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1. Generation information

All NMR spectra were recorded on a Bruker Avance Bruker Avance 300 or 400 spectrometer.
Chemical shifts (8 scale) are reported in parts per million and carlibrated using the solvent residue
peak as the internal standard.* Data are reported as follows: chemical shift (§ ppm), multiplicity (s
=singlet, d = doublet, t = triplet, g = quartet, m = multiplet, dd = doublet of doublets, dt = doublet
of triplets, br = broad), coupling constant (Hz), and integration. High-resolution mass spectra
(HRMS) were obtained from the central analytic mass spectrometry facilities of the Faculty of
Chemistry and Pharmacy, University of Regensburg. GC/MS measurements were performed on a
7890A GC system from Agilent Technologies with an Agilent 5975 MSD Detector. Data acquisition
and evaluation were done with MSD ChemStation E.02.02.1431. Photocatalytic reactions were
performed with 455 nm LEDs (OSRAM Oslon SSL 80 royal-blue LEDs (A = 455 nm (= 15 nm),
3.5V, 700 mA). Analytical TLC was performed on silica gel coated alumina plates (MN TLC sheets
ALUGRAM® Xtra SIL G/UV254). Visualization was done by UV light (254 or 366 nm). Flash
column chromatography for photocatalytic reactions was performed with silica gel (particle
size:40 - 63 pm or 25 um) on a Biotage® Isolera ™ Spektra system. Solvents were dried over
activated (at 250 °C for 2 hours) 3 A molecular sieves.

S-2



2. Supplemental Experimental Data

Starting materials

The following starting materials were commercially available and purified by distilling (if liquid)
prior to use; aldehydes (if solid) were purified by washing with saturated Na,COsz solution and then
the purity was checked by 'H NMR spectroscopy analysis.

CHO CHO CHO CHO CHO
t-Bu OMe
4-methylbenzaldehyde 2-methylbenzaldehyde 3-methylbenzaldehyde 4-(tert-butyl)benzaldehyde 4-methoxybenzaldehyde
cho CHO CHO CHO
o™ CL C
©\ ©\ OMe MeO OMe
F Cl
3-fluorobenzaldehyde 3-chlorobenzaldehyde 2-methoxybenzaldehyde 3-methoxybenzaldehyde 3,5-dimethoxybenzaldehyde
CHO CHO
o CHO CHO
T
O
Ot-Bu NHAc
4-(tert-butoxy)benzaldehyde N-(4-formylphenyl)acetamide benzo[d][1,3]dioxole-5-carbaldehyde 2-(dimethylamino)benzaldehyde

The following starting materials were synthesized according to literature reports®t

CHO CHO CHO CHO
@ ©\NHBOC ©\NHPh ©\

NHBoc
tert-butyl (4-formylbenzyl)carbamate? tert-butyl (3-formylphenyl)carbamate® 3-(phenylamino)benzaldehyde? [1,1'-biphenyl]-3-carbaldehyde®

Ph

CHO
CHO

CHO CHO
Ph
s
™S | Bpin

3-(trimethylsilyl)benzaldehyde® 3-(thiophen-2-yl)benzaldehyde’ 3-(4.4.5.5-tetramethyl-1,3,2-dioxaborolan-2-yl) [1,1"-biphenyl]-2-carbaldehyde
benzaldehyde8

OHC OHC
jos 198 o
OHC S o AN

benzo[b]thiophene-6-carbaldehyde® benzofuran-5-carbaldehyde'® 1-methyl-1H-indole-5-carbaldehyde "

5
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Synthesis of 1,1-benzyldiboronate ester.

Me : Bpin Bpin :
5 SiMeH  [icop)oMe], P Bpin
r\@ n-BuLi, CISiMe,H Me dtbbpy SiMe,H  KI, TMSCI Bpin
I —_— —_—
THE THF, 50 °C H,0, MeCN
s1 -78°C to rt rt s2

Step 1: To a 50 mL round bottom flask containing a stir bar was added the 2-bromomethylbenzene
S1 (10.00 mmol). The flask was sealed with a septum, and dry THF (30 mL) was added under No.
The reaction mixture was cooled to —78 °C, then a solution of n-BuLi (7.4mL, 15 mmol, 1.60 M in
hexane) was added dropwise to the reaction mixture. The reaction was stirred for 30 minutes, and
chlorodimethylsilane (1.42 g, 15 mmol) was added in one portion at the same temperature. The
reaction mixture was then warmed to room temperature and stirred for overnight. The reaction was
guenched with a saturated NH4Cl solution (15.0 mL) and extracted with Et,O (15.0 mL x 3). The
combined organic layers were washed with brine, dried over Na;SOs, and concentrated under
vaccum. The crude product was purified by flash column chromatography on silica gel (hexane as
eluent) to give 2-methylphenyl dimethylsilane derivative as colorless liquid (1.15 g, 85%).

Step 2: To a 50 mL round bottom flask containing a stir bar was added Bpin; (2.0 eq, 10 mmol,
2.54 g). The flask was sealed with a septum, evacuated with pump and refilled with N for three
cycles, then (2-methylphenyl)dimethylsilane (5 mmol, 750 mg), freshly prepared stock solutions of
[Ir(COD)OMe]: (0.025 mmol, 0.5 mol %) in THF (5.00 mL), and 4,4’-di-tert-butyl-2,2’-bipyridine
(0.05 mmol, 1.00 mol %) were added in sequence by syringes. The flask was stirred at 50 °C over-
night, the resulting reaction mixture filtered through a pad of Celite and concentrated under reduced
pressure. The obtained yellowish solid was directly used for the next step.

Step 3: To a 20 mL snap vial containing a stir bar was added 1,1-benzyldiboronate ester, Kl (1.20
equiv.), TMSCI (1.20 equiv.), H20 (1.20 equiv.), and CH3CN (0.100 M). The reaction was sealed
and stirred for 2 h at room temperature. The mixture was filtered through a pad of SiO- and concen-
trated under reduced pressure. The crude mixture was purified by flash column chromategraphy
(PE:EA = 100:0 to 90:10 ) to give the 1,1-benzyldiboronate ester S2 as a white solid (1.2 g, 70%
yield over 2 steps). *H NMR (400 MHz, CDCls) 4 7.30 — 7.16 (m, 4H), 7.12 — 7.03 (m, 1H), 2.30
(s, 1H), 1.22 (s, 12H). 3°C NMR (101 MHz, CDCl3) § 139.47 , 129.12, 127.90 , 124.14 , 83.33 ,
24.66 , 24.58.

Synthesis of 2-(Benzyloxy)pinacolborane®?

CHO
je neat O,Bpln
+ H-g e
O 60°C

S3

To a 10 mL snap vial containing a stir bar was added benzaldehyde (5.0 mmol, 530 mg) and
pinacolborane (7.0 mmol, 1.4 eq., 1.0 mL ). The reaction mixture was stirred at 60 <C for 30 minutes.
The reaction mixture was concentrated under reduced pressure. Next, the potassium carbonate (0.75
mmol, 0.15 eq., 103.5 mg.) and 5 mL of DCM were added and stirred with the crude product for 25
minutes. After that, the solution was filtrated through a pad of Celite and concentrated under reduced
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pressure to give the product S3 as a colorless oil (1.11g, 95%). *H NMR (300 MHz, CDCls) § 7.37
—7.27 (M, 5H), 4.93 (s, 2H), 1.27 (s, 12H). 13C NMR (75 MHz, CDCl3) § 139.14 , 128.22, 127.30,
126.65, 82.93, 66.61 , 24.56 .

Experimental procedures

General procedure A for the homo-coupling olefination of aldehydes

To a 5 mL snap vial with a stirring bar, B2pinz (0.24 mmol, 1.2 equiv.), [Ir(FCFsppy).dtbbpy] (1
mol%) and Cs,COs (0.24 mmol, 1.2 equiv.) were added. The vial was evacuated and back filled
with nitrogen for three times. A solution of 4-Me-BnSH (20 mol%) and aldehyde (0.2 mmol) in dry
DMF (0.6 mL) was added by syringe. After degassed with two freeze-pump-thaw cycles via a
syringe needle, the reaction mixture was irradiated with a 455 nm LED (~3W) for 24 hours at 25
°C. The reaction mixture was then diluted with water and extracted with ethyl acetate (10 mL *3).
The combined organic phase was then washed with H,O (10 mL) and brine, dried over sodium
sulfate, concentrated under vacuum and subjected to flash column chromatography.

General procedure B for the homo-coupling olefination of aldehydes

To a 5 mL snap vial with a stirring bar, Bopin, (0.24 mmol, 1.2 equiv.), [Ir(FCFsppy)2dtbbpy] (1
mol%) and Cs,COs (0.24 mmol, 1.2 equiv.) were added. The vial was evacuated and back filled
with nitrogen for three times. A solution of 4-Me-BnSH (20 mol%) and aldehyde (0.2 mmol) in dry
DMF (0.6 mL) was added by syringe. After degassed with two freeze-pump-thaw cycles via a
syringe needle, the reaction mixture was irradiated with a 455 nm LED (~3W) for 24 hours at 25
°C. The reaction mixture was diluted with water and ethyl acetate. NaBO3z (2.0 equiv.) was then
added into the mixture and stirred for 30 minutes. The solution was extracted with ethyl acetate (10
mL *3). The combined organic phase was then washed by H,O (10 mL) and brine, dried over sodium
sulfate, concentrated under vacuum and subjected to flash column chromatography.

General procedure C for the cross-coupling olefination of two aldehydes

To a5 mL snap vial with stirring bar, Bopin, (0.24 mmol, 2.4 equiv.), [Ir(FCFsppy)2dtbbpy] (4 mol%)
and Cs,CO3 (0.24 mmol, 2.4 equiv.) were added. The vial was evacuated and back filled with
nitrogen three times. A solution of 4-Me-BnSH (40 mol%) and aldehyde 1a (0.1 mmol) and
aldehyde 2a (0.15 mmol) in dry DMF (1.0 mL) was added by syringe. After degassed with two
freeze-pump-thaw cycles via a syringe needle, the reaction mixture was irradiated with a 455 nm
LED (~3W) for 24 hours at 25 °C. The reaction mixture was diluted with water and extracted with
ethyl acetate (10 mL *3). The combined organic phase was then washed with H,O (10 mL) and
brine, dried over sodium sulfate, concentrated under vacuum and subjected to flash column
chromatography.

General procedure D for the cross-coupling olefination of two aldehydes

To a5 mL snap vial with stirring bar, Bzpin2 (0.24 mmol, 2.4 equiv.), [Ir(FCFsppy).dtbbpy] (4 mol%)
and CsCO3 (0.24 mmol, 2.4 equiv.) were added. The vial was evacuated and back filled with
nitrogen three times. A solution of 4-Me-BnSH (40 mol%) and aldehyde 1a (0.1 mmol) and
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aldehyde 2a (0.15 mmol) in dry DMF (1.0 mL) was added by syringe. After degassed with two
freeze-pump-thaw cycles via a syringe needle, the reaction mixture was irradiated with a 455 nm
LED (~3W) for 24 hours at 25 °C. The reaction mixture was diluted with water and ethyl acetate.
NaBOs (2.0 equiv.) was then added into the mixture and stirred for 30 minutes. The solution was
extracted with ethyl acetate (10 mL *3). The combined organic phase was then washed by H,O (10
mL) and brine, dried over sodium sulfate, concentrated under vacuum and subjected to flash column
chromatography.

