


1. Gener al

Me-& c*YT FA, 4 Cz b)BBs, NENMBr -me#t hyl g @i noetinyel qui nol Fne, C
phenyl quéc¢mlodrni oe@uyh rdoorhd qnuei,nodl i ne, -3mat hpk-pr atmgqus 8g-Ui nel
nitroisoquinoline, phenanmhdygdohbeyqgienachbhicoapplyd, a
(trifl uor ome tdhiycl h4pogrioudirme he o Xy ) qui noildamned, gfua snu dniel
commercial landawaieldabwie hout -Meutrhohxeyrqup mtod & 1éeq roiévdhnl 8
bis(catechol ato)laays |l amexyBgReltBa&Bs (t-(i H H)&rpd MetbHy | )
benzoxa3inwealee]sy(int hesi zed according to the r£Norted

C HC }, THRliaet hyl ether were used for solvent. Unl ess
commer ci al suppliers and used without further purif
(Kanto Chem. Co., Stidaitadp@! PMepapldernivealgel n@wer meat

was carried out on Jalp& ne Awmiap [ye dl ¢hailatnid n R2AHs sy algC EHCE
Photocatalytic alkylation was carardiiead ioownmt uisn nag Sd hulee
160WE TUNA Blue) and a cooling fan was wused to avoi
photocatalytic al kyl atbiodn owa s | @aasrkr iwvedd ho wat siermpta mr o Br0
speat were measur4e0 oinn sutnriume ntn o(v\adHr, i ard 0l H&H.z, ofrd GAOV AMIKCE
1l HD Nano Bay (BHuk&ébOCHBbz ato®@ 2Mk&Esfuai sgl ¢OALt unl e
noted. Tetr amelt hyOBsP{d amn ed n( & OBSJie tEo Ree DB & d a ss taann dianrtde rfr
IH NMR spectra, and acetonel was2U@E2NBMB a@ECOOHE r(n al
=76.55) waseratsesrirmanldl A% sINMR r sToeetcrtanaet hy | & i fwaadse u(sTeMiS)a s(
extesrtnaanld 88id NMR $phectedox ap &tyeé Rwiasledet er mi ned by di
voltammetry (DPV) analysis using t.l5d evfod Sne®lredcdtcreanacthe

guenching experiments were r(rPIBONg the Jascobds spe

1x. Hud@8mabaker, W. Zhou, P. J. Bij u, L. Xi ao, N. Shao, YW. Huuatncgh e rL,. J
Cl ose, M. Martinez, R. N. Mac Cos s, H. Zhang, S. CGearwfaoirsd,, H.. @i.u ,McXC
Garlisi, D. Ri ndgen, K. M.A Qv& | Mende.y , @2HPel®8.S iBE/&4pth.ai vanh, A. Pal ani ,
2V. Cowmc ®,Chlamor ea+, Boddbearat , CJ. OlAlnigwiwer Chle2nd. B md 114 EH 8 n k ,
SH. LenofmaGedddar d, Qr.g.F 2lDesi8be. r7bs8h k ,
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2. Gener al procedure for silicate synthesis
ProceAlure

Magnesi um4teguniivn)gswe(r e activated 2§ @®@&dhg)i amdoheat n
vacuum for 5 min in double nz.ad/rlouwmB)d wandftaodnddéd atsk . t
flask uatdreospmere. 3ADkghubvdPmiwde &dded and reaction
20 nB,n3;TE't,rA'ki s (t li, TH, B pimeddhdyniz)o x ad i 1(oll.e0] e(q. ) i n
mL/ mmdl) was added toGithgnasrmnd uteagemtf ithmhedoubl e neck
at mosphere and the reaction mixture was refluxed ov
addition of EtOH (10 mL) at O AC.e@bheedsopuetbsenrwasof

oi |l .C}CHO mL)NBarndp 30Dt0eq.) were added to the oil and

reaction mixture was washed wiQ@ahndwaetvearp o(r2ad el tlo 3))e,

Recrystallization of¥thteex amreu cad fprradcecuwc tal wiytlrs iCH cat e
FiC. CFs Fo OFs |

o O
“ Grignard reagent Et4;NBr ‘
Si Si—R
/
o>;© THF, reflux, o.n.  CHyCly, it 1h Cg
O
FsC Et;N*

CF, FaC G,

3 2

Scheme S1.

ProceR%re

I'n a 100 mL-teltask, sB8t-8] H H)&pd Mepdyniz p x a3y i I( du.i@V] edqs

di ssol e d 5i moEdmmoThe solution was st i-3.r0edeviavacts aldldyeldl
i78 AC. Af %8 AG, mime ami xture was stirred for 3 hour s
with EtOH (10 mL) at 0 AC and evaporate@i(2m®denrl)r eadt
EINBr -5 3Qulevqwer e added mi xttulme aovials &nd rtrleed for 1 hour.
with water (20 BlQaind3),yv ajpriread eadvaro Na&t crude product
withCiChexane affor2ded al kylsilicate (

. CFs Fe OF |

F
(o) O
‘, alkyllithium reagent Et4NBr
Si |fR
Og;@ E,0-78°Ctort,3h  CHxClyrt, 1h Cg
FsC

CFs Foc g, EUN

Scheme S2.

“Thpsocedumased on tWe Hol Soaweamgspraped. Wil slon, Aml.. Oh.e 386G 7TIREB,6 2W. B.
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FsC cr, E4N*
2a
FaC CFs 1°

Cy
|

FsC Ccp, EtN*
2c
FaC_CFs la

FsC cF,

2d

CLy
|

Et,N*

tetraethyl atoinsi (um ibfilsufor omet hyl )
benzenemet-hGO]oclyactleo(h2e xg )l si | i cate (
Foll owing the gener &8l( 2p06c gdurde 0A
title compound (2.22 g, 76%, colo
Cycl otbeyni de (1.47 mL, 12.0 mmol)
mmol NBrEt(4. 22 g, 20.1 mmol ).

'H NMR (400 MKz, 8a@det Gn8 Hz, JZHP, ¢
2H) ,-77229 (m, J=H)7,. 23 .Hbz11l .(&H) ( ml1l .8PH
4H),-11382(m, -013H) (' .NOBR) ;( 100 Mk
146.5, 142.0, 138.J%,288824HI- 22028,73.
123.8, Q2.27(8eplz)y, 53.0, 3B.NMRS3
MHz, adetioaagld=(9. 87Hz0=(@, FSHz NMF
MH z , a-Getti6 B HRMS ( ES8tpm/azal c doHiF@ DS i
[ MEN]: 595. 0968, ;mMpLUREOAL.595. 0940
tetraethyl atiioinsi (utm ibfilsufor omet hyl )
benzenemet-hGiO]obluattyel (82k |1 i cat e

Foll owing the gener&@l( 1pO@cgdurle 9B
title compound (1.25 g, 90%, col o
1. 58 uM i in hexane (1.NB2 mQ, 888280,
'H NMR (400 Mkz, 8ad@d&®&t Gn8 Hz, JZHP, (
2H) ,-77220( m, Jd=H)7,. 23 .Hbz1]l .(8gBIH |} m4-11.5@3
12H) ,-1.113BH) m,-00.. 77155 (&, NIVWR) ;( 100 MKz
146. 7, 142.0, 138.J5,2828@6HI- 2288,65.
124.0, 8§2.27(9epz)y, 53.0, 28B.8MR?2
MHz, adeltiobdg2=(9. 87Hz0=( @, #SHz NMF
MHz , a-d)elti6 A eHRMS ( EBéEgna/tziat € d:HiFe®.S i
[MIEAN]: 569. 0812, ;mMpu&ld84.569. 0812
tetraethyl atiioinsi (utm ibfilsufor omet hyl )
benzenemet-hGiOobluatteen(yZ2 §li | i cat e

