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Strategies for Constructing and Organic Afterglow Tuning of
Phenothiazine Fused Ring Systems
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Molecular Sciences, Wuhan University , Wuhan 430072, China;
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Abstract Based on the phenothiazine core, we have synthesized three pentacyclic derivatives (E-2NAP, Z-2NAP,
and Ph-ANT) , together with two hexacyclic derivatives (E-NAP-ANT and Z-NAP-ANT). In the pentacyclic series,
the asymmetric derivative E-2NAP shows stronger afterglow emission in frozen solution (77 K) than that of the
symmetric Z-2NAP. In the solid state, Ph-ANT exhibits distinct thermally responsive behavior, with an afterglow
lifetime reaching a maximum of 119.68 ms at 293 K, which is primarily attributed to a thermally activated delayed
fluorescence (TADF) mechanism. Above 293 K, competition emerges between the TADF pathway and non-radiative
decay channels of triplet excitons, resulting in a reduction in afterglow lifetime. In summary, through rational modu-
lation of the fused-ring number and substitution positions, this work demonstrates effective adjustment of molecular
conformation, solid-state packing, and room-temperature afterglow properties, providing important insights for the

molecular design of phenothiazine-based room-temperature afterglow materials.
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UTAER, RA RIAFa ORI A PLARREA R, STHOR T AUA ML T IR MR R, 23 T 05T
B ZRTE . XIEAORE R I 2 BAME A KO AR, AR G UR | B th | A
WAL IR e A IR At 25 221 H I 0T R B o A (L. AT HILAORR I I T i RO 2 280 T
PIRRBIL : H— APk =F A () 10 25 (S,) FR T BRAT B A= it s L R 22y = FE 259 S 2 1)
AR FRARAS (S, Bl S, 2 S, B AR STERE B A i ISR IR 9 )6 (TADF). 4RI, T =
HAS A E A Z AR R 3Z A e P WA BRG], ELAL7-H A e-BUBE s S 1 il W s, 808
SHBRAERCRAR™ s [N, =HAR TSl AR AHEEAR AL, s AT AN R K, i —
AT AREPERERGER i NI, BT BAT MR L RAFATRHER A LR R, SCHR e 2 —
TETAT AN = F SRR R E

75 H HTE A 8 1 22 B0 8 s A HLARE R SR v, R P 201 2 R B SRR O A R i AR
— . WA R AT A R IR S 5 5 Sh S BURRE R R, PEMIREARAR R PO A, R AT
AL NI T AR BT L A, SIABPREE A A NI R iR Tk . RES AU REY R
a LEAR , A TR R B, FRE AT, ICREA ORI R BTG . SR, ZERDT A4S
g3 HAT ST UATARAE , (RIS A U i 3R, 25k RAGE SRS, B
597 JOCTERE . UL, fERRFMAR M BT R, AP o0 W S E R, & PR O 1 A 2
(IR 52 LAY S5 0] 9 ) 20 (D AR EL A D) O P P 5 A 0 A M R 1 S 000, o S B s P REAT L
AR I T B4 S B PR D e

Wy BER (PTZ) & —JSMRL ) =R 55 F AU G 1, FLAh ) Rl 547 R (D A (S) 2R S5, ALl
PEB RS G, JF L B R A AR OIR A G 20, SRR T AL S REA R il 731 A9 1 2 2R
4, IR TH A RHE R 1A LR OE AR (OLED ) S g rR A PERE . 4Rk, WhWEE & s AT Bl
MBI R Z — . A SR NS 2% 5t AT e F n-ar RO SORH ) 2R [ BBt e, DA
AT WAL ERBE AR RS T 207 RAFARIATERE ST, REREANEI N ar-mr HERLID 45
F S HAS-SEASEK, IR S AOG R A Ak, WyEE i N RIS J - HAG SR A R
AT AR REE Y, Sk T N AT RS, BEMISR T RO . HAT, B0 mBEEREAZ A BT 5E
EEAER T N CRERE | J73655) , LR PANDT B85 | A RIS (e | 20t 155 ), MRS
FROR Z X ROCHERE RSN 2, LM BEE PS5 38 B e T4 BB A RIS AR X B2, ST
PRERECEE S S AL ARSI P42 20 TH 5 SR T o MM RE (A F3 i | S8R AR S ) X — 56
SRRV v R = RGEEIT

ABIFTE AW E R R PR A 28 g R0, T8 S T BEAZ P BEA T3, AR PR B S P 5 A, S
X3 R YRS R T, 2RO AL AR B AR A, O P RE A BIL AR AR B B4R I A e
(Scheme 1). HKITE , 1 5CEMBEGRAZ O BB WION 73500 5 | ATIASZEIRIEA T B8, i B4R 3 1 P Rl
TIMEEY : — R 2D EIEAL OB B — b — TR0 A8 E-2NAP, 55 —FhJe 2 N2 ERe 1]
R Z-2NAP. Bl , T8 2RO W WE A% o B P 12 5 PR PR FEAH RIS AN TR] 557 A R0 ek
FRIIEENR , BB A T R AT ORI Y Ph-ANT, iZ AL & ISR IETE T, A OB AR
— M RN, 3 —MIE R N . IR AT IR X 0 A R LA R A e o 7= A 5%
Wiy, FFERE— 2D LA O BRI RS 35 T A%,