Optimization of the reaction conditions
Table S1. Screening of bases and additives

‘ FsC A F
; | PFg-

0 [IF] cat. (1 mol%) X ! y

additive A F
H Base (1.2 eq) X | ~_N, |
-_————— + : Lot
B,Pin, (1.2 eq) ; =
[ —— .
2a-2

DMF (1 mL)

1a Blue LED, 25 °C, 24 h 2a-E

[Ir] cat.

Entrytd Base Additive Yield [%] Z:ED]
1 Cs2COs DIPEA trace -
(3.0eq)
2 Cs2C0Os3 - 6 -
3 - - 0 -
4l Cs2C0Os3 - 0 -
5 Cs2C0O3 quinuclidine trace -
(10 mol%)
6 Cs2C0Os3 BnSH 39 1/2.6
(10 mol%)
7 K3PO4 BnSH 8 1.3/1
(10 mol%)
8 K2COs3 BnSH 15 1.2/1
(10 mol%)
9 Na2COs3 BnSH trace -
(10 mol%)
10 NaOAc BnSH trace -
(10 mol%)
11 NazHPO4 BnSH n.r -
(10 mol%)
12 t-BuOK BnSH 9 1/1.6
(10 mol%)
13 pyridine BnSH trace -
(10 mol%)
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14 DMAP BnSH trace -
(10 mol%)

15 DBU BnSH trace -
(10 mol%)

[a] Reaction condition: p-tolualdehyde 1a (0.2 mmol), Bzpinz (0.24 mmol), base (0.24 mmol), BnSH
(10 mol%) and photocatalyst (1 mol%) in 1 mL DMF, irridiation with blue LED at 25 °C. Yields
were determined by *H NMR analysis of crude reaction mixture; 1,3,5-trimethoxybenzene was used
as internal standard. [b] Determined by *H NMR. [c] without B,pin..

Table S2. Screening of thiols
SC \
o [Ir] cat. (1 mol%) X
thiol (x mol%) O
H Cs,C04(1.2 eq) S ~ "
—_— + .
B,Piny (1.2 eq) O O
DMF (1 mL) t-Bu
1a Blue LED, 25 °C, 24 h 2a-Z 2a-E
‘ FiC \

[Ir] cat.

Entry!d Thiol (x mol%) Yield [%] Z:E[M]
1 BnSH (10 mol%) 39 1/2.6
2 PhSH (10 mol%) 11 115
3 iPr3SiSH (10 mol%) 20 1.1/1
4 AcCH(Me)SH (10 mol%) 29 1.711
5 BnCH2SH (10 mol%) trace -

6 BnSH (20%) 66 1/1.8
7 BnSH (5%) 8 1.4/1
8 BnSH (30%) 63 1.911
9 BnSH (50%) 36 1.511
10 BnSSBn (20%) 30 1/16
11 4-CF3-BnSH (20%) 39 1/1.8
12 PhCH(Me)SH (20%) 53 1/1.4
13 4-'Bu-BnSH (20%) 39 1/2.2
14 4-Me-BnSH (20%b) 63 1/1
15 2,4,6-trimethyl-BnSH 52 1/2.2
(20%)
16 - 7 1.511

[a] Reaction condition: p-tolualdehyde 1a (0.2 mmol), Bzpinz (0.24 mmol), Cs2CO3z (0.24 mmol),
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thiol and photocatalyst (1 mol%) in 1 mL DMF, irridiation with blue LED at 25 °C. Yields were
determined by *H NMR analysis of crude reaction mixture; 1,3,5-trimethoxybenzene was used as
internal standard. [b] Determined by *H NMR.
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Table S3. Screening of solvents

o

[Ir] cat. (1 mol%)
BnSH (20 mol%)
H Base (1.2 eq)
_
B,Pin, (1.2 eq)

Solvent (1 mL)

X

)

1a Blue LED, 25 °C, 24 h 2a-Z 2a-|
{i] cat.
Entryfal Solvent Yield [%] Z/ED]
1 DMF 66 1/1.8
2 DMA 56 1/1.1
3 DMSO 9 1/5.4
4 acetone trace -
5 MeNO> 0 -
6 DCE trace -
7 EtOH 10 3.2/1
8 NMP 4 only Z
10 DMPU 17 1.1/1
11 DMF/MeCN=4/1 36 2.2/1
12 DMF/DMA=4/1 19 2.4/1
13 DMF/DMS0=4/1 61 1.3/1
14 DMF/EtOAc=4/1 58 1.6/1
15 DMF/NMP=4/1 23 1.8/1
16 DMF+10 eq H20 trace -

[a] Reaction condition: p-tolualdehyde 1a (0.2 mmol), B2pinz (0.24 mmol), base (0.24 mmol), BnSH
(20 mol%) and photocatalyst (1 mol%) in 1 mL solvent, irridiation with blue LED at 25 °C. Yields
were determined by *H NMR analysis of crude reaction mixture; 1,3,5-trimethoxybenzene was used
as internal standard. [b] Determined by 'H NMR.
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Table S4. Screening of photocatalysts

o photocatalyst (1 mol%) AN
BnSH (20 mol%)
H ngco3 (1.2 eq) X
BZPIHZ (1.2eq) O

DMF (1 mL)
1a Blue LED, 25 °C, 24 h 2a-Z 2a-E
Entrylal Photocatalyst (x mol%) Yield [%] Z:EM]
1 [Ir(dFCF3ppy).dtbbpy]PFs 66 1/1.8
(1 mol%)
2 [Ir(FCFsppy).dtbbpy]PFs 74 2.2/11
(1 mol%)
3] [Ir(FCF3ppy).dtbbpy]PFe 77 2.5/1
(1 mol%)
4 [Ir(dFCF3ppy)2(5,5°- 41 1/1.3
dCF3bpy)]PFs (1 mol%)
5 4CzIPN (5 mol%) trace -
6 EoSin Y (5 mol%) trace -
7 [Ir(ppy)2dtbbpy]PFs 14 2.4/1
(1 mol%)
8 [Ir(ppy)2bpy]PFs 9 1.4/1
(1 mol%)
9 Ru(bpy)sCl2 11 1/4.8
(1 mol%)
10 [Ru(bpz)s][PFe]2 11 1/5.3
(1 mol%)

[a] Reaction condition: p-tolualdehyde 1a (0.2 mmol), Bzpinz (0.24 mmol), Cs,CO3(0.24 mmol),
BnSH (20 mol%) and photocatalyst (x mol%) in 1 mL DMF, irridiation with blue LED at 25 °C.
Yields were determined by *H NMR analysis of crude reaction mixture; 1,3,5-trimethoxybenzene
was used as internal standard. [b] Determined by *H NMR. [c] 4-Methyl benzyl thiol (20 mol%)
was used.
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Table S5. Screening of reaction concentration

o]

QXH

1a

[Ir] cat. (1 mol%)
4-Me-BnSH (20 mol%)
C52C03(1 2eq)

BZP|n2(1 2 eq)
DMF (x mL)

X

-

L

C

Blue LED, 25 °C, 24 h 2a-Z 2a-E
FC N
Entryl@ PC Thiol Concentration Yield[%] Z/EM]
1 [Ir(FCFsppy)2dtb 4-MeBnSH 0.1M 25 11
bpy]PFs (20 mol%)
(1 mol%)
2 [Ir(FCF3ppy)dtb 4-MeBnSH 0.13M 71 181
bpy]PFs (20 mol%)
(1 mol%)
3 [Ir(FCF3ppy)zdtb 4-MeBnSH 0.33 M 87(83)! 2.6/1
bpy]PFs (20 mol%)
(1 mol%)
4 [Ir(FCF3ppy)dtb 4-MeBnSH 05M 68 241
bpy]PFs (20 mol%)
(1 mol%)

[a] Reaction condition: p-tolualdehyde 1a (0.2 mmol), B2pinz (0.24 mmol), Cs;CO3 (0.24 mmol),
BnSH (20 mol%) and [Ir(FCFsppy).dtbbpy]PFs (1 mol%) in DMF, irridiation with blue LED at 25
°C. Yields were determined by 'H NMR analysis of crude reaction mixture; 1,3,5-
trimethoxybenzene was used as internal standard. [b] Determined by *H NMR. [c] Isolated yield.

Table S6. Control experiments

o [Ir] cat. (1 mol%) S

/©)J\ 4-Me-BnSH (20 mol%)
H

__CsiC0i12e0) A O
B,Pin, (1 2 eq)

F3C A\
‘ PFg™
V.
t-Bu—_——= ‘ N F
N/ ‘ "

Lt
DMF (0.6 mL) tBu— = N F
1a Blue LED, 25 °C, 24 h 2a-Z 2a-E ‘
FC N
Entryta Photocatalyst Light Thiol Yield [%] Z/E]
1[€] [Ir(FCF3ppy):dtbbpy]PFs OFF 4-MeBnSH 0 -
(1 mol%) (20 mol%)
2l - ON 4-MeBnSH 17 3.5/1
(20 mol%)
30 [Ir(FCF3ppy)2dtbbpy]PFe ON 4-MeBnSH 8 1.8/1
(1 mol%) (20 mol%)
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[a]: Reaction condition: p-tolualdehyde 1a (0.2 mmol), Bzpinz (0.24 mmol), Cs,CO3 (0.24 mmol),
4-MeBnSH (20 mol%) and catalyst (1 mol%) in 0.6 mL solvent, irridiation with blue LED at 25 °C.
Yields were determined by 'H NMR analysis of crude reaction mixture; 1,3,5-trimethoxybenzene
was used as internal standard. [b]: Determined by *H NMR [c]: In the dark. [d]: Without

photocatalyst. [e] Adding TEMPO (1.0 eq.)
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Mechanistic studies

Cyclic Voltammetry

CV measurements were taken on a three-electrode potentiostat galvanostat PGSTAT302N from
Metrohm Autolab by using a glassy carbon working electrode, a platinum wire counter electrode, a
silver wire as a reference electrode. The voltammograms were taken at room temperature in a
degassed DMF or MeCN solution ([n-BusNBF4] = 0.1 M, [substrate] = 1 mM, ferrocene as the
internal standard) under Argon atmosphere. The scan rate was 0.1 V/s. Potentials vs. SCE were

reported according to Esce = Ere/re+ + 0.38 V.

Index Peak position /“
1 -11783 ‘ B
2 -1.6013 1 f
3 -1.2901 ce S i
4 -11078 -t

5 0.65964 i
6 058411 -

26 24 02
Potential appliad (V:

Figure S1. Cyclic voltammogram of [Ir(FCFsppy).dtbbpy]PFs in MeCN (with Ferrocene)

Erea [Ir(1I/Ir(11)] = -1.38V vs. SCE

Index Peak position |

1 15056 /

2 1.0725 I/

3 09718 }‘
<= B ;7;7* = |

Figure S2. Cyclic voltammogram of 4-Me-BnSH in DMF (with Ferrocene)

Eox(4-Me-BnSH) = 0.86 \/ vs. SCE
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Index Peak position N /
P o \\ /“_’/‘/
1 -1.5056 — ﬁ/
2 0.99701 - / e i
3 0.8963 //
|

FD [
Potential applied (V)

Figure S3. Cyclic voltammogram of benzaldehyde 1a in DMF (with Ferrocene)

Eres (1) = -2.07 VV vs. SCE

Figure S4. Cyclic voltammogram of benzaldehyde 1a in DMF (blue curve) and a mixture of 1la
with Bopinz (2.0 eq.) in DMF after stirring for 3 minutes (green curve). The reduction potential of
la after adding more B.pin; (red curve). The corresponding reduction peak of l1a shifted towards

lower potential after adding Bzpin..
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Figure S5. Cyclic voltammogram of benzaldehyde 1a (blue curve) in DMF in the presence of
different additives. Adding Cs,COs (4.0 eq) (orange curve). Adding Bzpin; (4.0 eq) (green curve).

