

mailto:mankin.wong@polyu.edu.hk

Literature references

(H30>3<3©%Si(CH3)3
2c

I. Kownacki, B. Marciniec, B. Dudziec
andM. Kubicki, Organometallics2011,
30, 2539

OZNO%Si(CH3)3
21

N. Sakai, KAnnaka andl. Konakahara
Org. Lett, 2004 6, 1527.

H,CO ——Si(CHj)3

E. R. Neil, M. A. Fox, R. Pal, L.-O.
Pdsson,B.A. OO0 S u | dndDv Rarker
Dalton Trans, 2015 44, 14937

M. Carril, A. Correa andC. Bolm,
Angew. Chem. Int. EQR008 47, 4862.

. Si < S. Kim, J. RojasMartina andr. D. Toste
@ Chem. Scj.2016 7, 85
2t
/_\ — /_\ = Si(CH3)s | K. Li and Q. Wang Chem. Commun
) 2005 4786
z

P. Braunstein,H. Lehnerand D. Matt,
Inorg. Synth.199Q 27, 218

S2




OMe

P-Au-ClI

R. J. Cross and MF. Davidson J.
Chem. Soc., Dalton Trans1986, 0,
411

R
ey

© .

J. Corddn, J. M. L.-d.-Luzuriagaand M
Monge Organometallics2016,35, 732

e,

P-Au-ClI

g

©

K. Nunokawa, SOnaka, T.Tatematsu
M. Ito andJ. Sakaijnorg. Chim. Acta
2001,322 56.

H,CO
HsCO

PPh,AuCl
PPh,AuCI

sl

E. S. Andreiadis, M R. Vitale, N.
Me&ailles, X. L. Goff, P L. Floch,
P. Y. Toullec and V Michelet, Dalton
Trans, 2010,39, 10608

. N\ |

E. C. Constable andl. A. Leese,J.
Organomet. Chem1989 363 419




Au BF4

H.-M. Ko, K. K.-Y. Kung, J:F. Cui and
M.-K. Wong,Chem. Commun2013 49,
8869

— BF@ G. Zhang, L Yang, Y Wang, Y Xie and
4 H. Huang J. Am. Chem. Sq®2013,135
OO |
7c
o)
/©)kN F. K.-C. Leung,J-F. Cui, T.-W. Hui, K.
Q K.-Y. Kung andM.-K. Wong Asian J.
O2N Org. Chem.2015 4, 533.
10a
0
/@)J\N F. K.-C. Leung, JF. Cui, T.-W. Hui, K.
K.-Y. Kung andM.-K. Wong, Asian J.
ON ©\© Org. Chem.2015 4, 533.
10b
0
OzN\O)‘\N F. K.-C. Leung, JF. Cui, T.-W. Hui, K.
K.-Y. Kung andM.-K. Wong Asian J.
Org. Chem.2015 4, 533.
10c
¢
ﬁN F. K.-C. Leung, JF. Cui, T.-W. Hui, K.
CE) K.-Y. Kung andM.-K. Wong Asian J.
ON Org. Chen, 2015 4, 533.
10d
0
/©)(N F. K.-C. Leung, JF. Cui, T-W. Hui, K.
O\/@ K.-Y. Kung andM.-K. Wong Asian J.
O2N Org. Chem.2015 4, 533.
10e




O
sgove
FsC
10f

F. K.-C. Leung, JF. Cui, T.-W. Hui, K.
K.-Y. Kung andM.-K. Wong, Asian J.
Org. Chem.2015 4, 533.

(@)
@*w
Br
10g

F. K.-C. Leung, JF. Cui, T.-W. Hui, K.
K.-Y. Kung andM.-K. Wong Asian J.
Org. Chem.2015 4, 533.

[Cp*RhC|2]2

J. W. Kang, K. Moseley and® M.
Maitlis, J. Am. Chem. So0c.1969, 91,
597Q




General procedure

All reagents were commercially available and used without further purific&tlash
column chromatography was performed using silica gel 60-4B80mesh ASTM) with ethyl
acetatai-hexane or methanolfchloromethane as eluefH, *C and'°F NMR spectra were
recorded on a Bruker DRX00 or DPX-600 spectrometefAll chemical shifts are quoted on
the scale in ppm using TMS or residual solvent as the internal standard. Coupling cadjstants (
are reportedn Hertz (Hz) with the following splitting abbreviations: s = singlet, br s = broad
singlet, d = doublet, dd = double doublet, t = triplet and m = multiplet. High resolution mass
spectra were obtained on an Agilent 6540 UHD Accukédss QTOF LC/MS system
equipped with an ion spray source in the positive ion nfealeEST MS/MS analysis, collision
energy was set 40, 15 or 2@V. X-ray crystaktructures were obtained Byuker D8 Venture
single crystal XRay difractometer.

All of the photochemical experme nt s wer e performed i n a cu:
4 reaction vessels surrounded by 16 blue LEDs. The temperature was maintained by a fan
attached to the Alight boxdo. A voltage tran
employed to monitor thegwer of the light source)( Y O p 8w &0 0 ).
4 reactions were performed in the #flight box
The emission spectra of the blue LEDs revealed a maximum emission wavelength of the light
source abmax= 468 nm. The emission spectra of the light source was shown below.

468 nm

Fluoresence Intensity

400 450 500 550 600
wavelengh

Figure S1 Emission spectm of the Blue LEDs light source



General procedure for preparation of aryl diazoniums lad

ne
BocHN .

P (Ph3P),PdCl,, PPhs, KsPO, S0 1. HCI, CH30H, 16 h
. //—Br .Y

N dioxane, reflux, 24 h N 2. NaHCO3, H,0

NHBoc
la-d lla-d

: //_Q 1. HBF, Et,0, H,0 //—Q

N 2.NaNO,, H,0,2h N

NH, N2BF4
lNa-d 1a-d

A mixture ofaryl bromicesla-d (10 mmol, 1 equiv.)2-(N-Boc-amino}phenylboronic
acid pinacol este3.35 g, 1.05 equiv.), (PRBRPdCE (0.14 g, 2 mol%)triphenylphosphine
(0.10 g, 4 mol%) and ¥ (6.37 g, 3 equiy.in 40 mL of 1,4dioxane/HO (3:1) washeated
in a 100 mL rand bottom flaskat 100°C under N for 3-16 h. The reaction wasonitored by
TLC analysis until all starting materials consumed. After the rea¢heneaction mixturevas
extracted by ethyl acetate for three times. The organic layer collected wabydaerbydrous
MgSQs and purified by flash column chromatography using EtOAc/hegangent to give
the desired productta -d.

%
NHBoc
lla
White solid, 95% vyield.
'HNMR (400MHz,CDC}) U 12.26 (s, 1H) ,26&,J488HKzdlH), J = 8
8.09 (d, J = 8.4 Hz, 1H), 7.927.70 (m, 4H), 7.58 (t, J = 7.5 Hz, 1H), 7.46.36 (m, 1H),
7.13 (dd, J = 11.1, 4.0 Hz, 1H), 1.55 (s, 9H).
13CNMR (100MHzCDCkL) U4 158.24, 153.58, 146.39, 139. 4
128.83, 127.59, 126.90, 126.56, 124.37, 122.05, 120.67, 120.20, 79.78, 28.57.

White solid, 92% vyield.
'HNMR (400 MHz,CDC¥) U 8. 63 (d, Ji82l1(h,2H),88Z(d J18E , 8.
Hz, 1H), 7.90 (d, J = 8.2 H4H), 7.76i 7.65 (m, 2H), 7.55 (ddd, J = 8.2, 6.9, 1.1 Hz, 1H),
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7.507 7.43 (m, 1H), 7.39 (dd, J = 7.7, 1.5 Hz, 1H), 7.15 (td, J = 7.6, 1.1 Hz, 1H), 1.42 (s, 9H).
3CNMR (100MHz CDCk)i 158. 91, 153.10, 141.69, 137.

127.88, 127.57,127.31, 127.17, 122.21, 121.28, 120.47, 80.31, 28.42.

H,CO0C

White solid, 9% yield.

'HNMR (400 MHz,CDCHGi 12.07 (s, 1H), 8.76 (d, J
8.13 (d, J = 8.3 Hz, 1H), 7.87 (ddl= 7.9, 1.2 Hz, 1H), 7.857.79 (m, 1H), 7.70 7.64 (m,
1H), 7.50i 7.41 (m, 1H), 7.16n, 1H), 4.08 (s, 3H), 1.55 (s, 9H).

13C NMR (100MHz CDCk)u 166. 62, 157.67, 153.48, 147.

129.41, 129.30, 128.32, 125.66, 25.123.43, 122.18, 120.32, 79.95, 52.99, 28.54.

D

NHBoc
lid

White solid, 98% vyield.

'HNMR (400 MHz,CDC¥)Gi 11.69 (s, 1H), 8.53 (d, J
7.90 (d, J = 7.9 Hz, 1H), 7.81 (dd, J = 7.9, 1.3 H2), &b6i 7.36 (m, 3H), 7.13 6.98 (m,
1H), 1.59 (s, 9H).

13C NMR (100MHz CDCk)t 168. 70, 153.49, 153.18, 138.

125.70, 122.97, 121.90, 121.43, 119.42, 118.72, 80.32, 28.53.

For deprotectionja -d was treated with Ck¥DH/37% hydrochloric acid (3:1) and stirred
at room temperature overnight. After that, CH in the reaction mixture was removed by
rotatory evaporation. Then, anice bath, NaOH solution (1 in H-O) was dropwise added

into the crude mixture until theHp= 10.The esulting mixture was extracted by &, for
three times. The organic lagawere combinedand driedby anhydrous MgS®© Then, he
resulting mixture was purified by flash column chromatography using EtOAc/hegaient
to give the desiredrpductslil a-d.

=Y,
N
NH,
Ila

Yellow solid, 97% yield.
IH NMR (400 MHz,CDCY)i 8. 20 (d, J = 8.8 Hz, may),

61

8 .

35

8 .

90
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7.76i 7.65 (m, 2H), 7.52 (t, J = 7.5 Hz, 1H), 7i23.15 (m, 1H), 6.82 (t, J = 7.7 H2H), 6.20

(s, 2H).

13C NMR (100 MHz CDCk)i 159. 38, 147. 57, 146. 99, 136. 74
127.54, 126.40, 126.24, 121.68, 120.59, 117.56, 117.46.

Yellow solid, 85% yield.

'H NMR (400 MHz, CDC$) i 8 (d,9 = 5.7 Hz, 1H), 8.03 (d, J = 8.5 Hz, 1H), 7.85 (d, J =

8.2 Hz, 1H), 7.71 7.60 (m, 2H), 7.51 (t, J = 7.6 Hz, 1H), 7.2, @H), 6.87 (n, 2H), 4.26 (s,

2H).

13CNMR (100MHz CDCk) 159.83, 145.39, 142.00, 137. 32
127.44, 127.25, 127.01, 123.92, 120.02, 117.93, 116.83.

H,COOC

llic

White solid, 95% vyield.

'H NMR (400 MHz,CDC})ii 8. 75 (d, J = 8.5 Hz, 1H), 8.42
7.77 , 2H), 7.63 (t, J = 7.6 Hz, 1H), 7.2&(1H), 6.85m, 2H), 6.27 (s, 2H), 4.09 (s, 3H).

I3CNMR (100MHzCDCk) 166. 91, 158.75, 147.89, 147.75
129.41, 127.61, 125.54, 123.13, 122.04, 120.58, 117.56, 117.55, 52.82.

liid

Pale yellowsdid, 99% yield.

'H NMR (400 MHz,CDCHGi 7.98 (d, J = 8.1 Hz, 1H), 7. 88
7.9 Hz, 1H), 7.46 (t, J = 7.7 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H}, 6.83

6.70 (m, 2H), 6.40 (s, 2H).