X
Ar | Ar

&S il % H 7S PR AL A ) E-NAP-ANT Fl Z-NAP- @(N:O v Molecular conformation
ANT. o, E-NAP-ANT (Y25 RN - — 3% A S TaAr + Packing mode
I, RIS, B B eSS (] ¥ Afterglow properties

X=—H, —Ar(aryl groups) or
J: :5'5 - J: - T j% 151'] ﬁ}'%ﬁ 5 ﬁzﬁ Z-NAP-ANT E’:] é?q: 7':/4] —R(alkyl groups: —CHa)
FRAE 22598 5 BEALEZS 0] LR A [l . SE39  Scheme 1  Schematic illustration of the design concept of
ZERFEH, AIMEE YR TS 2B phenothiazine fused ring in this work
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WA B A RS, o, LAY E-2NAP 78 77 K (99 R 91 o i A0 & 9t s HIMES Y
Ph-ANT 8 28y AR AE 293 K NS T3 119. 68 ms FIAIE iy .

1 SKIEES

1.1 RXFI5EE

TRE (L1 98% ) Fl 2-Z5 e (46E 98%) , gt A= My 2R AT PR Al 5 1-1RZ5 (46 98% ) | 2-1R
28 (2l 97% ) FILH e (L6 EE 99% ) , 11 HeAR B 2GR Iy AT BR A vl 5 1-Z8 M (4B 98% ) | AR (4l
99%) . KU T B4R (4l 98% ) | BERRAE (4l 999% ) Al =AU T KLk VUSRI BREL (4l 97%) , LigR R T A4
OB AT BR A w5 2-V53E (Sl RE 97% ) Ak, At st PR BIURHE AT BRA w1 5 Bk . A fbl . KBk . vk
iz . 30% WEUK . A 2R (Tol.) . N, N-—H L (DMF) Fl S e, srrali, bl E 25 4E A4k
LRAARAF . DGR G—Saifb B A . 2R S e (KOHD Ab 3, FAER S
PRIPT, KRG R EZE AL . DMF L S04 (Cal,) BRoK R 2808, R 2R .

Bruker Avance ITT%! 400 MHz ¥ % HE9R 935/ (NMR) , Fit -+ Bruker 23 ) ; LaboACE LC-5060 % ¥ #H
B, HASMT TALZA 7] 5 Orbitrap Ascend LC-MS B AR (3% B B AL, 8= 88K ARl ; RY-16
T AL, REBEROEHOEH AR A FR 2 7] 5 Hitachi F-4700 BI5¢ Y640 Y66 BET, HA H LA Al 5
Shimadzu UV-2550 B! 58 5h-A] L4300 EE T, H AR A F] 5 Edinburgh FLS980 YRR A/ A8 98 L1
A%, JEE % T 25 F] 5 Bruker Smart Apex CCD 2 X S ERATTHHY (FLARFE A, XSTZRIE RS, 1=0. 154 nm),
H A Rigaku A HJ .
1.2 ERRRERIE

1 Scheme 2 fi7 , ARF W KA AR IR SUEE0E LT P8R 126, i S is PE A s n 25
PREL PR S S8 S 28R B R B 2 8] & 4E Buchwald-Hartwig (856 S0 5 BEJS , 3T — 4>+ Je—
WA PR RN R, DARCA IR, MR B R OGIRIT; fRJm, 38 R A% I Qs I S e SE
gIA, N2 B &Y. Irf BARE & 254 5 4l B Y g 2L 20 ("H NMR) | AZ LR
T (13C NMR) |, JHi K i oA 63 (HPLC) B, A% R AR SC 37 #4545 S S1~835.
1.2.1  FEER-R-NHEARK  PEAR-R-NHA G D BREEA—Z, AU 5okt LR AR, Phrp
[E] {4 a-NAP-B-NAP-NH [ 45 ik 1] AR I .

NH,

a-NAP-5-NAP-NH a-NAP-S-NAP-PTZ E-2NAP
w - o - PY WO S

2a-NAP-NH 2a-NAP-PTZ Z-2NAP
o oo - O'eoo e KRy . By

Ph-ANT-NH Ph-ANT-PTZ Ph-ANT

|
N

oo~ oo . @

NH,

+

a-NAP-ANT-NH a-NAP-ANT-PTZ E-NAP-ANT
H |
NH, Br. 1 iy i N 1T N
7000 - 0TME0 - R - &
J
S-NAP-ANT-NH B-NAP-ANT-PTZ Z-NAP-ANT