Adding Cs,CO3 (4.0 eq) and B2pinz (4.0 eq) (red curve).
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Fluoresence quenching study

1000000 - - 5 1200000
1000000 -
800000 ~
800000 -
600000 - ~
@
% & 600000
£ =
£ 400000 5
G 400000 -
200000 - 200000 ]
0+ o
T T T T T r T T T T v T
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)
1200000 T T - - 1200000 r . . .
—oOoM — oM
1000000 - (C) / s o 1000000 (d) / S
[ 1 { e
| 10x10°M | 10x10*M
800000 - [ 15%10°M 800000 | { 15%10°M
! 20x10*M | |
> | \ 20x10*M | | > \
% 600000+ \ @ 600000 - | \
g { 2
& \ £ {
£ \ E \
= 400000+ \ B 400000 - X
N \
200000 - N 200000 - X,
0 — S— 0
T T T T T T T T T T ' .
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Wavelength (nm) Wavelength (nm)

Figure S6. Luminescence spectra of [Ir(FCFsppy)2dtbbpy]PFs (1.0 < 10-°M) was collected as a
function of different quenchers in degassed DMF with excitation at 420 nm. Inset is the Stern-
Volmer plot of [Ir(FCFsppy).dtbbpy]PFs by different quenchers. a) A solution of p-Me-BnSH in
DMF was added and its concentration was changed from 0 to 20 %10 M. b) A solution of p-Me-
BnSNa in DMF was added and its concentration was changed from 0 to 15 <10 M. ¢) A solution
of Bzpinzin DMF was added and its concentration was changed from 0 to 20 <10 M. d) A solution

of p-Me-PhCHO in DMF was added and its concentration was changed from 0 to 20 <104 M.
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Detection of by-products

GC-MS analysis of reaction mixtures

To a 5 mL snap vial with stirring bar, Bopinz (0.24 mmol, 1.2 equiv.), [Ir(FCFsppy)2dtbbpy] (1
mol%) and Cs,CO3 (0.24 mmol, 1.2 equiv.) were added. The vial was evacuated and back filled
with nitrogen three times. A solution of 4-Me-BnSH (20 mol%) and aldehyde 1a (0.2 mmol) in
dry DMF (0.6 mL) was added by syringe. After degassing by the freeze-pump-thaw via a
syringe needle for two circles, the reaction mixture was irritated with a 455 nm LED for 6 hours
at 25 °C. Then the resulting reaction mixture was filtered and subjected for GC-MS
measurement. Boronic ester S4 and borate ester S5 were detected along with the generation of
products.
Abundancg TIC: G2718_02.D\data.ms

CHO

B,Pin
4e+07/ 4 =rine

3.56+07/ —
Me v&
3e+07/ i

2 5e+07] | Bpin

products

OBpin

| I
2e+074 |

‘ ‘ Me
1.5e+07 | Me

1e+07] |
| ‘
|
\

5000000 | l

T T T T T AP RSB T T T T T

Time--> 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00
Abundance Scan 553 (12.962 min): G2718_02.D\data.ms

750000 132

700000
Bpin
650000
600000 232

i 105

550000 <«
500000 146 Me
450000
400000

350000/

83
3000001

250000/

200000 217

150000

174
50000

100000/
59 117
e 159
190 255
18 201 J‘ el 228 270 281 331, 348

43
Olrrrprrebe |‘|| \l J‘hq‘ll ‘ '|I‘|‘|m Ui Ii \\ [l \ll nl I'\-m'- -~ |{< e A A IRt
m/z--> 10 20 30 40 50 EO 70 ED 90 100110 120 130 140 150 160 170 150 190 200210220230 240 250 260 270 230 290 3UD 31D 320 33D 340 35D

Figure S7-1. GC-MS report of the reaction mixtures after 6 hours
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Abundance TIC: G2718_02.D\data.ms

4e+07
350407 ‘
3e+07 ‘ OBpin
25e+07] |

2e+07 \ Me

1.5e+07

1e+07 ‘

5000000 |

! I
[

. P 2 S e .

T T T T T IBEa
Time--> 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 28.00
Abundance Scan 674 (14.029 min): G2718_02.D\data.ms
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130000
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110000
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Figure S7-2. GC-MS report of the reaction mixtures after 6 hours
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Control experiments

4 -

O O iti
:S E, standard S;(/)ndmon‘ Ph/\l . Ph/\/Ph

PH  Ph Ph
2k-Z 2k-E
S6
standard condition AN . _Ph
b Ph”  OH f—> Ph/\IPh + PR
S7 2k-Z 2k-E
(0]
standard condition X Ph
. Ph)J\/Ph | condition U TN
Ph
S8 2k-Z 2k-E
HO, OH  standard condition A Ph
d 7+ > Ph/\l + Ph/\/
PH  Ph Ph
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A standard condition Ph/\ + ph/\/Ph
e Ph Bpin A - Ph
S10 2k-Z 2k-E
standard conditon ~ Ph” ™ ~XPh
f Ph/\OBpin ¥ n /\IIDh + Ph
S11 2k-Z 2k-E

Scheme S1. Control experiments with potential intermediates

In order to detect the possible intermediates involved in the reaction processes, several control
experiments employing the possible intermediates S4-S7 in the place of benzaldehyde were carried

out (Scheme Sla-1d). However, none of them gave detectable yields of alkenes as the products.

Moreover, considering that the boronic ester S4 and borate ester S5 were detected in the reaction
mixtures after irradiation, we also tested the possible intermediacy of boronic esters during the
reaction process. When non-substituted boronates S10 and S11 were used as the starting material in
place of banzaldehyde, the generation of product 2k was not observed. So the direct intermediacy
of boronic ester S4 and borate ester S5 in the product generation process was excluded. In addition,
this result inspired us to investigate the possible intermediates involved for the generation of boronic

ester S4 and borate ester S5.
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Deuteration experiments

(e} O A Me
/©)LH standard conditions A O
Me d7 DMF

1a 2a-Z Me
2a-Z: 2a-E = 1.5:1, 66% isolated yield, 0% D
0 Bpin OBpin
H standard condition D D
— 3 (2a-Z+2aE) + +
Me D,O (10.0 eq.) <5% Me Me
1a S4-D S§5-D

trace detected by MS

Scheme S2. Deuteration experiments with deuterated solvent
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Figure S8-1. GC-MS report of the deuterated boronic ester S4-D
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Figure S8-2. GC-MS report of the deuterated borate ester S5-D
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NMR Mechanistic Study

For mechanistic studies, specifically *C-labelled benzaldehyde (labelled at carbonyl position)
substrate is used, while keeping the other reaction conditions identical as mentioned above. Both in
situ NMR sample and batch reaction sample studies were carried out. In case of batch reaction, prior
to the NMR measurements the reaction mixture was irradiated for 3 hours (ex situ). For in situ NMR
sample, the samples were prepared in argon atmosphere directly inside NMR tube. To minimize
light expose to the sample, the NMR tube was covered with aluminum foil during the sample
preparation.

The NMR experiments were measured on a Bruker Avance 111 HD 600 MHz spectrometer with a 5
mm TBI-F probe and a Bruker Avance 111 600 MHz with Prodigy BBO-probe, equipped with BCU
Il temperature control unit. The 3C of C=0 group in solvent DMF was used as the reference in 13C
NMR spectra. NMR experiments are modified to minimize NOE enhancement from *H nuclei and
predominantly observe the labelled 13C peaks.

For the in situ illumination, the LED-based optical fiber connected device was used .** The sample
was prepared in 5 mm amberized NMR tubes of spintec which were used together with an insert for
the optical fiber and a transistor circuit operated by the spectrometer to switch the LED
automatically. The temperature was controlled by the BCU Il unit of the spectrometer. For light
source a Lumitronix Cree XT-E (royalblue) with a peak wavelength of 450 nm and 500 mW optical
output was used.

CEST NMR

CEST NMR experiment is analogous to EXSY method for study of chemical exchange. CEST is
more sensitive than EXSY.!® The higher sensitivity of the method can be exploited to detect low-
populated reaction intermediates.’® CEST involves selective saturation of peaks or spectra, and
observing intensity modulations in the peak of corresponding exchanged peaks. In the present study,
following 1D *C CEST pulse sequence is used

0
90

¢ FID
0.75s

Decoupling

Figure S9. 1D 3C CEST pulse sequence. Saturation pulse is applied for 0.75 s duration with 200
Hz RF field strength. To maximize the intensity and enhance the effect, 'H decoupling is applied
during the acquisition.
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Identification and characterization of intermediates
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Figure S10. In situ *H decoupled *3C spectra of reaction mixture at different time. The 3C resonance
of aldehyde shows relatively broader peak, possibly indicating a radical formation at carbonyl
position. Upon irradiation, the spectra show development of new set of signals with time,
corresponding to intermediates, by-products and products
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Figure S11. Complete in situ *H decoupled (A) and coupled (B) **C spectra of reaction mixture

after 18 hours.
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Figure S12. H decoupled 3C spectra of batch reaction mixture after 3 hours of irradiation. All
identified peaks assigned to product, reactant, solvent and intermediates are distinctively marked.
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Figure S13. Stabilization and characterization of intermediate F, shown is the complete spectra at
300 K (A) and 270 K (B). The doublet in *H coupled spectrum (C) indicates -CH moiety.
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Marked peaks correspond to the intermediate H. The *H coupled spectrum indicates C-H moiety,

which corroborates the intermediate H.
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Figure S15. HSQC spectra of batch reaction mixture (right), and independently synthesized
intermediates H (left). The marked peak H corresponds to the intermediate H in the reaction mixture.
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Figure S16. 1B NMR spectra of Bpin, (top signal) and a mixture of Bzpin, and Cs,CO3 (bottom
signal) in d’-DMF. The scale is recorded in ppm.
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5.6 Further control experiments

Scheme S3. Control experiments with 1,1-benzyldiboronate ester S2

)B\pin /@/CHO Cs,CO5 (1.2 €.) M90\©\ﬂ
a) ot >
Ph™ "Bpin  MeO DMF (0.6 mL) T

24 hours
$2, 0.2 mmol 1d, x eq. x =1.0, 25% yield, Z:E = 2/1
x = 2.0, 44% yield, Z:E = 2/1
lechB x =5.0, 56% yield, Z:E=2.7/1
_Bpin 'I T
A ’V O Ph B-O
Ph™ “Bpin [ J elimination
PMP
via
ey T Ph

i)
=X
o))
°
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.
S
+
<
D
‘ E
(@)
I
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=}
<
>'l'l
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+

b) MeO MeO

S2 1d z E

0% vyield
Bpin D
p CSZCO3 (1 2 eq) )\
¢)  Ph OBpin  CDsOD(50eq)  Ph” Bpin
DMF
s2 $10-D

detected by MS

The reaction between S2 and 1d in the presence of Cs,COs (1.2 equiv.) afforded the corresponding
unsymmetrical alkene in 25% yield (Z/E = 2/1). When increasing the amount of aldehyde 1d used,
higher reaction efficiency was observed. However, no product could be detected in the absence of
Cs2C0O3. When CDsOD (5.0 eq) was added into the mixture containing S2, Cs,COs (1.2 eq) and
DMF (0.6 mL), the corresponding deuterated benzyl boronic ester S10-D was detected as the main
product which suggests that Cs>COsz could promote the mono-deborylation of S2 to give a-boryl
carbanion.”*® S10-D: MS (EI) m/z: 219. HRMS (EI): 219.1531. Moreover, according to the
literatures report we suggest the nucleophilic attack of a-boryl carbanion towards carbonyl of 1d

followed by the B-O elimination is responsible for the generation of alkene.'*
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Figure S17. GC-MS report of S10-D in Scheme S3c
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Scheme S4. Control reaction with 2,2'-diphenyldicarboxaldehyde 1y

O 0 , l‘ OH
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- major

“Bpin -Bpin, -H*

7, .
Bpin
O CHO standard condition 3y', favored 2y, 72%
a) l o] [ S
o B-O elimination O )
1y épin —_— minor
3y, disfavored 2y, 3%
O o , O OH
CHO standard condition protodeborylation O
b) o -

l CHO
I CHO
1 _
y O Bpin

3y 2y', 72%

When using 2,2'-diphenyldicarboxaldehyde 1y as the testing substrate for a potential intramolecular

coupling reaction, anticipated intramolecular coupling product 2y was obtained in only 3% yield

and partially deoxygenative coupling product 2y’ was isolated as the major product (72%). We

propose two possible intermediates to explain the distribution of these two products. Firstly, a-boryl

stabilized carbanion was generated as the key intermediate, subsequent intramolecular attack

towards vicinal carbonyl group led to four-membered ring intermediate 3y and species 3y’. The

formation of 3y’ outcompetes the generation of highly twisted 3y. Further deborylation'®?? and

elimination in the presence of Cs,COs to give 9-phenanthrenol 2y’ as the major product.