Foll owing the gener da8l0psbZegur@. A
title compound (0.618 g, 89%, <col
Cyclopropylomdtdreyl( 0. 291 mL, 3.00 m
g, 5. 77 MNBmol()l,. OBt g, 5. 05 mmol ) .
'H NMRAROO MHz-gs) tacEddHme§g. 8 Hz, IJZH)P, ¢
2H) ,-77232 (m,5.4H3 ,( B, 82H)1L7 .42 7Hz ,(Jdl
10.0 Hz, UH) 6. 8. HE ;2(.@BH) ,( m2-13ABH) , (
1.4138 (m901Z1KB) (0 .NaVR) ;( 100 MHlza, 14
145.6, 142.0, 138.J4,288897H3 2288 3.!
124.0, 110J8,28B.29 7THZA)s,ep83FO0ONMRBRO ( 3;
acetd)mer5.9g3=( 9zH7H. W=( 9, #SHz NMR (
acetd) me6 4 HRMS ( Es8ejgm/ezal c d:Hfk DS i®AT |
EN]: 567.0661, ;mpunltleé® 567. 0655

S5



FsC cF,

2f

FsC cF,

2g

Et,N*

Et,N*

tetraethyl atoinsi (um ibfilsufor omet hyl )
benzenemet-hGGO]@( 41 @2 ophenyl2ket hyl
Foll owing the gener8(Opbd8eduré&. A
title compound (0.611 g, 80%, <col
I-(Ddromoetf hybyobeénaeédemL, 3.00 mmo
(0.0926 g, «s8Br81( nm»3 0 ,g,Et3. 00 mmoll
'H NMR (4@eemin@.2ad )= 8Hz, 25H) dJ=67.Hiz
2H)453F m, 4H).20nm,. DH)GUs 8.. 8 HEZPBO @ hh
8H)2 . 91J=( d4t. 4, 12.@8BRZF 18)8) B34 . Bl&
14H)'€® NMR (le@GemMyrnE6216G1dB= (237.8
145. 4= (4d.,9 Hz), 14239,7 .188H5), 12D
290.9 Hz)J= 285.48 Hq), J=l2240.18 HZA)I=
27.9 Hz), 52;'¢, NBR. 9 3CBONBIZ 5736 ( 1
Hz)Y75. 7J=( P,. Oil % i NMR (79 MMZi65a
HRMS (EsépwtzaV e@ HfFo®S [MIEIN]':635.,07f0d
635.;0 77l 7 AT.
tetraethyl atoinsi (utm ibfilsufor omet hyl )
benzenemet-hGO]s lelmu tey 252Xl i cat e
Foll owing the gener&@l( 1pO&cgdurle 9B
title compound (0. 58686 mi, xt4dim sacfe.t
1.0BuMi in hexane (2.NBO mQ, 8832289,
'H NMR (400 Mkz, 8ad@gt Ggnd Hz, JZHY, ¢
2H) ,-77238 ( m,-3344Hm, 8BHPBP 06N . (¢, 1H),
0.9174 (', NHR) ( 100 Mpli, 146ebonédg?
128. 3, JE228%,1@pbHFY (2¢8,7. & . Wz ) 8AxZ2
Hz) , 52.92728, Beso®eB,16. 0, TF5NMR
MHz , adeltioh@l=(9. 875HzPz(§q, 47 Hz@P=( §
Hz$%i NMR (79 H%bHEI6 4aHRIE oneelg d i weel
f opHi1EGLOSIMIEMN]: 569. 0809, ;MpRBLE. 56!
tetraethyl atiioinsi (utm ibfilsufor omet hyl )
benzenemet-hG@)oclyactleo(pze 2y | si |l i cat e
Foll owing the gener &3I(1p0O&8c gdur2e 0A
title compound (0.743 g, 52%, col
Cycl opbernotnyilde (0.643 mL, 6.00 mmol
mmol NBret(1.34 g, 6.39 mmol ).
'H NMR MHZz0,0 a-dsett8o mB=( 6. 8 Hz, JZHp, ¢
2H) ,-77232(m, 3H)7,. 23 .H6z215(@®qhieH) , 1-11.7@A3
17H) , 2-110.§2nPH)*E€ NMR (100 Mpzl4a.cet oh4
128.5, 128=32861262b0.)JE(2087. 9 Hz) ,
J= 27.9 Hz), 53.0F BMR2(32%. BlaiZ4Ac
(P= 9. 87HzZV=(§, FSHzNMR (79 HHEip3A
S6



FsCc_CFa

L
Si
|

O
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FsC cF, EtyN*

2h

FiC cr,

21

FsC CF,

2]

Et,N*

EtyN*

HRMS (EsépwtzaV e Hifo@SiMIEIN]: 581. 07
581.:;08mE@13 AC35
tetraethyl atiioinsi (utm ibfilsufor omet hyl )
benzenemet-hG@oclyactleo(h2e g2 hy | si | i cat e
Foll owing the gener &8(Opbdbceduré. A
title compound (0.514 g, 69%, col
Cycl ohberpotnyilde (0.406 mL, 3.00 mmol
mmol NBreEt(O0. 741 g, 3.52 mmol ).

H NMR (4 @@emigzneBdad= 6.8 Hz, JZHP, ¢
2H) ,-77230(m, J=H)7,. 23 .Hbz01 .(89H ) ( m1-128 B
268), -n20m, 1HQ.92D. @O, NMR) ;( 100 Mk
146.6, 142.1, 138.J9,282425%HIA 2288,74.
123.9, 82.28(4eptz), 535 01338112, :
7.% NMR (376 MYIzzi7 daghet(on.ed7 5Hz0=( @
Hz$%i NMR (79 H%bHZI6 1aH&ReMSo n(eE S & gna/ tzia v
f ok G ©SIMIEIN]: 609. 1119, 5mpd 221LA. 6 0 ¢
tetraethyl atoinsi (utm ibfilsufor omet hyl )
benzenemet-hGlO]dt at e@Bydropy2ianyl si
Foll owing the gener &3I( 1pO&8c gdur2e 0A
title compound (1.43 g, 98%, col o
4bromotetrahydropyrane (0.675 mL,
8. 44 mugNaBIr) ,( 1IEt30 g, 6.18 mmol ).

'H NMR (400 Mkz8. aldlet 6nd Hz (dJ2ZHY, (
2H, 47 48m, 44368 B8, RO 7. 81)8xB .10m
2H)1.9 M7 2A miH)1 . 4951 ( M7-1UHMNAH)L 10 .1909
1H}E NMR (100 MHznld4dacet ohs21Dg. 6,3¢
()7 286.8 HD¥, 282575Ht)seF22.89,0 &
70,58. 0, 3% . RMR7(876 MMIHI,7 dagilet(®n el
75. 7)J=(,. 828Hz )NNMR (79 MHHi65akRNMD nf
negamiaal c & Hf Fa®:SiMIEIN]: 597.0760, ;f
mpt4D4E. A

tetraethyl atboinsi(utnr ibfilsufor omet hyl )
benzenemet-hGRA)o lelmtt ey 2s@)l i cat e

Foll owing the gener &l( 3piOdcgdurée OB
title compound (3. &8 ogni x8&%e odl a
1.6BuMi in hexane (1.4B2 Mm&, 048¢g0
HNMR (400 MHlE) magoet drs®cthd@d 7.2 Hz,
(= 6.8 Hzs7.2B83H0m7 .33 47 (6H)Hz-11.. B4
1), O0. 82 misn,or® HYs7dfed,: 8 Hz, JZ=H)6,. ¢
2H) ,-77181(m, 3=H)7,. 63 .Hiz41l .(8q¥) ( ml. B2}
1€ NMR (100 Mbazi, 1a5c2e.t4o,nel 47 . 5, 14
128. 2, 127. 9, 1P=7 28,6 .92 439, 2 9263 B
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(= 284.9 HIF,282p52H2 4,4, t1232 3,
81.0 J=se®Bt.,5 Hz), 52.9, 38.RMR3@3"
acetd) @ier 2.q8=( 9. 87 HzYP= (., Hz5.,2=( 9, 8
i75(BrJ=q9. GSHzNMR (79 HbHZI6O0adB®2 HB®;,ME
(ESI nepgmt & alec d ;b B 05 iOMI E 4N]": 569. 08
569.m»23D6C A
tetraethyl atboinsi (utm ibfilsufor omet hyl )
benzenemet-hGohlexteafy2 sy | i cate (2b
Foll owing the gener&@8(Opbdbdedur é&. A
title compound (0.402 mL, 72%, <co
6br o-tRlbexene (0.402 mL, 3.08s mmol )
mmol NBrEt(1. 05 g, 4.98 mmol ).