I3CNMR (100MHzCDCk)U 169. 39, 153.91, 146.91, 133. 44
122.60, 121.32, 117.05, 116.94, 115.47.

A mixture of anilinedlla -d (5 mmol, 1 equiv.)n 5 mL of HO in a 20 mL glass bottle
in anice bath was treated with tetrafluoroboric acid HEEO (0.82 mL, 1.2 equiv.) by
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dropwise addition. After that, NaN@0.52 g, 1.5 equivyvas dissolved in 3.5 mL of 4 and
dropwise added into the reaction mixturBhe resulting mixture was stirred at room
temperature for 31. Then, the mixture was filtesleand the solid was stepwise washed by
ethanol andollowed bydiethyl ether and further collected as produlasd.

'Y,

N,BF,
1a

Pale yellow solid, 92% yield.

'H NMR (400 MHz,deDMSO) U 8. 98 (dd, J = 8.2, 0.8 Hz,

Hz, 1H), 8.47 8.40 (m, 1H), 8.36 (d, J = 8.5 Hz, 1H), 8.23 (d, J = 8.0 Hz, 1H), 8.17 (t, J = 7.8

Hz, 1H), 8.05 7.97 (m, 1H), 7.90 7.81 (m, 1H).

13C NMR (100 MHz ds-DMSO) U 1 44894, 140.42, 14@.10, 135.74, 132.61, 131.97,

130.16, 129.11, 128.55, 128.12, 126.94, 118.83.

DEPT 135(100 MHz de-DMSO) U4 140. 4 2, 140. 12, 135. 73, 13

128.56, 126.93, 118.83.

19F NMR (376 MHz,ds-DMSO) -148.26.

HRMS (ESI) cdcd for C1sH1oN (M T N2BF4)* 204.0808 found204.0823

Yellow solid, 86% yield.

'H NMR (400 MHz,deDMSO) G4 9.01 (d, J = 8.2 Hz, 1H), 8
2H), 8.22 (m, 4H), 7.98 (t, J = 7.5 Hz, 1H), 7.86)(£ 7.7 Hz, 1H).

13C NMR (100 MHz dsDMSO) U 150. 81, 141. 28, 140. 08, 13
131.47,129.42, 127.81, 126.07, 125.57, 123.42.

DEPT 135(100 MHz d-DMSO) U0 141. 76, 140.55, 136.04, 13
128.29, 126.56, 1290.

19F NMR (376 MHz,ds-DMSO) -1i48.26.

HRMS (ESI) calcd for GsHioN (M 7 N2BF4)* 204.0808 found204.0818

H,CO0C

Pale yellow solid, 63% yield.
'HNMR (400 MHz,CRCN) U 8. 76 (d, J = 8.6 Hk63i,853H), 8.
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(m, 2H), 8.39 (t, J = 7.8 Hz, 1H), 8.28 (d, J = 8.4 Hz, 1H), 8.01 (m, 2H), 7.88 (m, 1H), 4.08 (s,

3H).

13C NMR (100 MHz CDsCN) o 166.95, 150.07, 148.85, 14
133.53, 132.83, 132.49, 131.59, 130.20, 127.06, 126.2602,2013.56, 54.04.

DEPT 135(100 MHz CD:CN) U4 142.59, 136.99, 133.23, 13
126.76, 120.63, 53.75.

19 NMR (376 MHz, CRC N ) -151.88.

HRMS (ESI) calcd for GiH12NO2 (M i N2BFs)* 262.0863 found262.0874

I

N,BF,
1d

Yellow solid, 87% yield.

'H NMR (400 MHz,deDMSO) U0 8. 99 (d, J = 8.2 Hz,i 1H), ¢
8.33 (m, 2H), 8.26 (d, J = 7.9 Hz, 1H), 8.15 (t, J = 7.9 Hz, 1H), 7.69 (m, 2H).

13C NMR (100 MHz de-DMSO) U 16 0. 04, 13584 138.15, 132183, 13234

131.63, 127.89, 127.72, 123.94, 123.09, 112.47.

DEPT 135(100 MHz d-DMSO) U0 141. 95, 136.31, 133.35, 13
123.56.

19 NMR (376 MHz,ds-DMSO) -148.25.

HRMS (ESI) calcd for GsHsNS (M7 N2BF4)*" 210.0372 found210.0392
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General procedure for visible lightmediated goldcatalysedsynthesis of quinolizinium
compounds

A mixture of aryl diazonium salts (1.2 equiv.), silyl substituted alkynes (1 equiv.),
PhePAUCI (10 mol%) and 5 mL of G4&€N was adde into a 20 mL test tube. The test tube

capped with a rubber septumas evacuated and refilled with nitrogen three times. After that,
the tubecontaining thereaction mixture was irradiated with Blue LEDs for 16 h. After the
reaction completed, the mixtuneas concentrated under reduced pressure.

For determination of NMR yieldininternal standard fluorobenzer®e3e L, 0. 1

mmo |
1 equiv.) and 2 mL o€ED30Dwere mixed with the resulting residue {8 NMR analysis.

12000

H [ = F12000 11000
= b2
T
| [ F0000 0006
Q7 O Ll 00
-
_Si S000
O ! © F 00
BF,
4a f 600
OO
W
5000
1 Il 0
T T = T T N

1 {ppm)

W

Lo
85 % 85 100 <108 -0 15 0 435 0 43 M40 145 S $ 60 165

£1 (ppm)

Figure S2 Determination of the NIR yield of4a (74%) employing fluorobenzene as internal
standard.

Table S1 Chemical shifts of compounds @DzOD
Compound Chemical shif({) of theF in 1°F NMR

-115.45

-110.24
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For product isolation, the resulting residue was purified by flash chromatography on
silica gel using CHCIo/CHzOH (19:1) as eluent to give the desired product.

Yellow solid, 65% yield.

'H NMR (400 MHz,CD:OD) U 9. 1.6Hz(1#), 9.0% (d,< =8.4 Hz, 1H), 8.95(d, J =

9.0 Hz, 1H), 8.46 (d, J =8.3 Hz, 1H), 8.27 (d, J = 7.9 Hz, 1H), 8.19 (t, J = 7.7 Hz, 1H), 8.07 (t,
J=7.7Hz, 1H), 7.7 7.63 (m, 1H), 7.58 (m, 1H), 7.42 (t, J = 8.0 Hz, 1H), 7.29 (t, J = 8.6 Hz,

1H), 015 (s, 1H).

13C NMR (100 MHz CDsOD) a4 150. 63, 146. 69, 142. 77, 13¢
135.27, 135.19, 135.02, 131.16, 130.51, 130.14, 129.89, 127.80, 126.29, 126.18, 119.37,
117.53, 117.31, 1.78.

19 NMR (376 MHz,CDs0OD) -1110.24,-154.92.

HRMS (ESI) calcd for GeH2aNFSi (M BF4)* 396.1578 found396.1574

H,CO

4b
Orange solid, 69% yield.
'HNMR (400MHz,CD:OD) U 9.12 (d, J = 9.0 Hz, 1H), 9.
8.9 Hz, 1H), 8.43 (d, J = 8.2 Hz, 1H)28.(d, J = 7.2 Hz, 1H), 8.17 (t, J = 7.6 Hz, 1H), 8.04 (t,
J=7.6 Hz, 1H), 7.72 (m, 1H), 7.49.32 (m, 1H), 7.06 (d, J = 8.7 Hz, 1H), 3.90 (s, 1H), 0.14
(s, 1H).
13C NMR (100 MHz CD:OD) U 163. 38, 150. 82, 148. 23, 14:
134.89,134.73, 132.62, 131.24, 130.62, 130.41, 130.38, 130.11, 128.06, 126.50, 119.68,
116.01, 56.16, 2.20.
HRMS (ESI) calcd for G/H260NSi (M1 BF4)™ 408.1778 found408.1793
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H,C),C
(H3C)3 4c

Yellow solid, 66% yield.

'H NMR (400 MHz,CDsOD) 9.5 (d, J =9.0 Hz, 1H), 9.03 (d, J = 8.4 Hz, 1H), 8.93 (d, J =

8.9 Hz, 1H), 8.45 (d, J =8.2 Hz, 1H), 8.24 (d, J = 7.7 Hz, 1H), 8.18 (t, J = 7.6 Hz, 1H), 8.05 (t,
J=7.7 Hz, 1H), 7.70 (m, 2H), 7.58 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 732 (t,

7.9 Hz, 1H), 1.39 (9H), 0.12 (s, 9H).

13C NMR (100 MHz CDsOD) a4 156. 35, 150. 75, 148. 22, 14:
135.42, 135.01, 133.00, 131.32, 130.51, 130.41, 130.14, 130.08, 128.10, 127.61, 126.55,
126.47, 119.68, 35.95, 31.58, 2.11.

HRM S (ESI) calcd for GoHz2NSi (M BFs)* 434.2299 found434.2308

Yellow solid, 68% yield.

'HNMR (400 MHz,CDsOD) U4 9.16 (d, J = 9.0 Hz, 1H), 9.
8.9 Hz, 1H), 8.46 (d, J = 8.3 Hz, 1H)28 (d, J = 7.1 Hz, 1H), 8.18 (t, J = 7.3 Hz, 1H), 8.06 (t,

J =7.7Hz, 1H), 7.75 7.66 (m, 2H), 7.65 7.58 (m, 1H), 7.52 (m, 4H), 7.397.27 (m, 1H),

0.12 (s, 10H).

13C NMR (100 MHz CDsOD) 4 151. 04, 148. 30, 143. 23, 14
13537, 133.54, 132.31, 131.63, 130.93, 130.69, 130.62, 130.35, 128.33, 126.82, 126.71,
119.88, 2.31.

HRMS (ESI) calcd for GeH2aNSi (M1 BF4)* 378.1673 found378.1691

Yellow solid, 66% yield.
'H NMR (400 MHz,CDsOD) U (d®J=19® Hz, 1H), 9.05 (d, J = 8.3 Hz, 1H), 8.96 (d, J =
8.9 Hz, 1H), 8.46 (d, J =8.2 Hz, 1H), 8.27 (d, J = 7.7 Hz, 1H), 8.19 (t, J = 7.5 Hz, 1H), 8.07 (t,
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J=7.5Hz, 1H), 7.78 7.66 (m, 2H), 7.56 (d, J = 9.2 Hz, 4H), 7.56 (m, 4H), 7.4838 (m,

1H), 0.15 (s, 9H).

13C NMR (100 MHz CD:OD) & 150.97, 146.81, 143.18, 13!
135.54, 135.49, 134.90, 131.57, 130.95, 130.88, 130.52, 130.47, 130.29, 130.26, 128.15,
126.70, 126.53, 119.71, 2.17.

HRMS (ESI) calcd for GeH2aNCISi (M1 BFs)* 412.1283 found412.1281

Yellow solid, 58% yield.

'HNMR (400 MHz,CD:OD) UG 9.16 (d, J = 9.0 Hz, 1H), 9.
8.9 Hz, 1H), 8.46 (d, J = 8.2 Hz, 1H), 8.27 (d, J = 7.9 Hz, 1H), 8.19=(7.6 Hz, 1H), 8.07 (t,

J=7.7Hz, 1H), 7.73 (dd, J = 18.7, 7.8 Hz, 4H), 7.45 (dd, J = 16.6, 8.3 Hz, 3H), 0.15 (s, 9H).

13C NMR (100 MHz CDsOD) U4 150. 97, 146. 86, 143.18, 13
135.47, 135.05, 133.92, 131.57, 130.97, 13010.47, 130.31, 130.26, 128.15, 126.71,

126.52, 126.43, 119.70, 2.16.