S-30



Evaluation of potential propagation pathway

Hypothesis: The proposed Bpin-base radical (D) is potentially capable of reducing another
molecule of benzaldehyde to give ketyl radical anion (C), leading to a radical chain propagation
mechanism. In order to determine this potential propagative process, experiments using chemical
initiator (Sml; or Na) in place of the photocatalytic system (photocatalyst, blue light and thiol) were
conducted.

Scheme S5. (Sub)-stoichiometric experiment

) Me
CHo  B2Pinz (0.24 mmol), X O
Cs,C0O3 (0.24 mmol) N
» Me +
Me chemical initiator M
DMF, 25 °C, 24 h €
1a 22z M 2a-E

To a5 mL snap vial with stirring bar, Bzpinz (0.24 mmol, 2.4 equiv.), Cs2CO3 (0.24 mmol, 2.4 equiv.)
and Sodium (when Na was used as chemical initiator) were added. The vial was evacuated and back
filled with nitrogen three times. A solution of aldehyde 1a (0.2 mmol) in dry DMF (0.6 mL) and
Smly in THF (when Sml, was used as chemical initiator) was added by syringe. After degassed with
two freeze-pump-thaw cycles via a syringe needle, the reaction mixture was stirred for 24 hours at
25 °C. After this time, the reaction mixture was quenched by adding water and added ethyl acetate.
1,3,5-trimethoxybenzene was added then the reaction mixture was analyzed by *H NMR. Results
are shown in Table S7.

Table S7. Yields obtained in the presence of chemical initiators

Initiator 2a (Z+E), yield (%)
Smlz (20 mol%)
Sml, (100 mol%)

Na (20 mol%)
Na (100 mol%)

0
0
0
0
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5.7 Reaction Knetics and Isomerization Experiments

Reaction profile and time/isomerization experiments

To a 5 mL snap vial with a stirring bar, B2pinz (0.24 mmol, 1.2 equiv.), [Ir(FCFsppy)dtbbpy] (1
mol%) and Cs,COs (0.24 mmol, 1.2 equiv.) were added. The vial was evacuated and back filled
with nitrogen three times. A solution of 4-Me-BnSH (20 mol%) and p-tolualdehyde (0.2 mmol, 24
mg) in dry DMF (0.6 mL) was added by syringe. After degassing by the freeze-pump-thaw via a
syringe needle for two cycles, the reaction mixture was irradiated with a 455 nm LED for indicated
time at 25 °C. The yield of 2a and Z/E ratio were determined by 'H NMR analysis of crude reaction

mixture using 1,3,5-trimethoxybenzene as internal standard.
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Figure S18. Reaction profile plot
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Table S8. Time/lsomerization studies
FaC A
0 [Ir] cat. (1 mol%) A
4-Me-BnSH (20 mol%) O 0\0\

H o _ CoCOsi2eq) A

BZP|n2(1 2 eq) O O = N \
DMF (0.6 mL) t-Bu

1a Blue LED, 25 °C, 24 h 2a-2 2a-E

' FiC \

Time (h) Yield of 2a [%)] ZIE
1lh 11 1/8.5
2h 22 1/4.8
4h 47 1/2.6
6h 55 1/2.3
12h 80 1.3/1
20h 83 2.7/1
24 h 87 2.6/1

[Ir] cat. (1 mol%)

4-Me-BnSH (20 mol%)
CSZCO3(1 2eq)
B,Pin, (1.2 eq)
2a-Z

DMF (0.6 mL)

OAmmol g e LED, 25°C, 24 h

96% yield, Z/E = 2.6/1
Scheme S6. Z to E isomerization of 2a

o Me
Eosin Y (1.5 mol%) O
H standard condition Na,COj3 (5 mol%) O A
Me DMF, green LED

Me
1a 2h,25°C 2a-E, 77%, Z/E = 1/23

To a5 mL snap vial with stirring bar, Bzpin2 (0.24 mmol, 1.2 equiv.), [Ir(FCFsppy).dtbbpy] (1 mol%)
and Cs2COs (0.24 mmol, 1.2 equiv.) were added. The vial was evacuated and back filled with

nitrogen three times. A solution of 4-Me-BnSH (20 mol%) and 1a (0.2 mmol, 24 mg) in dry DMF

(0.6 mL) was added by syringe. After degassing by the freeze-pump-thaw via a syringe needle for

two cycles, the reaction mixture was irradiated with a 455 nm LED for 24 hours at 25 °C. Reaction

mixture was then diluted with DMF (2 mL) and filtered through a pad of celite. To the filtrate was

added Eosin Y (3 umol, 1.5 mol%, based on 1a), Na,COsz (5 mol%, 10 umol, based on 1a), the

reaction was irradiated with green LED for 2 hours after degassing. The resulting solution was added

1,3,5-trimethoxybenzene as internal standard, concentrated with vacuum and subjected to *H NMR

analysis.

S-33



3. Characterization of products

>p
ade

Me

(2)-1,2-di-p-tolylethene: Following the general procedure A, the product was obtained as the oily
liquid 12.5 mg. *H NMR (400 MHz, CDCls) & 7.18 (d, J = 8.1 Hz, 2H), 7.05 (d, J = 7.6 Hz, 2H),
6.53 (s, 1H), 2.33 (s, 3H). 3C NMR (101 MHz, CDCl3) § 136.69 ,134.48,129.49,128.85,128.72,
21.22. HRMS (El) calculated for Ci6H1s [M]*:208.1247, found 208.1245.

(E)-1,2-di-p-tolylethene: Following the general procedure A, the product was obtained as the white
solid 4.8 mg. *H NMR (300 MHz, CDCls) & 7.40 (m, 4H), 7.16 (d, J = 7.9 Hz, 4H), 7.04 (s, 2H),
2.36 (s, 6H). 3C NMR (101 MHz, CDCls) 8 137.25, 134.72 , 129.34 , 127.61 , 126.28 , 21.23 .
HRMS (EI) calculated for CigHi6 [M]*:208.1247, found 208.1247.

(2)-1,2-diphenylethene and (E)-1,2-diphenylethene: Following the general procedure A, the
product was obtained as the white solid 12.6 mg (70% yield, Z/E = 2/1). *H NMR (300 MHz, CDCls)
§7.57—7.51 (m, 2H), 7.42 — 7.35 (m, 2H), 7.32 — 7.26 (m, 5H), 7.26 — 7.17 (m, 6H), 7.14 (s, 1H),
6.62 (s, 2H).*C NMR (75 MHz, CDCl3) § 137.3, 137.2, 130.21 , 128.84 , 128.65, 128.18 , 127.60 ,
127.05, 126.48 . HRMS (EI) calculated for C14H12 [M]*:180.0934, found 180.0926.

(2)-1,2-bis(4-(tert-butyl)phenyl)ethene and (E)-1,2-bis(4-(tert-butyl)phenyl)ethene: Following

the general procedure A, the product was obtained as the colorless oil 19.2 mg (60% yield, Z/E =

1/1.3).*H NMR (300 MHz, CDCls) 6 7.49 — 7.36 (m, 10H), 7.24 (s, 1H), 7.23 - 7.14 (m, 3H), 7.07

(s, 2H), 7.06 — 7.01 (m, 2H), 6.51 (s, 2H), 1.34 (s, 18H), 1.32 (s, 14H).23C NMR (75 MHz, CDCls)
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0 150.52 , 149.98 , 134.74 , 134.47 , 129.51, 129.48, 129.37 , 129.34 , 128.85, 128.72 , 128.69,
128.47 , 127.69 , 126.12 , 125.55 , 125.05 , 34.59 , 31.30 . HRMS (EI) calculated for CzHas

[M]*:292.2186, found 292.2189.

X

MeO

o

OMe

(2)-1,2-bis(4-methoxyphenyl)ethene: Following the general procedure A, the product was
obtained as the colorless oil 12.2 mg . *H NMR (300 MHz, CDCl3) & 7.24 — 7.17 (m, 4H), 6.81 —
6.74 (m, 4H), 6.45 (s, 2H), 3.80 (s, 6H).23C NMR (75 MHz, CDCl3) § 158.46 , 130.01 , 129.95 ,
128.33, 113.56 , 55.17. HRMS (EI) calculated for C16H1602 [M]*:240.1145, found 240.1145.

OMe

%
-

®

(E)-1,2-bis(4-methoxyphenyl)ethene: Following the general procedure A, the product was
obtained as the white solid 3.6 mg . *H NMR (300 MHz, CDCl3) & 7.46 — 7.39 (m, 4H), 6.93 (s,
2H), 6.92 — 6.86 (m, 4H), 3.83 (s, 6H). 3C NMR (75 MHz, CDCls) & 158.96 , 130.44 , 127.38 ,
126.14 ,114.07 ,55.31 . HRMS (EI) calculated for C16H1602 [M]*: 240.1145, found 240.1134.

MeO

X

BuO

o

O'Bu
(2)-1,2-bis(4-(tert-butoxy)phenyl)ethene: Following the general procedure A, the product was
obtained as clear oil 6.2 mg. *H NMR (400 MHz, CDCls) 6 7.18 — 7.11 (m, 4H), 6.86 — 6.81 (m,
4H), 6.49 (s, 2H), 1.34 (s, 18H).*C NMR (101 MHz, CDCls) 5 154.33 ,132.40, 129.40 , 128.99 ,
123.71,78.48 , 28.84 . HRMS (EI) calculated for C2:H2502 [M]*: 324.2084, found 324.2090.

O'Bu
g

(E)-1,2-bis(4-(tert-butoxy)phenyl)ethene:Following the general procedure A, the product was
obtained as clear crystal 7.8 mg. *H NMR (400 MHz, CDCls) & 7.42 — 7.37 (m, 4H), 6.98 (d, J =
2.7 Hz, 4H), 6.97 (s, 2H), 1.36 (s, 18H). 1*C NMR (101 MHz, CDCls & 154.89 , 132.74 , 127.07 ,
126.81,124.28,78.70, 28.86. HRMS (EI) calculated for C22H2s02 [M]*:324.2084, found 324.2093.