Scheme 2 Synthesis of the intermediates and products
I. t-BuOK, P(l(()Ac)z, (z—Bu)SPHBF4, Tol., 110 °C; I 1,, S, 0-DCB, 180 °C; III. CHsI, NaH, DMF, 0 C.
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o ] /& o -NAP-B-NAP-NH 4 & i ;1] T4 9 Schlenk % FP Il A 0. 25 mmol Pd (OAc) ,. 0. 13 mmol
(t-Bu),PHBF,. 7. 60 mmol t-BuOK., 5. 07 mmol {RAATHH) . 6. 08 mmol RRENTEMIFI25 mL 2K, Ff & # A<
3, 110 CF W12 h, FERVE R G, ¥ 2 20 KR OV, OV LR TR #EEL
3, B IFANUAETTHICKGREREN T , 8 e 28 AL T BRAHLE A . ML b DA ik — S P e/ =
R (AT EE 100710/ 1) VR ke @ 1 A 2T R ik aifl . (A @A (680. 5 me, 77%49.9%). 'H NMR
(400 MHz, CDCl,), §: 7.87(d, J=8.3 Hz, 1H, ArH), 7.72(dd, J=8.0, 1.5 Hz, 1H, ArH), 7.61~7. 54
(m, 2H, ArH), 7.48~7.38(m, 2H, ArH), 7.36~7.26(m, 3H, ArH), 7.25~7.16(m, 2H, ArH), 7. 14~
7.02(m, 3H, ArH), 5.80(s, 1H, NH). “C NMR (101 MHz, CDCL,) , &: 142.67, 138.68, 134.81,
134.79, 129.21, 129.03, 128.64, 128.05, 127.75, 126.49, 126.46, 126.27, 126.13, 125.87,
123. 48, 123. 36, 122.00, 119. 74, 116.65, 111. 38.

W] A 200 -NAP-NH B9 45 B : B2 W J50BF 24 0.22 mmol Pd (OAc) ,. 0. 11 mmol (+Bu) ,PHBF,,
6. 49 mmol :-BuOK . 4. 33 mmol JEZEFTAEY . 5. 19 mmol 78 AT 2E ¥ F1 20 mL FF 2K . [ & & 44 (670. 5
mg, F2% 57.6%). 'H NMR (400 MHz, CDCL,), &: 8.09(d, J=8.2 Hz, 2H, ArH), 7.96~7.85(m, 2H,
ArH), 7.59~7.41(m, 6H, ArH), 7.35(t, J=7. 8 Hz, 2H, ArH), 7.04(d, J=7.4 Hz, 2H, ArH), 6. 35
(s, 1H, NH). “C NMR (101 MHz, CDCL,), &: 140.31, 134.68, 128.65, 126.94, 126.22, 126. 14,
125.69, 122.41, 121. 80, 115. 45, 32. 16.

HR A 4K Ph-ANT-NH A4 1% : B2 0B A 0. 25 mmol Pd (OAc), . 0. 13 mmol (-Bu) ,PHBF, . 7. 50 mmol
t-BuOK., 5. 00 mmol & ZE AT A4 . 6. 00 mmol 2K J& A7 4 4 1 20 mL H 2K . B @ [ {4 (910. 0 mg, =%
67.6%). 'H NMR (400 MHz, CDCL,), 8: 8.47(s, 1H, ArH), 8.11(d, J=9.3 Hz, 1H, ArH), 7.96(d, J=
8.4 Hz, 1H, ArH), 7.79~7.64 (m, 2H, ArH), 7.58(d, J=8.3 Hz, 1H, ArH), 7.42~7.10(m, 5H,
ArH) , 6.94 (m, 3H, ArH), 5.75(s, 1H, NH). "C NMR (101 MHz, CDCL,) , &: 142.35, 139.79,
132.65, 132.06, 130.27, 129.90, 129.23, 128.89, 128.11, 127.94, 126.95, 125.44, 124.51,
122.34, 122.09, 120.22, 119. 31, 114. 54.

A 44 a-NAP-ANT-NH 4 & 5% : 2 0 BB 4 0. 22 mmol Pd (OAc),. 0. 11 mmol (¢-Bu) ,PHBF,,
6. 67 mmol t-BuOK . 4. 45 mmol JRZAEFTAH) | 5. 34 mmol AT 20 mL H 8 . HE(E14(640. 3 mg,
F2%45.1%). "H NMR (400 MHz, DMSO-d,) , 8: 8.55(s, 1H, ArH), 8.11(d, J=9.3 Hz, 1H, ArH),
8.01(d, J=8.1Hz, 1H, ArH), 7.87~7.82(m, 3H, ArH), 7.73(d, J=8.1 Hz, 1H, ArH), 7.60(d, J=
8.1Hz, 1H, ArH), 7.49~7.31(m, 6H, ArH), 7.23(dd, J=8.4, 6.8 Hz, 1H, ArH), 7.05(s, 1H, ArH),
5.75(s, 1H, NH). RS R 22 JovkAS 2 mme .

] {4 B-NAP-ANT-NH: JZ ¥ J5K} 4 0. 097 mmol Pd (OAc),. 0. 049 mmol (¢-Bu),PHBF, . 2.91 mmol
t-BuOK . 1. 94 mmol {R& AT A4 | 2. 33 mmol 2K AT AE 1 20 mL FH 2K . B €8 [ {4 (424. 5 mg, 7%
68.6%). 'H NMR (400 MHz, CDCL,), &: 8.34(s, 1H, ArH), 8.20(s, 1H, ArH), 7.99~7. 88 (m, 3H,
ArH), 7.81(m, 2H, ArH), 7.72(d, J=8.2 Hz, 1H, ArH), 7.64(d, J=2.2 Hz, 1H, ArH), 7.61(d, J=
2.3 Hz, 1H, ArH), 7.46~7.29(m, 6H, ArH), 5.30(s, 1H, NH). FHIEME K22 RIS 2050 .
122 HEER-R-PTZ & & FPIAAR-R,-PTZ A A IR RA —, AW JF0RE K HA e HE AN
)P ] a-NAP-B-NAP-PTZ {4 i g 9 HLAA D B .

