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Abstract: In this study, four heterohelicenes (FST[5]H, AzaST[5]H, DBTST[5]H, DBTST[7]H) were suc-
cessfully synthesized using unsymmetric dithieno[2,3-b:4",3'=d]silole as a building block via Wittig reaction and
selective photocyclization regulated by the electronic/steric effects of heteroatoms (nitrogen, sulfur). Crystal struc-
tures reveal that with the increase of helicity degree, the molecular climbing height significantly rises from 0. 91 A for
FST[5]H to 3. 14 A for DBTST[7]H, and multiple weak intermolecular interactions such as S---H and C---H are ob-
served. The introduction of heteroatoms leads to a red shift of the maximum absorption peaks for the heterohelicenes ;
compared with the highly twisted DBTST[7 ]|H, the more planar FST[5]H, AzaST[5]H, and DBTST[5]H exhibit
higher fluorescence quantum yields, and the CIE chromaticity coordinates of all four helicenes lie in the blue—violet
region. In the frozen state, all compounds exhibit phosphorescence emission in the long—wavelength region (500 -
600 nm) , and the long afterglow phenomena could be observed. In summary, the synergistic regulation of helicity de-
gree and heteroatom introduction can effectively optimize molecular planarity , packing modes, and luminescent prop-

erties, thereby providing new insights for the design of organic deep blue-violet light—emitting helicene materials.
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[n ] 975 2 — 25 LB A2 8 & O UM 51 2 38
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BEXE bR m) B, 3R AT E BT WO 9 R RS
BT Tl 2 A S B R W) I W M —— R Wy IF
[2,3-b:4",3"-d|BEN% (DTS)™, % ¥ J0 AL 58 14
BT EWY IR E K R AF Y Kk R R S H e A i g
J7 0 SEAR LR X AR 45 4 $E AL T S A 4 R E
FH 75 88 G A7 50, 8 3 Bk 5 A R 1 42 1) 2 AR
BT, ARWFST L DTS B 5 2R & u i
He( %y 2R IFwEwy (R (RS AR A 1T, A AL
T VTR Gy S R T ) 2% SRR A RL 45 A e T
SR R M WIS T MR R R R
RE . AW A B0 I & 3L T WENg ) A 28 18 &t
AR T R B 1) JEL B

2 % B

2.1 RFAEMES
A Heme 2-VR %5 2 ORI RNy =R

nu\4

FEBE AR N-BA T % n—-BuLi g A
G RFET R AR AR AR =
fir = P ISR e W 1 BT TR R (R ) A BR A
Al 5 3-TRMEWY I [ 1 27 SO AR A AR A B
YNGR ERU it D I e N ) T AR E PN e
T TR 404k T FR S A 5 Sk R e R 2
Wi Ak 2 R A BR A 7 o T 24 i B 500 2 R 4 #r
ali, Tk AN DO Sk (G A AR, A7)
RGP — P alife HEM . G W 1 B SCEk 7
R

AR A AT LW 3 < 7568 (1 i %
) A1 T LGS A E 5 RS - A SO
i FLS980 ) i A% Wl s (% [ ) ; £1 41 % 3% (IR ): £
VERTEX 70 J6 3 400 5 (75 =) 5 @ 43 HF o 3
(HRMS) : i1 Thermo Scientific LTQ Orbitrap XL P
JoT T AN (26 1) W A2 5 4% R R ("H NMR) #1(PC
NMR) : 1 Bruker DRX 400,500 ( {# [¥ ) #% i 3£ ¥
U TSI 7, 2R PR AT A R = Y ARy
) AR ZE R . th D8 VENTURE X-—ray $£8 51 5
A A 22 (L), fbA ) FST[5]H . DBTST[5]H
F1 DBTST[71H fY 5 &bl ( = 5 H e/ B, 3:1, 3:2,
1:2) B R 218 ¥ R vk 4k A% o SR BEALES R b
B A SO RO RN F AR 77 B9 RLH-18CU Y
8L ARG, ZARGH A 10 W UVA LED )t
U, HE & B UK O 367.7 nm, 2 1§ 4 5E
(FWHM) N 14.5 nmo B b 007 8 Ab 1 4 BE
54 128. 42 mW/cm?,
2.2 A& SRAE

