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dE XE(ABSTRATE)

Visible-light mediated photoredox catalyzed Giese reaction of alkylsilane substituted
sulfide and dithianes with alkenes is described. This reaction involves in situ generated
methyl sulfide radicals or dithiane radicals by single electron oxidation of a-TMS
alkylsilane substituted sulfide or dithianes, followed by subsequent conjugate addition
to activated alkenes. Various functional groups were tolerated under developed
conditions to provide good to excellent yields.



MHr
K
i]d

2tz

2 YO X[o] T™MS X2

H
—

O[ArO|M2| GiesetS S 7HESIRAL. O

O &

LjOo|=2tC|Zat Co

ojoj=et CrojAtojele] Mets Sof HEE

S|
=

00
o
=
"
oll

10
70
50

ofru
il

Atojeligtc



B R e, 4
T R e et 5
= N T 6
TR I 7

L oL, GBS o e e e et ettt 7
L, Bl B E O] et 8

I1-1. CFOJAFOIO| Giese HES K ZITE oo r e en e, 9

I1-2. &4 A2t X|2tEl Aoto|E EE= CHO[ALO|S| Giese Bt 7| & E ... 11
11-3. &4 A2t X|2tel AOto|E EE= CHO[ALO|S| Giese HHS S8A T ...... 15
-4, Giese HEE Tl L BT oo e e, 17
EL. 2 B e et 20
Y2 - TSSOSO 21
IV 2L, AL E e, 21
IV 2. B A T Tl e, 21
IV =3, B e 22
IV -3-4.1H-NMR, BC-NMR AT E & B A e, 24

V. R T R O e, 71



A thstEl A Z0|Lt LHBHO|EE

A
=

AL,

A
T

PN
=

of AHEEIO]

A

8

t

3= NWLSHRALCE 1,3-CHOIMEO[ M2 Corey-Secbach

I-1. Giese
C}O[AFO[ 2l

. A &
T ot

B =
m_.,_%m
|—|H
K X
S S gl
w K
- O 1o
muLu._m.:._
o B
o Q0
U C)
§E:_OMH
= . N
W oToR
o] B R
Z M oo
g K o
mcm”o__
R
— N
Eoor M
= ™N
w__;_xm__m_ﬁw
oo WK
ol gro 1o
_, pr O
KM =y —
o =X
m_l.mwr
g W
AN
ATl
ououl M
0 o B
0 =3 1o

E—

EHO| 22 JA|7F o2 BHE7] ofF

Giese rxn
Giese rxn

of 2t

=

+ R ewe

Scheme 1. Reaction concept

radicals
dithiane
radical

thiomethyl
!
¥
=

photocat.
visible light

_—

SiMes photocat.

A

S

visible light
R + R~
RS” SiMe; \3/8 T Ewe

O 7tX| CRO[AfO[llnt O &2 L}O

.

organotriflluoroborates®

ZEQEZHPO|EE

C} (Scheme 1).



718 E7t FO{of2t S, =M Z2 2HS AMFBY 8% =40| AUtt= T
HO[RULE SHA|Z 22| SdEElE2S AMESIAL. d2|E22 X&#2| 28%F XA
2 Y22 HO| EXNSIEE F517| &Lt E p-AHZERIPE Sof Bl He2|2
O A|A0=ERl FO[22C|ZAIO|S] QB0 HOjLt QHHSIAAHAFY| HZE0 F
= O|EdE #A7| W&o 2t S7He| Hdo| HA R, et =71
ol H7t=8l0| £2 &5 LEtHL 22|= TMSK|2HE CHO[AMO| Mt o © A}
OlEE AM8SY tFrlstiez B2 Ao =Xl Ht3s HESIRALE
(Scheme 2)

RS/\BFaK (\i PET R\S/g (\)\ 5 base (\)\

ST BRK alkylthiomethyl Co, COzH
M. Akita, Org. Chem. Front. (2015) radicals P. G. Cozzi, Chem. Sci. (2017)
S|R3 Q — S(g} Q SnBu3 (\/i
SiR3 dithi SePh S EnB
Ithiane 3
Our strategy radical J. H. Byers K. Narasak
Tet. Lett. (1996) Chem. Lett. (1997)

Scheme 2. Generation of alkylthiomethyl or dithiane radicals by PET
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Table 1. Optimization of the Reaction Conditions

S S
Q v en blue LEDs QA
s7 > TMs CN

[Ir(dF(CF3)ppy).(dtbpy)IPFe S
1a 2a solvent 3a
Entry catalyst solvent (M) Alkene Time (h) yield (%)
1 1mol% MeCN (1.0) 2eq 14 16
2 1mol% DMF (1.0) 2eq 14 30
3 1mol% EtOH (1.0) 2eq 14 34
4 1mol% MeOH (1.0) 2eq 14 60
5 1mol% MeOH (0.1) 2eq 14 70
6 1mol% MeOH:DMF (0.1) 2eq 14 43
7 1mol% MeOH:MeCN (0.1) 2eq 14 76
8 2mol% MeOH:MeCN (0.1) 2eq 14 76
9 4mol% MeOH:MeCN (0.1) 2eq 14 73
10 1mol% MeOH:MeCN (0.1) 3eq 14 76
1 1mol% MeOH:MeCN (0.1) 2eq 7 75
12 1mol% MeOH:MeCN (0.1) 2eq 3.5 76

BSZEZ: 1a (0.20 mmol), Ir(dF(CF3)ppy)a(dtbpy), solvent (0.1 M) with 10 W blue LEDs irradiation at room

temperature under an Ar balloon. Isolated yield by flash column chromatography.
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Table 2. Substrate scope of various alkenes

10 W blue LEDs
S Ir(dF(CF3)ppy)o(dtbpy) (1 mol%) S
S TMS ] . EWG
MeOH:MeCN =3:1

1a 2
(100 mol%) (200 mol%)

s (\S (\S Me (\S
CMCN s/Kﬂcone S/K)\C%Me S/K/\COEt

S
3a (76%) 3b (58%) 3c (64%) 3d (63%)b
C ¥ (3 B
N
N CN =
3e (58%) 3f (60%) 39 (13%) 3p (55%)

Reaction conditions as given in Table 1, entry 12; reported yields are for isolated material. "MeOH:MeCN=1:9.