'H NMR (400 Mkz, 8ad@d&®6t Gn8 Hz, JZHY, ¢
2H) ,-77231(m,5.469 ,( B, 720H)1L 7 .46 8Hz ,(Jdl
10.8 Hz, VH) 7. 2. H2aA0®NQ) (m,-1 2¢9, HP
0.0774 (Y@ NMR) (100 Mhla, 1L46eboné&d?2
128.6, 128=528%28. 683dFg28&53 7HZ),
(selpt 28.2 Hz), 53.0, F4NMR 3I8.7%, M
de) 175.920=( 9. 47HzO=(§, #SHzNMR (79 W
de) 0164, HBRMS ( E8 k pm/tdavlec €, Hf fa ©.S i MiEN]':
595. 09689580 09Mp-1 0&0 7

3. OptimizatiilbnaloKyltda&ati €n of heteroaromat.

A 30S%
After

mhd enk t

cooling

c

com

ube equipped with a magnetic stirring
the tulhearn @o-R8y BAKL q @it Oavldismgnot yedcwet ol

(2a)( 0. 12 prnootlo)c,at al y sotx i(dOa. nOtO 5T GmAa2o(llnim)aimad,l s ol vent
and photoirradiat iTohne wsacsh | eeanrkr iteud eo uma sw
| i ne ddhidrkgeldahper o cuactt | iHnsN MR seerk fvlteyrds ibsyh e G act i «
abdeadned organic coppb6Bnbis2Wemk) exEvar
the solventat gaival aSweansd digei teel'HimNoMBR da b & | y s it  tusaicrhd olr,ole,

to the
argon
sa(t20

tube,

mL) Wase

as an sitnanedranrad .

(4

mL)



4. Procedur éH oal kyhleatG on of heteroaromati c comp.
A 30Smld enk tube equipped with a magnetic stirring |
After cooling the tube to ZheAbetietr oma® maurn ge d uwistt hr
2(0. 24 mmAdr 0.nhkosITIFA (0. 22ndnmedl)vent (4 mL) were a
photoirradiation was carThe dSomhilte ki tthu bsd ri @ a g dnégio irf mogr c t:
the rdadtkydmt ed produldtNMRsambisesiveleNyed.c4 inmmo | )Etwa
thestol ut iEvmporation afcthee smatvemitasl gawki ch was puri
GPC to give desired product.

Not e Present phot oshkadfadryda i owohreegnlkefthsi@dail @m g ®tacg i ons we

in a sealed fl ask.

FsC_CFs Bl
0 Mes-Acr* (5 mol%)
AN ‘ TFA (1.1 eq.) AN
| Het + Si—R | Het
/ o
N H \ CH,Cl, N"R
heteroarene o blue LED alkylated product
Et,N* 23 °C, 24 h, Ar
FsC CF,

2

Scheme 3.

2cycl ohmeextyhny | qui)®*nol ine (5
Reacti-mat oyl qi)i noc29 nmgol V. g&d&ve t he32

Vo mg7 %, color)l.ess |liquid
N CHCHk 4 mL
©\)Nlcy H NMR (400 )MiB2& JE®GDz, 16(0)ds DHE, 17H

(U 7.2 H2I UEH)Hz ,7 .12HY) s, B1HK)0,84 ( n7, X s

5 3H) 62200 ( m7-1.2&8H) ,( M,-192°HY) ,( m,-1810H8 ,( m,-
1.42 (m,-1.2H) , (%, BBHR) ;( 100 3zMHz1 6 6C DC,I
129.6, 129.0, 127.2, 125.5, 123.7,
2met gy cl ohexyl)yui noline (6
React i-met byl RU3 homgmme 0 ) 2 htaivtel ¢ heo mp

oy 98, <col ogr.less oil

L CHCk 4 mL
e H NMR (400 JMBZ(Qd JEDAHz, 8&.HQ4=(8, 0 RS
(05 7.2 HA(ULH],6 7HA(s1HRRADE. B.,5(LH)

24078 mM5H)168.51 (m,-14Bp, C&GC 3SAMR (10
CDGIt 158.9, 153.4, 148.2, 129.6, 1
27.0, 26.4, 25.6.

SH. Zhadrgl.2lQkEieat, 616 I8 4.



2, 4i cyclohexy®l quinoline (7)
Reactigam ndgfi6neng, 0.20 mmol) gave t
yell ow oil ).

CHCY 4 mL

'H NMR (400 JMiBOQM JEDGI 4 )Bz ®WIETH8. 4 )HAzZ¢
tJ= 7.4 )HAz482HT. 4 )AARs1HBH)b,r 3., 9(1H)
1.z, 1), 7@Ls) 722.8 n,Bl)5€ NMR (100 3M
ta 166.8, 153.5, 148.2, 130.0, 128.7
27.1, 26.7, 26.5, 26. 3.

2phedglhcl ohexyBQuinoline (
Reacti-pmemyl RQU3I homgmmeod .)1 99 ave t helltir
7%, <colonless solid

CHCY 4 mL

H NMR (400 JMidz WYeDCl. 6 Hz-8.1H) ( m8. B!
= 8.4 Hz, 1H);77.8.775 M, ,1H)OH) M ,-BAHTY , (
3.8034 (m,-2.1H9 ,( M,-102H9 ,( m,-:192&H5 , ( m,-181%
(m, 4H).38.@@, NMR) (MHWz ,3) CDXCI 7.5, 154
130. 8, 1298382 B2®8..112,7 .1728.126. 0, 123
26. 4.

4chl-@cypcl ohexyl)uinoline (9
Reacti-omlgarfion4d BB3nengnmnmold.)20gave t het3tir
88 <col ogr.less oil

CHCY 4 mL

H NMR (400 JMiB8BM JE®CGDz, 1H) J=88.046 K4,
(O 7.2 HzbhOdxHY, 4 Hz A31KkE, JEH)L2.D. !
2. 2401 (m,-1.288 ,( m,-:1921HY , ( m,-1811H§ , ( rh,-16%
(m, 2H)28( rd,. 3 BH)NMR (100 zMHZz,67CDOCI 148
129.4, 126.7, 125.3, 124.0, 119. 9,
4bro@oycl ohexyl Yyuinoline (10
Reacti-mmomdqulisda® | mgmenod.)19gave the®6t.ir
6% vyel)l.ow oil

CHCH 4 mL

H NMR (400 JMiHz WH3IEDPBIL 0 Hz, JEHB, 48HQ;
(s 7.6 Hz, 1H), JE.8B834(8z-218H) ( M25 9(
(m, 2H).88.0©m,-1.2HY ,( rh,-1810H) , ( rh,-16.BH) , (
1.3731 (W& NMR) (1,00CyMHz1I66. 9, 148. 6,
12v.0, 126.7, 126.6, 123.8, 47.4, 3

6X:Y.

Zhah.g, We g, H. Li an®r gH.210%80 g4868860Zhang,
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NO,

4met h-8xycl ohexyl Buinoline (11

React i-ment hgduxi yvh (8160 mmeg mmO |l P2gave thes8tri
52% col gr.l ess oi l

CHCH 4 mL

'H NMR (400 JMiHz WH3IEDBIL 0 Hz, JEHB, 47H21]
(s 6.8 Hz, J4dH§.8 7HARS My, 1H).,6Gt74=80Q ¢
3.z, 2H2502 (m,-12&#H9,( m,192HY , ( m,-18.1%H7
2H) ,-11422 (m,-12H9, (M 3NeMR (100 gMHz 16
162.5, 148.8, 129. 4, DB8805, 524,848
met hghyclohexyl-Bsarghioxyllatne (12)
Reaction of mefckaylbokgbguendgl3ibn eng,
compound (37 mg, 71%, <colorless sol
CHCH 4 mL

'H NMR (400  MiBz ,4sOCOLTHB, 28. 28&,-7 1HI , (
7.7269 (m, 2H),-345@3 ( ms-1 .1BIGITH() mBIBHBmM
3H}YE NMR (100 sMHzl1 6 7T.DOCI 166. 2, 140. ¢
127.8, 125.1, 12265,9,5268,2.42.1, 32
5br omoycl ohexyl i s’oquinoline (13)
React i-lornomdi fSoquinoline (42 mg, 0. 2(
67%, yellow oil).