%

BuO
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X
BocHN !
NHBoc
Di-tert-butyl ((ethene-1,2-diylbis(4,1-phenylene))bis(methylene))(Z)-dicarbamate: Following
the general procedure A, the product was obtained as clear oil 13 mg. *H NMR (400 MHz, CDCls)
0 7.19 (m, 4H), 7.12 (d, J = 8.0 Hz, 4H), 6.55 (s, 2H), 4.85 (s, 2H), 4.28 (d, J = 5.9 Hz, 4H), 1.45

(s, 18H). *C NMR (101 MHz, CDCls) § 155.84,137.70, 136.20 , 129.82,129.01, 127.25,79.47 ,
44.37 , 28.38 . HRMS (ESI) calculated for C26HzsN204 [M+H]*:439.2591, found 439.2590.

O NHBoc
AN
BocHN

Di-tert-butyl ((ethene-1,2-diylbis(4,1-phenylene))bis(methylene))(E)-dicarbamate: Following
the general procedure A, the product was obtained as white solid 7.6 mg. *H NMR (400 MHz,
CDCl3) 6 7.47 (d, J = 8.2 Hz, 4H), 7.27 (d, J = 7.5 Hz, 5H), 7.07 (s, 2H), 4.86 (s, 2H), 4.32 (d, J =
5.9 Hz, 4H), 1.47 (s, 18H). 3C NMR (101 MHz, CDCls) 6 155.86 , 138.32 , 136.39 , 128.14 ,
127.83 , 126.67 , 79.53 , 44.43 , 28.40 . 28.38 . HRMS (ESI) calculated for CzsHzsN204
[M+H]*:439.2591, found 439.2594.

NHAc

(Z2)-N,N'-(ethene-1,2-diylbis(4,1-phenylene))diacetamide: Following the general procedure A,
the product was obtained as white solid 12.3 mg. *H NMR (300 MHz, CDCls) & 7.61 (s, 2H), 7.36
— 7.29 (m, 4H), 7.20 — 7.13 (m, 4H), 6.49 (s, 2H), 2.14 (s, 6H). 3C NMR (75 MHz, CDCls) §
168.53 , 136.75, 133.21, 129.47 , 129.19 , 127.78 , 119.58 , 24.55 . HRMS (ESI) calculated for
C1gH19N20, [M+H]+2295.1441, found 295.1444.

NHACc
O
AcHN

(E)-N,N'-(ethene-1,2-diylbis(4,1-phenylene))diacetamide: Following the general procedure A,
the product was obtained as white solid 6.2 mg. *H NMR (300 MHz, DMSO-dg) & 10.00 (s, 2H),
7.60 — 7.47 (m, 8H), 7.07 (s, 2H), 3.34 (s, 2H), 2.04 (s, 6H).2*C NMR (75 MHz, DMSO-ds) &
168.22,138.63,132.04,126.67,126.54 ,119.04 , 24.06 . HRMS (ESI) calculated for C1gH19N20-
[M+H]*:295.1441, found 295.1445.
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(2)-1,2-bis(3-methoxyphenyl)ethene : Following the general procedure A, the product was
obtained as clear oil 9.8 mg (total amount from two parallel reactions).*H NMR (300 MHz, CDCls)
8 7.15 (t, J =79 Hz, 2H), 6.88 — 6.78 (m, 4H), 6.75 (ddd, J = 8.3, 2.6, 1.0 Hz, 2H), 6.58 (s, 2H).
3.67 (s, 6H) 3C NMR (75 MHz, CDCls) 6 159.32 , 138.50 , 130.32, 129.17 , 128.88 , 121.48 ,
113.75, 113.27 , 55.04 . HRMS (El) calculated for C16H1602 [M]* 240.1145, found 240.1145.

OMe
Meo\‘/\/‘

(E)-1,2-bis(3-methoxyphenyl)ethene: Following the general procedure A, the product was
obtained as white solid 6.8 mg (total amount from two parallel reactions). *H NMR (300 MHz,
CDCl3) 6 7.31 - 7.25 (m, 3H), 7.12 (dt, J = 7.7, 1.3 Hz, 2H), 7.08 (s, 2H), 7.05 (dd, J = 2.6, 1.6 Hz,
2H), 6.83 (ddd, J = 8.2, 2.5, 1.0 Hz, 2H), 3.86 (s, 6H). *C NMR (75 MHz, CDCls) 5 159.85 ,
138.65, 129.62 , 128.87 , 119.25 , 113.36 , 111.72 , 55.25. HRMS (EI) calculated for C1sH160-
240.1145, found 240.1138 [M]*.

NHBoc

Di-tert-butyl (ethene-1,2-diylbis(3,1-phenylene))(Z)-dicarbamat: Following the general
procedure B, the product was obtained as white solid 14.8 mg. *H NMR (400 MHz, CDCls)  7.32
(d, J=8.1Hz, 2H), 7.27 (d, I = 1.9 Hz, 2H), 7.16 (t, J = 7.9 Hz, 2H), 6.91 (dt, J = 7.7, 1.3 Hz, 2H),
6.53 (s, 2H), 6.52 (s, 2H), 1.50 (s, 18H). *C NMR (101 MHz, CDCl3) 6 152.92 , 138.09 , 137.66 ,
130.05, 128.83, 124.26 , 119.33 , 118.11 , 80.42 , 28.35. HRMS (ESI) calculated for C24HzsN304
[M+NH4]*:428.2544, found 428.2555.

BOCHN’\/\‘/NHBOC

Di-tert-butyl (ethene-1,2-diylbis(3,1-phenylene))(E)-dicarbamate: Following the general
procedure B, the product was obtained as white solid 9.8 mg. *H NMR (300 MHz, CDCls) § 7.58
(t,J=1.9 Hz, 2H), 7.28-7.19 (m, 6H), 7.06 (s, 2H), 6.52 (s, 2H), 1.54 (s, 18H). *C NMR (75 MHz,
CDCl3) 6 152.70 , 138.68 , 138.11 , 129.18 , 128.80 , 121.37 , 117.74 , 116.35 , 80.57 , 28.34 .
HRMS (ESI) calculated for C24H34N304 [M+NH,4]*:428.2544, found 428.2553.
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PhHN\‘/a\ [\
O NHPh

(2)-3,3'-(ethene-1,2-diyl)bis(N-phenylaniline). Following the general procedure B, the product
was obtained as yellowish solid 15.4 mg. *H NMR (300 MHz, CDCls) & 7.20 (m, 6H), 7.03 (t, J =
2.0 Hz, 2H), 6.95 - 6.84 (m, 10H), 6.58 (s, 2H), 5.64 (s, 2H). *C NMR (75 MHz, CDCl3) 5 142.88 ,
142.70,138.41,130.55, 129.27,129.23,121.59 , 120.83, 117.66 , 117.63 , 116.39 . HRMS (ESI)
calculated for CyeH23N2 [M+H]*:363.1856, found 363.1854.

NHPh

S ®

(E)-3,3'-(ethene-1,2-diyl)bis(N-phenylaniline). Following the general procedure B, the product
was obtained as yellowish solid 7.4 mg. *H NMR (300 MHz, CDCls) § 7.34 — 7.27 (m, 4H), 7.26 —
7.19 (m, 4H), 7.13 — 7.06 (m, 6H), 7.02 (s, 2H), 7.00 — 6.91 (m, 4H), 5.73 (s, 2H). *C NMR (75
MHz, CDCls) 6 143.46,142.98, 138.46 , 129.60, 129.39, 128.78,121.13,119.41,117.98,117.18,
115.65 . HRMS (ESI) calculated for CosH23N» [M+H]*:363.1856, found 363.1859

(2)-1,2-di([1,1'-biphenyl]-3-yl)ethene. Following the general procedure A, the product was
obtained as white solid 8.3 mg (total amount from two parallel reactions). *H NMR (300 MHz,
CDCl3) 8 7.55 (t, J= 1.8 Hz, 2H), 7.47 — 7.42 (m, 6H), 7.40 — 7.26 (m, 10H), 6.72 (s, 2H). 1*C NMR
(75 MHz, CDCls) 6 141.13 ,140.94 , 137.64 , 130.48 , 128.74 , 128.65 , 127.82 , 127.79 , 127.21 ,
127.03, 125.98 . HRMS (EI) calculated for CasH2o [M]*:332.1560, found 332.1566.

(E)-1,2-di([1,1'-biphenyl]-3-yl)ethene. Following the general procedure A, the product was
obtained as white solid 11.6 mg (total amount from two parallel reactions).!H NMR (300 MHz,
CDCl3) 5 7.76 (t, J = 1.8 Hz, 2H), 7.67 — 7.62 (m, 4H), 7.56 — 7.44 (m, 10H), 7.42 — 7.37 (m, 2H),
7.26 (s, 2H). 3C NMR (75 MHz, CDCls) 6 141.72 , 141.05, 137.70, 129.11 , 128.92 , 128.77 ,
127.40,127.19,126.59, 125.45, 125.40 . HRMS (EI) calculated for CasH20 [M]*:332.1560, found
332.1563.
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(2)-1,2-bis(3-(thiophen-2-yl)phenyl)ethene: Following the general procedure A, the product was
obtained as clear oil 15.2 mg (total amount from two parallel reactions). *H NMR (300 MHz, CDCls)
87.56 (t,J=1.8Hz, 2H), 7.46 (dt, J =7.4, 1.7 Hz, 2H), 7.28 (s, 1H), 7.25 - 7.16 (m, 7H), 7.03 (dd,
J=5.1, 3.6 Hz, 2H), 6.67 (s, 2H). 3C NMR (75 MHz, CDCls)  137.63 , 134.37, 130.35, 128.84 ,
12798 , 12792 , 126.39 , 124.83 , 124.81 , 123.1 . HRMS (El) calculated for C:H16S2
[M]*:344.0688, found 344.0682.

(E)-1,2-bis(3-(thiophen-2-yl)phenyl)ethene: Following the general procedure A, the product was
obtained as clear oil. Following the general procedure A, the product was obtained as a white solid
8.2 mg (total amount from two parallel reactions). *H NMR (300 MHz, CDCl3) § 7.76 (t, J = 1.8
Hz, 2H), 7.50 (ddt, J = 17.3, 7.8, 1.5 Hz, 4H), 7.41 (s, 1H), 7.39 — 7.35 (m, 3H), 7.31 (dd, J = 5.1,
1.2 Hz, 2H), 7.20 (s, 2H), 7.11 (dd, J = 5.1, 3.6 Hz, 2H). 3C NMR (75 MHz, CDCls) § 144.15 ,
137.77,134.83,129.23 ,128.86, 128.02, 125.52 , 125.37 , 124.96 , 124.24 , 123.31 . HRMS (EI)
calculated for C2H16S2 [M]*:344.0688, found 344.0679.