See Experimental section for details.

HNetel xU0| MHFOl et CIYP VRSN A% UM MASACL
ChojAfoli Tt MRS T 1EO| EBE CIYEH LUZ ALBSIO) OlAELL0|
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UL (3a
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E S(acrylonitrile)@2 2t OfL|2} 0| 2 OF3 & Lb(methylacrylate), O EHEIS
o

(methylmethacrylate), 7| & 2 S|EH|ZOLEA[AEOAM 22 22 ZAUE

~3p).
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Table 3. Substrate scope of alkyl substituted dithiane

10 W blue LEDs m
If(dF(CF dtbpy) (1 mol%
S><S Y ONEWG (dF(CF3)ppy)2(dtbpy) ( 01 3><s/\
R” >TMS R EWG
MeOH:MeCN =3:1
1 2 3
(100 mol%) (200 mol%)

S__S S__S S__S "Pent
mPent” " CN B N Ph e o X/\G

3h (81%) 3i (35%) 3j (87%) 3k (93%)
Pent
n X/\
Pent CO,Me m W\G CN
31 (51%) 3m (48%) (59%) 30 (70%)

aReaction conditions as given in Table 1, entry 12; reported yields are for isolated material. See Experimental

section for details.

Cleoz, 22 Efol*folo.ilf’-l gy ds =olots deds Aot &
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Table 4. Substrate scope of sulfides and alkenes

4 2

* ZOEwe

(200 mol%)

10 W blue LEDs

Ir(dF(CF3)ppy)2(dtbpy) (1 mol%)

MeOH (1.0M)

| AN
_N
(60%)
M
0,1
S CN
R

"L
S/\/\CN

b (48%)

k (66%)

5m (R=H, 99%)°

5n (R= p-Me, 97%)°
0-MeO, 99%)°
m-MeO, 99%)°
= p-MeO, 97%)°
5 (R= p-CO,Me, 97%)°

(3
o

(
(
(R
P (R
qa (R

i : \S/\/\CN

5¢ (51%)

L
S/\/\CN

5f (57%)

Ph\/\s/\/\CN

5i (59%)

QL
S/\)\Cone

51 (36%)

@r

s (40%)°

aReaction conditions: 4 (0.20 mmol), Cat (1.0 mol %), MeOH (1.0 M) with 10 W blue LEDs irradiation at room

temperature under an Ar balloon, reported yields are for isolated material. "MeOH:MeCN=1:1 (0.1M). See

Experimental section for details.
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11-3. &2 A2 X|gE HIio|E E= CHO|AO|UL| GieseltS S8

F712d0M 782 ALES o R ZEE =0 1g 0|2 Y2 & H3S
ZIHSIQICE 4a QF HEUZ L LIO|EZS AMRSIQICH Of2fo| HMHE =7 3o
ZOZE 0.1 mol%SE] 0.001 mol%2 S0 A HSS & St All 78%-96%2| 2=

2
== YRULCE (Scheme 3).

MeO CN 40 W blue LEDs
. Ir(dF (CF3)ppy)o(dtbpy) (0.1 mol%) ~ MeO CN
s> TMs CN -
S CN

Ph MeOH:MeCN=1:1 (0.1 M)
4a rt, 19h Ph
19 96%
MeO CN 40 W blue LEDs MeO
R v ey Ir(dF (CF3)ppy)(dtbpy) (0.01 mol%) e CN
s7 O TMS -
Ph MeOH:MeCN=1:1 (0.1 M) s CN
4a rt, 48h Ph
19 94%
MeO CN 40 W blue LEDs MeO
. v en Ir(dF(CF3)ppy).(dtbpy) (0.001 mol%) e CN
s7TMS -
Ph MeOH:MeCN=1:1 (0.1 M) S CN
4a rt, 96h Ph
1g 78%

Scheme 3. Gram scale reaction
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CrojAtO|Rlle] A& ttotitsE S8 HELE TS0 £ = UCh 2329 =AFd
= ZQISH7|25 3n & AFESIY LStAF AES N 2 At 9%2| &=
AS = URULCL (Scheme 4a). BOI0|E= MfHSS S 225 FHTCE 52 &
A8l AttA[A &2 Zut 81%2| =88 Y2 = UL (Scheme 4b).
a) dithiane oxidation 3 b) sulfide oxidation

Sq 4>|2'NaHC03 7 i MeO H20,, AcOH | Me0\©\0
Pent"></\CN Ac:tgne Pent"k/\CN i \©\S/\/\CN Ac,0 (:S:)/\/\CN

3 050 8h (99%) : 5a 8a (81%)

Scheme 4. Oxidation
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A& (Luminescence quenching experiments)
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6000000 1.5
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| 9992
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B. 2}C|Z E&4 M3 (Radical trapping experiments)

2,2,6,6-H ECtH E O 2| El-1-S A (TEMPO)2  (CH»);(CMe2),NO2| 3}etA S ZHE=
=HE HE3E 2ICZE S 7] IIE0| BtS0M EICE E-E AY2E AL
Ol& 2= QUCt R2|= 0] 22,6,6-E|EBIH YT 2| E-1-24(TEMPO)S 7|2 IS
of d0{FE M, Bt30] 7tX| @f= AS Qs 30| 2tCjHuEE A=