CHCH 4 mL

H NMR (400 JMIHZ,d3@8DGl. 0 Hz, JtHB, 48 H2]
(d=6 .HBz, 1H) J=7586 HA(ULHS ., 07882544 Hd]}
Hz, 1H9892 (m,-14H8, (rm,-BIHJ3H()H 5NMR
MHz, g£DCI166. 2,351463. 4,33. 5, 127. 6, 1
32.8, 27.0, 26. 3.

5ni tlicycl ohexyl i sPfoquinoline (14)
React i-mint odi $oquinoline (34 mg, 0.1
51%, coliobobpl ess

CHCH 4 mL

H NMR (400 JMIHZB,d6®DGl. 0 Hz, J%H4Hz,6 8 .15
(ds7 .z, 1H) J=68.H22 (@#)J= 78.609 Bzt5 34 H}
Hz, 28B0,807H)n5 4154 m, 2H).,34.¢” NMR
MHz , gOC66. 6, 146. 1, 145. 4, 131. 5,
32.9, 26.9, 26. 2.

6-cy cl oheaxnytlhprhiethi ne (15

Reacti oamtdfr(@glbemgnmol.)2@ave t hdé3t mepol
color)ess oil

C HC & 4 mL

H NMR (400 JMBzZG JEDBL 4 Hz, J:tH)HBz,8 .15

"Xl .

LySu, HSi.aJn.g ,Socbh.g,Li¥u, WOnmg, ., 20el?91 53282.
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ot

16

OH
>N

Cy

18

(= 4z, 1H) J=88106 H&Q OFH)LRz,7 4A.HTF ZEem,
2H), 3=70 Hr, -3.H57 @BmELIUHWH) ,2 -10.9673H |
1€ NMR (100 sMHz16%DL] 144, 01303AR.81;F
126.2, 125.7, 124.8, 123.4, 122.7,
2cycl ohexyl beffzothiazole (16)
Reactbemzofhi azolmeno( 31 gmge © hZ23tgi4 H,
colorless oil).

CHCH 4 mL

H NMR (400 JMiAz IPDEDPBIL 0 Hz, JEHY, 67 H&¢
(O 7.2 Hz, JEHY,47H38.08) (m3. 01&)122
2H), U=84942(@&, Hz,J=2H)2. &1 .HA, . @BRH)(, m,1.:
J= 12.8 Hzl. 2H)(hE1 NBWR (100 3)MWHIZ7.8, 16X
134.7,125.9, 124.6, 122.7, 121.7, 43.6, 33.6, 26.2, 25.9.

2cycl ohheyxdyrloxyqui rfazol ine (18)
Reacti-onwdmdxyYquinazoline (29 crognpoQ.r
mg, 64%, colorless solid).

CHCN/® 4( ImL1)

H NMR (400 JMHZ,b&CBCI 1H¥, 78628%z{/d1H
2H) ,- 774489 (m,-2.1MH2 ,( M@:2718H5 ,( B,:1028H2 ,( M-
1.74 (m,-1.3HY, (4, BAMR) ;( 100 3zMH z1, 6 4C.DAC,|
134.8, 127.5, 126.4, 126.3, 120.9,
2cycl ohbeyxdyrloxyqui rfazoline (19)
React i odni cohfl o3r,o6pyri dazine (29 mg, 0
mg, 33%, <colorless oil).

CHCH 4 mL

'H NMR (400 MiHz ,35COCHR, 82. 9@n,-1 1HO , (
1.8481 (m,-11#4), (h, B28p, (O 3BMR; (10
cbela 156.8, 156.4, 148.8, 127.2, 4/«
2 -db6i cycld(hexiyfll uorometthyl )pyridine (
Reacti-otnr ioff| hlor omet hyl )pyridine (30
(27 mg, 43%, colorless oil).
CyclohexylsilicateC§{f 043 MMLg, O0.44 mm
'H NMR (400 MHz7 s1CDZH-R, 7 22H]) &, -11.. BB (
1.8784 (m,-1.4HY ,( ma,-1728Hg ,( m,-158H7) , ('r,. RW
(100 MHz.,0 aBQCl X,J=132.8 HzJ= 247213..45
46.7, 33.0, 26.6, 26.1.

EN.

Y. -Ki mChr@da m,ahe.d2rOolpds L 8B D4 .
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()

0=8=0

A

NS
Cy
22

MeO

5 ,-d7i ¢ h-2-oy @l oh(edxlyyor ophenox3®) qui nol in
React b pdii cond-(odrlouor ophend»y) qugmmadl.)i2rg
titl e cholmprogg,nds&l onl.ess solid

CHCH 4 mL

'H NMR (4COGMHz 99=(2.0 Hz, JEH2,07HB-C
7.09 (m, 4H),-26652 (Ms-1 . 1&8HH) ( h218.8H]) , (
1.4923 )X NoHR (100 3MHz6,9.0DCI16d2)=4 2 4
Hz) , 151. 5= 21560 .Hiz)(,d,134.9, 13&¢. @, 3
117.2»= (d3.6 Hz), 1127.0, 105.8, 47. 4,
Compad @& 2

A 30SmlUd enk tube equipped with a ma:¢
under vacuum with heating. After <co
gasasudi l (29 mg, 0.10 mmboyavaiplalpk
hydr ocbhiywarsihgget h sodi um hydr o»widi€hCso
antdhen cowioaentacauwo) , cyL£8 ® hmgy | GMelddca
(2.3 mg, 0.0055 mmol ), TG 4( 27L ) mgw,e t
the tube, andsplatroiedaduat woThoh w ahtei
was add@®dapkpr oxi matnedhe&5@ni mgure was \
min. After that, the mixture was f|
C HC . The filtrate was concentrated
CHCH(5 mlU)kyl at ed2avampobs @r vNeMIR bayWa| y
solution wAs(4d4dmg, BO R M3nd I mg ,aa a@itd &
the mixture was stirred at room tem
and the residue was puri fi edf fboyr df Ice
28( 20 mg, 43% for 2 sSH epMR (ads0 Oa MitDE2
(d,J=4.4 Hz, 1H), 8.48 (d] = 8.4 Hz, 1H), 8.38.23 (m, 2H), 7.65 () = 6.6 Hz,
1H), 3.573.51 (m, 5H), 3.423.37 (m, 4H), 1.971.95 (m, 6H),1.88 1.82 (m, 3H),
1.6111.49 (m, 3H), 1.43 (s, 943€ NMR ( 100 3MHGE6,8, 1653lb4.C
144.1, 135.1, 132.6, 132.3, 130.5, 127.1, 125.3, 115.4, 80.1, 80.0, 50.2, 50.(
49.4, 47.8, 47.5, 46.1, 45.6, 42.2, 32.9, 28.7, 28.5, 28.3, 263, 26Spld at a
consistent with those reported in t
Compound 23

A 30scmid enk tube equipped with a mat
under vacuum with heating. After <co
ga®@u.i nine (63 mg, O0.202dnonolg ,g . Melbdn
(4.7 mgmmdlQl TFA (481 mb, th0e3x4a2f-J-Bunoor po
(4 mL) were added to the tube, and

°J .