1 8] f& o -NAP-B-NAP-PTZ ()4 %, : ] 100 mL it s 4 il A 2. 50 mmol a-NAP-B-NAP-NH .
5. 00 mmol fii . 0. 070 mmol I, A1 15 mL 1,2- 54, IS 30 min fifi OVIES P, SRE IR
180 “CRWZ 12 he FERNEE G , B SOWAR RV H) 2 50 I FHER KK SO, F CR CR#EI3 UK,
GIFAPUARIE I TCKBRER BN T, 38 2 e 75 R AL BRA DL . K™ i LA i g/ — S ot (AR R L
3D AEWRPE R AR E BT R D7 ik Al . TRAT AR (450. 0 mg, F7#60.2%). #55.172.5 “C. 'H NMR
(400 MHz, DMSO-d,) , §: 8.40(dd, J=8.7, 1.0 Hz, 1H, ArH), 7.86~7.75(m, 3H, ArH), 7.72~7. 65
(m, 1H, ArH), 7.59~7.45(m, 5H, ArH), 7.36(m, 1H, ArH), 7. 18(d, J=8.4 Hz, 1H, ArH), 5.80(s,
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1H, NH). "C NMR (101 MHz, DMSO-d,) , &: 140.80, 138.15, 133.52, 130.63, 130.30, 128.92,
128.78, 127.88, 127.52, 126.51, 126.34, 125.49, 124.14, 122.72, 122.37, 122.17, 121.06,
118.09, 111.27, 109. 14; HRMS(ESI), m/z: [M]* caled. for C,,H,;NS*: 299. 0769; found: 299. 0763.

W] K 2« -NAP-PTZ 9 & A . 2 W JE B 24 2.50 mmol 2a -NAP-NH, 5.00 mmol #i .
0.07 mmol I, F1 15 mL 1,2- 407 . IRZT4 A (420. 0 mg, 773 56.2%). ik 142.0 °C. 'H NMR (400
MHz, CDCl,), &: 7.87(d, J=8.5 Hz, 2H, ArH), 7.76(d, J=8.2 Hz, 2H, ArH), 7.55(t, J=7.7 Hz,
2H, ArH), 7.42(t, J=7.0 Hz, 4H, ArH), 7.12(d, J=8.5 Hz, 2H, ArH), 5.88(s, 1H, NH). "C NMR
(101 MHz, CDCL,), 8: 136.62, 133.30, 130. 89, 129. 14, 128. 82, 126.49, 125.57, 124.96, 123. 10,
122.37, 118.16, 114.27, 38.75, 28.95, 23.01, 14.08. HRMS (ESI) , m/z: [M-H]  caled. for
C,H,,NS™: 298. 0696; found: 298. 0685.

W [E] f& Ph-ANT-PTZ ) & A% : Sz B Ji KB 4 3.61 mmol Ph-ANT-NH, 7.22 mmol i .
0. 10 mmol I, 120 mL 1,2- 478 . HRLL (A [H {4 (480. 7 mg, 7= 44.5%). 'H NMR (400 MHz, DMSO-
dy), 8: 8.44(s, 1H, ArH), 8.22(s, 1H, ArH), 8.06(d, J=8.4 Hz, 1H, ArH), 8.00(d, J=8.3 Hz, 1H,
ArH), 7.85(d, J=8.9 Hz, 1H, ArH), 7.46(m, 2H, ArH), 7.07(m, 3H, ArH), 6.83(m, 1H, ArH),
6.76(d, J=7.6 Hz, 1H, ArH), 5.85(s, 1H, NH). “C NMR (101 MHz, DMSO-d,), §: 142. 65, 139. 38,
132.42, 129.92, 129.02, 128.79, 128.45, 128.41, 128.34, 128.21, 127.54, 127.11, 126.63,
125.23, 123.06, 119. 34, 118.78, 116. 66, 115. 15, 104. 37.

W [E] 4R o -NAP-ANT-PTZ 9 & A% : /2 v J5i BF 4 1,03 mmol o -NAP-ANT-NH, 2.06 mmol & .
0. 029 mmol T, 110 mL 1,2- 57K . LA FE K (89. 0 mg, 773 24. 8%). 'H NMR (400 MHz, DMSO-
dy), 8:8.47(s, 1H, ArH), 8.41(d, J=8.5 Hz, 1H, ArH), 8.30(s, 1H, ArH), 8.10(d, J=8.3 Hz, 1H,
ArH), 8.02(d, J=8.2 Hz, 1H, ArH), 7.91(d, J=8.9 Hz, 1H, ArH), 7. 84(d, J=7.9 Hz, 1H, ArH), 7. 50
(m, 6H, ArH), 7.21(d, J=8.4 Hz, 1H, ArH), 5.86(s, 1H, NH). *C NMR (101 MHz, DMSO-d,) , §:
140. 03, 137.92, 133. 54, 132. 40, 130. 18, 129. 41, 128. 96, 128. 71, 128. 48, 128. 36, 128. 31, 127. 48,
126. 67, 126. 59, 126. 37, 125.53, 125. 42, 123. 03, 122.42, 121.07, 119.79, 119. 47, 111. 51, 106. 15.