Ag HOFALCL

17



(\s >(j< 2a (200mol%) s
TN C

s~ "TMS 3 10 W blue LEDs S/k/\CN

: Ir([dF(CF3)ppy)2(dtbpy) (1 mol%)
1a TEMPO

. —n. 3a
(100 mol%) (200 mol%) MeOH('(')V'f,a;\' =31 not detected

MeO >(j< 2a (200mol%) MeO
: - L
sTN"ceN

+
PO ) 10 W blue LEDs
S ™S 0 Ir(dF(CF3)ppy)2(dtbpy) (1 mol%)
5a TEMPO MeOH (1.0M) 5a
(100 mol%) (200 mol%)

not detected

Scheme 4. TEMPO experiments

aReaction conditions : l1a (0.20 mmol), 2a (2eq, 200 mol%), TEMPO (2¢q, 200 mol%),

[Ir(dF(CF3)ppy)2(dtbpy)]PFs (1.0 mol%), solvent (0.1 M) with 10 W blue LEDs irradiation at room temperature
under an Ar balloon. ®Reaction conditions: 5a (0.20 mmol), 2a (2eq, 200 mol%) [Ir(dF(CF3)ppy)2(dtbpy)]PFs (1.0

mol %), TEMPO (2eq, 200mol%) MeOH (1.0 M) with 10 W blue LEDs irradiation at room temperature under
an Ar balloon.

HFSOAM =270 OO 2=X] =2QI57] 28 S+4 X2tz HEZSS AMESHY
MBS E TIAAAEJYL B8 = 22|50 NMRERIS Sl B8 & 247t
HEZOM e AS SQISHRALCE
10W blue LEDs
S Ir(dF(CF dtb 1 mol% S HD
)\ s N (dF(CF3)ppy).(dtbpy) ( ) /K/(
S TMS CD3;0D:MeCN = 3:1 S CN
rt, 3.5h
1a 2a 3a (99%)

)

10W blue LEDs
MeO MeO
Q gy GF(CEDRY)(etopy) (1 molt) @ H D
s> TMs CD;0D (1.0M) S

4a 2a t, 2h 5a (100%)

Scheme 5. Deuterium experiments
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(s : solvent)
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Scheme 6. Proposed mechanism
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IV-1. A<

e X0 932 ArgotolM TIASIUCE HEH21t OLMELEEE Pure-Solv
MD-5 Solvent Purification System (Innovative Technology)= Z&03}0 AtESHFILY.
tet=9 B0 AtEE CHEES| A|Y=2 Alfa, TCIL, Aldrich, Across A2l HE2

Yotm HMOHR %1 ICHE ARSSIUCE BH Tol HOIS TLC plates

II

(Merck 5554 Kiesel gel 60 F254)E AtESIPCl, 2t A Z0EJ2I]= hexanes-
EtOAc (v/v) B2 dichloromethane-methanol (v/v)Z} silica gel (Merck 9385 Kiesel gel
60)E =SSt

IV-2. 2M7|7]

N2%fs HETF AHEHZ Ofotll=s OfF ot=7| 20X J AT RI(KBSH2| Jeol
JMS700 HRMS(ENE AMESIRUCE ot A 24 0|2 [MHRE
7|25IACE A7 3H AHEZS2(IH NMR and 13C NMR)2 Bruker AM-
300(MHz)E AFESIRULCE NMR 4= 2[5l Ar&¢t 0= chloroform-d (CDCI3)&
A5t RLE.
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IV -3-1. ClO|Mio|Qlla} IOl giese HHS W (3a-30)

10 W blue LEDs (\

Ir(dF(CF dtbpy) (1.0 mol%
s><s L NEwG (dF(CF3)ppy)2(dtbpy) ( 0) S

R” TMS > R
MeOH:MeCN =3:1

g“m

EWG

Re-sealable pressure tube (13 x 100 nm)0| 22 OOYEHE E3,
[Ir(dF(CF3)ppy)2(dtbpy)]PFs (2.3mg, 0.0020 mmol, 1.0 mol%)E EO{=Ct 1 = B8 E

HE LS 3 EEE AC2 KYFCL 1 5 IHAZ  OFMELHEZ(0.5m)S

oat
N
ot
ot
d

1 (0.20 mmol, 100mol%), 2 (2eq., 200mol%)E dOo{ECt O =

B

r

HEZ(1.5m)2 EO TC BHE =SY=S SW &5 LED FH=E ARG 420
M BEES =EELE B30 SZE =2=9 08 HAT = & IAZ0IE 1
eIl E SoiA 22l /HMBHZECE (K170 ethyl acetate/hexanes)

IV -3-2. HEdnio|EQ} 27| giese ¥HS S (5a - 5)

Re-sealable pressure tube (13 x 100 nm)0| 22 OOYEHE Y30

[Ir(dE(CF3)ppy)a2(dtbpy)]PFs (2.3mg, 0.0020 mmol, 1.0 mol%)S EO{=Ct 1 F HHSE
BE WES 2 FEE ArLE MYFTLE O = 7IAE M OEHZ20.1mDE H7t
St = 4 (0.20 mmol, 100mol%), 2 (2eq., 200mol%)S EZO{=CtH 1 F JtAE i 0 &t
20.Im)2 20 FCt 29 =TE S 5W 25 LED FIHE ARSI H20|M
S =Y Thh HH80| F4E =g=E9| 8UE MAS = & A=0E el

£ S 2e|/ZMBHZCL (T4 7H: ethyl acetate/hexanes)

-

Iv -3-2. HE@Ento| =t HFO| giese BIS AHAAY TH

O Y EHEE 2  100ml STE2tA30|  [Ir(dF(CF3)ppy)2(dtbpy)]PFs  (5.06mg,

0.1mol%)2t B Z I L|E 2l(1.3596g, 2.0 equiv)e E20, E =

M|t

alA3 =2 of2

_|
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IV -3-3. 1H-NMR, 13C-NMR 2HEH BEXM (3a-55)