Wa-Xg,

LG,

G. ABé ,anG.J.CRoa g8 ICheI
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CO,Me

24

~-COzMe

26

24 hours. The solvent was removedxC}
(3 nilo) .thet ison wER(apped xKmate 150
vigorously sThe rmidx tfurre S5wansi nf.i | t r at
washedCHEdt hThe filtrate waganadconbent
purified by flash chromat ogrR&p3hdy nogn
as a col & INeMRs (s40010i gMiH z7,d 9&D ®I. 2 Hz,
1H), 7J=809.(xd,d,2.8 Hz,216)Hz36a8)md5:
(dd= 2.8 Hz4.21) (m4d. 2&H) , 3.88 (-8, 08
2H) ,-22784 (m,2.16% , (@, 7DH) , A.32 (br-
1.73 (m,-1 6H ,(4WE,. BBHR) ( 100 sMHH,4.ADCIL 5
144.0, 142.0, 131.3, 125.2, 121.1,
40.1, 33.0, 28.1, 2ldatfa 26e6cohB6i 3t
in the ¥Miterature.

met hplut g1 i s oFcuairnbool Xi g t e

Reactimenhyplf i 3cqubo@BiVaeameg, O. butmrca
2(0.17 g, 0.24 mmol) gave the title
CHCY 4 mL

H NMR (400 JMHZz8 s4CADICH) ,J=8.722 Ha ;7. DH
1H) ,-777D6 (m, 2H), &= 08. O sHz-13.H3)H) (3m]3.
1.47 (m, 2H)7. 20 ;r29, N(@RJ) ( 100 3zMHz1 6 6.D8
140.7, 136.0, 130.6, 1239.04, 31529.,0,3:
met h-y b3-e&ryl )i soqg3ciarddloiXnEds3t e
Reactimemhypylf i 3cqubog@ybamg, 0. 19 mmol
20(0.17 g, 0.24 mmol) gave the title
CHCH 4 mL

'H NMR (400 ,MHz8 s4®DICH) ,J=8.722 Ha;7. D8
1H) ,-77786 ( m,-5.2H4 , (G, 0MH) 175213 1( &dH
10. 4 Hz, 1H), J4.850(Bz-23B8B) (32 4NN
(100 MH2., 0 aBGI. 8, 162. 3, @470, 7129.3%,
125.6, 123.1, 115.3, 53.0, 35.0, 33
met h¢#41 uoroyehdeédyyl B o3cuairnboolXiyhegt e
React imet hofl i 3cQquibodohBil7aéemg, 0. 19( 4
fluoropheny?Pe)e@®t HYIl gsi I0i.2adt emmol ) ga
67%, yellow solid).

CHCH 4 mL

H NMR (400 M8z &7CDICH) ,J=8816 Hd, JEHY

0G:X.
1lc_
12J.

D.
K.

Li,

C.-RiAv.e rMo,r aM.e sWa n g, F. Ghem.,L®rtHe68®@T2Liu, G. Chen,

Gi | Alolr &n, KBJ AMCh eSEoag? ® M83,0 1i5589

Mat sui ,

D. NCh éém.i2nteiB87, 33B.%2A2. Mol ander ,
S14



X

CO,Me

Hz, 1HY.,682H)M,-77237 ( m7( 2=H)8 . 8).tkbz 4. DIf
3.8864 (m, 2H)8. Z)A®, NMR (100 3MiHz6 6
161. 6, J=61R49).,(2d1Hz0. 7J= B3)B,. Hz3&.,0, D!
= 7.)9 HZz29.6, 129.1, 12&.2,1)D2%33,0,
# NMR (376 sMHZIL17CGRGQMS ( ESI , m/peaaslictc
CibhF N M+H] 310. 1238, Mmpunldlots;8 RO (KB3
1509, 1450, 1329, 1297}t 1249, 1218,
met h-slebctt yl| )i s-8gai hoX R2Wat e
Reactimenhhypf i s3cqubo@Bbatg, 0. butmrmac
2(0.17 g, 0.24 mmol) gave the title
CHCH 4 mL

H NMR (400 M8z AQ0CQIA8Jd,J=8628 )HA5@MJIBH7
Hz,)1H7.69 (m, 2H),34683( Mms2.1@H)( M3
1.78 (m, 1#H)6. 8H)HH,01=®,37 . (4t ;HZ , NMERI) ( 1
cCh@la 167. 0, 166. 5, 140. 8, 136. 1, 1
29. 5, 1090mMe @dealk.i s missing.)

met hghycllopent yidicao o RiBYit @e

React i aret hoyfl i Scquiboalyd aée eng, 0.20
cycl open2gyIl0sill7i cgat e0. 24 mmol ) 4 GregBE %
colorless oil).

CHCH 4 mL

H NMR (400  Mi820Q 6, THp 8.888.28 (m, 1H), 7.94.93 (m, 1H),
7.747.68 (m, 2H), 4.0:8.99 (m, 4H)2.202.18 (m, 4H), 1.98..94 (m, 2H), 1.84L..77
(m 2HY '€ NMR (100 3MHZzZ6E7 .ADCI165. 1, 140
129.0, 128.7, 125.6, 122.6, 52.8, 4
met Hglycl ohept yidicao hpo X RéFit @e

React i aret hoyfl i Scquiboalyd Gaée eng, 0.19
cycl ohep2hyI0sill8i cgaat e0. 24 mmol ) gave
colorless oil).

CHCH 4 mL

IH NMR (400 JM8z39CQ®B, 28. @ n6;7 .20H1), 71.49
768 m, 2H), 4.827Qs( M3MHLMHF 3( RHILLHY , (
1.71969 (Y& NAHR) ;(100 MHzL 6 7C.DICI 167. 0,
129. 2, 129.1, ,152. @, KBA5 23, 342383.,5 28

met hy# etrahyd) espyguadmydlribroe( R1FJt e

Reacti mat hoyfl i Scaquiboa(lB8l awmge, mhoR D 43
tetrahydr oy OagiylOs i214i cmemtod ) gave 66@e
colorl)ess solid

CHCk 4 mL
IH NMR (400  Mi8z44s CDTCHB 528, 8 .HJG9 m,

13GTX.

Li,

X.

Hu ACG. Cia® 38BG.1 11814833
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78707(m, 28(0dds4.111. 2, 24..40 3Hz(,s9-2HEHY), ,
37356m, 2HM32§ M, 42H) J= 11 3.06 ;(Rz NMRH) 1 (
CDGItH166.8, 163.9, 140.8, 136.2, 13
52.8, 39.3, 32.0

met h-tlebttt yl )i s8gai noX Bifet e
COMe Reactmenhyf i 3cquibo@hi amegenmo | 20 amnyl
_N 2(0. 17 mmol Q. 3Ave theot imgl e6Odbmpbess
CHCH 4 mL
'H NMR (400 MMz 59GRC. 8 Hz, 1H) ,-7 .89 64
1H) ,-776BB2 (m, 2H), 4.0 (NsMR 3 H)0,0 HVH
167.9, 167.0, 139.4, 137.3, 1280.94,

n

31

5. Procedur epbpbt g c ath&ksyghtalte

A300mLf | agglui pped with a magnetic stirriumg wihdarh éredata n
the WwWdsas&kool ed t o irtoown st epnpregdehte uvhigtl qug bdO®®R ngnmeE 7 ) 13
cycl sshdxXsa.t®8 mmoB) A&ME.s145 gimo D) 305 BF6A7 fmmo | 7) C 6&dn d
(8mML) wer e afdldeesdntdo pthhoet oi rradi atr ongwhlheuTcldes rfi leads ko uw
connected to an argd®dftlirndg heidNrmlerdgSt tinmoemorlle&ia.cdta sonadded

solution. Evapor atai cmrm uafe tmae esolaventwhigdvevasgpuei fi
desired(Ardédugt 72 %)
FsC CFs 1°
Mes-Acr* (5 mol%)
@\)j TFA (1.1 eq.) o
N/
\ CH,Cl,
©; blue LED
F.C Et,N* 23°C, 48 h, Ar 5
1.0g, 71mmo| 3~ CF3 1.2 g, 5.1 mmol, 72%

Schesh&ram scal eb.synthesi s of

S16



6. SiVel mgeurenc hi ng experi ment

St evrod mer f |lquwerecshciemgceexperi ment s WelGle® M usno | wi tMiehs nfsr eost
Ac't BHCiundear gaan at mokgpshea s ussp efgFE®PDGF 0 )C o n o meat@edactii toinv eo
(Q:si | 2aactyec | oh,@d yhly dr d b ehri AD[G| es p(idr obehaoehieazot birdFA|

TFA was bet wle.eOM.50 T Me awald uitri ro4n2®m,t eadndatf | uor esctelnlc e w:
nmThe fluorescemeasunednsimtrgpleevapmesencaddnfiTabkesncs

S6),antdhei wasafph @d eteéhdeo iISoemear exprebBewmniFigrudeq SS1

Tabl eLuSMi.nescence gMedch naigl Meaattae f or

|0b S

Ruth Ru® Rua8 average ldlws si | 2dawt)c¢
545 542 544 544 1 0
126 124 127 126 4.30 0.005
80. 8 81. 3 82. 3 81. 4 6. 68 0.01
63.5 64. 1 64.5 64.0 8. 49 0.015
55. 4 55.0 55. 4 55. 2 9. 84 0.02
46. 2 47.0 47 .3 46. 8 11.6 0.025
Tabl eLuSi.nescence gMedchd nldegd data for

lob s
Ruh Ru#® Rua8 average ldlws 1 6(6M)
555 550 561 555 1 0
342 342 344 343 1.62 0.005
246 246 247 246 2.25 0.01
191 191 192 191 2.89 0.015
156 155 156 155 3.56 0.02
128 128 128 128 4. 32 0.025