A& B-NAP-ANT-PTZ: S )3 J5UEH A 2. 37 mmol B-NAP-ANT-NH . 4. 74 mmol i . 0. 066 mmol I, Fil
15 mL 1,2- 405 . L0 A (360. 5 mg, 77343, 6%). #55190.0 °C. 'H NMR (400 MHz, DMSO-
dy), 8:8.45(m, 1H, ArH), 8.34~8. 11(m, 2H, ArH), 8.02(m, 2H, ArH), 7. 86(m, 2H, ArH), 7. 78~
7.24(m, 6H, ArH), 7.13(m, 1H, ArH), 5.76(s, 1H, NH). PEIH M PE R 22 T 18 353 . HRMS
(ESI), m/z: [M]* caled. for C,,H sNS*: 349. 0925 found: 349. 0918.
123 ERFHW AR B E b BRIEAR 2, AU SO A, LIAE &) E-2NAP
()G A BRI

b5 W) E-2NAP B9 B 1] T8 () Schlenk 4 HlIlA 0. 54 mmol NaH #10. 36 mmol a-NAP-B-NAP-
PTZ 1 6 mL DMF, Jf B A3, EKIAFE IR h, FEIA 2. 0 mol B BE, SIRAIE T K2
12 h. B SO A5 S FHAK VR SO, ROni il — @ W BE 2 B 3 W, G I A IUAHIT Ok B R T8, 38
TR 25 ALK BRA ML . K™ 4 A Tk VR Ik e R ok A 2 AT i ik 2tidl . PR AR (72, 6 mg,
FEER64.5%). M 141.5 °C. "H NMR (400 MHz, CDCl,), §8: 8.17(d, J=8.6 Hz, 1H, ArH), 8.02(d, J=
8.4 Hz, 1H, ArH), 7.80~7.60(m, 3H, ArH), 7.48(m, 3H, ArH), 7.36(d, J=8.0 Hz, 3H, ArH),
7.21(m, 1H, ArH), 3.50(s, 3H, CH,). “C NMR (101 MHz, CDCl,), &: 145.03, 141.53, 134.09,
131. 12, 130.73, 128.67, 128.48, 128.16, 127.56, 127.28, 126.58, 126.23, 125.55, 125.26,
125.09, 125.02, 124.89, 123. 13, 122.94, 43.89, 1.07. HRMS(ESI), m/z: [M]* caled. for C, H,;NS:
313.0925; found: 313. 0926.

& W Z2NAP B9 A 2 R ¥ A 0.76 mmol NaH F1 0.51 mmol 2a -NAP-PTZ Fi
6 mL DMF. [0 [E A (32. 1 mg, 7% 20.3%). %4 181.0 °C. 'H NMR (400 MHz, CDCI,), §: 8.63(d,
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J=8.4 Hz, 2H), 7.84(d, J=8.1 Hz, 2H), 7.65(m, 4H), 7.55~7.45(m, 2H), 7.36(d, J=8.5 Hz,
2H), 3.27(s, 1H, CH,). “C NMR (101 MHz, CDCl,), &: 141.24, 133.76, 130. 18, 129. 90, 128. 33,
126.79, 125. 69, 124.93, 122. 62, 41. 97. HRMS(ESI), m/z: [M+H]" caled. for C,,H,,NS: 314. 0998 ; found:
314. 0990.

AW Ph-ANT IS J8.: B804 0. 49 mmol NaH F10. 33 mmol Ph-ANT-PTZ 1 6 mL DMF. &£ (5]
14(60. 5 mg, P73 58.7%). #5H.: 168.5 °C. 'H NMR(400 MHz, CDCL,), &: 8. 66(s, 1H, ArH), 8.34(s,
1H, ArH), 8.03(d, J=8.4 Hz, 1H, ArH), 7.92(m, 2H, ArH), 7. 51~7.37(m, 2H, ArH), 7.32~7.26(m,
2H, ArH), 7.23~7.15(m, 1H, ArH), 6.99(t, J=7.5 Hz, 1H, ArH), 6.90(d, J=8. 1 Hz, 1H, ArH), 3. 56
(s, 3H, CH,). “C NMR (101 MHz, CDCl,) , &: 130.51, 128.87, 128.25, 128.02, 127.97, 127.57,
127.52, 126.73, 125.81, 124.90, 123.31, 122.84, 121.11, 116.35, 113.90, 35.79. HRMS (ESI) ,
mlz: [M]* caled. for C,,H sNS: 313.0925; found: 313. 0924.

1t 4 ¥ E-NAP-ANT 894 % : K2 9 4 1. 50 mmol NaH F1 1. 00 mmol a-NAP-ANT-PT #l 10 mL
DMF. # {6 1A(160. 1 mg, 77%44.1%). 1 15.273.0 “C. '"H NMR (400 MHz, CDCL,), &: 8.60(s, 1H,
ArH), 8.37(s, 1H, ArH), 8.25(d, J=8.5 Hz, 1H, ArH), 8.05(d, J=8. 1 Hz, 1H, ArH), 7.97(d, J=
8.1Hz, 1H, ArH), 7.91(d, J=9.0 Hz, 1H, ArH), 7.81(d, J=8.1 Hz, 1H, ArH), 7. 60~7.41(m, 6H,
ArtH), 7.36(d, J=8.5 Hz, 1H, ArH), 3.60(s, 3H, CH,). DX H ¥ Mt K 2% Jo 15 3 it . HRMS
(ESI), m/z: [M]* caled. for C,sH,,)NS: 363. 1082; found: 363. 1086.

