K ; B
IR T, OIOHEm.

22 EBESH

AT X GRS B 43 TR A B
YEF I ANHERR 7 5K, NG ff I 3 A R o] 2 2 1k g
ZEIMER B T ~IV B3R5 (CCDC 541
Sk 2182725, 2182726, 2182727, 2182728 ) WA
B SR A5 5 BRSO E A R o T Mercury
1 Diamond A AF T AL SR ZE K, F Mercury il
SEATSF- 1 A BE B A4 F ) C—H- - n A EAEFH 2
BEEES . b T ORI M 2T ] - HERRAEH
WS, BCH - AHEAEH R PERT, ] Diamond 3Kk
R R A L o 8 N SV - 7 N N N VA e A 2 I b
= TR N 11 NS = S o = M Y11 =1 LS 2 7 AT =
A, MM %20y 18] -n HERAH T AR FH B 58 55

B 3 LAY T ~IV IR SRS #3240 R0 A 41
Bl nTLAE I, FEE T~V B SRS A E brgs
Fa—F. AL I 23 B B 56 A2 B C A2 o3 —F~F T
A o FEPAS FoT T, 2 BTG E S C—N—C
3ANETFAEF-M, T ~IV i 05 ST i RN 28 07 1 1) 9
o 6.25°, 4.74°, 8.87°F 5.40°, meso i 5L
I AR T FiHidh, BODIPY AYIE sidd/h T
O FRE A AR AR R, 4 AN T T e s

a C [ g
b d o f h o

L 6.25° 4+ 4.74 ] —;——ﬂ_ 5j40
—I——E,. T‘—"' ) - e

K3 EWI (a.b), I (c.d). M (e, £) AV (g.
ho) 1 AR 5 4 2 0 R R ) R
Fig. 3 Top and side view of I (a,b), I (c,d), Il (e, f)
and IV (g, h)

& 4 K1 (a). M(b). T )RV ()AL Frms|
W E 2RI B Q1. Q2 A KL ZEFR 7 B ( Q3
Q4), Hr, ZEAPOLMEEETHLEARR, 1
7 N RN X S SO N ] | e S Z N T
HHAEAPOEEHEORR, KHRPO0ZM
PR LI FoR . fETHEF I, SEEZF 1Y 10
A JEF RIS R ER 11 6 A JE 43 BIEF- 1 o

[EFHptin R, HEREMME SA Fin,
i 4 NP SOER (4 @bss 1~4), K 5SA
Ll bR 2 B 3 TS50 B ) AT HERUE iU s
W) r-r AHEAER 15 6055 1. 4 2 FZEHF LA
5k 2. 3 0 F PB4l C—H---z M EAE,
FE B39k 0.2567 1 0.2639 nm, #F—H#%T 1
mn AR 2 A 3 SR EAER ) (B 5B ), LA
PIAZE30 R 1h , P i a8 0.3776 nm, JL[A]
IR S 43R 1.1654 . 0.6125 F1 0.4430 nm., M| 3R
FZE IR ] B0 B 25 g /0N, ASX PSSP 3 19 v B8
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ffioh 58.47°, WM N 0.2317 nm, #-z AHEAEH H
2y, MET=fRaER, HHEREHmE 5C s,
MR 4 N FrHEEr, Wid 8 A1
FEOIHERL, MERUEHLM (4 @bsS 1~8), K 5C
RS 4 F 5 I T I, MR RN ZE B (R B
P55 1Y) - HERR, AW BIE K 4 4 C—H--x #H
HAER, BB 4514 0.2628 .0.2562.0.2829 F1 0.2694
nm, #E—HHET MM PARS 4 1S PRE A E
EM S CE SD), LABIAZEIR N F1m, -1 [ B
A0.3364 nm, /T T o B0 E) Y B 4
1.1118., 0.7184 F1 0.5090 nm. M5|WEFRFIZEER ] .0
FE /N, AT R A 41.37°,
WM 0.3820 nm. HLER T H 75 - 1 T A% 1 5 i
K, (AR FmEEEEL/NT T, ro fERBESRT T,
FrLA, M EASZS A S B T 408 T 34 nm,

K4 Q1. Q2. Q3. Q4 My
Fig. 4 Position of Q1, Q2, Q3, Q4

A, CHMERZEH; B, D AFEMEMJ1; & 5 Flld 6 b, P
[EPEEF C—H--x Z BRI S 63K B, D WFIAZEHE
L RPN a1 =3 S A 2 7 N Rt 17 W 2 N RN a1 = S i e
AN LNl o/ 5 7 0 SN TR 12 4157 il w5 7 AN ET RSB E L
B3RKR; BRAHAH2H3THEE; DX CH 4H 55T H
B8 HRIFEE AN A, 10 A =1nm, T
Kls 1 (A, B)FII(C. D) Mk
Fig. 5 Crystal structures of I (A,B)and Il (C, D)
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