HRMS (ESI) calcd for GeH2aNBrSi (M1 BF4)™ 456.0788 found456.0788

Yellow solid, 31% vyield.

'HNMR (400 MHz,CD:OD) U4 9.16 (d, JXd, >=88BHAI1HHB95(dlH) , 9.
8.9 Hz, 1H), 8.46 (d, J =8.3 Hz, 1H), 8.27 (d, J =8.0 Hz, 1H), 8.19 (t, J = 7.6 Hz, 1H), 8.07 (t,
J=7.6 Hz, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.74 (m, 2H), 7.44 (t, J = 8.0 Hz, 1H), 7.31 (d, J =

8.3 Hz, 2H), 0.15 (s, 9H)

13C NMR (100 MHz CD:OD) U 150. 94, 147. 05, 143. 17, 141
135.54, 135.43, 134.91, 131.56, 130.98, 130.52, 130.46, 130.32, 130.25, 128.15, 126.71,
126.51, 119.69, 98.05, 2.17.

HRMS (ESI) calcd for GeH2aNISi (M T BF4)* 504.0639 found504.0659
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OHC

4h

Yellow solid, 53% vyield.

'HNMR (400 MHz,de-DMSO) UG 10.12 (s, 1H), 9m,23H},845d, J =
(d,J =8.2 Hz, 1H), 8.34 (d, J = 7.9 Hz, 1H), 8.22 (t, J = 7.6 Hz, 1H), 8.11 (t, J = 7.7 Hz, 1H),
8.03(d,J=7.8H2H), 7.82(d,J=7.7 Hz, 2H), 7.72 (t, J = 7.5 Hz, 1H), 7.58 (d, J = 8.9 Hz,

1H), 7.39 (t, J = 8.0 Hz, 1H), 0.06 (s, 9H).

13C NMR (100 MHz dsDMSO) U 192. 80, 149. 08, 145. 19, 14
135.82, 134.36, 133.14, 132.77, 130.36, 1301#9.56, 129.15, 128.98, 128.92, 128.70,

127.15, 125.38, 124.95, 119.04, 1.86.

HRMS (ESI) calcd for G/H240NSi (M1 BF4)*" 406.1627 found406.1629

HOOC

Yellow solid, 56% yield.

'HNMR (400 MHz,CD:OD) 4 9. 17 (14),9.08(d,3 =&4.Ha, 1HY,8.96 (d, J =

8.9 Hz, 1H), 8.47 (d, J = 8.2 Hz, 1H), 8.26 (d, J = 7.8 Hz, 1H), 8.19 (t, J = 7.6 Hz, 1H), 8.15

8.02 (m, 3H), 7.76 7.66 (m, 2H), 7.63 (d, J = 8.1 Hz, 2H), 7.37 (t, J = 7.5 Hz, 1H), 0.13 (s,

9H).

13C NMR (100MHz,CDsOD) 4 150. 91, 147. 21, 143. 21, 13
131.62, 131.00, 130.57, 130.42, 130.31, 130.22, 128.15, 126.68, 126.53, 119.67, 2.17.

HRMS (ESI) calcd for G/H240:NSi (M7 BFs)* 422.157] found422.1571

Yellow solid, 65% yield.

'HNMR (400 MHz,CDsOD)G 9. 19 (d, J = 9.0 Hz, 1H), 9.0°
8.9 Hz, 1H), 8.49 (d, J =8.2 Hz, 1H), 8.29 (d, J =8.1 Hz, 1H), 8.21 (t, J = 7.5 Hz, 1H), 8.09 (t,
J=7.7Hz, 1H), 7.90 (d, J = 8.4}H), 7.75 (t, I = 7.8 Hz, 3H), 7.63 (d, J = 8.9 Hz, 1H), 7.43
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(m, 1H), 0.15 (s, 9H).

13C NMR (100 MHz CDsOD) G 151 . 08, 145. 97, 144. 25, 143.
135.65, 134.38, 134.32, 131.82, 131.22, 130.66, 130.51, 130.42, 130.38, 128.23, 126.
126.58, 119.75, 118.70, 115.57, 2.17.

HRMS (ESI) calcd for G/H23N2Si (M1 BF4)™ 403.1625 found403.1634

Yellow solid, 45% yield.

'HNMR (400 MHz,CD:OD)U 9.19 (d, J = 8.9 Hz, #H¥, 9. 0¢
8.9 Hz, 1H), 8.49 (d, J = 8.2 Hz, 1H), 8.28 (d, J = 7.6 Hz, 1H), 8.21 (t, J = 7.5 Hz, 1H), 8.09 (t,

J = 7.8 Hz, 1H), 7.85 (d, J = 8.2 Hz, 2H), 7.#5 8H), 7.65 (d, J = 9.0 Hz, 1H), 7.40 (t, J =

7.5 Hz, 1H), 0.13 (s, 9H).

13C NMR (100 MHz CDsOD) U 151.05, 146.32, 143.35, 138.24, 137.71, 135.64, 134.15,
131.75, 131.05, 130.63, 130.51, 130.39, 130.33, 128.21, 127.54, 126.74, 126.57, 119.74, 2.10.

19F NMR (376 MHz,CD:OD) -1154.93.

HRMS (ESI) calcd for G/H23NFsSi (M1 BFs)* 446.1546 found446.1568

Yellow solid, 58% vyield.

'H NMR (400 MHz,CD:OD)G 9.21 (d, J = 9.0 Hz, 1H), 9.0
8.9 Hz, 1H), 8.51 (d, J = 8.2 Hz, 1H), 8.38 (d, J = 8.8 Hz, 2H), 8.30 (d, J = 7.5 Hz, 1H), 8.22

(t, J=7.4 Hz, 1H), 8.11 (t, J = 7.5 Hz, 1H), 7.84 (d, J = 8.5 Hz, 2H), 7.74 (t, J = 7.5 Hz, 1H),

7.64 (d, J = 9.0 Hz, 1H), 7.44 (d, J = 7.4 Hz, 1H), 0.16 (s, 9H).

13C NMR (100 MHz CDsOD) 0 151 . 13, 150. 34, 145. 83, 143.
135.71, 134.74131.90, 131.34, 130.71, 130.48, 130.42, 128.25, 126.77, 126.61, 125.58,
119.76, 2.21.

HRMS (ESI) calcd for GeH2302N2Si (M1 BF4)* 423.1525 found423.1537
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Yellow solid, 68% yield.

'H NMR (400 MHz,CD:OD) i 9 . 1 39.0(H#, 1H), 9.02<d, J = 8.4 Hz, 1H), 8.95(d, J =

8.9 Hz, 1H), 8.43 (d, J = 8.2 Hz, 1H), 8.29 (d, J = 8.0 Hz, 1H), 811 8Hd), 8.05 (t, I = 7.7

Hz, 1H), 7.82 (t, J = 7.5 Hz, 1H), 7.68 (s, 1H), 7.60 (d, J = 8.5 Hz, 1H), 6.24 (s, 1H), 0.28 (s,

9H).

13C NMR (100 MHz CDsOD) U 150 . 81, 147. 12, 145. 75, 143.
136.07, 135.43, 131.46, 131.15, 130.52, 130.42, 130.36, 130.07, 128.14, 126.52, 126.20,
126.15, 119.69, 113.66, 2.35.

HRMS (ESI) calcd for GsH22ONSi (M1 BF4)" 368.1465 found368.1455

Yellow solid, 65% yield.

'H NMR (400 MHz,CD:OD)G 9.13 (d, J = 9.0 Hz, 1H), 9.0:
8.9 Hz, 1H), 8.44 (d, J = 8.2 Hz, 1H), 8.26 (d, J = 7.0 Hz, 1H), 8.17 (t, J = 7.3 Hz, 1H}, 8.05

J=7.6 Hz, 1H), 7.94 (dd, J = 2.8, 1.0 Hz, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.75 (t, J = 7.5 Hz,

1H), 7.59 (dd, J = 5.0, 3.0 Hz, 1H), 7552.40 (m, 1H), 7.00 (dd, J = 4.9, 0.8 Hz, 1H), 0.20 (s,

9H).

13C NMR (100 MHz CDsOD) G 150 . 70, 1 4(344,0188,44, 138.20, 1836.39, 1
135.35, 132.58, 131.40, 131.21, 130.99, 130.42, 130.35, 130.23, 130.09, 129.38, 128.11,
126.50, 125.36, 119.68, 1.94.

HRMS (ESI) calcd for GaH2oNSSi (Mi BFs)* 384.1237 found384.1244

Yellow solid, 62% vyield.
'HNMR (400 MHz,CD:OD)G 9.12 (d, J = 9.0 Hz, 1H), 9.0:
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8.9 Hz, 1H), 8.44 (d, J = 8.2 Hz, 1H), 8.27 (d, J = 7.4 Hz, 1H), 8.18 (t, J = 7.5 Hz, 1H), 8.06 (t,

J =7.6 Hz, 1H), 7.99 (d, J = 9.0 Hz, 1H)78 (M, 2H), 7.62 (d, J = 3.1 Hz, 1H), 7.47 (t, J =

7.5 Hz, 1H), 7.28 (dd, J = 5.0, 3.7 Hz, 1H), 0.2DK),

13C NMR (100 MHz CD:OD) i 143. 30, 141.30, 138.45, 138.
131.68, 131.18, 130.57, 130.34, 130.20, 129.21, 128.21,8,207.73, 119.67, 1.83.

HRMS (ESI) calcd for GsH2aNSSi (Mi BF4)* 384.1237 found384.1237

Yellow solid, 63% yield.

'H NMR (400 MHz,CD:OD)G 9.16 (d, J = 8.9 Hz, 1H), 9. 0:
8.9 Hz, 1H) 8.45 (d, J = 8.2 Hz, 1H), 8.30 (d, J = 7.9 Hz, 1H), 8.19 (t, J = 7.2 Hz, 1H), 8.07 (t,
J=7.8Hz, 1H), 7.96 (dd, J = 7.5, 1.6 Hz, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.76 (t, J = 7.5 Hz,

1H), 7.71i 7.61 (m, 1H), 7.45 7.23 (m, 2H), 6.92 (d, J = 8.4 Hz, 1117 (s, 3H), 0.13 (s,

9H).

13C NMR (100 MHz CDsOD) . 158 . 35, 149. 84, 142. 74, 137.
134.70, 131.45, 130.67, 130.46, 130.32, 130.08, 129.90, 128.17, 126.21, 124.44, 122.97,
119.86, 113.09, 102.21, 55.89, 1.87.

HRMS (ESI) calcd ér C7H260NSi (M1 BF4)™ 408.1788 found408.1795

Yellow solid, 61% yield.

'H NMR (400 MHz,CDsOD)G 9.15 (d, J = 9.0 Hz, 1H), 9. 0:
8.9 Hz, 1H), 8.45 (d, J = 8.2 Hz, 1H), 8.26 (d, J&Hz, 1H), 8.18 (t, J = 7.6 Hz, 1H), 8.06 (t,

J =7.7 Hz, 1H), 7.81 (d, J = 9.0 Hz, 1H), 7.73 (t, J = 7.5 Hz, 1H), hd2H), 7.22i 7.12

(m, 2H), 7.09 (s, 1H), 3.74 (8H), 0.15 (s9H).

13C NMR (100 MHz CDsOD) U 162 . 09, 150. 75,4, 188443,.183835, 14 3.
135.41, 135.02, 131.93, 131.40, 130.80, 130.46, 130.27, 130.18, 130.11, 128.11, 126.49,
126.33, 125.65, 119.67, 118.83, 117.71, 56.11, 2.11.

HRMS (ESI) calcd for G/H260NSi (M1 BF4)* 408.1788 found408.1794
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Orange solid, 63% yield.