3a i A R : FREL9,9- — T £ -9H -2 -2 Il it
(100.0 mg,0.32 mmol, 1.0 equiv)ﬂE 100 mL [
JEBEH R, A 15 mL Z B & i, o L2 18 m A
PPh;-HBr (115. 8 mg, 0.34 mmol, 1.05 equiv) ,
100 “C Il it 4 o Ji T B RE v, FH DU vk i (4 % 5
mL) P& % B0 15 B AR R AL B ) 3a: 178.7
mg, % % : 87%., M. p.: >300 C.'H NMR (400
MHz, CDCly) 8 7,79-7. 71 (m, 9H), 7. 66-7. 61 (m,
7H), 7.46 (d, J = 7.5 Hz, 1H), 7. 33-7. 27 (m, 3H),
7.08(d, J=7.8 Hz, 1H), 6.99 (s, 1H), 5.44 (d, J =
16, 2H), 1. 81 (td, J = 12.7, 4.5 Hz, 2H), 1. 61 (id,
J=12.6,4.7 Hz, 2H), 0. 99-0. 90 (m, 4H), 0. 60 (t,
J=7.3 Hz, 6H), 0. 37 (m, 4H). “C NMR (100 MHz,
DMSO-ds) 6 150.57, 150.55, 150.00, 140.79,
140. 75, 139. 62, 135. 09, 134. 12, 134. 02, 130. 09,
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Fig.1 Synthetic route to FST[5]H, DBTST[5]H, DBTST[7]H and AzaST[5]H

129.97, 127.70, 126.98,126. 49, 126,40, 125. 14,
125. 09, 122. 88, 120. 22, 120. 06, 118. 32, 117. 47,
54. 35, 25. 63, 22. 35, 13.75. HRMS (ESI-TOF) m/
z [M-Br] © caled for [C,HsxP] 553.3024; found
553.3016. IR (KBr): 3135, 3031, 2929, 1438,
1397,1109, 741 em™ .

3c 1 G AR UL S ) 2¢ (129, 4 mg, 0. 51
mmol, 1. 0 equiv) T 100 mL [ [ JiE B i, in A
15 mL Z 5 % M, 3 4tt 248 7 A PPhs- HBr(190. 8
mg, 0. 56 mmol, 1. 1 equiv) , 100 °C =] i i % . H
23 TR B R NE VR, PSR (4 % 5 mL) Pk I 250, 15 5]
H @ B R E A 90 3¢ B 4l 262, 6 mg, 7% :89% .
M. p.:>300 °‘C. '"H NMR (400 MHz, CDCl;) 6 7. 78—
7.71 (m, 10H), 7. 63-7.58 (m, 6H), 7. 51 (s, 1H),
7.44 (t, J=7.7 Hz, 1H), 7.36 (d, J = 8.3 Hz, 2H),
7.17-7.13 (m, 2H), 5.49 (d, J = 13.4 Hz, 2H),
4.19 (t, J = 7.2 Hz, 2H), 1.79-1.73 (m, 2H),
1.37-1.28 (m, 2H), 0.91 (1, J = 7. 4 Hz, 3H). "C
NMR (100 MHz, DMSO-ds) & 140.27, 139.61,
139. 59, 135. 00, 134. 96, 134. 18, 134. 09, 130. 08,
129. 96, 128. 30, 126. 16, 122. 44, 122. 39, 121. 97,
121.94,121. 33, 119. 64, 119. 08, 118. 52, 117. 68,
117.11, 117.03, 109. 64, 42.07, 30.60, 19.70,
13.69. HRMS (ESI-TOF) m/z [M-Br] " caled for
[C3sH33NP] 498.2351; found 498.2342. IR (KBr):
3051, 2957, 2856, 2784, 1489,1105, 809 cm™ .