(2)-1,2-bis(3-(trimethylsilyl)phenyl)ethene and (E)-1,2-bis(3-(trimethylsilyl)phenyl)ethene:
Following the general procedure A, the product (mixture of Z and E products, Z/E = 1.6/1) was
obtained as clear oil 15.2 mg. *H NMR (300 MHz, CDCl3) § 7.63 (dt, J = 1.9, 0.8 Hz, 1H), 7.52 (dt,
J=175,1.7 Hz, 1H), 7.43 — 7.35 (m, 3H), 7.34 — 7.28 (m, 5H), 7.22 — 7.16 (m, 5H), 7.12 (s, 2H),
6.61 (s, 2H), 0.29 (s, 13H), 0.13 (s, 18H). 3C NMR (75 MHz, CDCls) & 140.83 , 140.17 , 136.56 ,
136.53, 133.89, 132,59, 131.88 , 131.72, 130.53 , 129.23 , 128.88 , 128.86 , 128.79 , 128.72 ,
128.69, 128.04 , 127.55 , 126.65 , 126.39 , -1.10 , -1.27 . HRMS (El) calculated for CxH2sSi>
[M]*:324.1724, found 324.1733.
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(2)-1,2-bis(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethene and (E)-1,2-bis(3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)ethene: Following the general procedure A,
the product (mixture of Z and E products, Z/E = 1/1.6) was obtained as clear oil 28.6 mg (total
amount from two parallel reactions). *H NMR (300 MHz, CDCls). 5 8.01 — 7.95 (m, 2H), 7.70 (ddd,
J=55,25,1.2Hz, 3H), 7.61 (m, 3H), 7.43 — 7.33 (m, 3H), 7.30 (dt, J = 7.9, 1.6 Hz, 1H), 7.18 (s,
2H), 7.17 — 7.09 (m, 2H), 6.61 (s, 1H), 1.37 (s, 24H), 1.33 (s, 17H). *C NMR (75 MHz, CDCls) &
136.66 , 136.56 , 135.56 , 133.84 , 133.36 , 132.88 , 131.38 , 130.14 , 129.36 , 129.27 , 128.52 ,
128.07 , 127.37 , 126.26 , 83.85 , 83.75 , 24.88 , 24.83 . HRMS (EI) calculated for C2sH34B20.
[M]*:432.2643, found 432.2647 and 432.2645.

CC C'C.

(2)-1,2-bis(3-chlorophenyl)ethene and (E)-1,2-bis(3-chlorophenyl)ethene: Following the
general procedure A, the product (mixture of Z and E products, Z/E = 1/1.2) was obtained as white
solid 19.8 mg (total amount from two parallel reactions). *H NMR (300 MHz, CDCls) § 7.50 (t, J
=1.8 Hz, 2H), 7.37 (dt, J = 7.4, 1.7 Hz, 2H), 7.33 — 7.26 (m, 3H), 7.24 — 7.20 (m, 2H), 7.20 — 7.12
(m, 2H), 7.08 (dt, J = 7.0, 1.7 Hz, 1H), 7.03 (s, 2H), 6.57 (s, 1H). 3C NMR (75 MHz, CDCl3) &
138.66 , 138.42 , 134.69 , 134.17, 129.99 , 129.93 , 129.53 , 128.80 , 128.59 , 127.88 , 127.47 ,
126.90, 126.39 , 124.88 . HRMS (El) calculated for C14H10Cl> [M]*:248.0154, found 248.0147.

o U
F
oL U
F
(2)-1,2-bis(3-fluorophenyl)ethene and (E)-1,2-bis(3-fluorophenyl)ethene: Following the
general procedure A, the product (mixture of Z and E products, Z/E = 1.7/1) was obtained as white
solid 14 mg (total amount from two parallel reactions).!H NMR (300 MHz, CDCls) 6 7.37 — 7.26
(m, 2H), 7.26 — 7.22 (m, 1H), 7.22 — 7.16 (m, 2H), 7.06 (s, 1H), 7.00 (dt, J = 7.7, 1.3 Hz, 3H), 6.96
—6.87 (M, 4H), 6.60 (s, 2H). 3C NMR (75 MHz, CDCls) 6 164.77, 164.29, 161.52, 161.04 , 139.20,
139.10, 138.92 , 138.81, 130.22 , 130.10, 130.06 , 129.85 , 129.74 , 128.78 , 128.75 , 124.61 ,
124,57 ,122.61,122.58 , 115.63 , 115.34 , 114.91 , 114.63 , 114.43 , 114.15, 113.03, 112.74 . \°F
NMR (282 MHz, CDCls) 6 -113.73, -113.77. HRMS (EI) calculated for C14H10F> [M]*:216.0745,

found 216.0741.
Me

AN
lMe
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(2)-1,2-di-o-tolylethene and (E)-1,2-di-o-tolylethene: Following the general procedure A, the
products (mixture of Z and E configuration product, Z/E = 16/1) were obtained as clear oil 12.5 mg.
IH NMR (300 MHz, CDCls) § 7.23 — 7.18 (m, 1H), 7.18 — 7.13 (m, 2H), 7.09 (m, 2H), 7.01 — 6.89
(m, 5H), 6.73 (s, 2H), 2.30 (s, 6H). 3C NMR (75 MHz, CDCl3) § 136.47 , 136.11 , 129.91 , 129.42 ,
129.07 , 126.97 , 125.36 , 19.88 . HRMS (EI) calculated for CisH160, [M]* 208.1247, found
208.1241.

OMe
AN
‘ OMe

(2)-1,2-bis(2-methoxyphenyl)ethene and (E)-1,2-bis(2-methoxyphenyl)ethene: Following the
general procedure A, the products (Z/E = 8.1/1) were obtained as clear oil 13.0 mg. *H NMR (300
MHz, CDCl3) § 7.20 — 7.10 (m, 4H), 6.87 (dd, J = 8.3, 1.1 Hz, 2H), 6.77 (s, 2H), 6.70 (td, J = 7.5,
1.1 Hz, 2H), 3.89 (s, 1H), 3.83 (s, 6H).2*C NMR (75 MHz, CDCl3) & 157.08 , 129.97 , 128.26 ,
126.30, 125.57,120.03, 110.46 , 55.42 . HRMS (EI) calculated for C15H160, [M]*240.1145, found
240.1151.

Ph

O Ph

(2)-1,2-di([1,1'-biphenyl]-2-yl)ethene: Following the general procedure A, the product was
obtained as clear oil 13.0 mg. *H NMR (300 MHz, CDCls) & 7.39 — 7.36 (m, 3H), 7.36 (s, 7TH), 7.34
(t, J = 1.6 Hz, 3H), 7.32 — 7.27 (m, 3H), 7.15 (td, J = 7.4, 1.6 Hz, 2H), 6.38 (5, 2H).13C NMR (75 MHz,

CDCls) 6 141.43 , 141.03 , 135.30, 129.96 , 129.71 , 129.48 , 127.94 , 127.23 , 127.02 , 126.85 .
HRMS (EI) calculated for CosH2o [M]*:332.1560, found 332.1566.

Yz OMe

MeO g onaie

(2)-1,2-bis(3,5-dimethoxyphenyl)ethene:Following the general procedure A, the product was
obtained as white solid 16.8 mg (total amount from two parallel reactions). *H NMR (400 MHz,
CDCl3) 3 6.54 (s, 2H), 6.44 (d, J = 2.4 Hz, 4H), 6.32 (t, J = 2.3 Hz, 2H), 3.67 (s, 12H). 1*C NMR
(101 MHz, CDCl3) 6 160.46 , 138.96 , 130.54 , 106.73 , 99.90 , 55.22 . HRMS (EI) calculated for
C18H2004 [M]*:300.1356, found 300.1360.
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MeO l

OMe

(E)-1,2-bis(3,5-dimethoxyphenyl)ethene: Following the general procedure A, the product was
obtained as white solid 19.8 mg (total amount from two parallel reactions). 'H NMR (400 MHz,
CDCl3) 6 7.01 (s, 2H), 6.67 (d, J = 2.3 Hz, 4H), 6.40 (t, J = 2.3 Hz, 2H), 3.83 (s, 12H). 1*C NMR
(101 MHz, CDCl3) 6 160.94 , 139.11 , 129.15 , 104.59 , 100.08 , 55.36 . HRMS (EI) calculated for
C18H2004 [M]*:300.1356, found 300.1355.

0 X
@
e

@]
o—/

(2)-1,2-bis(benzo[d][1,3]dioxol-5-yl)ethene. Following the general procedure A, the product was
obtained as white solid 10.5 mg. *H NMR (300 MHz, CDCls) & 6.75 — 6.69 (m, 6H), 6.41 (s, 2H),
5.93 (s, 4H).*C NMR (75 MHz, 300 MHz, CDCls) 8 147.36 , 146.54 , 128.84 , 122.82 , 108.87 ,
108.23, 100.89. HRMS (EI) calculated for C1sH1204 [M]*:268.0730, found 268.0733

>
QO\OO

(E)-1,2-bis(benzo[d][1,3]dioxol-5-yl)ethene: Following the general procedure A, the product was
obtained as white solid 5.5 mg. *H NMR (300 MHz, CDCl3) § 7.03 (d, J = 1.7 Hz, 2H), 6.90 (dd, J
=8.1, 1.7 Hz, 2H), 6.85 (s, 2H), 6.79 (d, J = 8.0 Hz, 2H), 5.97 (s, 4H). *C NMR (75 MHz, CDCl5)
5148.10,147.08 ,131.93, 126.68 , 121.16 , 108.40 , 105.36 , 101.08 . HRMS (EI) calculated for
Ci6H1204 [M]*:268.0730, found 268.0728.

(2)-1,2-bis(benzo[b]thiophen-5-yl)ethene: Following the general procedure A, the product was
obtained as white solid 7.9 mg. *H NMR (300 MHz, CDCl3) 6 7.77 — 7.73 (m, 2H), 7.69 (dd, J =
8.4,0.8 Hz, 2H), 7.41 (d, J = 5.4 Hz, 2H), 7.28 (d, J = 1.7 Hz, 1H), 7.25 (d, J = 1.6 Hz, 1H), 7.23
(dd, J = 5.5, 0.8 Hz, 2H), 6.76 (s, 2H). *C NMR (75 MHz, CDCls) & 139.76 , 138.45 , 133.45,
129.99 , 126.55 , 125.32 , 123.96 , 123.90 , 122.09 . HRMS (EIl) calculated for CigH12S,
[M]*:292.0375, found 292.0373.
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(E)-1,2-bis(benzo[b]thiophen-6-yl)ethene: Following the general procedure A, the product was
obtained as white solid 7.9 mg. Note: this compound shows poor solubility in common solvent
like CDCl3, DMSO-Ds acetone-Ds and dissolves only slight amount in TCE-D>. *H NMR (400
MHz, TCE-D») 6 7.97 (d, J = 1.6 Hz, 2H), 7.91 (d, J = 8.4 Hz, 2H), 7.62 (dd, J = 8.5, 1.7 Hz, 2H),
7.51 (d, J = 5.4 Hz, 2H), 7.39 (dd, J = 5.4, 0.8 Hz, 2H), 7.31 (s, 2H). *C NMR (101 MHz, TCE-
D») 6 139.98 ,138.69, 133.69 , 128.35,127.19,123.93 , 122.64 , 122.45 ,121.76 , 120.18. HRMS
(EI) calculated for C1gH12S, [M]*:292.0375, found 292.0373.

fl
I

(2)-1,2-bis(benzo[b]thiophen-5-yl)ethene: Following the general procedure A, the product was
obtained as white solid 10.9 mg.*H NMR (300 MHz, CDCls) § 7.58 (d, J = 2.2 Hz, 2H), 7.50 (dd,
J=1.9,0.6Hz, 2H),7.35(d, J=0.8 Hz, 1H), 7.32 (t, J = 0.8 Hz, 1H), 7.22 (d, J = 1.8 Hz, 1H), 7.19
(d, J = 1.7 Hz, 1H), 6.70 (s, 2H), 6.66 (dd, J = 2.2, 1.0 Hz, 2H). 3C NMR (75 MHz, CDCls) §
154.03,145.17,132.10,129.61, 127.43,125.54,121.45, 111.06 , 106.66 . HRMS (EI) calculated
for C1gH120, [M]*:260.0832, found 260.0833.