'HNMR (400 MHz,CD:OD)U 9. 48 (s, 1H), 9.10 (d, J = 8.3
8.50 (d, J = 8.3 Hz, 1H), 8.23 (t, J = 7.6 Hz, 1H), 8.11 (t, J = 7.5 Hz, 1H), 7.81 (d, J = 9.0 Hz,

1H), 7.74 (t, J = 7.7 Hz, 1H),46 (d, J = 8.3 Hz, 2H), 7.39 (t, J = 7.8 Hz, 1H), 7.07 (d, J = 8.8

Hz, 2H), 4.22 (s, 3H), 3.90 (s, 3H), 0.169sl).

13C NMR (100 MHz CDsOD) U 165 . 54, 163. 43, 148.87, 139.
134.80, 132.36, 131.69, 130.51, 130.45, 130.22, 12801.75, 127.04, 126.63, 122.05,

116.02, 56.17, 54.30, 2.15.

HRMS (ESI) calcd for GoH2803NSi (M BF4)* 466.1833 found466.1815

Orange solid, 65% yield.

'HNMR (400 MHz,CD:OD)U 9. 49 (s, 1H), ,883dpI=@.dHz 1H), = 8. 4
8.50 (d, J = 8.3 Hz, 1H), 8.24 (t, J = 7.5 Hz, 1H), 8.12 (t, J = 7.7 Hz, 1H), 7.95 (d, J = 1.8 Hz,

1H), 7.90 (d, J = 8.9 Hz, 1H), 7.78 (t, J = 7.6 Hz, 1H), 7.60 (dd, J = 5.0, 3.0 Hz, 1H), 7.45 (t, J

= 7.7 Hz, 1H), 7.04 (d, J =@Hz 1H), 4.22 (s, 3H), 0.21 (sH9.

13C NMR (100 MHz CDsOD) i 165. 54, 149. 78, 143.72, 140.
136.02, 132.85, 131.86, 131.20, 130.68, 130.58, 130.50, 129.43, 128.08, 127.71, 127.09,
126.65, 125.91, 122.01, 54.32, 1.88.

HRMS (ES) calcd for GeH240.NSSi (M1 BF4)" 442.1292 found442.1307
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Yellow solid, 45% yield.

'HNMR (400 MHz,CD:OD)4 9.17 (d, J = 8.9 Hz, 1H), 9.0¢
8.9 Hz, 1H), 8.50 (d, J = 8.2 Hz, 1H), 8138.14 (m, 2H), 8.07 (t, J = 7.5 Hz, 1H), 7i79.43

(m, 7H), 7.34 (t, J = 7.4 Hz, 1H), 0.77 (t, J = 7.6 ®2), 0.63 , J = 7.4 Hz6H).

13C NMR (100 MHz CDsOD) i 150. 8 2, 148. 69, 143. 36, 140.
133.51, 132.26, 131.50, 130,8B830.51, 130.44, 130.13, 130.07, 128.09, 126.59, 126.24,
119.52, 8.12, 6.59.

HRMS (ESI) calcd for GoHzoNSi (M7 BF4)* 420.2148 found420.2156

Yellow solid, 46% yield.

'H NMR (400 MHz,CD:OD)U 9. 17 (d, ,906¢,J%8.0HzHH), 8.96 (d,)J =

8.9 Hz, 1H), 8.48 (d, J = 8.2 Hz, 1H), 8.28 (d, J = 8.2 Hz, 1H), 8.20 (t, J = 7.7 Hz, 1H), 8.07 (t,
J=7.8Hz, 1H), 7.74¢, 2H), 7.66 (d, J = 8.3 Hz, 2H), 7.5M,(4H), 7.51i 7.36 (m, 4H), 0.17

(s, 9H).

13C NMR (100 MHz CDsOD) i 150. 92, 143. 14, 139. 80, 137.
133.48, 132.73, 131.54, 130.96, 130.55, 130.44, 130.31, 130.23, 130.12, 129.70, 128.88,
128.15, 127.42, 126.69, 123.86, 119.70, 93.14, 88.84, 2.24.

HRMS (ESI) calcd for G4H2eNSi (M1 BF4)* 478.1986 found4781986.

Red solid, 66% yield.

'H NMR (400 MHz,CD:OD)4 9.11 (d, J = 8.5 Hz, 1m), 9.0
2H), 8.30 (d, J = 7.8 Hz, 1H), 8.28.07 (m, 4H), 8.03 (t, J = 7.8 Hz, 1H)40 (d, J = 8.8 Hz,

2H), C7.01 (d, J = 8.8 Hz, 2H), 3.14 (s, 6H), 0.249(3).

13C NMR (100 MHz CDsOD)ii 153. 94, 150. 25, 147. 51, 139.
134.63, 134.50, 133.59, 133.34, 131.81, 130.71, 129.46, 129.40, 128.48, 126.19, 126.00,
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12231, 121.44, 113.42, 40.28, 1.76.
HRMS (ESI) calcd for GeHzoN2Si (M i BFs)* 421.2095 found421.2082

H;CO 5b

Yellow solid, 50% yield.

'H NMR (400 MHz,CD:OD)G 9.12 (d, J = 8.5 Hz, 1H), 9.0!
8.4Hz, 1H), 8.40 (d, J = 7.4 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), B.2®9 (m, 5H), 7.56 (d, J

= 8.6 Hz, 2H), 7.28 (d, J = 8.6 Hz, 2H), 3.98 (s, 3H), 0.22 (s, 9H).

13C NMR (100 MHz CDsOD) . 16 3. 89, 150. 32, 146. 30, 139.
134.91, 13.75, 133.41, 131.92, 130.95, 129.45, 129.41, 128.53, 127.08, 126.17, 126.09,
122.55, 116.46, 56.24, 1.67.

HRMS (ESI) calcd for G/H260NSi (M1 BF4)" 408.1778 found408.1801

Green solid, 37% yield.

'HNMR (400 MHz,CDzOD)U 9.14 (d, J = 8.5 Hz, 1H), 9.0°
8.3 Hz, 1H), 8.33 (d, J = 7.4 Hz, 2H), 8.28.03 (m, 5H), 7.71 (dd, J = 8.5, 5.3 Hz, 2H), 7.51

(t, J = 8.6 Hz, 2H), 0.22 (s, 9H).

13C NMR (100 MHz CDsOD) 4 167 . 42, 15 024,426,322, 136.52, 13803, 139
135.05, 133.87, 133.46, 132.02, 131.48, 131.16, 129.51, 129.43, 128.57, 126.16, 122.76,
118.40, 118.18, 1.62.

1= NMR (376 MHz,CD30D) -1¥9.61,-154.96.

HRMS (ESI) calcd for GeH2aNFSi (M BF4)* 396.1578 found396.1594

S22



White solid, 60% yield.
'H NMR (400 MHz,CD:OD)Gi 8. 78 (d, J = 8.1 Hz, 11830, 8. 6:
(m, 1H), 8.29 8.15 (m, 1H), 8.08 (t, J = 7.6 Hz, 1H), 718@.53 (m, 3H), 7.40m, 1H), 7.30

(m, 2H), 6.28(d, J = 9.1 Hz, 1H), 4.02 (s, 3H), 0.25 (s, 9H).

13C NMR (100 MHz CDsOD) U 164 . 09, 163. 24, 147. 42, 141.

133.76, 131.85, 130.67, 130.29, 129.69, 129.14, 129.00, 128.30, 125.33, 125.14, 122.27,
116.43, 56.33, 2.32.

HRMS (ESI) cald for CosH24ONSSi (Mi BFa)* 414.1342 found414.1339
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Rhodium-catalysed synthesis of quinolizinium compound=

A mixture of 2-phenylquinoline (0.1 mmol, 1 equiy.alkyne2w or 2d (0.1 mmol, 1
equiv.), Cp*RhCEk]2 (5 mol%) AgBF4 (0.1 mmol, 1 equiv.and 5 mL ofl,2-dichloroethane
was added into a 20 mL glass bottle. The reaction mixture in the bottle was stirred at room
temperature in open air for 16 h. Aftiae reaction completed, the mixture was concentrated
under reduced pressuiihe resulting reidue was purified by flash chromatography on silica
gel using CHCI>/CH3OH (19:1) as eluent to give the desired product.

7\ O . 2w [CP"RhClo]p, AgBFy4
*N or CICH,CH,Cl, air,
— 1, 16 h C)
QTTMS r BF,

7c (68%) 4d (not formed)

2d
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NMR monitoring of plausible intermediates

To monitor the plausible intermediates formedhe reactionaryl diazonium salLa
(0.1 mmol, 1.0 equiv.) was treated with a stoichiometric amount of Au(l) catalRAEGI 3a
(0.1 mmol, 1.0 equiv.) in 5 mL of GCN in a 20 mL test tub& he test tubeapped with a
rubber septumvas evacuated and il&fd with nitrogen three times. After that, the tube with
the reaction mixture was irradiated with Blue LEDs tto 240 min The afforded reaction
mixturesXo-24omin Were monitored byH-NMR and3!P-NMR analysis.

After that,(4-fluorophenylethynytyimethylsilane2a (0.15 mmol, 15 equiv.) was added
into the mixturesXo-240min respectively and the reaction mxitures were stirred in dark for 60
min. The afforded reaction mixturé&®-24omin were monitored byH-NMR and3P-NMR.
Yield of the product fomation was measured b{’F-NMR analysis by addition of
fluorobenzene (0.1 mmol, 1 equiv.) as internal standalttation of reaction mixture& omin
and washing the residue with diethyl ether of resulted in recov&igBAuCl 3ain 78% vyield
as confimed by NMR analysis.

© FO%TMS
- O QP’AU’C| E— reaction mixtures 2a reaction mixtures
- {
§ ' @ blue LEDs, N Xo-240min i X'0.240min

N,BF,4 dark, 60 min
0-240 min
1a

3a

(@)

o 180 min |7
b W |J\ N,
| "\“‘ *M ! | 120 min
B J,LMU{__{ _7__,'1"\& ‘&__"L'Uula‘#’u’\,ng P ,‘.A!L/m K ."'\h‘)lr‘vluk)u l‘ki e
|
o
I T Y. T, —
o o i ‘ == -
{ i Il | Al w N l‘ \‘\u 45 min [
L ‘“ " M, H\ i) \AL\‘«‘ ',‘\.‘. / | _ 'h,“-ud\‘lt.‘\h“l |
T
| il aal LA R |[ | "\‘ 30 min [?
—'“ [ 118 Pl M ‘\W\‘_u?}w_ .4 (M w«““‘-"*'-“-" ‘
U
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£ N | M FLSLT TN M u i -

4a :
O M \ ) m l consump_tlon of
aseYss B 'u\ Jik w\ AN g omi
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(b)
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120 min 4
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Figure S3 (a) 'H-NMR studies on reaction mixture®e4ominin CDsCN; (b)3P-NMR studies
on reaction mixture &.240minin CDsCN; () °®F-NMR studies on reaction mixture®&4ominin

CDsCN.
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Table S2 Yield of quinolizinium compounda in reaction mixtureX 6-24omin.

Reaction . . . . . . " ~
i X@min  XGsmin  X&omin  X&smin  XG&omin ~ XGQ20min -~ XGQ8omin X ®40min
mixture
Yield 0 41 55 66 73 66 59 56
[%]
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ESI-MS analysis of plausible intermediates

To investigate the plausible reaction intermediadeg, diazonium salila (0.1 mmol,
1.0 equiv.) was treated withstoichiometric amount of Au(l) catalyst ##AuCl3a (0.1 mmol,
1.0 equiv.)in 5 mL of CHCN in a 20 mL test tub&he test tubeapped with a rubber septum
was evacuated and refilled with nitrogen three times. After that, the tubeheitbaction
mixture was irradiated with Blue LEDs fdrh. Then, 10eL of the reaction mixturé&’ was
diluted with 1.0 mL of CBCN for ESIMS analysis.