1.6 W) Z-NAP-ANT 094 i : W 974 1. 50 mmol NaH F1 1. 00 mmol B-NAP-ANT-PTZ F1 10 mL
DMF. 21  [E 4 (160. 5 mg, ;=% 44. 1%). ¥ 5276.0 “C. 'H NMR (400 MHz, CDCl,), &: 8.86(s,
1H, ArH), 8.48~8.42(m, 1H, ArH), 8.36(s, 1H, ArH), 8.09(d, J=8.4 Hz, 1H, ArH), 7.94(m,
2H, ArH), 7.77(m, 2H, ArH), 7.59(m, 1H, ArH), 7.51~7.27(m, 5H, ArH), 3.71(s, 3H, CH,).
BC NMR (101 MHz, CDCL,), &: 144.99, 132.41, 131.26, 130.56, 130.37, 129. 06, 128.30, 128. 18,
128.05, 127.64, 126.89, 126.75, 125.84, 124.91, 124.22, 123.25, 121.11, 116.23, 115.10,
36.24. HRMS(ESID), m/z: [M]* caled. for C,H,,NS: 363. 1082; found: 363. 1076.

1.3 HRERE

BRI T, W 8 & AP H15 95 7 E-2NAP, Z-2NAP., Ph-ANT. E-NAP-ANT #il
Z-NAP-ANT FJ & . RS, RS X SR AT S OBCEA S ER Hf AT 1 X i b 5 0 00 A AR 25 1
14 HEFHE

K H Gaussian 16 (Revision C. 01) F& /3 XF F PR Wy E W2 K 22 JEAT T B 18] 4 861 %28 2 72 bR B2 (Time-
Dependent Density Functional Theory, TD-DFT) 5. R S Mr sk 15 454, 78 PBE1PBE/DEF2SVP
AT AR R IR DB R, 4 5 5 FHUE (HOMO) 5 A 4 439l (LUMO) ,
DL O FREAS (S,) i R =43 (T, IRESL . H HEHURE G H £ (Spin-orbital coupling, SOC) % T [A]#
HSEHFNZ BR T, 456 PySOC #AF A1 python 2. 7 R P A 71845 2] 2. JEIANAH B AEH (NCD) 43 Hr i o
Multiwfn 3. 8 I3 T PBE1PBE/def2svp JE217Z pR/K - E AT, $5 R8BI E anaconda3 27 1R FHAH
[TV TR

2 GRS

2.1 FEEARRSES TR WEMER

HARMESPAEAFPIRZS T BOC FEE B LI 1 AR 1. 8 5 X b 2R 90 Wy e W AR BT A 4 7 U A vk
W VA5 TR (10 wmol/L) H AW WA N 22 B 33, ml L & B0 T B 2R A A Xt H AR 43 T e W B (10 52
M. WE (A PR, 7E IR PS R R, BIXTFR Y Z-2NAP ZERR A I (275 nm) 5 56K 5t
(420~518 nm) , FEIH A X FR A E-2NAP B9 (285 nm) 5%¢ 56 & 5 (580~590 nm ) AU % Az — e Fit
JEMERS , X538 T8 R R — B AR SO 75 BB S36 T S37) : Z-2NAP [R] B HLAT B K1Y
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Fig.1 UV -Vis absorption spectra)(A), photoluminescence(PL) spectra at room temperature(B), and delayed
luminescence spectra at 77 K of the phenothiazine fused ring derivatives in THF solution(10 pmol/L)(C),
PL spectra(D), delayed luminescence spectra(E) and afterglow decays and corresponding afterglow

lifetimes (F) of the phenothiazine fused ring derivatives as prepared powder at room temperature

Table 1 Photophysical properties of the target compounds under different states*

Compound A ,\I‘f’/nm )\m‘l’/ nm Ap ‘mm )\dﬁﬂ_g]“w”/ nm Tuﬁﬂ_ghm‘/ 'ms D, (%)
E-2NAP 285 580 550 560 38.69(550 nm) 3.06
7-2NAP 275 518 505 510 20.33(510 nm) 3.18
Ph-ANT 285 610 615 615 7.06(557 nm), 119.68(615 nm) 9.50

E-NAP-ANT 295 635 590 590 1.58(590 nm) 2.99
Z-NAP-ANT 300 640 585 585 9.28(555 nm), 67.30(585 nm) 445

a. A, represents the maximum absorption wavelength in the UV-Vis spectrum, A, represents the maximum emission wavelength in the
photoluminescence spectrum, A, . “represents the maximum emission wavelength in the delayed luminescence spectrum, 7, . represents the
afterglow afterglow

afterglow lifetime and @,, represents the photoluminescence quantum yield; b. 10 pmol/L tetrahydrofuran(THF) solution; c. as-prepared powder.