0]
9y
405
0]
(E)-1,2-bis(benzo[b]thiophen-5-yl)ethene: Following the general procedure A, the product was
obtained as white solid 6.6 mg. *H NMR (400 MHz, CDCl3) 6 7.73 (t,J = 1.2 Hz, 2H), 7.63 (d, J =
2.2 Hz, 2H), 7.54 — 7.46 (m, 4H), 7.20 (s, 2H), 6.80 — 6.75 (m, 2H). 3C NMR (101 MHz, CDCl5)

3 154.59 , 145.51 , 132.69 , 127.96 , 127.89 , 122.90 , 119.01 , 111.53 , 106.68 . HRMS (EI)
calculated for C1gH120, [M]*:260.0832, found 260.0828.

(2)-1,2-bis(1-methyl-1H-indol-5-yl)ethene: Following the general procedure B, the products (Z/E
=5.2/1) were obtained as white solid 11.4 mg. *H NMR (400 MHz, CDCl3) § 7.77 — 7.73 (m, 0.45H),
7.61 (dd, J = 1.6, 0.8 Hz, 2H), 7.51 (dd, J = 8.6, 1.7 Hz, 0.5H), 7.31 (d, J = 8.5 Hz, 0.56H), 7.22
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(dd, J = 8.6, 1.7 Hz, 3H), 7.13 (dt, J = 8.5, 0.8 Hz, 2H), 7.04 (d, J = 3.1 Hz, 0.51H), 7.00 (d, J = 3.1
Hz, 2H), 6.67 (s, 2H), 6.49 (dd, J = 3.1, 0.8 Hz, 0.4H), 6.39 (dd, J = 3.1, 0.9 Hz, 2H), 3.81 (s, 1.2H),
3.76 (s, 6H).13C NMR (101 MHz, CDCls) & 136.21 , 135.75 , 129.20 , 129.10 , 128.86 , 128.31 ,
127.28,123.08,121.35,120.02, 119.07,109.35, 108.70,101.17,101.15, 32.92, 32.83 . HRMS
(E) calculated for CaoH1gN2 [M]*:286.1465, found 286.1462.

Eopl

NHAc

(2)-N-(4-(4-methylstyryl)phenyl)acetamide: Following the general procedure C, the products
were obtained as white solid 9.3 mg (total amount from two parallel reactions). *H NMR (300 MHz,
CDCl3) 8 7.39 — 7.31 (m, 2H), 7.24 — 7.18 (m, 2H), 7.17 — 7.11 (m, 2H), 7.03 (d, J = 7.9 Hz, 2H),
6.56 — 6.43 (m, 2H), 2.31 (s, 3H), 2.16 (s, 3H). H on NH was not observed. 3C NMR (75 MHz,
CDCl3) 5 168.16 , 136.83 , 136.62 , 134.25,133.42,129.81, 129.51, 128.92 , 128.82 , 128.68 ,
119.34, 24.63 , 21.22 . HRMS (El) calculated for C17H17NO [M]*:251.1305, found 251.1310.

NHAc
o8 I
Me

(E)-N-(4-(4-methylstyryl)phenyl)acetamide: Following the general procedure C, the products
were obtained as white solid 10.1 mg (total amount from two parallel reactions). *H NMR (300
MHz, DMSO-ds) 6 10.00 (s, 1H), 7.61 — 7.48 (m, 4H), 7.46 (d, J =7.9 Hz, 2H), 7.17 (d, J = 7.8 Hz,
2H), 7.11 (s, 2H), 2.30 (s, 3H), 2.05 (s, 3H). 13C NMR (75 MHz, DMSO-ds) 5 168.26 , 138.72 ,
136.72,134.47,131.97,129.32,127.05, 126.82,126.78 , 126.22,119.04 , 24.07 , 20.87 . HRMS
(El) calculated for C17H17NO [M]*:251.1305, found 251.13009.

S

C

Tert-butyl (2)-(3-(4-methylstyryl)phenyl)carbamate: Following the general procedure D, the
products were obtained as clear oil 14 mg (total amount from two parallel reactions). *H NMR (300
MHz, CDCl3) 6 7.17 — 7.10 (m, 4H), 7.02 (d, J = 8.0 Hz, 2H), 6.93 (dt, J = 7.6, 1.4 Hz, 1H), 6.58 -
6.46 (M, 2H), 6.36 (s, 1H), 2.31 (s, 3H), 1.50 (s, 8H). 13C NMR (75 MHz, CDCl3) § 152.66 , 138.30,
138.28 , 136.90 , 134.94 , 134.03 , 130.45, 129.15, 128.87 , 128.83 , 128.81 , 123.55 , 118.71 ,
117.14,80.50,28.31, 21.23 . HRMS (ESI) calculated for C2oH2sNNaO, [M+Na]*:332.1621, found
332.1621.

NHBoc
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Tert-butyl (E)-(3-(4-methylstyryl)phenyl)carbamate: Following the general procedure D, the
product was obtained as white solid 18.2 mg (total amount from two parallel reactions). *H NMR
(300 MHz, CDCl3) 6 7.60 (d, J = 1.8 Hz, 1H), 7.43—7.38 (m, 2H), 7.30 — 7.23 (m, 2H), 7.20 - 7.14
(m, 4H), 7.13 - 6.98 (m, 2H), 6.49 (s, 1H), 2.36 (s, 3H), 1.54 (s, 9H). 3C NMR (75 MHz, CDCls)
5 152.70 , 138.66 , 138.42 , 137.56 , 134.41 , 129.37 , 129.16 , 128.98 , 127.42 , 126.44 , 121.21,
117.47 , 116.19 , 28.35 , 21.26 . HRMS (ESI) calculated for CH2sNNaO, [M+Na]*:332.1621,
found 332.1625.

(2)-3-(4-methylstyryl)-N-phenylaniline: Following the general procedure D, the product was
obtained as white solid 20.6 mg (total amount from two parallel reactions). *H NMR (400 MHz,
CDCl3) 6 7.20 — 7.13 (m, 5H), 7.07 (d, J = 7.9 Hz, 2H), 7.00 (t, J = 1.9 Hz, 1H), 6.93 — 6.81 (m,
5H), 6.59 — 6.49 (m, 2H), 5.59 (s, 1H), 2.34 (s, 3H). 3C NMR (101 MHz, CDCls) 6 142.77 , 142.76,
138.64 , 134.25, 136.71 , 134.25, 130.39 , 129.64 , 129.21 , 129.19 , 128.94 , 128.89 , 121.58 ,
120.78 , 117.62 , 117.57 , 116.49 , 21.27 . HRMS (ESI) calculated for C2:H2oN [M+H]*:286.1590,
found 286.1594.

(E)-3-(4-methylstyryl)-N-phenylaniline: Following the general procedure D, the product was
obtained as white solid 14.7 mg (total amount from two parallel reactions). *H NMR (400 MHz,
CDCl3) 6 7.42 — 7.38 (m, 2H), 7.32 — 7.25 (m, 3H), 7.22 (t, J = 2.0 Hz, 1H), 7.17 (d, J = 7.9 Hz,
2H), 7.10 (m, 3H), 7.03 (d, J = 6.3 Hz, 2H), 6.99 — 6.93 (m, 2H), 5.76 (s, 1H), 2.36 (s, 3H). *3C
NMR (101 MHz, CDCls) 8 143.37 , 143.00 , 138.71 , 137.55 , 134.44, 129.57 , 129.38 , 128.76 ,
12758, 126.42 ,121.11 , 119.34 , 117.97 , 117.02 , 115.59 , 21.26 . HRMS (ESI) calculated for
Ca1H20N [M+H]*:286.1590, found 286.1592.

(2)-1,3-dimethoxy-5-(4-methylstyryl)benzene: Following the general procedure C, the product

was obtained as white solid 10.2 mg (total amount from two parallel reactions). *H NMR (400 MHz,

CDCl3) 6 7.17 (d, J = 7.9 Hz, 2H), 7.04 (d, J = 7.9 Hz, 2H), 6.59 — 6.45 (m, 2H), 6.42 (d, J = 2.3
S-45



Hz, 2H), 6.31 (t, J = 2.3 Hz, 1H), 3.66 (s, 6H), 2.30 (s, 3H). 1*C NMR (101 MHz, CDCl3) § 160.48 ,
139.33,136.91,134.17, 130.62 , 129.47 , 128.85, 128.81 , 106.67 , 99.71,55.19, 21.21 . HRMS
(El) calculated for C17H1802 [M]*:254.1301, found 254.1303.

OMe
O X E OMe

(E)-1,3-dimethoxy-5-(4-methylstyryl)benzene: Following the general procedure C, the product
was obtained as white solid 19.3 mg (total amount from two parallel reactions). *H NMR (400 MHz,
CDCl3) 6 7.43 —7.38 (m, 2H), 7.17 (d, J = 7.9 Hz, 2H), 7.03 (g, J = 16.3 Hz, 2H), 6.67 (d, J = 2.2
Hz, 2H), 6.39 (t, J = 2.2 Hz, 1H), 3.83 (s, 6H), 2.36 (s, 3H). 1*C NMR (100 MHz, CDCls3) § 160.95 ,
139.54,137.65, 134.33,129.39, 129.13, 127.65, 126.48 , 104.45,99.81 , 55.36 , 21.25 . HRMS
(El) calculated for C17H1802 [M]*:254.1301, found 254.1306.

MeO
~ O
l OMe O

(2)-1-methoxy-2-(4-methylstyryl)benzene and (E)-1-methoxy-2-(4-methylstyryl)benzene:
Following the general procedure C, the products (mixture of Z and E configuration of products, Z/E
=1.9/1) were obtained as clear oil 11.2 mg (total amount from two parallel reactions).!H NMR (300
MHz, CDCl3) 6 7.60 (dd, J = 7.7, 1.8 Hz, 0.4 H), 7.48 — 7.39 (m, 1.5H), 7.25—7.16 (m, 3H), 7.14
(d, J=8.3 Hz, 3H), 7.00 (dg, J = 6.9, 1.3, 0.8 Hz, 2H), 6.90 (dt, J = 8.9, 1.2 Hz, 1.5H), 6.77 (td, J
=7.5, 1.1 Hz, 1H), 6.67 — 6.56 (m, 2H), 3.89 (s, 1.2H), 3.84 (s, 3H), 2.36 (s, 1.55H), 2.30 (s, 3H).
13C NMR (75 MHz, CDCls) § 157.13, 156.78 , 137.17, 136.63 , 134.29, 130.14 , 130.04 , 129.27 ,
129.01, 128.74 , 128.71 , 128.44 , 128.40 , 126.45 , 126.39 , 126.25 , 124.96 , 122.39 , 120.70,
120.17 , 110.88 , 110.60 , 55.50 , 55.46 , 21.25 , 21.21 . HRMS (EI) calculated for CisH160
[M]*:224.1196, found 224.1189.

X

®

O
o—/

(2)-5-(4-methylstyryl)benzo[d][1,3]dioxole: Following the general procedure C, the product was
obtained as white solid 7.1 mg (total amount from two parallel reactions). 'H NMR (300 MHz,
CDCl3) 6 7.20 — 7.12 (m, 2H), 7.08 — 7.02 (m, 2H), 6.78 — 6.66 (m, 3H), 6.52 — 6.40 (m, 2H), 5.92
(s, 2H), 2.32 (s, 3H).1*C NMR (75 MHz, CDCls) § 147.28 , 146.48 , 136.77 , 134.25 , 131.38 ,
129.20,129.08, 128.95, 128.68 , 122.87,108.88, 108.15, 100.86 , 21.24 . HRMS (El) calculated
for C16H140, [M]*:238.0988, found 238.0982.