For further investigatior{4-fluorophenylethynyl)trimethylsilanza (0.1 mmol, 1 equiv.)
was added into the mixtud¢ and the reactiomxiture waskeptin dark for 1 h.Then, 10sL
of the affordednixtureY d@vas diluted with 1.0 mL of C¥CN for ESFMS analysis.

Fordetailedunderstanding of thelausibleAu(lll) intermediate8 andB QESFMS/MS
analysis of specieB (precursor ion m/z = 698) am@precursoion m/z = 910) was conducted.

(a)
-0
O O
D N @ MS/MS analysis ®p + P*Au®
A _ =
Cl” PPhy
B
precursor ion Bl BIl
product ions
I 698.09367
bbbbbbbb & O —
@? . N ally oY
Al P A
B CI/AUPPha
B
precursor ion
B-l
85 082 662.11696

precursor ion B-l B-ll

product ions

Cl” PPhy PhsP” PPhy
B
precursor ion

o e
o B,

[ B-l

20 <0 40 40 S0 S0 S0 50 S B0 60 60 60 6N 70 70 70 7R TR0 B0 &0 B0 80 80 W0 S0 S0 S0 S0 1
3 v3. Mass o Charge ()

Figure $4 (a) ESIMS/MS analysis of specids(precursor ion m/z = 698.10); (b) EBIS/MS
analysis of specid8 dprecursor ion m/z = 960.20).
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As a control experimengryl diazonium saltla (0.1 mmol, 1.0 equiv.) was treated with
a stoichiometric amount of Au(l) catalyst f##AuCl 3a (0.1 mmol, 1.0 equiv.) in 5 mL of
CHzCN as the aforementioned experimental procedures except that the control experiment was
conducted in d& for 1 h.Then, 10sL of the reaction mixtur& was diluted with 1.0 mL of
CHsCN for ESIMS analysis.

After that (4-fluorophenylethynyl)trimethylsilana (0.1 mmol, 1 equiv.) was added
into thereactionmixture Z and the reaction was conducted in dark for 1 h affordingticea
mixture Z& ESFMS analysis ofthe reactionmixture Z6 revealed that no expected
quinolizinium productawas observed, indicating that the Au(lll) spedesndB &vould be
the intermediates of this reaction.

08

@
Saw T R
_ P-Au-Cl reaction mixture
O NF BN + Q v dark, Ny, 1 h (B or B' not observed)
4BN2 12
1a
3a

Y ()

12 @

2 A

1

[: """""" | 58 = -

reaction mixture Z  + F@ =——TMS reaction mixture Z'
— dark, 1 h (product 4a not observed)
2a
16
'= 8y
@
03
s

13

Figure S5 a) ESIMS analysis of theeaction mixtureZ; b) ESFMS analysis of theeaction
mixtureZa
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Compound Formula Calculated m/z
CaeH23FNSI 396.1578
CasH1oN 204.0808
CssH2sAUCINP 698.1073
B
~
\ )
Sy
1@ Cs1Ha0AUCINP; 960.1985
Aulll
PhsP”  PPhs
B'
-0
o
O5<0
CasH2sNP 466.1719
B-l
CigH1sAUP 459.0591

S30




UV/Vis absorption measuremens of PisPAuUCI 3a and aryl diazonium la

The absorption and emission spectra were measured by Cary 84%i4 Diode Array
System and Cary Eclipse Fluorescence Spectrophotgmespectively and a final
concentration ofPhsPAUCI 3a, aryl diazoniumla or mixture of aryl diazoniumla and
PhsPAUCI3a(1:1)in CHsCN was diluted to X 10* M.

2.5

15

Absorbance

0.5

0
250 300 350 400 450 500 550 600 650 700

Wavelength (nm)
Figure S6 Absorption spectrum of PRAuUCI 3a.

45
4
3.5
3

2.5
la

2 1a + Ph3PAUCI 3a
1.5

Absorbance

1
0.5

0
250 300 350 400 450 500 550 600 650 700

wavelength (nm)
Figure S7 Overlapped spectra of absorption spectrurargf diazoniumlaand a mixtire of
aryl diazoniumiaand PPBAuUCI 3a.
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Photophysicalmeasuremens of quinolizinium compounds

The absorption and emission spectra were measured by Cary 84%i4 Diode Array
System and Cary Eclipse Fluorescence Spectrophotgmetspectively and a final
concentration of each quinolizinium compounddH2Cl> (except fordi in HO) was diluted
to 1x 10° M. The excitation slit and emission slit for emission measurement were set at 5 nm
with scan rateat 120 nm/min and medium PMT voltagéluorescentjuantum yield of each
compound was determined by a comparative method employing fluoresceif.05 in 0.1
N NaOH solution) as standard and calculated with the following egu%ttion.

O € 0 Wi
5 5 0 : XY
Table S3 Photophysicapropertiesof compoundga-q, s-u, w, 5a-c and6a.
UV/Vis absorption Em|s§|on Stokes shift .
Compound dabs(NM) mamximum 9 Quantum yield
(U(10* dmPmoltemt)) aem (NM) (cm)

da 291 (5.11), 374 (1.51) 569 5681 0.17
430 (1.14)

4b 290 (3.55), 364 (0.89) 507 3640 0.44
428 (1.10)

4c 289 (4.00), 358 (0.90) 491 3275 0.44
423 (1.45)

4d 289 (4.13), 360 (0.87) 495 3439 0.49
423 (1.39)

4e 290 (5.16), 361 (1.21) 494 3342 0.37
424 (1.62)

4f 290 (3.21), 363 (0.67) 493 3413 0.16
422 (0.9

4qg 292 (3.49), 388 (0.82) 493 3301 0.03
424 (1.00)

4h 291 (2.98), 360 (0.62) 480 2807 0.28
423 (1.06)

4i 286 (2.51), 350 (0.49) 484 3320 0.44
417 (0.75)

4j 294 (3.46), 420 (1.30) 479 2933 0.28

4k 289 (2.73), 361 (0.69), 479 2933 0.34
420 (1.17)

4] 294 (2.66), 304 (2.75), 476 2858 0.24
354 (0.71)419 (1.23)

4m 287 (5.89), 363 (1.22) 506 3878 0.18
423 (1.45)

4n 286 (6.76), 363 (1.43) 508 3900 0.16
424 (1.68)

40 281 (6.77), 368 (1.56) 547 5363 0.02
428 (1.43)
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4p
4q
4s
4t
4u
4w
5a
5b
5¢c

6a

285 (6.85), 32 (1.38),

421 (1.50)
285 (7.33), 364 (1.46)
423 (1.80)
290 (3.44), 395 (1.19)
446 (0.79)
296 (2.90), 388 (0.86)
446 (1.05)
290 (.56, 360 (1.11),
424 (1.42)
293 6.03), 320 (4.28)
427 (1.05)
289 (7.13), 378 (2.72)
397 (1.74)
292 (4.68), 388 (1.09)
405 (1.23)
292 @.39, 383 (.99,
401 (1.09

275 .23, 337 (1.28),
364 (0.87), 380 (1.10)

511

511

640

557

494

555

495

504

450

487

4183

4071

6797

4468

3342

5401

4987

4850

2840

5782

0.11

0.16

0.01

0.08

0.41

0.07

0.02

0.30

0.59

0.02
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Investigation of the solvent effect on the UV/Vis absorption and emission properties of
compound 4b

Solvent effect of thghotophysical properties @fb was interpreted in terms of the
Lippert-Matagaplot which correlateStokes shiftpp gandorientation polarizabilityp fof the
compound and indicates the dipole moment chaggel{ietween ground stateg] and excited
state £).* Orientation polarizabilitypfwas calculated following the equation below, whére
is dielectric constant &mn is refractive index of the solvent.

3 3 . ‘ 3
(9]

v + t+ =yo = _ P £ P
@ &) "WCc- p CE P )

For spectroscopic measuremedib was directly diluted to1 x 10° M in different
solvents and the experimental details followed the aforementioned procedures. Results were
summarized in the following figure.

7000
6500

6000
toluene

U
[

5500 ®dichloromethane
@®acetone
5000

acetonitrile

4500 ®nethanol

Af

Figure BP|1 ot of St ok eaientation golarizapilipg pf Me f s u s
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Investigation of theeffect of pH onthe emission properties of compound 5a

To investigate the effect of pH on the emission properties of compband M
HCI/NaOH buffer with different pH values were prepared by minig HClq) solution and
2 M NaOHag) solution monitored by a pH nmext Compoundba was firstly weigheéd and
diluted to 2x 10* M in CHsCN. After that, it was further diluted withM HCI/NaOH buffer
with different pH valuesto 1 x 10° M in 2 M HCI/NaOH buffer/CHCN (19:1) for
measurement. The experimental details foldwhe aforementioned procedures. Results were
summarized in the following figure.

—pH=1
—pH=2
—pH=3
—pH=4
pH=5
pH=6
pH=7

Fluorescence Intensity (A.U.)

/——_\

405 430 455 480 505 530 555 580
Wavelength (nm

Figure S9 Plot of fluorescent intensity daversus change of pH values
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Electrochemicalmeasuremens of quinolizinium compounds

All CV experiments were recorded on Bioanalytical Systems (BAS) at room
tempeature with the use of eonventional twecompartment cell separated with a sintered
glass disc. All the expenents were performed using 0.1 M tetrabutylammonium
hexafluorophosphate (TBHP) in HPLC graded acetdaiftiabscan) as supporting electrolyte,
and the solvent was used without further purification. The electrodes using in the experiments
were adollows: a glassy carbon electrode of area 0.07(@AS M2070) was used as working
electrodeandwas polished spientially with 0.1 and 0.05 mm alumina (Buehler) on a micro
cloth, and rinsed with deionized water before use; a Pt wire was used as counter electrode; a
Ag/AgNOs (0.1 M AgNGs in acetonitrile) was used as reference electrode without regard of
the liquidjunction potential. The sample solutions in the experiments were deoxygenated by
purging Ar for at least 10 minutes. The sweep rate in the experiments was 100 mV/s, and
ferrocene was used as internal standard unless otherwise stated.

Table $4 Electrochemial dataof 4a, b, ¢, f, j, p, 5a, candla

Ered (V) VS Ered (V) VS Eox (V) vs Eox (V) vs
Compound FeCp SCE FeCp SCE
4a -1.04 -0.64 - -
4b -1.0% -0.65 - -
4e -1.01° -0.61 - -
4f -1.02 -0.62 - -
4 -1.0P° -0.61 - -
4p -1.09 -0.69 - -
5a -1.30 -0.90 0.68 1.08
5c -1.30° -0.90
la -0.21 0.19

2Ered (vS SCE) =Ered (vs FeCp) + 0.40 V.

b Eeq refersto the anodic peak potential for the irreversii@éuction wave.

€ Ered OF Eox refersto Eiz = (BEpa+ Epc)/2; Epa Or Epc refers to theanodt or cathodic
peak potentialor the reversible or quasireversible reduction or oxidation wave.