4a A B AL S 1(46. 3 mg, 0. 14 mmol,
1.0 equiv) Jill A 25 mL Schlenk Jffi 7 , {8 F XCHE &
PEAT 1 h B8 p A B (Rl <=0, il I 55 4%

A5 mL JGoK THF, 5 $8 3% % o K L5 9 3a
(99.7 mg,0.16 mmol, 1. 1 equiv)ﬁ[]/\ 250 mL [
Schlenk i H1 4 T BHE A HE4T 1 h B 25 T 1 Ak 2
(Pl < =K ), i A 100 mL JE /K JC %0 THF, i 5
W % 78 CLBEPE 10 min, £GP T L E
A t=BuLi (0.35 mL, 0. 88 M in hexane, 0. 35
mmol, 2. 1 equiv) , £ -78 ‘CT I 2 h, 2R )5 K 1k
S W 1R THEF 3% W00 0 2 B i & b i 22 2%
T, BN 12 he =78 °C, A JH 2D 1 K i AT S 0 P
Koo I Al 23 e bR S BLU . 2SI, AT HLAH 3
x 25 mL/K PR %, FH 3 x 20 mL 5 e 25 Bk A1
TEIK NapSO, 1 #7001 1 L 5 g, a0 il 0 25 i B
WL AR S D) 4a BUML A : 202, 4 mge ZRHEJR AT
(300-400 H A, 1k BAE R UET - A ih ik ) | $2
AJE ALY 4a (R 2N 2 67. 5 mg, NSS4 45 7
R .79%, M. p.:112-113 °C. '"H NMR (400 MHz,
CDCIL;) (for a mixture of cis and trans isomers of 4a)
87.68(t,J=6.8Hz),7.57(d, J=2.9 Hz), 7. 46
(d, J = 8.6 Hz), 7.43 (s), 7. 34-7.30 (m), 7. 24 (d,
J=2.0Hz),7.04(d, J=16.0 Hz),2.01-1.97 (m),
1.11-1.04 (m), 0.67 (t, J = 7.4 Hz), 0. 64-0. 58
(m), 0.23 (s, 6H), 0. 11 (s, 9H); the ratio of integral
areas of the peaks are 2.08 : 0.95 : 1.23 : 1.25:
5.08 :2.06:1.37 :4.06:4.31:6.28 : 4.33 :
6.01 : 9.00. HRMS (ESI-TOF) m/z [M+H,0+H]"
caled for [C3H40S,Si,] 615.2607; found
615.2597. IR (KBr): 2929, 2853, 1628, 1597,
1351, 1250, 841 em™,

4b 1A 8 KA W 1(54. 4 mg, 0. 17 mmol,
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1. 0 equiv) fil A 25 mL Schlenk Jifi H 8 i XUHE 4 1
A7 1 h LA TR Ak PR Rl =00 A 5
A5 mL G UK THF, $if $F % fit o K b & 9 3b
(100.0 mg, 0. 19 mmol, 1.0 equiv) fill A 250 mL
Schlenk i H (T BUHE A& #E4T 1 h 25 1 4k 2
(4 <=4 L Ji A 100 mL JE /K THF , 38 55 i
78 CHEE, BEHE 10 min, 76 K %8 560 F L 3% Wi
il A t=Buli (0.33 mL, 1.08 M in hexane, 0. 35
mmol, 2. 1 equiv) ,-78 CTIIBL2h, RIFFK 1Y
THF 35 W 0 2 52 0 K & b, %R RN 12 he
=78 “C, MK FEAT BN PR o 325 Jig I B LT
AW AU 3 x 20 mL K PE# 3 x 20 mL =
SAHVE 25 UK AR 85 JH JE 7K Na,SO, 14850 9% A
HUA , 1 % , EL45 € BR DCM., £ 4L & 4 4b 1AL -
119. 4 mg. 24 )2 #r (300-400 H &t g, Tk
BEWRVE T Al k) B2 26 )5 43 B AR A5 W 4b 1Y
4 2 55. 1 mg, W2 5 K AR 7= 3K . 58%., M. p.:
122-123 “C. 'H NMR (400 MHz, CDCL) (for a mix-
ture of cis and trans isomers of 4b) 8§ 8. 22-8. 19 (m),
7.87-7.82 (m), 7.62 (dd, J = 8.4, 1.7 Hz), 7.57
(d, J = 2.9 Hz), 7.49-7.47 (m), 7.37-7.33 (m),
7.13 (d, J = 16. 0 Hz), 0.36 (s), 0. 25 (s), 0. 11 (s);
the ratio of integral areas of the peaks are 2.23 :
2.20 : 1.25:1.06 : 2.04 : 2.14 : 2.17 : 0. 66 :
6.11 : 9.00. HRMS (ESI-TOF) m/z [M+H,0+H]"
caled for [Cy;H,,ONS,Si, | 521.0919; found
521.0909. TR (KBr): 3105, 2954, 1618, 1431,
1255, 1073, 841 em™ .