HOMO-LUMO fE it (E-2NAP: 3.783 eV, Z-2NAP: 4.255 V) Fl 5 5 19 S, fE 2% (E-2NAP: 2.912 eV,
Z-2NAP: 3.322 V). 400 T H 22— &4 B IERT, Ph-ANT 76 R 1A 7 P AW g2 F 285 nm &b, %65
RAFENL T 610 nm AL . i — PP H BN GAK R, WEEH] E-NAP-ANT 1 Z-NAP-ANT ) Wy i e
(295 nm, 300 nm) F1%¢ 6 & HH% (635 nm, 640 nm) KA TABIK1(B) ], X EEIFETF5] AT KT
IRGE R AT AT OE AR R I ILH0 T 1T, BRI BB REER DY, i3 IR 5 BT 25 W) & (18] S36 il
% 837).

ETTKT, BEGY53F 0 ERSTERAT 32 2], ILAE DU S AR (10 wmol/L) Hr 3y ] UL
B RS. HAKTT S, EHAPWAIKRZR T, E-2NAP 5 Z-2NAP BIANE & SH%508 , HAKFREE F4 1
E-2NAP LUXTFREEH Y Z-2NAP I IR A A AT . L2, TR0 B 28— | A\ R FLER
G AP Ph-ANT DL KNI S 16A ) E-NAP-ANT 5 Z-NAP-ANT & i B e iR s5 [ 1(C) 1.

RS, PE—25%F S BAME SIS T T RGERDEECL G | ER &6 KobEUk
iR . HE L) ATRLEH, FE A EGIRR T, E-2NAP FIZ-2NAPAEZE IR T R S sk
6, R R S B T 550 nm 1505 nm; 11 L EFME S 9 Ph-ANT K2 SRS 164 %) E-NAP-ANT 5
Z-NAP-ANT 5 210, e KR SHIEK 4350 615, 590 F1585 nm. AL FAER IR H A6, XLt

Chem. J. Chinese Universities, 2026, 47(4), 20250388 20250388(128/132)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

AP 19 RS SRBAT 1A% , X AT RE S 701 RAE LS FAH G .

KR ICIRG , W LE)FI(F) FR,, HAHE S E-NAP-ANT Fil Z-NAP-ANT [ 3 ¥ e K&
P 3 AL T 590 nm 1585 nm, XJ A4 HE 4w 43 i 4 1. 58 ms A1 67. 3 ms. H IR A LG ) Ph-
ANT. E-2NAP Fll Z-2NAP 1 43 M 55 K& 5 I A I 43 3 432 F 615, 550 1 510 nm, 43 ¥ 75 i 43 51 4
119. 68, 38. 69 F120. 33 ms. I X L AL G PR T =R L B, LIFPRECH 1S 211 Ph-ANT 7£1%
FRBN Wy BEE I T AR v B B DR BUR B i TR (9. 50%). ZRA KRG , MRS A G AiTE
Wi A AREEBE, H XS0 T 2 AXTRES AT, O RE AR .

(HARER RIS, & B TR R Ph-ANT FISIMA R Z-NAP-ANT 5 E-NAP-ANT {4 2E3R & i
596 R SN B —3, RIABIRNE SORIE TR BURDS . IR AT H RO, E—2 kT
M A ITE R R R A . IR 2 TR, Bl IR L 233 K F+ % 293 K, Ph-ANT (A iy
BHTIE K, 75293 KIFiAF 119. 68 ms, KB B & MHAGE LR . 856 HAER & OtiE 5066k )
W E A NG, AT LRI ROt B T S L e 140 — 5T

SRR (TADF) , BN T RS MR A2 A (52 1o ——ZNAPANT 1068
RSO BB EME ZLE ), B 5 Ofos o
SHIRE, R RMEER(RISC) R EHIRR S, & 0r 826 g3

. RECHRAIE AR BIES . R, iR O sm -
FHAKSETIRIRE, Ph-ANTIORIE B B TR 2 ]

B XAlfe Rt THEE IR EE—L EIt, iR L0244 06 014 138 308 125 330
SPFES R R FE R S BT R R i R, IR 7 233 27 95 35 391 353
TADF (G 5RO Y e 4, I P BER MR Temperature/K

ﬁﬁéﬁ J. E-NAP-ANT 1 Z-NAP-ANT E‘]é‘?}'ﬁﬁﬁ Fig.2 Temperature-dependent afterglow lifetimes of
bt s AR Ak Ea 34 5 Ph-ANT A, {H E-NAP-ANT 119 Ph-ANT, E-NAP-ANT and Z-NAP-ANT as
AR, ELEIR R AR AR B0 prepared powder