Table S5 Excited statelectrochemicapropertiesof 4a, b, e, f, j, p andla

compound Ereda (V) VS SCE Eoo (V)? E red (V) VS SCP
4a -0.64 2.83 1.99
4b -0.65 2.62 1.97
4e -0.61 2.82 2.21
Af -0.62 2.84 2.22
4 -0.61 2.85 2.24
4p -0.69 2.76 2.07
la 0.19 3.09 3.28

2Eqois estimated fy m ofgtheintersection point between normalizaldsorbance
and emission spectra
b E*red = Ered + Eoo.
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Photooxidativeamidation of aldehydes with secondary amines

A mixture ofaldehydesa-d (0.1 mmol, 1.0 equiv.), secondary amifasd (0.2 mmol,

2.0 equiv.), anhydrous M@0z (0.2 mmol, 2.0 equiv.), photocatalysts (5 mol%) and 5 mL of
CHsCN was added into a 20 mL tesb&in open air The reaction was conducted under
irradiation with Blue LEDs for 1648 h. After the reaction, theeaction mixture was
concentrated under reduced pressure.

To scale up the reactiod mixture of aldehydesBa (1 mmol, 1.0 equiv.), secondary
amines9a (2 mmol, 2.0 equiv.), anhydrous &0z (2 mmol, 2.0 equiv.), photocatalysts (5
mol%) and 5 mL of CKECN was conducted under the same reaction conditions for 48 h. After
that, the reaction mixture was concentratedenmeduced pressure.

For determination of the NMR vyield, 1.0 mL ointernal standardl,3,5
trimethoxybenzenén CDCl; (0.03 M) was mixedwith the resulting residue fotH NMR
analysis.

For product isolation, the resulting residue was purified by flasbnaditography on
silica gel usingetOAdhexaneas elent to give the desired product.

Table S5 Chemical shifts of compounds in CI

Compound Chemical shif({) of theH in *H NMR
H O
Lo
7.56
O,N H
10a
OCHj
H H
6.09
HsCO OCH;
H
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Figure S10 Determination of the NMR vyield oPa (61%) when2e was employed as
photocatalyst and 1,3fsimethoxybenzene was used as internal standard.
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Determination of the reaction quantum yield
The reaction quantum vyield(Ar) of visible lightmediated goletatalysed
difunctionalization was measurdgy chemicalactinometryfollowing a modified procedure
reported by Melchiorf@ and Glorius®. The number of mokeof photors absorbed (np)was
related to the number of moles ofephen}®* complexes formed (neg) from
photodecompositioaf ferric oxalate anionandfurthercoordination wih 1,10phenanthroline
Nre Was determinedia measurement of the absorbancérefphen}?* complexescontaining
solution atesns = 510 nmand calculation based on Béetaw Detailed proceures were list
below.
1. Preparation of the solutions:
(1) Actinometer solution a mixture of potassium ferrioxalate trihydrate (295 mg) and
concentrated95-98%) H.SQu (140 L) wasdiluted with Milli -Q® H20 to the mak of a
50 mL volumetric flask Then,for each measuremers, mL of the actinometer solution
wastransferrednto a 20 mL test tube for irradiatiomhe preparation was conducted in
dark environment.
(2) Buffer solution:amixture ofNaOAc(2.45g) andconcentrated95-98%) H>SQs (0.5 mL)
wasdiluted withMilli -Q® H20 to the mak of a 50mL volumetric flask
(3) Reaction solutionfor each measuremerat,mixture ofaryl diazoniumla (3 equiv.), silyl
substituted alkynes (1 equiv.), #AuCl (15 mol%) and 5 mL of CECN was adde into
a 20 mL test tube. The test tutapped with a rubber septumas evacuated and refilled
with nitrogen three times.
2. Irradiation of theactinometersolutionandreaction solution
For each measurement, one test tube of actinometer solution and one test tube of reaction
solution were placed into the m#@n vessels in thAlight boxd. The tubes with solidns were
irradiated under blue LEDs fdt50 s.The same press was repeated for differaimne
intervals 300sand450s.
3. Determinatiorof the number of mokeof photors absorbed(np).
After irradiation,1 mL of theirradiatedactinometer solution was trangfed from the
test tube \fith 5 mL of solutio to a 10 mL volumetric flaskcontaining2 mg of 1,10
phenanthrahe in 2 ml of buffer solutioriThen,the mixturewas further diluteavith Milli -Q®
H20 to the mak. For preparation o& blank solution] mL of theactinometersolution(in dark
was transfeedto a 10 mL volumetric flaskontaining2 mg of 1,16phenanthraohe in 2 ml of
buffer solution and further filled to the mark wililli -Q® H20. After that, the absorbanoé
these solutionat asps= 510 nmwere measuretly Cary 8454 UWis Diode Array System
using the blanisolution agiblanko during the measuremefithe number of mokeof photors
absorbed(np) was determined based tre number of moles &fehen}?* complexesformed
(nre) following the Beeds law
wwo
p MG
where Vi is the irradiated volume (®L), V2 is the aliquot of the irradiated solution taken
the determination of the ferrous ions (1 mL}, i¥thefinal volume after complexatiowith
1,10phenanthrohe (10 mL), | is the optical patlengthof the irradiation cell (1 cmA (510
nm)is theabsorbanceneasured asps= 510 nm (500 nm) is thadf the complex Fe(phesfy
(11100 Lmol*ecm?).

€
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4. Determination othe number of mokeof quinolizinium4aformed(ng).

The number of mokeof quinolizinium4aformed(ng) wasdetermined by°F-NMR
using fluorobenzene as internal standatibwing theproceduremertioned before.
5. Calculation of the reactioguantumyield (A r).

The number of mokof quinolizinium4aformed(ng) was plotted againshe number
of moles of photors alsorbed(n,) as belowThe reactionquantum yield calculated was
A rR=0.91

y =0.9062x - 0.0183

R2=0.9906
25 450 s
=
g 2
= 300 s
[}
S 15
X
— 1
=
150 s
05
0s
0
0 05 1 15 2 25 3 35
n, (X 10~ mmol)

Figure S11 Moles of producttaformed per photon absorhed
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TD-DFT calculation of quinolizinium compound 4d

All calculatiors were performed using ORCAadtware package (version 3.08DFT
geometry optimization orH was performed using B3LYP functiorfdl.Def2-SVP basis sets
were used for the all atom®uxiliary basis sets, used to expand the electron density in the
calculation, were chosen to mattie torbital basis set8 The combination of the resolution of
the identity and the Achain of spheres excha
all calculations! Frequency calculationgere performedfor the optimized structures. No
imaginary vbrational frequency was encountered confirming the optimized stationary point to
be local minimum. Tight SCF convergence criteria (108 En in energy, 1x 107 Ej in the
density charge and g 107 in the maximum element of the DIIS error vejtoras sed
throughout. TBDFT calculation was performed with the same functional and same basis sets
used that for geometry optimization and with the TaBamcoff approximation. The
conductotlike screening model (COSMO) was used to model solvation #CGHP

1.0
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5x10"

4x10" 4

T
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-1

3x10°
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T
o
S
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2x10"

T
o
N

1x10* 4

300 400 500 600 700
Wavelength (nm)

Figure S12 UV-visible absorption spectrum (black line) and-DBT calculated absorption
spectrum (blue line) focompound4d in CHzCl.. Excitation energies are shown by the blue
vertical line; the spectrum is convoluted with a Gaaus function having a full width at half
maximum of 2500 cnh.

According to TDDFT calculation, the low energy absorption bafdld at 435 nm is
originated fromHOMO- LUMO. HOMO is composed op orbital of quinolizinium and
phenyl ring whereas LUMO isoenposed op* of quinolizinium ring. Hence, the low energy
absorption band can be assigned as admixtupe g#* transition within the quinolizinium
ring andp- p* transition from phenyl to quinolizinium ring.

The absorption bandf 4d at 352 nm is originatefrom HOMGO-2- LUMO in which
HOMO-2 is composed qgb orbital of quinolizinium ring. This transition is assignedpasp*
transition within the quinolizinium ring. The corresponding molecular orbitals and electronic
difference density plots are shownRigure SL3-S17.
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Figure S13 Molecular orbital of HOMG®2 of compoundid (isovalue =0.05)

]

Figure S14 Molecular orbital of HOMO of compoundld (isovalue =0.05)

Figure S15 Molecular orbital of HOMG®2 of compoundid (isovalue =0.05)
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Figure S16 Electranic difference density plots responsible for low energy absormifon
compoundddat 425 nm (i sodensity value = 0.003 au
represented in white and green respectively).

Figure S17 Electronic difference density plotegponsible for low energy absorptiof
compoundddat352nm (i sodensity value = 0.003 au; ch
represented in white and green respectively).

Optimized geometry of compound 4d

C 2.28433 0.95279 0.05103
C 0.28525 2.22388 0.50604
C 1.08877 3.37981 0.71833
C 2.45203 3.30665 0.71637
C 0.13970 -0.19756 0.64647
C -1.14505 2.29670 0.37664
C -1.88575 1.08336 0.26104
C -1.23993 -0.16920 0.62249
C -3.24377 1.17105 -0.13056
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-3.80838
-3.86416
-3.15415
-1.81323
0.59143
-4.90906
-3.65455
-1.26884
0.89729
3.08944
4.48420
5.05997
6.13188
2.87668
2.27608
4.23902
5.08403
4.67392
3.05776
-2.41313
-3.80189
-4.58544
-4.29653
-3.40283
-1.58290
-0.8B12
-1.02953
-2.39312
-3.11532
-3.82633
-3.65885
-2.32720
0.92034
1.75127
0.82875
2.46332
1.83806
1.55016
0.19924
2.36761
3.09137
1.46771
2.92717
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0.25940
2.39610
3.59319
3.54470
4.32547
2.43537
4.55676
4.48113
0.99403
2.09783
2.04883
0.93007
0.90121
-0.15037
-0.99588
-0.15392
2.93092
-1.01226
4.18650
-1.60164
-0.78316
-0.27898
-1.58504
-0.04821
-2.76475
-3.49705
-2.21568
-3.32632
-2.57473
-3.33041
-1.94202
-3.11237
-1.39903
-1.33654
-2.60804
-2.46146
-0.40409
-3.73073
-2.66514
-3.66073
-2.40171
-4.66432
-4.53928

-0.31409
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-0.08003
0.24734
0.91736
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-0.19832
0.36163
0.38476
0.31720
0.07152
-0.49904
-0.70607
-0.59513
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-0.86556
0.30878
-1.38315
0.94612
1.30413
2.30314
1.70770
2.88451
3.03354
2.53626
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3.32102
3.03452
-0.15810
0.21827
-0.88007
-0.71302
1.06797
2.20155
0.35781
2.62187
2.76591
0.77336
-0.53357
1.90677
3.51417
0.21127
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Cell culture

HelLa cells were cultured in Dulbeccobs modi i
with 10% fetal bovine serum (FBS), 100 U/mL penicillin and 100 g/mL streptomycin. Cells

were maintained ia humidified 37 € incubator with 5% C£

Cellular localization study

The cellular localization of fluorescent dygasdetermined by the colocalization of organelle
specific dyes includingERr acker E Red (Endoplasmic reticul
MitoTracke? Red (Mitochondria specific dye, Invitrogen), LysoTrackebeep Red

(Lysosome specific dye, Invitrogen) and BODPYTR ceramide (Golgi specific dye,
Invitrogen). Alternatively, Rab5RFP andRabZ#RFP cDNA were expressed in Hela cells,

which sgecifically labelled early endosomeandlate endosome formation. For the organelle

specific dye, fluorescent dyes§2M) and organel l e specific dye
protocols from the supplier) were added to the culture dish. The cells webateddor 2 h

prior to analysis by confocal microscope (Leica TCS SP8). For cDNA expression, cells were
transfected with cDNAiaVi aFect E Transfecti on Rleeeemt and
dyes(2¢ M) wer e added to t he =ZhuThe aelisweredanatyzedasnd i |
before.