3-(1,3-dithian-2-yl)propanenitrile (3a)
(]
SM CN
3a

Following the general procedures, 3a were obtained as a colourless liquid in the yield of 76%
(26.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Rr= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) § 4.10 (t, J = 7.2 Hz, 1H), 2.90 — 2.83 (m, 4H), 2.59 (t, J
=7.3 Hz, 2H), 2.18 — 2.06 (m, 1H), 2.12 (td, J = 7.3 Hz, 2H), 1.99 — 1.79 (m, 1H); 3*C NMR
(75 MHz, CDCl3) ¢ 118.7, 45.0, 30.9, 29.7, 25.6, 14.8.; Compound 3a was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

methyl 3-(1,3-dithian-2-yl)propanoate (3b)
B
s/vcozlvle
3b

Following the general procedures, 3b were obtained as a colourless liquid in the yield of 58%
(24.1 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 4.04 (t, J = 7.1 Hz, 1H), 3.67 (s, 3H), 2.87 — 2.79 (m,
4H), 2.54 (t, J = 7.5 Hz, 2H), 2.15 — 2.03 (m, 3H), 1.87 (dq, J = 14.4, 7.4 Hz, 1H).; '*C NMR
(75 MHz, CDCl3) 6 173.2, 51.9, 46.3, 31.1, 30.4, 30.0, 25.9.; Compound 3b was purified by
flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

methyl 3-(1,3-dithian-2-yl)-2-methylpropanoate (3c)
L
S CO,Me
3c

Following the general procedures, 3¢ were obtained as a colourless liquid in the yield of 64%
(28.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 4.08 — 3.97 (t, 1H), 3.68 (s, 3H), 2.88 — 2.72 (m, 5H),
2.29-2.02 (m, 2H), 1.94 - 1.71 (m, 2H), 1.19 (d, J=7.1 Hz, 3H).; '*C NMR (75 MHz, CDCl3)
o 176.3, 52.0, 45.0, 38.8, 36.7, 30.1, 26.0, 17.5.; Compound 3¢ was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.
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1-(1,3-dithian-2-yl)pentan-3-one (3d)

(A

Following the general procedures, 3d were obtained as a colourless liquid in the yield of 63%
(25.9 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R = 0.30 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 4.05 (t, J = 7.0 Hz, 1H), 2.89 — 2.76 (m, 4H), 2.65 (t, J
=17.3 Hz, 2H), 2.45 (q, J = 7.3 Hz, 2H), 2.14 — 2.02 (m, 3H), 1.86 (dp, J = 14.3, 7.2 Hz, 1H),
1.06 (t,J=7.4 Hz, 3H).; 3C NMR (75 MHz, CDCl3) § 210.3, 46.6, 38.9, 36.2, 30.1, 29.2, 26.0,
7.9.; Compound 3d was purified by flash chromatography on silica gel using eluent
(EtOAc:Hexane) in 1:20 ratio.

4-(2-(1,3-dithian-2-yl)ethyl)pyridine (3e¢)

B
S |\
N
3e

Following the general procedures, 3a were obtained as a colourless liquid in the yield of 58%
(26.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.10 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 4.10 (t, J = 7.2 Hz, 1H), 2.90 — 2.83 (m, 4H), 2.59 (t, J
= 7.3 Hz, 2H), 2.18 — 2.06 (m, 1H), 2.12 (td, J = 7.3 Hz, 2H), 1.99 — 1.79 (m, 1H); '*C NMR
(75 MHz, CDCl3) & 118.7, 45.0, 30.9, 29.7, 25.6, 14.8.; Compound 3a was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:5 ratio.

(S)-2-(1,3-dithian-2-yl)succinonitrile (3f)

(]
S CN

CN
3f

Following the general procedures, 3f were obtained as a colourless liquid in the yield of 60%
(24.0 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) & 4.13 (dd, J = 9.6, 7.1 Hz, 1H), 3.43 (td, J= 7.1, 6.3 Hz,
1H), 3.13 - 2.91 (m, 4H), 2.85 (ddt, J = 14.4, 9.1, 3.1 Hz, 2H), 2.21 — 1.91 (m, 2H).; *C NMR
(75 MHz, CDCI3) 6 116.8, 115.3, 44.1, 34.9, 28.4, 28.3, 24.6, 20.0; Compound 3f was purified

by flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.
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(R)-3-(1,3-dithian-2-yl)cyclopentan-1-one (3g)

oW

Following the general procedures, 3g were obtained as a colourless liquid in the yield of 13%
(5.4 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PF¢ respectively. Rf = 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) § 4.11 (d, J= 7.5 Hz, 1H), 2.91 — 2.79 (m, 4H), 2.59 — 2.43
(m, 2H), 2.36 — 2.22 (m, 3H), 2.20 — 2.09 (m, 2H), 1.95 — 1.78 (m, 2H).; '*C NMR (75 MHz,
CDCl3) 6 217.5, 52.4,42.9, 41.7, 38.8, 30.5, 29.8, 27.2, 26.0.; Compound 3g was purified by
flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

3-(2-pentyl-1,3-dithian-2-yl)propanenitrile (3h)

AT

3h

Following the general procedures, 3h were obtained as a colourless liquid in the yield of 81%
(39.6 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 2.85 (ddd, J=14.6, 9.7, 3.3 Hz, 2H), 2.73 (ddd, J = 14.5,
6.4, 3.5 Hz, 2H), 2.57 — 2.42 (m, 2H), 2.35 — 2.27 (m, 2H), 2.08 — 1.80 (m, 2H), 1.80 — 1.67
(m, 2H), 1.52 — 1.38 (m, 2H), 1.36 — 1.23 (m, 4H), 0.88 (t, J = 6.9 Hz, 3H).; '3*C NMR (75
MHz, CDCl3) 6 119.7, 52.0, 38.9, 33.7, 31.9, 26.1, 25.0, 23.4, 22.5, 14.1, 13.3.; Compound
3h was purified by flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15
ratio.