S17



Ta bl

Run

566
545
548
527
544
533

Ta b |

551
562
559
560
567
585

Ta b |

Run

569
518
514
502
484
469

eL uSn3i

1

eL uSHi

eL uSnbi

nes

Run

565
547
549
528
547
535

nes

553
561
561
560
569
583

Run

571
518
512
502
485
468

cence

|0b S

2 Run

565
547
551
529
545
537

cence

|ob S

2 Run

551
563
561
560
568
582

cence

Iob s

2 Run

565
519
513
500
483
469

3

3

3

average

565
546
549
528
545
535

average

552
562
560
560
568
583

average

568
518
513
501
484
469

S18

|0/|obs

N

. 03
.02
.07
. 03
. 05

gMedchhdgs diad) asifloane

|0/|ob S

O O O o o k-

. 98
. 98
. 98
.97
. 94

|0/|ob s

R R R R R e

.09
.10
.13
.17
.21

gMed i nldegn zdoatthai af zoorl e + TFA

benzothi e

( M)

0

o O O O o

(

S

gMedhchndgbdatat iioazol e.

(
0
0
0.
0
0
0

. 005
.01
. 015
.02
. 025

pirosi3l
M)

. 005
01
. 015
.02
. 025

enzot hi
M)

. 005
.01
. 015
.02
. 025



Tabl eLuSi nescence gMedwacanagTHAta for

|ob S

Run 1 Run 2 Run 3 average ldlws TFAM)
573 571 570 571 1 0
569 569 569 569 1.00 0.005
589 587 587 588 0.97 0.01
571 572 572 572 0.99 0.015
573 571 571 572 0.99 0.02
572 574 573 573 0.99 0.025
lo
=1+ tokg[Q]  (S1)
Iobs
lo. the intensity of fluorescence without the a
lobst hhent ensity of fluorescence in the presence
to the | ifetime of the excited state of Ru(l1)
ke the quencher rate coefficient
[Ql . the concentration of the additive
I/l R )
10 - e
'.,.-"E:ilclohe(ylsilicateZa
o .
> o. 16° ..
..-- ........ A' ........
JRURETTIY A
JVRTIIL A A spiroslane3  benzothiazole+TFA
-IS:::::..'. .......... .o-nnn-u'nuu-nn.nlnnnu'
0+ r r
0 0.01 0.02 [Q] (M)

Fi guBe S
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7. A radiexalerdcimeank

A 30Smld enk tube equipped with a magnetic stirring |
After cooling the tube to-M23 hAC,q d)i nowRig@epa(lr g e da wk y Ihs
2b0.18.84 mmalcHs. aMem@Pnimo TF AR 6( thg ol )CHCAd4 mL) were a
to the tube, and photoirradiat iTohne wacsh | ceanrkr iteudo eo umta sw
argonudi mg tdhlef treeractthiesNnd@ a g ihéro,| ) Etwas added to the s
of the sal cemntde gnmverial, which was purified3dZwlid& h f
mg, 41%) a¥l WMRI ¢ WwW00i JMHz8,d0€DGl. 0 Hz, JtHB, 07HeYL . @64d) ,

(m, 1H}).,4&.06m, 1H), 7W=14.QsHzlHRH)2.2368d,(6,HBH)1H)R2,
1.66 (m,-1A4%HM0, 2HPS525.@ NMR (100 MHzli6ZXD&Ll 147.9, 1
129.1, 126.9, 125.5, 123.7, Wd2az.a6,ar4e5.c30,nsdi0s.t%,nt32wiTt,

lite¥Yature.

C CF -
Me Fs ’ /j . Me
(0] Mes-Acr™ (5 mol%)
— + Si P>
N ‘ CH,Cl, N
4 0o . blue LED 32
©; EtN 23°C, 24 h, Ar 1%
FsC CcF,
2b
Sc heSe
8. Observation of an intermediate

A 30scmld enk tube equipped with a magnetic stirring I
After cooling the tube t oBe2n3z cAQiil3a znglwea®. Y5 ced | wihteh y
a9l mgmmoéIMe&ct(2.mMfg, OmmMA®I6)6,1 INdOA. (1 mnmdHCY @fld 4, mL)

were added to the tube, and photoirradiation was ¢
compounds wer e @t3r dct2édd mii)t. h EQpor ati on of the sol
ofl @anldéwe det er miHh eNAMRb yanal y s itse tursaicnhg olr,ole,tzh,a2ne as an i

Mes-Acr* (5 mol%)

H
N TFA (1.1 eq. N N
L= —8 . (O 5o (Lo
S CH,Cly/H,0 S s
blue LED

23°C, 24 h, Ar 16 16’
45% 21%

Sche¥e Obsertvhaenit em mefdi at e .

“4J. Dong, X. Lyu, S@dngWairg, LOZh e W @ M0 A PI7862 .
S20



0. Dehydrogenation reaction

Synt hesiyse |l oh,adyhly dr dbtemizoofol e (1606) :

To a stirred solution of cyclohexanecarboxal dehyde
4i mol ecul ar -Amievetshi(dph®&ngl) .(2.88 g, 15.0 mmol ) was

at room tempetatrurcempobet2om. ofAfthe reaction, the r
mol ecul ar sieves. The solvent was evaporated under
chromatography on silica6(g2.l53)g.asVvedl hie NdRs ( A@IOi gMH

CDQII7. WY=(6.8 Hz, JAH).. 6 6HB5ILHG,., 4 6HB7IXHY, 66H5F (H),
J= 6.8 Hz, 1H), -4..821 ((rb,rl ISH) ,AHH, 1736148 F h,-06.3HJ , (. 2B H)
NMR (100 MH&, 1€pCl, 127.1, 125.0, 121.6, 1Q0.2%. 1009
HRMS (ESI m/@gals¢ &, BiNeS) [ M+ H320. 1154, mpuB&3 220R1LEBr) :
2925, 2850, 1579, 1475,1%.1405, 1305, 1232, 1205, 734

NH, §
O b
CH,Cl,

16’
2539, 77%

Sc h eShe

Dehydrogenation reaction:

2Cycl oRRe-Biyhy dr d i enri a&(f®]. & 2 ammchadai Jsjiv € a(as pi B,0 sTiHAATCHMe s
(0.02 mmoLH( Oanrd nmiD wenNeMRaddidbce wase a@ur gedi wi d Bvatsr gon
deter mtHh eNMMRbyanal ysi s.

Tabd e
additive N
Clye o= Clps
CD,Cl, S
23°C,24h 16
ent additive yi elléf o
cyclohex2ydl .i0 i e 0
2 spiroill. Dneq. 0
3 TFA (1.0 eq. 0
4 Me-&scr (5 mol 9 0
5b Me-&cr (5 mol ¢ 38
6° Me-&cr (5 mol %), 100

aYi el ds ar e H eNMR ns meeédl rbogs ddpyh.t . was irradiat ¢
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10. Computational study of photocatalytic dehy
Density functional theory (DFT) c8LdeGHEH| phs|l week t
i ntlome reaction mechanism of phot ddadast sloytviad edle hmpod reccgue
PCM method consi G@GECliursg ngolt \h@QiGangSEynaat ur al popul ati
(NPPpanal ysis was candilsd taend 16¥eipncgrgisheaen G b e n zSda shi aa zmd d enl
i nter med-Valtmer Sexperi ments ind$Srxauéedtbat gehernaddcaly
of t he p hFoitgoucjabthdBRmasta Iyesviesa ISelda s hmdor e negative hydr oc
cati thasf more positive hydrogen atecseebs éanatomat sit @mar
with previous reporSlseahtas Hsgdbaypdiedaladoiat iHowretroafi ni n ¢
compoeuansti & yr ostoheeapba pbsithieomilt Baoged udheo m eyamantdi VDRT

cal culaait iemres gyapbaosée betriodn frodrethyadrn cgnsS t aot i godmsdodwn i n
Figume ISl the proposehdydeangdiecn | emetédspatfti dsreme dwi2t h  pr
met hyl mehS 2anha diSSfarlSma nidtrsadi ¢ alSu no aadilocnudi abtbesd f r ee ene
hydr mgépropuloée o2meettehdy | me hSehrthaid 58 sl only 5.7 kcal $mol h
anidiradi caProabanaf®ax &8r awthisch her mody n adami cla2l. 10ygkfoesedsy rmeo
desiredS4amaduwcatdi ¢ &1 ®KRaetsiudon i n§ 6BGawlouclad bceatquwenconfed

photocatal yst 6 lagraeg anct TWwiAt woaot ke rf & 8ainl8i4t awhei cphr ontaokneas
dehydrogenation(prgueesSbbjyeversible