Compound4a Compoundib Compoundd

Compound4f Compound4h Compound4l
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Compound4m Compound4n Compound4o

Compoundis Compoundit Compoundiw

Compoundbc

Figure S18 Confocal fluorescence microscopic images of HelLa agith quinolizinium
compoundsgla-b, d-f, h, I-o, st, y and5c.
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Compoundsc ERTracker E
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BODIPY® TR ceranide

Compoundbc

Compoundsc LysoTracke? Deep Red

Figure S19 Confocal fluorescence microscopic images of HelLa ogith quinolizinium
compounds5c colocalized WithER-Tr acker E Re d® Red BODIPYY BR- k e r
ceramideandLysoTracke? Deep Redrespectively
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Compound4l BODIPY® TR ceramide

0 ym10 0 pm10

0 ym10

0 pm10

Compound4l LysoTracke? Deep Red

0 pm10 0 pm10

0 ym10 0 pm10
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mMRFRRab5

Compound4l

Compound4l MmRFRRab7

Figure S20 Confocal fluorescence microscopic images of HelLa ogith quinolizinium
compounds5c colocalized WithER-Tr acker E  Re d® Red/iBODIAY B8R k e r
ceramiak and LysoTracke? Deep Redrespectively or transfectadith cDNAviaVi a Fect E

Transfection Reagent
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Crystal structure analysis of compound 4b

Figure S22 A representatiorview along a axisof packing in a single crystal db.
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Figure S24 A representationvfew along c axisof packing in a single crystal db.
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Table S7 Crystal data and structure refinement for quinolizinium compdiimnd

Empirical formula Si(CHs)3(C24H14NO) .(BF4)
Formula weight 495.39

Temperature 298(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/n

Unit cell dimensions a=9.6894(7) A U=90°

b=14.7175(11) A b=92.186(2)°
c=17.3626(13) A 2=190°

Volume 2474.2(3) B

Z 4

Density (calculated) 1.330 Mg/n¥

Absorption coefficient 0.146 mml

F(000) 1032

Crystal size 0.18 x 0.12 x 0.08 mfh

Theta range for da collection 2.371t027.41°

Index ranges -12<=h<=12-18<=k<=18,-22<=|<=22
Reflections collected 118973

Independent reflections 5151 [R(int) = 0.0837]
Completeness to theta = 27.41° 91.3%

Absorption correction Semtempirical from equivalents
Max. andmin. transmission 0.7456 and 0.7110

Refinement method Full-matrix leastsquares on 4
Data / restraints / parameters 5151 /42 /385

Goodnesf-fit on F2 1.002

Final R indices [I>2sigma(l)] R1 =0.0745, wR2 = 0.1647

R indices (all data) R1 =0.1167, wR2 £.1865
Largest diff. peak and hole 0.405 and0.613 e.A3
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Table S8 Atomic coordinategx 10%) and equivalenisotropic displacement parameters’ &
10°) for 4b. U(eo) is defined as one third ttie trace of the orthogonalized ténsor.

X y z U(eq)
Si(1) 7329(1) 436(1) 5706(1) 42(1)
0(1) 9966(2) 1861(1) 2685(1) 65(1)
N(1) 5231(2) 2836(1) 5000(1) 35(1)
C(1) 6161(2) 1496(1) 5641(1) 36(1)
C(2) 6265(2) 2147(1) 5089(1) 34(1)
C(3) 5468(2) 3630(1) 4554(1) 39(1)
C(4) 6786(2) 3988(1) 4483(1) 46(1)
C(5) 6969(3) 4734(1) 4019(1) 59(1)
C(6) 5866(3) 5133(2) 3630(1) 72(1)
C(7) 4563(3) 4834(2) 3737(1) 67(1)
C(8) 4322(2) 4089(1) 4221(1) 50(1)
C(9) 2992(2) 3843(2) 4446(1) 58(1)
C(10) 2836(2) 3224(1) 5008(1) 51(1)
C(11) 3964(2) 2713(1) 5307(1) 39(1)
C(12) 3847(2) 2073(1) 5920(1) 41(2)
C(13) 2626(2) 1999(2) 6333(1) 54(1)
C(14) 2585(2) 1449(2) 6960(1) 64(1)
C(15) 3729(3) 969(2 7210(1) 65(1)
C(16) 4926(2) 1013(2) 6815(1) 53(1)
C(17) 4999(2) 1540(1) 6141(1) 40(1)
C(18) 7295(2) 2106(1) 4480(1) 35(1)
C(19) 6835(2) 1910(1) 3726(1) 39(1)
C(20) 7751(2) 1815(1) 3151(1) 46(1)
C(21) 9150(2) 1942(1) 3305(1) 46(1)
C(22) 9627(2) 2145(1) 4045(1) 48(1)
C(23) 8694(2) 2217(1) 4630(1) 43(2)
C(24) 11378(2) 2100(2) 2782(2) 84(1)
C(25) 6216(2) -563(1) 5926(1) 57(1)
C(26) 8081(2) 82(2) 4783(1) 60(1)
C(27) 8697(3) 634(2) 6470(2) 73(1)
B(1) 9336(3) 3866(2) 6527(2) 74(1)
F(1) 10246(3) 3753(3) 6002(2) 167(1)
F(2) 8112(2) 3502(2) 6230(1) 97(1)
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F(3)
F(4)
F(1)
F(2)
F(3)
F(4)

8969(4) 4687(2)
9646(4) 3316(3)
9063(8) 4300(5)
8993(8) 3104(5)
9502(9) 4448(5)
10726(5) 3921(4)

6708(2)
7155(2)
7129(3)
6383(5)
5907(5)
6726(3)

171(1)
172(2)
219(3)
253(3)
190(4)
106(2)

Table S9 Bondlengths [A] and angles [} for4b.

Si(1)}C(26)
Si(1)}C(27)
Si(1)}C(25)
Si(1)}C(1)
O(1)}C(21)
O(1)}C(24)
N(1)-C(11)
N(1)-C(3)
N(1)-C(2)
C(1)-C(2)
C(1)-C(17)
C(2)-C(18)
C(3)C(4)
C(3}C(8)
C(4)C(5)
C(4)H(4A)
C(5)-C(6)
C(5)H(5A)
C(6)}C(7)
C(6)}H(6A)
C(7}C(8)
C(7)H(7A)
C(8)C(9)
C(9)-C(10)
C(9)H(9A)
C(10)}C(11)

C(10)}H(10A)

C(11)}C(12)

1.860(2)
1.862(3)
1.871(2)
1.9281(19)
1.365(2)
1.416(3)
1.370(2)
1.425(2)
1.430(2)
1.361(2)
1.449(3)
1.484(2)
1.391(3)
1.404(3)
1.377(3)
0.91(2)
1.375(4)
1.02(2)
1.357(4)
0.9300
1.407(3)
0.96(2)
1.408(3)
1.347(3)
0.9300
1.409(3)
0.9300
1.429(3)
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C(12)}C(17)
C(12)}C(13)
C(13)}C(14)
C(13)}H(13A)
C(14)C(15)
C(14)YH(14A)
C(15)C(16)
C(15)}H(15A)
C(16)C(17)
C(16)H(16A)
C(18)C(23)
C(18)C(19)
C(19-C(20)
C(19)}H(19A)
C(20)C(21)
C(20)}H(20A)
C(21)C(22)
C(22)C(23)
C(22)}H(22A)
C(23)}H(23A)
C(24)YH(24A)
C(24)H(24B)
C(24)H(24C)
C(25)H(25A)
C(25)H(25B)
C(25)H(25C)
C(26)H(26A)
C(26)H(26B)
C(26)H(26C)
C(27}H(27A)
C(27)}H(278B)
C(27)H(27C)
B(1)-F(2)
B(1)-F(1)
B(1)-F(1)
B(1)-F(3)
B(1)-F(4")
B(1)-F(4)

1.406(3)
1.411(3)
1.358(3)
0.96(2)
1.371(3)
0.92(2)
1.371(3)
0.96(3)
1.408(3)
0.9300
1.380(3)
1.396(3)
1.369(3)
0.948(17)
1.384(3)
0.9300
1.380(3)
1.389(3)
0.9300
0.929(17)
0.9600
0.9600
0.9600
0.96@
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.194(7)
1.262(6)
1.302(4)
1.302(4)
1.380(5)
1.383(5)
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B(1)-F(2)
B(1)-F(3)
C(26)Si(1}-C(27)
C(26)Si(1}-C(25)
C(27)Si(1}-C(25)
C(26)Si(1)-C(1)
C(27)Si(1)-C(1)
C(25)Si(1)-C(1)
C(21)0(1)-C(24)
C(11)N(1)-C(3)
C(11)N(1)-C(2)
C(3)N(1)-C(2)
C(2)-C(1)}C(17)
C(2)-C(1)-Si(1)
C(17)}C(1)-Si(1)
C(1)C(2)}N(1)
C(1)-C(2)-C(18)
N(1)-C(2)-C(18)
C(4)-C(3)-C(8)
C(4)-C(3)}N(1)
C(8)-C(3)N(1)
C(5)-C(4)C(3)
C(5)-C(4)}H(4A)
C(3)-C(4)}H(4A)
C(6)}-C(5)-C(4)
C(6)-C(5)H(5A)
C(4)-C(5)}H(5A)
C(7)-C(6)-C(5)
C(7)-C(6)}-H(6A)
C(5)-C(6)-H(6A)
C(6)}-C(7)-C(8)
C(6)-C(7}H(7A)
C(8)-C(7}H(7A)
C(3}-C(8)-C(7)
C(3)-C(8)-C(9)
C(7)-C(8)-C(9)
C(10)}C(9)-C(8)
C(10}C(9)}H(9A)

1.383(4)

1.389(8)
111.49(12)
101.78(10)
112.18(11)
115.11(9)
108.35(10)
107.82(9)
118.10(18)
119.04(15)
119.87(14)
120.99(15)
118.04(16)
123.48(14)
117.96(13)
120.41(16)
122.88(16)
116.0714)
119.72(17)
121.70(17)
118.46(17)
119.5(2)
120.4(13)
119.8(13)
120.9(2)
123.6(14)
115.5(14)
120.30Q)
119.9
119.9
120.8(2)
124.5(15)
114.7(15)
118.3(2)
118.69(19)
122.7(2)
120.2(2)
119.9



C(8)-C(9)-H(9A)
C(9)-C(10)C(11)
C(9)-C(10)}H(10A)
C(11)C(10)}H(10A)
N(1)-C(11)}-C(10)
N(1)-C(11)}C(12)
C(10)}C(11)}C(12)
C(17)}C(12)C(13)
C(17)}C(12)C(11)
C(13)}C(12)C(11)
C(14)}C(13)C(12)
C(14)}C(13)H(13A)
C(12)}C(13)H(13A)
C(13)}C(14)C(15)
C(13)}C(14)H(14A)
C(15)}C(14)H(14A)
C(14)}C(15)C(16)
C(14)}C(15)H(15A)
C(16)}C(15)H(15A)
C(15)}C(16)C(17)
C(15)}C(16)H(16A)
C(17)}C(16)H(16A)
C(12)}C(17)C(16)
C(12)}C(17)C(1)
C(16)}C(17)C(1)
C(23}C(18)C(19)
C(23}C(18)}C(2)
C(19)}C(18)}C(2)
C(20)}C(19)-C(18)
C(20)}C(19)H(19A)
C(18)}C(19)H(19A)
C(19)}C(20)C(21)
C(19)}C(20)H(20A)
C(21)}C(20)H(20A)
O(1)}C(21)}C(22)
O(1)}C(21)}C(20)
C(22)}C(21)}C(20)
C(21)}C(22)C(23)