3-(2-benzyl-1,3-dithian-2-yl)propanenitrile (3i)

(M

S S
Ph\)V\CN

3i

Following the general procedures, 3i were obtained as a colourless liquid in the yield of 35%
(18.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 7.37 — 7.25 (m, 5H), 7.28 — 7.23 (m, 2H), 3.16 (s, 2H),
2.92 -2.76 (m, 4H), 2.64 — 2.54 (m, 2H), 2.24 — 2.13 (m, 2H), 2.04 — 1.87 (m, 2H). ; *C NMR
(75 MHz, CDCls) ¢ 134.8, 130.9, 128.3, 127.6, 119.8, 52.4, 45.7, 33.6, 26.4, 24.5, 13.6.;
Compound 3i was purified by flash chromatography on silica gel using eluent (EtOAc:Hexane)

in 1:15 ratio.
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3-(2-phenethyl-1,3-dithian-2-yl)propanenitrile (3j)

M

S
Ph CN

3j

Following the general procedures, 3j were obtained as a colourless liquid in the yield of 87%
(48.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Rr= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 7.35 — 7.27 (m, 2H), 7.21 (td, J= 6.3, 1.6 Hz, 3H), 2.95
—2.75 (m, 6H), 2.62 — 2.53 (m, 2H), 2.41 — 2.33 (m, 2H), 2.13 — 2.05 (m, 2H), 2.05 — 1.87 (m,
2H).; 13C NMR (75 MHz, CDCl3) & 141.2, 128.7, 128.5, 126.4, 119.7, 51.9, 41.1, 34.1, 30.6,
26.1,24.8, 13.3.; Compound 3j was purified by flash chromatography on silica gel using eluent
(EtOAc:Hexane) in 1:15 ratio.

4-(2-(2-pentyl-1,3-dithian-2-yl)ethyl)pyridine (3k)

3k =N
Following the general procedures, 3k were obtained as a colourless liquid in the yield of 93%
(55.0 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 8.56 — 8.43 (m, 2H), 7.21 — 7.08 (m, 2H), 2.91 — 2.79
(m, 4H), 2.79 — 2.71 (m, 2H), 2.23 — 2.12 (m, 2H), 2.07 — 1.82 (m, 4H), 1.55 — 1.41 (m, 2H),
1.41 — 1.25 (m, 4H), 0.96 — 0.84 (t, 3H).; >*C NMR (75 MHz, CDCls) § 151.4, 149.6, 124.1,
53.0, 39.0, 38.7, 32.1, 30.5, 26.1, 25.5, 23.8, 22.7, 14.2.; Compound 3k was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.
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methyl 3-(2-pentyl-1,3-dithian-2-yl)propanoate (31)

)

S.__S

/\/\X/\COZMG

3l

Following the general procedures, 31 were obtained as a colourless liquid in the yield of 51%
(28.2 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Re= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) & 3.68 (s, 3H), 2.92 (ddd, J = 14.6, 9.9, 3.2 Hz, 2H), 2.71
(ddd, J=14.5, 6.5, 3.3 Hz, 2H), 2.52 — 2.41 (m, 2H), 2.35 - 2.23 (m, 2H), 2.09 — 1.80 (m, 2H),
1.80 — 1.69 (m, 2H), 1.53 — 1.38 (m, 2H), 1.29 (ddd, J = 13.0, 10.7, 5.5 Hz, 4H), 0.89 (t, J =
6.9 Hz, 3H).d; 1*C NMR (75 MHz, CDCls) § 173.9, 52.5, 51.8, 38.9, 32.6, 32.0, 29.8, 26.0,
25.3,23.3,22.5, 14.1.; Compound 31 was purified by flash chromatography on silica gel using
eluent (EtOAc:Hexane) in 1:15 ratio.

2-(2-(2-pentyl-1,3-dithian-2-yl)ethyl)pyridine (3m)

3m

Following the general procedures, 3m were obtained as a colourless liquid in the yield of 48%
(28.5 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]|PFs respectively. R = 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 8.53 (ddd, J=4.9, 1.9, 0.9 Hz, 1H), 7.60 (td, J= 7.6, 1.9
Hz, 1H), 7.18 (dt, J= 7.8, 1.1 Hz, 1H), 7.11 (ddd, J = 7.6, 4.9, 1.2 Hz, 1H), 3.01 — 2.85 (m,
4H), 2.77 (ddd, J = 14.5, 6.7, 3.6 Hz, 2H), 2.42 — 2.30 (m, 2H), 2.07 — 1.83 (m, 4H), 1.58 —
1.43 (m, 2H), 1.40 — 1.21 (m, 4H), 0.89 (t, J = 6.9 Hz, 3H).; '*C NMR (75 MHz, CDCls) &
161.6, 149.0, 137.0, 123.3, 121.4, 53.3, 38.9, 38.0, 33.5, 32.2, 26.2, 25.6, 23.7, 22.7, 14.2,;
Compound 3m was purified by flash chromatography on silica gel using eluent
(EtOAc:Hexane) in 1:15 ratio.
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4-(2-(2-phenethyl-1,3-dithian-2-yl)ethyl)pyridine (3n)

o

S._S
Ph N

3n

Following the general procedures, 3n were obtained as a colourless liquid in the yield of 59%
(38.9 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) & 8.50 (d, J = 5.3 Hz, 2H), 7.35 — 7.27 (m, 2H), 7.21 (dq,
J=6.9,4.1,3.3Hz,3H), 7.16 — 7.10 (m, 2H), 2.83 (ddd, /= 17.2, 7.6, 4.0 Hz, 8H), 2.30 - 2.16
(m, 4H), 1.98 (qd, J = 7.1, 4.3 Hz, 2H).; 1*C NMR (75 MHz, CDCls) § 151.0, 149.7, 141.6,
128.6, 128.5, 126.2, 124.0, 52.9, 40.6, 39.4, 30.9, 30.4, 26.1, 25.2., CDCl3; Compound 3n was
purified by flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