de 1A B LG9 1(40. 7 mg, 0. 13 mmol,
1. 05 equiv) il A 25 mL Schlenk i i ] XU HE 4
PEAT 1 h B 10 Ak B (b5 <=0k L AL S mL
Jo K THF, 4 $4 % fif o K6 4L 5 9 3¢ (69. 6 mg,
0.12 mmol, 1.0 equiv)ﬁﬂ/\ 250 mL A Schlenk #{
i FHOBCHEAS R AT 1 h 028 T A B (Rl <=0
A 100 mL JG 7K THF ¥ 5], o 9 i B2 3F 5g =
=78 “C, B 10 min, HZSFREE T, BT A t—Buli
(0.25 mL, 1.30 M in hexane, 0.32 mmol, 2.2
equiv) ,—78 CRNE2 h, K IEKAL& 9 1 1) THF %
TR 0 B SRR Z v, M 48 T 2 AR, R 12 he
~78°C, LG /K EAT K o A5 T BR B, A
LA 3 x 25 mL K P, 3 x 20 mL 5 4
FIWOKA o ToK NapSO, T4 55 T4, 1k 0k, B2
JiE & B2 I W E B DCM, 75 4k & 9 4c 19 4L & -

121. 6 mg. £ HJZ 1 (300-400 H &g, 18 % -
FE RV Ak ) 3R 45 2 AL A 4c 1y
i fh 237, 8 mg, WS 57 4 147 R 1 65% . 'H NMR
(400 MHz, CDCI;) (for a mixture of cis and trans iso-
mers of 4¢) 6 8.19 (s), 8.12 (d, J = 7.8 Hz), 7.70
(d, J=8.8 Hz),7.64 (s),7.62(s),7.57 (d, J =2.9
Hz), ), 7.48 (d, J = 8.1 Hz), 7.45 (d, J = 3. 8 Hz),
7.42-7.37 (m), 7.33 (d, J = 2.9 Hz), 7.30 (s),
7.28 (s), 7.25 (d, J = 3.3 Hz), 7.23 (s), 7. 21 (s),
7.18 (s), 7. 14 (s), 4.31 (t, J = 7.2 Hz), 1. 87 (m),
1.46-1.37 (m), 0. 96 (t, ] = 7.3 Hz), 0. 36 (s), 0. 25
(s), 0. 12 (s); the ratio of integral areas of the peaks
are 1.19:1.16:0.59:1.05:1.00:1.05:0.99:
3.06:0.99:0.49 :0.28 : 1.03 : 0.42 : 2.20 :
0.95:0.39:3.04:3.16:3.15:4.47 : 3.29:
6.10 : 9.23. HRMS (ESI-TOF) m/z [M+H,0+H]"
[C5,H3ONS,Si,|  560.1933;  found
560. 1921. IR (KBr): 2953, 2867, 1603, 1473, 1249,
1040, 837 em™',