119.9
121.4(2)
119.3
119.3
118.66(17)
118.39(16)
122.94(18)
119.37(18)
119.10(17)
121.45(18
120.3(2)
122.6(13)
117.0(13)
120.9(2)
120.0(14)
119.1(13)
120.4(2)
121.5(15)
118.1(15)
120.8(2)
119.6
119.6
118.01(18)
119.23(16)
122.57(18)
118.48(17)
122.93(16)
118.54(16)
120.86(17)
119.8(10)
119.3(10)
120.12(18)
119.9
119.9
124.66(18)
115.33(18)
120.01(18)
119.51(18)
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C(21)}C(22)H(22A)
C(23)}C(22)H(22A)
C(18)}C(23)C(22)
C(18)}C(23)H(23A)
C(22)C(23)H(23A)
O(L1)}C(24yH(24A)
O(1)}C(24)H(24B)
H(24A)-C(24)H(24B)
O(1)}C(24)H(24C)
H(24A)-C(24)H(24C)
H(24B)-C(24)}H(24C)
Si(1)}C(25)H(25A)
Si(1)}C(25)H(25B)
H(25A)-C(25)H(25B)
Si(1)}C(25)H(25C)
H(25A)-C(25)H(25C)
H(25B)-C(25)}H(25C)
Si(1)}C(26)H(26A)
Si(1)}C(26)H(26B)
H(26A)-C(26)H(26B)
Si(1)}C(26)H(26C)
H(26A)-C(26)H(26C)
H(26B)-C(26)H(26C)
Si(1}C(27}H(27A)
Si(1)}C(27)yH(27B)
H(27A)-C(27)H(27B)
Si(1)}C(27)}H(27C)
H(27A)-C(27)H(27C)
H(27B)}-C(27}H(27C)
F(2'}B(1)-F(1)
F(2'}B(1)-F(1)
F(1'}B(1)-F(1)
F(2'}B(1)-F(3)
F(1'}B(1)-F(3)
F(1)}-B(1)-F(3)
F(2'yB(1)-F(4)
F(1)yB(1)-F(4)
F(1)B(1)-F(4)

120.2
120.2
120.98(18)
118.5(11)
120.5(11)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
125.7(6)
85.6(5)
144.4(5)
147.8(5)
42.4(4)
119.2(3)
111.6(5)
89.8(5)
60.2(3)
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F(3)-B(1)-F(4)
F(2}B(1)-F(4)
F(1)B(1)-F(4)
F(1)}B(1)-F(4)

F(3)B(1)-F(4)

F(4+B(1)-F(4)
F(2}B(1)-F(2)
F(1)B(1)-F(2)
F(1)}B(1)-F(2)

F(3)}B(1)-F(2)

F(4+B(1)-F(2)
F(4)}B(1)-F(2)

F(2+B(1)-F(3)
F(1)B(1)-F(3)
F(1)}B(1)-F(3)
F(3)-B(1)-F(3)
F(4+B(1)-F(3)
F(4)B(1)-F(3)
F(2)-B(1)-F(3)

99.1(3)
70.4(5)
71.8(4)
110.1(3)
113.9(3)
69.9(3)
48.0(4)
107.5(4)
106.5(3)
102.2(3)
158.6(4)
103.0(3)
117.2(6)
111.3(5)
55.7(4)
69.9(4)
91.0(5)
160.8(5)
94.2(4)

Table S10 Torsion angle$f for 4b.

C(26)Si(1}-C(1)}-C(2)
C(27)Si(1}-C(1)}C(2)
C(25)Si(1}-C(1)-C(2)
C(26)Si(1)-C(1)}C(17)
C(27)Si(1)-C(1)}C(17)
C(25)Si(1)-C(1)}C(17)
C(17)}C(L)}C(2)N(1)
Si(1)}C(1)rC(2)}N(1)
C(17)}C(1)}C(2)-C(18)
Si(1)}C(1)-C(2)-C(18)
C(11}N(1)-C(2)-C(1)
C(3)N(1)-C(2)}-C(1)
C(11)N(1)-C(2)-C(18)
C(3)N(1)-C(2)-C(18)
C(11)N(1)-C(3)-C(4)
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-24.83(19)
100.74(17)

-137.63(16)

146.73(14)
-87.70(16)
33.93(17)
-1.6(2)
170.00(12)

-171.64(16)

-0.1(2)
-18.1(2)
165.74(16)
152.64(16)
-23.5(2)
154.11(17)



C(2)N(1)-C(3}C(4)
C(11)N(1)-C(3)-C(8)
C(2)N(1)-C(3)}-C(8)
C(8)-C(3)-C(4)-C(5)
N(1)-C(3)}-C(4)-C(5)
C(3)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(4)-C(3)}-C(8)-C(7)
N(1)-C(3)}-C(8)-C(7)
C(4)-C(3)-C(8)-C(9)
N(1)-C(3)-C(8)-C(9)
C(6)-C(7)-C(8)-C(3)
C(6)-C(7)-C(8)-C(9)
C(3)-C(8)-C(9)-C(10)
C(7)-C(8)-C(9)-C(10)
C(8)-C(9)}-C(10)}C(11)
C(3)-N(1)-C(11)}-C(10)
C(2)-N(1)-C(11)}-C(10)
C(3)-N(1)-C(11)}C(12)
C(2)N(1)-C(11)}C(12)
C(9)-C(10)C(11)}N(1)
C(9)-C(10)-C(11)C(12)
N(1)-C(11}C(12)}C(17)
C(10)-C(11)}C(12)-C(17)
N(1)-C(11)}C(12)}C(13)
C(10}C(11)}C(12)-C(13)
C(17)}C(12)C(13)}C(14)
C(11)C(12)}C(13)C(14)
C(12)}C(13)C(14)}C(15)
C(13)}C(14)C(15)}C(16)
C(14)}C(15)C(16)}C(17)
C(13)}C(12)C(17)C(16)
C(11)C(12)}C(17)-C(16)
C(13)}C(12)C(17)}C(1)
C(11)C(12)}C(17)}C(1)
C(15)}C(16)C(17)}C(12)
C(15)}C(16)C(17)}C(1)
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-29.7(2)
-21.8(2)
154.41(16)
-6.9(3)
177.25(17)
0.5(3)
4.3(3)
-2.7(4)
8.4(3)

-175.60(17)
-165.29(19)

10.7(3)
-3.7(3)
169.8(2)
4.6(3)
-168.9Q)
-9.3(3)
17.4(2)

-158.87(17)
-162.47(16)

21.3(2)
-1.9(3)
177.9(2)
-5.3(3)
174.91(18)
171.34(17)
-8.5(3)
3.0(3)
-173.6(2)
1.1(3)
-2.2(4)
-0.8(3)
-5.8(3)
170.87(17)
169.30(17)
-14.0(3)
4.8(3)
-170.1(2)



C(2-C(1)}C(17)}C(12)
Si(1}C(1)}-C(17)}C(12)
C(2)-C(1)}C(17)C(16)
Si(1)}C(1)}-C(17)C(16)
C(1)-C(2)-C(18)}C(23)
N(1)-C(2)-C(18)-C(23)
C(1)-C(2)-C(18)}C(19)
N(1)-C(2)-C(18)-C(19)
C(23)C(18)C(19)-C(20)
C(2)-C(18)C(19)}C(20)
C(18)}C(19)C(20)}C(21)
C(24)0(1)-C(21)}C(22)
C(24)0(1)-C(21)C(20)
C(19)}C(20)C(21)}0(1)
C(19)}C(20)C(21)}C(22)
O(1)}C(21)}C(22)C(23)
C(20)}C(21)C(22)C(23)
C(19)}C(18)C(23)}C(22)
C(2)-C(18)C(23)}C(22)
C(21)}C(22)C(23)-C(18)

17.3(3)

-154.70(14)
-167.79(18)

20.2(2)
-69.6(2)
119.93(19)
107.8(2)
-62.6(2)
1.2(3)

-176.35(17)

-2.2(3)
-7.5(3)
171.7(2)

-177.85(18)

1.5(3)
179.52(19)
0.3(3)
0.6(3)
177.99(18)
-1.3(3)
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UV/visible absorption spectrum of quinolizinium compounds

Absorbance

Absorbance

Absorbance

0.7
0.6
0.5
0.4
0.3
0.2

0.1

250 350 450 550 650
Wavelength (nm)

Figure S Absorption spectrum of compouda.
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Figure S26 Absorption spectrum of compoudt.
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Figure S27 Absorption spectrum of compou#d.
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Figure S28 Absorption spectrum of compoudd.
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Figure S2 Absorption spectrum of compou#e.
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Figure S30 Absorption spectrum of compoudd
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Figure S31 Absorption spectrum of compou#d.
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Figure S32 Absorption spectrum of compouddh.
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Figure S33 Absorption spectrum of compoudd
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Figure S34 Absorption spectrum of compou#gl
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Figure S35 Absorption spectrum of compoudd.
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Figure S36 Absorption spectrum of compoudd
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Figure S37 Absorption spectrum of compou#dn.
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Figure S38 Absorption spectrum of compoudd.
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Figure S39 Absorption spectrum of compourb.
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Figure $40 Absorption spectrum of compoudgb.
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Figure $41 Absorption spectrum of compoudd.
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Figure $42 Absorption spectrum of compoudd.
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Figure $43 Absorption spectrum of compou#tl
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Figure S44 Absorption spetrum of compoundu.
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Figure S45 Absorption spectrum of compouda.
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Figure S46 Absorption spectrum of compouBa.

0.7
0.6
0.5
0.4
0.3

Absorbance

0.2

0.1

0 a S—
250 350 450 550 650
Wavelength (nm)

Figure S47 Absorption spectrum of compoud.
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Figure S48 Absorption spectrum of compousd.
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Figure S Absorption spectrum of copound6a.
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Emissionspectrum of quinolizinium compounds
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Figure S50 Emission spectrum of compou#dd.
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Figure S51 Emission spectrum of compou#dd.
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Figure S52 Emission spectrum of compoudd.
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Figure S63 Emission spectrum of compoudd.
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Figure S54 Emission spectrum of compoude
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Figure S55 Emission spectrum of compoudé
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Figure S56 Emission spectrum of compoudd.
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Figure S57 Emission spectrum of compou#dd.
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Figure S58 Emission spectrum of compounAd
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Figure S59 Emission spectruraf compounddj.
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Figure S60 Emission spectrum of compou#dd.
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Figure S61 Emission spectrum of compounAd
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Figure S62 Emission spectrum of compouddh.
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Figure S63 Emission spectrum of compoudd.
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Figure S64 Emission spectrum of compouAd.
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Figure 65 Emission spectrum of compoudgd.
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Figure S66 Emission spectrum of compou#dd.
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Figure S67 Emission spectrum of compoudd
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Figure S68 Emission spectrum of compoudd
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Figure S69 Emission spectrum of compoundd.
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Figure S70 Emission spetrum of compoundw.
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Figure S71 Emission spectrum of compoubd.
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Figure S72 Emission spectrum of compoubd.
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Figure S73 Emission spectrum of compoubd.
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Figure S74 Emission spectrum of compouBd.
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Cyclic voltammograms of selected quinoliziim compounds
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Figure S75 Cyclic voltammogranof compound4a.
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Figure S77 Cyclic voltammogranof compound4e
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Figure S78 Cyclic voltammogranof compound4f.

4.00E-06
2.00E-06

0.00E+00

\

-2.00E-06

-4.00E-06

Current / A

-6.00E-06
-8.00E-06

-1.00E-05
15 1 05 0 05
Voltage / V vs FeCp,™°

Figure S Cyclic voltammogranof compoundd;.

1.50E-05
1.00E-05
5.00E-06
0.00E+00

-5.00E-06

Current / A

-1.00E-05
-1.50E-05

-2.00E-05
2 15 1 05 0 05 1 15 2
Voltage / V vs FeCp,™°

Figure S80 Cyclic voltammogranof compound4p.
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Figure S83 Cyclic voltammogranof compoundla.
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