3-(2-(2-ethylbutyl)-1,3-dithian-2-yl)propanenitrile (30)

~

30

Following the general procedures, 30 were obtained as a colourless liquid in the yield of 70%
(35.9 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) & 2.88 (ddd, J = 14.8, 10.3, 3.1 Hz, 2H), 2.72 (ddd, J =
14.5, 6.1, 3.3 Hz, 2H), 2.58 — 2.47 (m, 2H), 2.39 — 2.27 (m, 2H), 2.07 — 1.80 (m, 2H), 1.69 —
1.54 (m, 3H), 1.48 — 1.28 (m, 4H), 0.86 (t, J = 7.4 Hz, 6H).; '>*C NMR (75 MHz, CDCls) &
119.9, 52.9,43.0, 36.2, 34.5, 27.1, 26.3, 24.7, 13.6, 10.7.; Compound 30 was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

4-((4-methoxyphenyl)thio)butanenitrile (5a)

/@/S\/\/CN
MeO

5a

Following the general procedures, Sa were obtained as a colourless liquid in the yield of 76%
(31.6 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 7.42 — 7.29 (m, 2H), 6.93 — 6.79 (m, 2H), 3.80 (s, 3H),
2.91 (t,J = 6.8 Hz, 2H), 2.50 (t, J = 7.1 Hz, 2H), 1.88 (p, J= 7.0 Hz, 2H); '3C NMR (75 MHz,
CDCl3) 6 159.5, 134.1, 124.8, 119.3, 114.9, 55.5, 34.7, 24.9, 15.9.; Compound 5a was purified
by flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.
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4-(p-tolylthio)butanenitrile (5b)

/@/S\/\/CN
Me

5b

Following the general procedures, Sb were obtained as a colourless liquid in the yield of 48%
(18.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Re= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 7.40 — 7.23 (m, 2H), 7.17 — 7.06 (m, 2H), 2.98 (t, /= 6.8
Hz, 2H), 2.50 (t, J = 7.1 Hz, 2H), 2.33 (s, 3H), 1.92 (tt, J = 7.1, 6.8 Hz, 2H).; *C NMR (75
MHz, CDCl3) 6 137.2, 131.1, 130.9, 130.1, 119.2, 33.4, 29.8, 24.9, 21.2, 16.0.; Compound 3b
was purified by flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:25 ratio.

4-(phenylthio)butanenitrile (5c)

©/S\/\/CN

5¢c

Following the general procedures, S¢ were obtained as a colourless liquid in the yield of 51%
(18.1 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'"H NMR (300 MHz, Chloroform-d) § 7.40 — 7.27 (m, 4H), 7.26 — 7.19 (m, 1H), 3.04 (t,J= 6.8
Hz, 2H), 2.52 (t, J= 7.1 Hz, 2H), 1.96 (tt, J= 7.1, 6.8 Hz, 2H).; *C NMR (75 MHz, CDCl3) §
134.8, 130.3, 129.3, 126.9, 119.2, 32.7, 24.9, 16.0.; Compound 3a was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:25 ratio.

4-((4-fluorophenyl)thio)butanenitrile (5d)

/@/S\/\/CN
F

5d

Following the general procedures, 5d were obtained as a colourless liquid in the yield of 66%
(25.8 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) & 7.43 — 7.31 (m, 2H), 7.08 — 6.95 (m, 2H), 2.98 (t, J= 6.9
Hz, 2H), 2.51 (t,J=7.0 Hz, 2H), 1.92 (tt, J = 6.9 Hz, 7.0Hz 2H).; 1*C NMR (75 MHz, CDCls)
0 133.4, 133.3, 129.7, 119.1, 116.6, 116.3, 34.0, 29.8, 24.9, 16.0.; Compound 3a was purified
by flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.
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4-((4-chlorophenyl)thio)butanenitrile (Se)

/@/S\/\/CN
Cl

5e

Following the general procedures, Se were obtained as a colourless liquid in the yield of 65%
(27.6 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Re= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) § 7.29 (s, 4H), 3.02 (t, J= 6.9 Hz, 2H), 2.51 (t,J= 7.0 Hz,
2H), 1.95 (tt,J="7.0 Hz, 6.9 Hz, 2H).; *C NMR (75 MHz, CDCl3) § 133.4, 133.0, 131.5, 129.4,
119.0, 32.9, 24.8, 16.0.; Compound 3a was purified by flash chromatography on silica gel using
eluent (EtOAc:Hexane) in 1:15 ratio.

4-((4-bromophenyl)thio)butanenitrile (5f)

/@/S\/\/CN
Br

5f

Following the general procedures, Sf were obtained as a colourless liquid in the yield of 57%
(29.2 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 7.48 —7.38 (m, 2H), 7.25 — 7.19 (m, 2H), 3.02 (t, J =
6.9 Hz, 2H), 2.51 (t,J = 7.0 Hz, 2H), 1.95 (tt, J= 7.0, 6.9 Hz, 2H); *C NMR (75 MHz,
CDCl3) 6 134.1, 132.4, 131.7, 120.8, 119.0, 32.7, 24.8, 16.1.; Compound Sf was purified by
flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

4-((3-methoxyphenyl)thio)butanenitrile (5g)