22 mEElam

FIRAIRIE 0 FHIG 5 R HEEREZ R N TE SRR, XT E-2NAP, Z-2NAP ., Ph-ANT, E-NAP-ANT F/I
Z-NAP-ANT B B SR GER 00 T T 08, 3840 FH 4 . RIRTR B9 4> T HES | B4y HE By 20 8% K
TR . B S, DAWMERR R N EE R I TT, i SO ) N TR 1 — ) CBL S B DY B ) T, A
B — ) (B35 PN 55 30 ) A “TRD , e AR 2 X8 <307, i 3(A) 7 . PR SRR AT A R, kst
o3 FELE L -1 (Dimerl) | 5 -18 (DimerlD) F I - 18] 77-7 HEZ (Dimer ) 3 FELIE B — R K[ K 3(B)
M(C) ] FeF ZRARMHES =, v it —25 090 H PR R R 20 384 UHES (Packing A) 5%
P - HE B (Packing B). 7E LIS IRZR 1, E-2NAP Al Z-2NAP {95 TR AR . MIE AR5, 40
T RIS A HER (Packing A) , HAGH 0] T 550+ & 55 . 11 Ph-ANT | R Uk A% 77 HEFRB
(Packing B), 73 FHIEE4/N(0. 3398 nm). FEARNIAAGIRZ S, E-NAP-ANT [AlFEREUG AR - HEFE
(Packing B), 73 FIAIEEH /N (0. 3421 nm) 5 45 H4 [R] Ry 7S 3809 Z-NAP-ANT 437 [AI RO . A BAE TR
55, RIS X — 220 Re 540 TP &, ASCfH FH Wy e e BEAZ PN 0 34 T 71
Tl 2 16] /9 TR AR (o) SRVEAS TP . 40 3 Bro , E-NAP-ANT Ho iy 198 W8 1 42 195 ) 55 2R /%) 11 A1
(146.22° ) KT Z-NAP-ANT(134.98%) , P EPEELE, AR T REHMER . FRERE S Y
PR AR T BRI . G40, MBS E-2NAPTE 77 K ik v 2 90 s i Ao b e 55, e B i) T
PASY TR s WAERS AR AN, [0 IR R 19 Ph-ANT DK HEFRA 1) T TADF f77 4, 230 80K
A A A R DB F % . SIME A1 E-NAP-ANT S [F A 2 9 - HERUF th 3L TADF 31
%, (B A

YT Ph-ANTAE_ IR R I T K MR 754 15 0 3 1% TADF REPE | AT T IR A 4544
SPLET . BT, RETHER m-r WL, B THICEHS . WE4(A)F(B) IR, ME85T55
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Fig. 3 Schematic illustration depicting the spatial orientations(back, face, and edge), and dihedral angle(«) of the
phenothiazine core(A), molecular conformation, dimer formation, molecular packing diagrams, and dihedral
angles in the single crystals of E-2NAP, Z-2NAP, Z-NAP-ANT(B), and Ph-ANT and E-NAP-ANT(C)

Staggered arrangement (Packing A) formed by edge-to-face (Dimer 1) and back-to-face (Dimer 1) dimers, and short-range -7

stacking pattern(Packing B) formed by face-to-face(Dimer II1) dimers.

FR-1 22 0] (1 2 B A R 0. 3398 nm, JFLOHEES 4 0. 3636 nm, -7 S ML 45. 70%. —RIKKIEEE
1 CEIY T 1A 8 45 1 ) B O LR I e £ ) o 69, 15°, 1 T 54. TP BIE R(E™Y. 85 A 8K M) - BB
FR e FE LT A HES , A 2R BRI R g H- SR AR, . gtk A A TV s, 5 T
Ry, 255N 133.05 meVIE4(C) ], R FIREAERGR TS . PR 1Y) - A BLAE
A BT FRIE | SRR BRAT , X T B Ph-ANT HAT 5K A A i s 2 J A

TEBLIERE b, o T N T2 B L TADF 23 72, S5 fh 853145 T Ph-ANT BB S # &5
B, E4D) s, IHEEERER, Ph-ANT RBLH R A TEPLE RS (SOC) B, HARAHEE(S,
T5)H 0. 605 em™'; [AIBF S5 ToZ [AI I EERR (—0. 010 eV)H/IN . X AN 2 B EMEIVE A (B K 1 SOC 5
BNRERR 22 ) JL AR HE T R 500 ZR ) BB 5 i AR B A B i, Ry BT SE IR T G ER A T OB A AL
PREE. 28 L, Ph-ANT AL AIAREVERE PTUAD F LL R N2 1 A DR RIVE L - 0 FAE B9 SR R 1) 8 il
S Z a8 M R 1T A ORI, 4 T R1R - BRSO T RS IRT , SRR T K A
ATAYHER 2.
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Fig. 4 Intermolecular interactions within the Ph-ANT dimer in the crystal(A), overlap area of the Ph-ANT
dimer(B), transfer integral of the Ph-ANT dimer(C), and molecular energy level diagram of Ph-ANT
and the corresponding spin-orbit coupling constants(theoretical calculations based on the molecular

conformation in the single crystal)(D)
A\
3 & it

AT R A b IR RO AR A O, REETREE T TS RS, P SE R
TXAOR IR ARV RE AT SO T . IR S, TSR R KB HES IR A R R AL 0 Kot
fig, Horh, HA A XTFRES K 0 H AT A AT A E-2NAP 76 77 K TR TH R0 s A B 55 . HL3RHA
AR FR Ph-ANT H#; A ZASTE 233~293 K I X (1] PN e B 5825 (9 #4006 AL 43R 9 Y6k vy, Hofe R #E 77
ATk 119. 68 ms. AMFFTIE /R T MyBERTIIAT AP0 5> T H9 5 S AR HE Ry A = IR A M RE 1 5%
Wiy, PR T 2B R S5 SR RE Z (R B N AESE 2R . TGS AN W BE RS AR R 40 F- B80T S
REOCALARAE T RS 5500 2%, o R R sl RO M R DL IR A M R 2552 T At
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