%YGaussian 09, Revision A.02, M. J. Frisch, G. W Trucanmni,, H.. B.arSchel,e
Petersson, H. Nakatsujiich,X.J.LiBl oM.noGarBi.c &t. o,J ak.e sMaor,emR. Gomperts, B.
J. L. SonnenbkYorug,g, D.F. WiDli Inigg ms . Lipparini, F. Egidi, J. Goings, B. P e
Gao, N. Rega, G. Zheng, W. Liang, M. Hada, M. Ehar a, Kit doyoHa, Nk aF
Vreven, K. Throssell, J. A. Montgomery, Jr., N.. KudiPner aM.t aN. FSt aQgoal viea
Kobayashi, J. Nor mand, K. Raghavachari, A. Rendel |l , CJ. AGamBuyur nt Ca 8n
W. Ochterski, R. L. Martin, nK. aMar @Dk unda, F®.x, F &ralusss,i ah.,, B.nckFagr eMamad i n¢
%Gaussian 16, Revision C.01, M. J. Frisch, G. W Trucaknsi,, H.. BarSatel e
Petersson, H. Kakattsadjoi,, AX. VLi MaMeni ch, J. Bl oi no, B. G. Janesko, R

Il zmayl ov, J. L. Svawmreq,befF.g, DiDng Wi F.l i aimgparini, F. Egidi, J.. GG&ings,
Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang, M. Hadva, HM.n dEh arCa, |
H. Nakai, T. Vreven, K. Throssell, J. A.J MohedygdmeE.y, NJrBrrotJhelEs, PEr aN
T. A. Keit h, R. Kobayashi, J. Nor mand, K. Raghavachar Mj Il AamP. MRe Kd e
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Figure S4

a) S
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N
H
S2
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H
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H'H
S3
S1

+ +5.7 kcal/mol

S>< TFA .
radical cation of S1 . ©:N/>
- ‘I‘ s4

0 kcal/mol i

+ A

. radical cation of S$1

—6.3 kcal/mol
b)

N TFA N
Cro— —— <

S3 radical cation of S$1
S TFA S
O — - O
N N +
H
sS4 S2

Fi gure S5

Cartesian Coordinates:
S1

C 2. 8657204.0508209500 0.01946500
C -1. 6780314.0302556000 0.00493600
C -0. 4650905.060532605.0000066000

C -0.41033600 0. 75169800 0.
C -1.59364400 1.48822100 0.
C -2.81796400 0.81095800 0.
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H -3.8198019.0009572500 0.01840100

H -1. 7077 82.0400 8 9 201.0000 706 000

H -1.56248800 2.57227300 0.03296400
H -3.73898800 1.38277600 0.02842900
N 0.88904700 1.26140400 0.08615900
H -01. . 2061500913170000 2.20363500
S -1. 350592000 754960.002839300

C -01. . 4809083402890000 0.31324100
C 1500 3. 2630.420208076500 0. 5300

H 3.20400700 0.46164600
H -11. . 4997472591950000 0.35052100
H -03. . 0643180340660000 1.52183200
H 0. 2076 7R01BBIHDH®O

E #63.34400432

Radi cal Seéation of

C -2.7904202.0509989000 0.19711700

C -1.62910610.0304934600 0.12081800

C -0. 417 3308.0607 46 #06.0004 283200

C -0.38824806GB669-00@2985600

C -1.58456400 0.0456G6HD2108000

C -2.76346400 0.81831300 0.11496900
H -3.7413816.0100218700 0.32199100

H -1.6561124.0402913400300 0.18363

H -1.55634200 0.2.053325DD0O0

H -3.69542400 1.36551600 0.18011300
N -00. . 2884581672040000 1.24740600
H -01. . 3072266557740000 2.24158600
S 1.1687 112.030590508.01056644900

C -01. . 39658581746 70000 0.30716400
C 3.05536800 0.58156100
H 2.66074100 0.55558400
H -12. . 3386510936620000 0.32565500
H 0.1637080B45209M.055357300

H 3.49074400 1.56459300
E #63.14691@163
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H -0. 1962608018BOHMURXDIDO
E=-762. 69d1uWd794

H2
H 0.000000O00O0 0. 00000000 0.37225700
H -00. . 3070202050700000 0.000000O00O0

E=-1. 17980042

A

C 2. 8099504.0805685500 0.00001700

C -1. 6470 70.0302098700 0.00002700

C -0. 422 4509.000518408.0000000100

C -0.35130500 0. MO0VDLRTIPOO

C -1. 53317000 0.000DRFHIDOO

C -2.75313800 0.M.0HPD2H0V0O0

H 3. 7727915.005444400 0.00002800

H -1. 695022.0400307700 0.00002800

H -1. 47958500 0. D2.0DD9B38MPO O

H -:3.67430400 0. 0.000DZVD®O 0

N 0.93391500 1.28698800
S -1. 3050300100003 268D0OO0

C 1.83520200 0.36096300 0.00002200
C 3.30956100 0.60507600
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E=-762. 14638788
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1 Detection of hydrogen gas

For mat ifomdm@wasH confirmed by t he-cfadlall ywierdg helxde@rgipraart t
An tHype fl ask was used, in which twdni @a$t, tuunbdgesrn wae r
at mos pMeédrc'dgs thol 19%)0,. o TFA (0. mhdmmbl pr @mmdlt h amer e pl a
l a rfilgds k,r gwnaltemosaphesé¢ 2. Rh GladleRRN@ fimol ), and benzen
pl adéet Hpe fl askKhwami 5 tladfféetdhisk ttivmes ed and irradfated
24h, whhiel emi x tru rdgeh tavsmls t sitei r rFeodr naatt i500n AG. 0. 11 mmol of

léand recover ylé6wa sO.o3bbsyetrmotM&® odnal ysitstusaicrhd olr,ole, t2h,a2n e
standhedyield of decane wasngickddecame nesd diy |iGCttemaadrlyi sg
flask, 0.06 mmol of decane was proowdscedrpdmbd@.cihl nmenaol
16ibn the left flask and transferred to the right fla

Mes-Acr* (5 mol%)

H H
@[N% TFA (1.0 eq.) @EN% @[N%
Cy Cy + Cy
S CH,Cl, S S
16"

blue LED, 24 h, Ar recovery of 16’
0.50 mmol H, 0.11 mmol 0.37 mmol

H

RUCI(PPhs) 2 mol% &
N N \/\/MH

benzene
50 °C, 24 h, Ar 0.06 mmol

hydrogen acceptor

Scheme S8.