©/S\/\/CN

OMe
59

Following the general procedures, 5g were obtained as a colourless liquid in the yield of 83%
(34.4 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Rf = 0.20 (EtOAc:Hexane, 1:4;
'"H NMR (300 MHz, Chloroform-d) § 7.22 (t, J= 8.0 Hz, 1H), 6.97 — 6.85 (m, 2H), 6.76 (ddd,
J=2823,2.5,09 Hz, 1H), 3.80 (s, 3H), 3.04 (t, J = 6.8 Hz, 2H), 2.52 (t, /= 7.1 Hz, 2H), 1.97
(tt, J= 7.1 Hz, 6.8Hz, 2H).; *C NMR (75 MHz, CDCI3) § 160.0, 136.1, 130.0, 121.9, 119.1,
115.3, 112.3, 55.4, 32.3, 24.9, 16.0.; Compound 5g was purified by flash chromatography on
silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.
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4-((2-methoxyphenyl)thio)butanenitrile (Sh)

@S\/\/CN
OMe

5h

Following the general procedures, Sh were obtained as a colourless liquid in the yield of 78%
(32.4 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Re= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) § 7.32 (dd, J = 7.6, 1.7 Hz, 1H), 7.25 (ddd, J = 8.2, 7.5,
1.7 Hz, 1H), 6.97 — 6.84 (m, 2H), 3.90 (s, 3H), 3.01 (t,J= 6.8 Hz, 2H), 2.54 (t, /=7.1 Hz, 2H),
1.92 (tt,J=17.1, 6.8 Hz, 2H).; *C NMR (75 MHz, CDCl3) § 158.3, 131.7, 128.6, 122.4, 121.2,
119.4, 110.9, 55.9, 31.3, 25.0, 16.1.; Compound 5h was purified by flash chromatography on
silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

4-(phenethylthio)butanenitrile (5i)

©/\/S\/\/CN

5i

Following the general procedures, 5i were obtained as a colourless liquid in the yield of 59%
(24.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'"H NMR (300 MHz, Chloroform-d) § 7.37 — 7.27 (m, 2H), 7.26 — 7.17 (m, 3H), 2.94 — 2.84
(m, 2H), 2.82 — 2.74 (m, 2H), 2.65 (t, /= 6.9 Hz, 2H), 2.48 (t, /= 7.1 Hz, 2H), 1.92 (tt,J=17.1,
6.9 Hz, 2H).; 3C NMR (75 MHz, CDCl3) § 140.3, 128.7, 128.6, 126.6, 119.3, 36.3, 33.8, 30.9,
25.3, 16.1.; Compound 5i was purified by flash chromatography on silica gel using eluent
(EtOAc:Hexane) in 1:15 ratio.

4-(3-((4-methoxyphenyl)thio)propyl)pyridine (5j)

N
iog N
MeO

5j

Following the general procedures, S5j were obtained as a colourless liquid in the yield of 60%
(31.2 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) ; *C NMR (75 MHz, CDCl3) § 159.0, 150.4, 149.8, 133.5,
125.9, 123.9, 114.6, 55.3, 35.1, 33.7, 29.6.; Compound 5j was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:5 ratio.
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2-(3-((4-methoxyphenyl)thio)propyl)pyridine (5k)

=

S X
oy “
MeO

5k

Following the general procedures, Sk were obtained as a colourless liquid in the yield of 66%
(34.4 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. Rr= 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d'*C NMR (75 MHz, CDCl3) § 161.3, 159.0, 149.4, 136.5,
133.3, 126.6, 123.1, 121.3, 114.7, 55.5, 37.1, 35.4, 29.3.; Compound 5k was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:5 ratio.

methyl 4-((4-methoxyphenyl)thio)-2-methylbutanoate (51)

/©/S\/w/C02Me
MeO

51

Following the general procedures, 51 were obtained as a colourless liquid in the yield of 36%
(18.3 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'"H NMR (300 MHz, Chloroform-d) & 7.40 — 7.28 (m, 2H), 6.89 — 6.79 (m, 2H), 3.80 (s, 3H),
3.66 (s, 3H), 2.89 — 2.73 (m, 2H), 2.71 — 2.56 (m, 1H), 1.95 (dtd, J = 13.8, 8.0, 6.8 Hz, 1H),
1.73 — 1.58 (m, 1H), 1.15 (d, J = 7.1 Hz, 3H).; '3*C NMR (75 MHz, CDCl;) § 176.7, 159.1,
133.4, 126.2, 114.7, 55.5, 51.8, 38.4, 33.6, 33.2, 17.1.; Compound 51 was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

(R)-2-(2-((4-methoxyphenyl)thio)-1-phenylethyl)malononitrile (5m)

/©/S CN
CN
MeO

5m

Following the general procedures, Sm were obtained as a colourless liquid in the yield of 99%
(61.1 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 7.44 — 7.28 (m, 7H), 6.94 — 6.85 (m, 2H), 4.63 (d, J =
4.5 Hz, 1H), 3.83 (s, 3H), 3.42 — 3.17 (m, 3H).; *C NMR (75 MHz, CDCls) § 160.1, 135.6,
134.4,129.4,129.4, 128.1, 123.2, 115.3, 112.1, 111.3, 55.5, 45.6, 38.3, 27.9.; Compound Sm
was purified by flash chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.
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(R)-2-(2-((4-methoxyphenyl)thio)-1-(p-tolyl)ethyl)malononitrile (5n)

/©/S CN
CN
MeO

5n

Following the general procedures, Sn were obtained as a colourless liquid in the yield of 97%
(62.6 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R = 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 7.41 — 7.31 (m, 2H), 7.24 — 7.15 (m, 4H), 6.93 — 6.84
(m, 2H), 4.60 (d, J= 4.5 Hz, 1H), 3.82 (s, 3H), 3.41 — 3.14 (m, 3H), 2.36 (s, 3H)."*C NMR (75
MHz, CDCl3) 6 159.9,139.2, 134.2,132.5,129.9, 127.8,123.2, 115.2, 112.2, 111.3, 55.4,45.1,
38.2,28.0,21.2.; Compound 5n was purified by flash chromatography on silica gel using eluent
(EtOAc:Hexane) in 1:15 ratio.