FST[5]H i & 1L : Bk & #) 4a(10. 3 mg, 0. 02
mmol, 1.0 equiv) Ml (12,9 mg, 0.51 mmol, 3.0
equiv) T4 9E B BB TP 10 mL H 2K (4 A
o310 RO VLIRS N LE (0.5 mL) , AR
Ji 5 5 B 0 A B O, AR A& HER .
Wi 56 B LED AT 365 nm HE 5T, A B 15 min 542
A I SN, SR 2O B[R] 3 b ARG I 3 S Rz 2
WA P AT 6 o il AR NayS,05 /K I
WHEAT PRK 23 TERR SRR o R M, A HLAE I 3
X 10 mL 7K BB %, = 5 b (3 x 20 mL) A HUK
AH L A8 F T2 7K NapSO, 1 1 5] 1 M, L 25 Jié Bk S Bz
R DCM 453 FST[STH HL™ dh : 67. 6 mg. MLk 2=
38 B (R IT 5« 1E C %8 ) 43 #5453 FSTISIH Y 4l & -
16. 1 mg, /%% :27%. M. p.:291-292 ‘C. 'H NMR
(500 MHz, CDCl;) 6 9.44 (s, 1H), 8.24 (s, 1H),
7.87-7.85(m, 2H), 7. 82 (d, J = 8.9 Hz, 1H), 7. 78
(d, J = 8.7 Hz, 1H), 7.41-7.37 (m, 3H), 2. 12-
2.04 (m, 4H), 1. 12-1.08 (m, 4H), 0. 71-0. 63 (m,
10H), 0.60 (s, 6H), 0.45 (s, 9H). “C NMR (125
MHz, CDCl;) § 152.79, 151.54, 151.09, 148. 35,
147.29, 147. 09, 145. 98, 143.95, 140. 97, 139. 69,
132. 44, 131.95, 129. 60, 128. 00, 127. 23, 126. 37,
123.37,122. 19, 120. 71, 120. 28, 120. 12, 115. 70,
54.94, 41. 02, 26. 29, 23.26, 13. 96, 0. 88, 0. 82.

caled for
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HRMS (ESI-TOF) m/z [M+H]" caled for [C3sH43S,Si1
o] 595.2344; found 595.2341. IR (KBr): 2953,
2928, 2852, 1628, 1441, 1250, 776 cm ™,

DBTST[S]H #1 DBTST[7]H ) & W « FR Bk &
M1 4b (9. 8 mg, 0. 020 mmol, 1.0 equiv) LM (15,1
mg, 0. 06 mmol, 3. 0 equiv) T A H A 7 R4
JA 10 mL H 2K (4 A 53 70 T4 % i I AR R
P BE(0.5 mL) , AR I 28 5 B 10 B4 0, )
Bkl A HE AR RO IR T LED AT 365
nm JE 5,47 SR, B FR 15 min, {f W82 5E i R
WD B v, Bt 2O B[] 0.5 h B A I 2 s v 4
Fo I T NayS, 05 7K 3 W06 2 b i AT PR, AL
25 T Bk S I MR o A L, A HLAR T 3 x 15 mL K ik
B, AW k(3 x 15 mL) A BUK A, TG K
Na,SO, T8 5 T A HLAH , B 25 T bR i 700 45 6
i Ak A % DBTSTISIH A1 DBTST[7]H 1 1R & ¥ -
69. 8 mg. KL £ 2 % R O B2 be) 2
B, DBTST[SH M 4L 5 :7. 1 mg, P55 : 14% ,DBTST
[71H F9 26 5 :8. 0 mg, 77 % . 16% .,

1t & % DBTST[5]H: M. p.: 192-193 °C. 'H
NMR (400 MHz, CDCly) 8 9.55 (s, 1H), 8.72 (s,
1H), 8.31 (dd, J = 6.0, 3.2 Hz, 1H), 8. 11 (s, 1H),
7.93-7.83 (m, 3H), 7.52 (dd, J = 5.9, 3.2 Hz,
2H), 0.61 (s, 6H), 0.44 (s, 9H). “C NMR (125
MHz, CDCl;) 6 152. 64, 150.73, 147. 62, 147.08,
146. 57, 143. 86, 140. 26, 137. 44, 135. 32, 134. 27,
131. 18, 129. 71, 129. 02, 127. 57, 126. 52, 124. 76,
123. 07, 121. 97, 120. 87, 120. 85, 120. 27, 118. 34,
0.87, —0.83. HRMS (ESI-TOF) m/z [M+H]" caled
for [CyH,58:8i,] 501.0657; found 501.0649. IR
(KBr): 2955, 1633, 1581, 1249, 1254, 1046, 849