For mat iciom tofie Hhhot ocatalyd)i andl kycaddvermyobbnfepmddn
foll owi ng e xcpaetrailnyeznetd ohfy-dReuo gded-ay p @ nf lods k waswoused:t
tubes were connedtnéaf tvi tubnidgeery haa s e o= hol 4% .,50

mmo 12)4,6 dnmo | ) , TFA g rOdli5cs5h lnomo@Bn)edt h awer e ap lrafcigedds. k ,1 nund
a o at moRp@Gle®dsRRPh 0O mdlec®Wn® dmol ), and benzlemet Hp3e mL)
fl ask wahbhesmakeldeffdtaisrk ttivtvhes ed and i rradf adhe,d whhielre on
mi xturei ghtwtatsk esstk r rFeadratait 0 3 00fAC0. 27 mméwa o foldykyV ad
IH NMR anal ysitsetusaicrhg olr,ole,t2h,a2n eT haes vyaine lidn toefr ndael c asnt ea nw

GC anal ydsdiesc aunsei nags an linn ttehren ali gshttandarsk., 0. 22 mmol
means at | easwadd. (2\20Im\m®di ioi tHhe Il eft flask and tral
F3CCF3

‘ Mes-Acr* (5 mol%) AN
X . TFA (1.1 eq.) P
P N
N CH,Cl,
4

blue LED, 24 h, Ar 5

0.50 mmol FoC CFy  ELN' 3 0.27 mmol
2a(1.2eq.)
RuCI(PPh3)3 2 mol% H
NN TN \/\/\/\)\/H
benzene
50 °C, 24 h, Ar 0.22 mmol

hydrogen acceptor

Scheme 9.
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12. El ectrochemalclay ! 9
The r edoso fplokielni2 veatdee t e
a e summar i BeSd bisrt r &Ra kel

usedsoflowrent. A glassy ¢

were used. We measur ed

ec oBmMe n tBHnGhavt isoon

irloipeategs of

rmined by differentia,l whilch

uB adBF o CN was
el gcetfreadeen,c ea eple

arbon wor ki

t he

ng
r eldloxEl'gc@pu @ h i, alwhwicthh waes

saturated cal omeldi@lge GLVod ®ea VWmSGE )dDribWy aandd cycl i c volt
shown in-Sh gures S6
Tabl8e S
FC CFs |
LS
Si—R
o]
FsC CF, EtN*
- oxidation potential . oxidation potential
alkylsilicate (V vs. SCE) alkylsilicate (V vs. SCE)
2a R-= @ +1.47 2f  R-= z +1.33
2b R= 1_/_/_/ +1.51 29 R= §—<:| +1.42
2¢  R-= }L/—/ +1.64 2h  R-= @ +1.28
2d R= 12_/—// +1.53 2i R= %Co +1.32
_ F . - +1.04
2 R= : / < > +1.48 2i R %é e
D, Bao, B. MilStaeryeer ,W.A.Xifa, @er a&i menko, JA. Flreys . Qi0os h Ai22BE8adntrreras,
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FsC cry

2 a

Et,N*

Current / 1le-5A

-0.6 0.3

Cv

06

Potential / V

24

27

100 4———
9.0 '
8.0
704
60 3
50 3
401
304
204

Current / 1le-5A

1.0 3

101 i

-0.6 0.3

Figure S6

06

Potential / V

S29

24

July 23, 2019 16:31:04
Tech: DPV
File: 20190723-3redpv.bin

Init E (V) =-0.5
Final E (V) =25

Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06
Sample Width (s) = 0.02
Pulse Period (s) =
Quiet Time (s)= 2

Sensitivity (AV) = 1e-4

July 23, 2019 16:11:83
Tech: CV
File: 20190723-3.bin

Init E (V) =-0.5

High E (V) = 2.5

Low E (V)=-0.5

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

Segment 1:
Segment 2:
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July 23, 2019 17:31:19
Tech: DPV
File: 20190723-4dpvre.bin

Init E (V) =-0.5
Final E (V) =25

Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06
Sample Width (s) = 0.02
Pulse Period (s) =
Quiet Time (s)= 2

Sensitivity (AV) = 1e-4

July 23, 2019 17:16:01
Tech: CV
File: 201907234 bin

Init E (V) =-0.5

High E (V) = 2.5

Low E (V)=-0.5

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

Segment 1:
Segment 2:
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June 8, 2020 10:05:51
Tech: DPV
File: 20:20-5-8-5Si-butenyl-DPV.bin

Init £ (W) =-0.1

Final E (V) =2

Incr E (V) = 0.004
Amplitude (V) = 0.05
Pulse Width (s) = 0.06
Sample Width () = 0.02
Pulzse Period () =05
CQuiet Time () =2
Sensitivity (&) = 1e-4

June 8, 2020 09:58:09
Tech: CV
File: 20:20-5-8-5i-butenyl-CV.bin

Init E () = -0.1

High E (v} =2

Low E (V) =-0.1

Init PIN = P

Scan Rate (Wis)=0.1
Segment=2

Smpl Interval (V) = 0.001
Quiet Time (s) =2
Sensitivity (A0} = 1e-4
Segment 1:

Segment 2:
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June 8, 2020 20:58:35
Tech: DPV
File: 2020-6-8-Si-fluclophenyl-DP

Init E (V) =-0.1
Final E (V) =2
Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06
Sample Width (s) = 0.02
Pulse Period (s) =
Quiet Time (s)= 2

Sensitivity (AV) = 1e-4

June 8, 2020 20:51:47
Tech: CV
File: 2020-6-8-Si-fluclophenylverz

Init E (V) =-0.1

High E (V) =2

Low E (V) =-0.1

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

Segment 1:
Segment 2:
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June 8, 2020 14:55:53
Tech: DPV
File: 2020-6-8-Si-sBu-DPV.bin

Init E (V) =-0.1
Final E (V) =2
Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06
Sample Width (s) = 0.02
Pulse Period (s) =
Quiet Time (s)= 2

Sensitivity (AV) = 1e-4

June 8, 2020 14:48:09
Tech: CV
File: 2020-6-8-Si-sBu-CV_bin

Init E (V) =-0.1

High E (V) =2

Low E (V) =-0.1

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

Segment 1:
Segment 2:
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June 8, 2020 20:15:42
Tech: DPV
File: 2020-6-8-Si-pentyl-DPV .bin

Init E (V) =-0.1
Final E (V) =2
Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06
Sample Width (s) = 0.02
Pulse Period (s) =
Quiet Time (s)= 2

Sensitivity (AV) = 1e-4

June 8, 2020 19:45:35
Tech: CV

File: 2020-6-8-Si-pentyl-CV .bin
Init E (V) =-0.1

High E (V) =2

Low E (V) =-0.1

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4
Segment 1:

Segment 2:
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June 9, 2020 12:46:11
Tech: DPV
File: 2020-6-9-Si-heputylver3-DP’

Init E (V)= 0.5
Final E (V) =16

Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06
Sample Width (s) = 0.02
Pulse Period (s) =
Quiet Time (s)= 2

Sensitivity (AV) = 1e-4

June 9, 2020 12:41:04
Tech: CV
File: 2020-6-9-Si-heputylver3-CV|

Init E (V)= 0.5
High E (V) = 1.6

Low E (V) =05

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

Segment 1:
Segment 2:
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June 8, 2020 17:22:01
Tech: DPV
File: 2020-6-8-Si-tetorahydro-DP’

Init E (V)= 0.5
Final E (V) =16

Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06
Sample Width (s) = 0.02
Pulse Period (s) =
Quiet Time (s)= 2

Sensitivity (AV) = 1e-4

June 8, 2020 17:16:31

Tech: CV

File: 2020-6-8-tetorahydro-Cv-ver.
Init E (V)= 0.5

High E (V) = 1.6

Low E (V) =05

Init P/N =P

Scan Rate (V/s) = 0.1

Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4
Segment 1:

Segment 2:
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June 8, 2020 15:46:44
Tech: DPV

File: 2020-6-8-Si-tBu-DPV.bin
Init E (V) =-0.1

Final E (V) =2

Incr E (V) = 0.004

Amplitude (V)= 0.05
Pulse Width (s) = 0.06

Sample Width (s) = 0.02
Pulse Period (s) = 0.5
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

June 8, 2020 15:39:19
Tech: CV
File: 2020-6-8-i-tBu-CV bin

Init E (V) =-0.1

High E (V) =2

Low E (V) =-0.1

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

Segment 1:
Segment 2:
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June 8, 2020 18:04:21
Tech: DPV
File: 2020-6-8-Si-hexenel-DPV .bi

Init E (V) =-0.1

Final E (V) =2

Incr E (V) = 0.004
Amplitude (V)= 0.05
Pulse Width (s) = 0.06

Sample Width (s) = 0.02
Pulse Period (s) = 0.5
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

June 8, 2020 17:53:22
Tech: CV
File: 2020-6-8-Si-hexenyl-CV bin

Init E (V) =-0.1

High E (V) =2

Low E (V) =-0.1

Init P/N =P

Scan Rate (V/s) = 0.1
Segment = 2

Smpl Interval (V) = 0.001
Quiet Time (s)= 2
Sensitivity (AV) = 1e-4

Segment 1:
Segment 2:
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