(R)-2-(1-(4-methoxyphenyl)-2-((4-ethoxyphenyl)thio)ethyl)malononitrile (50)

OMe

/©/S CN
CN
MeO

50

Following the general procedures, So were obtained as a colourless liquid in the yield of 99%
(67.1 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R¢= 0.20 (EtOAc:Hexane, 1:4);
'"H NMR (300 MHz, Chloroform-d) § 7.39 — 7.32 (m, 2H), 7.25 — 7.20 (m, 2H), 6.94 — 6.86
(m, 4H), 4.60 (d, J = 4.4 Hz, 1H), 3.82 (s, 6H), 3.81 (s, 3H), 3.39 — 3.13 (m, 3H); '3*C NMR
(75 MHz, CDCl) & 160.3, 160.0, 134.4, 129.3, 127.5, 123.3, 115.3, 114.7, 112.2, 111.3, 55.5,
55.4,45.1, 38.4, 28.2; Compound 50 was purified by flash chromatography on silica gel
using eluent (EtOAc:Hexane) in 1:10 ratio.
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(R)-2-(1-(3-methoxyphenyl)-2-((4-methoxyphenyl)thio)ethyl)malononitrile (Sp)

OMe

/©/S CN
CN
MeO

Sp

Following the general procedures, Sp were obtained as a colourless liquid in the yield of 99%
(67.2 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively. R = 0.20 (EtOAc:Hexane, 1:4);
"H NMR (300 MHz, Chloroform-d) & 7.40 — 7.28 (m, 3H), 6.90 (ddt, J=9.7, 7.6, 2.4 Hz, 4H),
6.81 (t, J=2.1 Hz, 1H), 4.61 (d, J = 4.7 Hz, 1H), 3.82 (s, 3H), 3.81 (s, 3H), 3.40 — 3.14 (m,
3H).; *C NMR (75 MHz, CDCls) § 160.2, 160.1, 137.1, 134.4, 130.5, 123.2, 120.2, 115.3,
114.7, 114.0, 112.1, 111.3, 55.5, 55.5, 45.7, 38.3, 27.9.; Compound 5p was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:10 ratio.

(R)-2-(1-(4-methoxyphenyl)-2-((4-methoxyphenyl)thio)ethyl)malononitrile (5q)

OMe

/©/S CN
CN
MeO

5q

Following the general procedures, Sq were obtained as a colourless liquid in the yield of 97%
(65.7 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFs respectively.Rs = 0.20 (EtOAc:Hexane, 1:4);
'"H NMR (300 MHz, Chloroform-d) § 7.39 — 7.32 (m, 2H), 7.25 — 7.20 (m, 2H), 6.94 — 6.86
(m, 4H), 4.60 (d, J = 4.4 Hz, 1H), 3.82 (s, 6H), 3.81 (s, 3H), 3.39 — 3.13 (m, 3H).; 3C NMR
(75 MHz, CDCI3) 6 160.3, 160.0, 134.4, 129.3, 127.5, 123.3, 115.3, 114.7, 112.2, 111.3, 55.5,
55.4,45.1, 38.4, 28.2.; Compound 5q was purified by flash chromatography on silica gel
using eluent (EtOAc:Hexane) in 1:10 ratio.
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methyl (R)-4-(1,1-dicyano-3-((4-methoxyphenyl)thio)propan-2-yl)benzoate (5r)

CO,Me

CN
MeO

5r

Following the general procedures, Sr were obtained as a colourless liquid in the yield of 97%
(71.1 mg) utilizing [Ir(dF(CF3)ppy)2(dtbpy)]PFe respectively.Rs = 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) & 8.11 — 8.02 (m, 2H), 7.41 — 7.29 (m, 4H), 6.93 — 6.83
(m, 2H), 4.63 (d, J = 4.2 Hz, 1H), 3.92 (s, 3H), 3.81 (s, 3H), 3.38 — 3.23 (m, 3H). '*C NMR
(75 MHz, CDCI3) & 166.36, 160.15, 140.38, 134.49, 131.17, 130.52, 128.26, 122.82, 115.35,
111.78, 111.00, 55.50, 52.42, 45.52, 38.11, 27.65.; Compound Sr was purified by flash
chromatography on silica gel using eluent (EtOAc:Hexane) in 1:15 ratio.

(S)-2-(1-((4-methoxyphenyl)thio)-3-methylbutan-2-yl)malononitrile (5s)

Following the general procedures, Ss were obtained as a colourless liquid in the yield of 40%
(22.0 mg) utilizing [Ir(dF(CF;3)ppy)2(dtbpy)]PFs respectively.R¢ = 0.20 (EtOAc:Hexane, 1:4);
'H NMR (300 MHz, Chloroform-d) § 7.67 — 7.57 (m, 2H), 7.14 — 7.02 (m, 2H), 3.88 (s, 3H),
2.94 —2.63 (m, 2H), 2.57 (dq, J = 8.7, 4.2 Hz, 1H), 2.37 — 2.22 (m, 1H), 1.14 (d, /= 6.8 Hz,
3H), 1.08 (d, J= 6.8 Hz, 3H), 0.96 (d, J= 6.8 Hz, 1H), 0.84 (d, J = 6.8 Hz, 1H).; 1*C NMR (75
MHz, CDCl3) 6 162.9, 126.1, 125.9, 115.4, 115.4, 112.1, 55.8, 54.5, 42.4, 30.7, 25.7, 21.1,
18.3.; Compound 5s was purified by flash chromatography on silica gel using eluent
(EtOAc:Hexane) in 1:25 ratio.
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