-1
cm o

1t & ¥ DBTST[7]H: M. p.: 287-288 °C. 'H
NMR (400 MHz, CDCl;) 8 8. 15 (d, J = 8. 3 Hz, 1H),
8.00(d, J=8.4Hz, 1H),7.96 (d, J = 5. 4 Hz, 1H),
7.94 (d, J = 5.4 Hz, 1H), 7.84 (dd, J = 8.3, 4. 1
Hz, 2H), 7.25-7.21 (m, 1H), 6.93-6.90 (m, 1H),
6. 14 (s, 1H), 0.74 (s, 3H), 0.53 (s, 3H), 0.30 (s,
9H). "C NMR (125 MHz, CDCl;) & 150.34,
149. 81, 149. 37, 147. 87, 145. 29, 141. 17, 138. 69,
137.99, 137. 82, 130. 74, 130. 26, 129. 61, 126. 92,
125. 85, 125.79, 125. 52, 125. 37, 122. 77, 122. 17,
121.93, 120.77, 120.69, 0.76, -0.39, -1.14.

HRMS (ESI-TOF) m/z [M+H]" caled for [C,;H,5S5Si1
,] 501.0657; found 501.0653. IR (KBr): 2955,
2924, 1581, 1441, 1259, 1046, 829 cm™' .

AzaST[SIH 19 & 5% : BUAL & 9 4¢ (10.0 mg,
0.018 mmol, 1. 0 equiv) , # (13. 9 mg, 0. 55 mmol,
3.0 equiv) T A J b FOE R S A 10 mL H R
(4 A5y 70 T8 Wi, I AR E N BE(0. 5 mL) ,
FHAR e 26 1 5 1R B148° 0, A skl A < HE
S KOG IRAS I LED &7 365 nm M5, F4T 5
W, BE B 1S min, fff FH 2 6035 AR s Al T, F 0
R[] 2 b S G0 21 S 17 45 R o A AT N, S,0,4
K WK BN, il LS e ok FP A o A, A LA
FH3 x 10 mLKBE%, A 42 (3 x 15 mL) 2 B
JK A, TEIK NapSO, 18 5 T 8 A HLAH | 3125 JiE B
DCM, 15 AzaST[5H B #L & : 78. 5 mg. #l & &
J2 3% B (Jre JF 57 < OF & B ) 43 25 15 3] AzaST[5]H
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2872, 1607, 1467, 1254, 1046 cm™ .
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Fig.3 Two conformations of precursor 4a and 4b and the

electron cloud distribution of the LUMO orbital.
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Fig.4 Crystal structures of FST[5]H, DBTST[5]H and
254 DBTST[7]. thermal ellipsoids (a—c) and crystal pack-
ing (d—1).
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Fig.5 Absorption spectra of FST [5]H, DBTST[5] H,
DBTST[7]H and AzaST[5]H in DCM (¢ =1 x 107
mol/L).
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Fig.6  Photophysical properties of FST[5]H, DBTST[5]H, DBTST[7]H and AzaST[5]H: (a) Fluorescence spectra in
DCM (¢ =1 x 107 mol/L., \,,= 340 nm, slit: 3/3 nm); (b) Corresponding CIE chromaticity diagram in DCM (¢ = 1 X

107 mol/L).
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Fig.7 Low-temperature photophysical behaviors of com-
pounds FST[5]H, DBTST[5]H, DBTST[7]H and
AzaST[5]H: (a) Low-temperature emission spectra
(77 K, 2-MTHF, ¢ =1 x 107* mol/L.) ; (b) Long af-
terglow phenomenon (77 K, 2-MTHF, ¢ =1 x 1073
mol/L, irradiated with a 365 nm blue light lamp (5
W) ) ; (c¢) Phosphorescence spectra (77 K, 2-
MTHF, ¢ =1 % 107° mol/L, delayed 0.5 ms).
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Tab. 1 Photophysical properties of FST [5]H, DBTST[5]
H, DBTST[7]H and AzaST[5]H.
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