S-46



OO

(E)-5-(4-methylstyryl)benzo[d][1,3]dioxole: Following the general procedure C, the product was
obtained as white solid 14.3 mg (total amount from two parallel reactions). *H NMR (300 MHz,
CDCl3) 6 7.41 — 7.34 (m, 2H), 7.16 (d, J = 7.9 Hz, 2H), 7.06 (d, J = 1.7 Hz, 1H), 6.97 — 6.87 (m,
3H), 6.80 (d, J = 8.0 Hz, 1H), 5.98 (s, 2H), 2.36 (s, 3H). **C NMR (75 MHz, CDCls) § 148.09 ,
147.10, 137.22 , 134,57 , 132.05, 129.35, 127.33 , 126.93 , 126.19, 121.25, 108.38 , 105.44 ,
101.07, 21.23 . HRMS (ElI) calculated for C16H140- [M]*:238.0988, found 238.0988.

(2)-6-(4-methylstyryl)benzo[b]thiophene and  (E)-6-(4-methylstyryl)benzo[b]thiophene:
Following the general procedure C, the product (mixture of mixture of Z and E configuration of
products, Z/E = 1/3) was obtained as white solid 19 mg (total amount from two parallel reactions).
IH NMR (400 MHz, CDCls) & 7.75 — 7.73 (m, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.41 (d, J = 5.4 Hz,
1.5H), 7.28 (d, J = 1.6 Hz, 0.5H), 7.24 (dd, J = 5.5, 0.8 Hz, 1H), 7.20 — 7.15 (m, 3H), 7.03 (dd, J =
7.3,5.0 Hz, 2.6H), 6.70 — 6.57 (m, 2H), 6.52 (s, 0.2H), 2.37 (s, 0.8H), 2.32 (s, 3H). *C NMR (101
MHz, CDCls) 6 139.74 , 138.31 , 137.24 , 136.88 , 136.70 , 134.22 , 133.69 , 130.02 , 129.48 ,
129.45,129.40, 129.34 , 128.90, 128.85, 128.80 , 128.71 , 127.59 , 126.47 , 126.34 , 126.27 ,
125.32,123.95,123.78 ,122.04 , 21.23 . HRMS (EI) calculated for C17H14S [M]*:250.0811, found
250.0808.

® \l
MeO OMe

(2)-1,3-dimethoxy-5-styrylbenzene: Following the general procedure C, the product was obtained
as clear oil 10.7 mg (total amount from two parallel reactions). *H NMR (300 MHz, CDCls) § 7.26
—7.22 (m, 2H), 7.22 - 7.11 (m, 3H), 6.61 — 6.46 (m, 2H), 6.36 (d, J = 2.3 Hz, 2H), 6.27 (t, J = 2.3
Hz, 1H), 3.59 (s, 6H).1*C NMR (75 MHz, CDCls) & 160.47 , 139.02 , 137.23 , 130.66 , 130.19 ,
128.92 , 128.15 , 127.15 , 106.70 , 99.89 , 55.17 . HRMS (El) calculated for CisH1602
[M]*:240.1145, found 240.1144.

OMe
O X ‘ OMe
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(E)-1,3-dimethoxy-5-styrylbenzene: Following the general procedure C, the product was obtained
as white solid 37.3 mg (total amount from two parallel reactions).'"H NMR (300 MHz, CDCls) &
7.56 — 7.47 (m, 2H), 7.41 — 7.31 (m, 2H), 7.31 - 7.24 (m, 1H), 7.15 - 6.99 (m, 2H), 6.69 (d, J = 2.3
Hz, 2H), 6.42 (t, J = 2.3 Hz, 1H), 3.84 (s, 6H).1*C NMR (75 MHz, CDCls) § 160.94 , 139.31 ,
137.08,129.17,128.65, 128.63 , 127.70 , 126.54 , 104.54 , 99.95 , 55.35 . HRMS (EI) calculated
for C16H1602 [M]+1240.1145, found 240.1140.

OH

Phenanthren-9-0l%: Following the general procedure A, the product was obtained as white solid.
!H NMR (300 MHz, CDCls3) § 8.71 — 8.65 (m, 1H), 8.64 — 8.57 (m, 1H), 8.36 — 8.27 (m, 1H), 7.75
— 7.62 (m, 3H), 7.58 — 7.47 (m, 2H), 7.01 (s, 1H), 5.46 (s, 1H). 3C NMR (75 MHz, CDCl3) &
149.47 , 132.62 , 131.51 , 127.20 , 126.92 , 126.70 , 126.68 , 126.40 , 125.50 , 124.25 , 122.68 ,
12256, 122.32 , 106.06 .
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4 Computational details

All structures were calculated at (U)YMO06-2X/def2-SVP level of theory in continuum of DMF using
SMD.?%-24 Subsequently all minima were confirmed by the frequency analysis at the same level as
the geometry optimization. NMR calculation were performed at (U)MO06-2X/IGLO-III level of
theory. Software used for the calculations was Gaussian09 D.01.25

Intermediate C

O

Y

Ar- " H

@170 ppm

1\1\GINC-LOGIN\SP\UM062X\Gen\C7H601(1-,2)\JHIOE\16-Aug-2018\0\\#p m062 x/gen int=ultrafine nmr  geom=check
guess=read\\title\\-1,2\C,0,-4.1792437331,0.5576305262,-0.0000088375\C,0,-2.7986641095,0.5528389664,0.0005837628\C,0,-
2.0428430643,1.7711929493,0.0002024268\C,0,-2.8014042074,.9920048314,-0.0008485131\C,0,-4.1811901914,2.9772926615,-
0.001444854\C,0,-4.9099641818,1.7671752092,-0.001033192\H,0,-4.7173522911,-0.3964207066,0.0003281258\H,0,-2.2546220491, -
0.3981825076,0.0013866246\H,0,-2.2369469939,3.9267638514,-0.0011473426\H,0,-4.7248909401,3.9286338431-0.0022408523\H,0,-
6.0015764488,1.7656757921,-0.0014977491\C,0,-0.6173375442,1.7941980402,0.0008133736\0,0,0.1121905789,2.8090339425, -
0.0000359792\H,0,-0.1486804239,0.7704197211,0.0017419062\\Version=ES64L-G09RevD.01\State=2-A\HF=-
345.5776769\52=0.769017\S2-1=0.\S2A=0.750186\RMSD=4.659e-09\Dipole=-1.6246434,-0.7094793,0.0000402\Quadrupole=-
10.6825062,5.8154287,4.8670776,-5.5916524,-0.0007838,-0.001827\PG=C01 [X(C7H601)|\@

Intermediate F

0
Ar/.—\l?/O

O

©70.4 ppm

T\I\GINC-WORKERI\SP\RM062X\Gen\C13H18B103(1-)\VHIOE\16-Aug-2018\0\\#p

m062x/gen int=ultrafinemrgeom=checkguess=read\\title\\-1,1\B,0,0.8025139948,0.3887627412,-
0.6612617005\0,0,1.4369555543,-0.9124944769,-0 .6439264473\0,0,1.8464338421,1.3706643402,-
0.4836905038\C,0,2.955522464,0.6992284989,0.0767190418\C,0,2.8363346008,-0.7272956109,-0.56325231
14\C,0,2.7842585379,0.6478604804,1.5983221868\H,0,3.6541746597,0.20294
72637,2.1036476959\H,0,2.6530150152,1.674145734,1.9729577572\H,0,1.8872623611,0.069047274,1.8655507328\C,0,4.2364
555852,1.4438596282, -
0.2704388125\H,0,4.2506490945,2.4174622362,0.243075019\H,0,5.1255404934,0.8784007031,0.0492664955\H,0,4.30619882
52,1.6311303561,-1.350260776\C,0,3 .4583568145,-1.8411824578,0.2685594718\H,0,3.3713016351,-2.7994617285,
0.2660776274\H,0,4.5271806244,-1.6519388593,0.4541644896\H,0,2.9451343177 -
1.9463360599,1.2335378252\C,0,3.4157754782,-0.758926363,-1.980085642\H,0,4.5149956456,-0.7059595872,-
1.985945976\H,0,3.1129122288,-1.6993962599,-2.4642945908\H,0,3.0195302311,0.075786834,-2.5772801646\C,0,-
1.6218180412,-0.5039479644,0.2184518453\C,0,-1.7491111351,-1.6345667673,-0.613075291\C,0,-2.3556076112, -
0.4995514219,1.4233363823\C,0,-2.5662156216,-2.7052010233,-0.2544202819\H,0,-1.1870334504,-1.6458423519, -
1.5478417842\C,0,-3.1670469421,-1.5732906884,1.7822834094\H,0,-2.285
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2745099,0.3694828246,2.084025033\C,0,-3.2810031569,-2.6885805915,0.9465350756\H,0,-2.6475756883,-3.56 74878875, -
0.9211974685\H,0,-3.7230820022,-1.5381073181,2.7224066762\H,0,-3.9191000617,-3.5288589707,1.2260024192\C,0,-
0.7267563833,0.604629704,-0.1280111646\0,0,-0.2976254265,0.6709910608,-1.506822266\H,0,-
1.0416444532,1.5780340291,0.2821281036\\Version=ES64L-G09RevD.01\State=1-A\HF=-756.9035343\RMSD=6.172e-
09\Dipole=1.470795,-0.6760783,0.8835049\Quadrupole=-7.3982423,1.9382182,5.4600241 -
3.8719754,0.0993767,4.8661149\PG=C01 [X(C13H18B10O3)]\@

Intermediate G
OBpin

Arm -~
@108 ppm

1\I\GINC-LOGIN\SP\ARM062X\Gen\C13H18B103(1-)\JHIOE\16-Aug-2018\0\\#p mO 62x/gen int=ultrafine nmr geom=check
guess=read\\title\\-1,1\C,0,-5.1665668202,-1.0011423153,0.1598778365\C,0,-3.8174672924,-1.2920876112,0.1708424172\C,0,-
2.8022887926,-0.2602980211,0.0164482383\C,0,-3.3354705463,1.0832318183,-0.1505002077\C,0,-
4.6971261383,1.3317587236,-0.1554132639\C,0,-5.6562049865,0.3133158072,-0.0012808228\H,0,-5.8765434468, -
1.8263084626,0.2817986484\H,0,-3.4911108448,-2.3289648915,0.2990328095\H,0,-2.6312727676,1.9080811823, -
0.2744942146\H,0,-5.0336173914,2.3665256115,-0.2847457153\H,0,-6.7252460086,0.527992261,-0.0070463642\C,0,-
1.4606079293,-0.5462233741,0.0306606191\0,0,-0.5299863077,0.4939237104 -
0.119114358\B,0,0.7942653033,0.2768309382,-0.0746683198\0,0,1.3878303824, -
0.9466875224,0.1539690697\0,0,1.7143561716,1.2877074282,-
0.2556547351\C,0,2.9955161994,0.752128753,0.1184393335\C,0,2.7921147749,-0.7852226136, -
0.1159091878\C,0,3.2191553961,1.0884642086,1.5899468238\H,0,4.2135659697,0.7689206113,1.9316618664\H,0,3.13920148
18,2.1769718286,1.7214069537\H,0,2.4589412011,0.6078720168,2.2238197025\C,0,4.076952882 ,1.3837867815,-
0.7391597606\H,0,4.1613695063,2.4535368634,-0.4987311093\H,0,5.0507036774,0.9113295756, -
0.5421816684\H,0,3.8479132967,1.2901447161,-1.8083472535\C,0,3.5908169899, -
1.6787072959,0.815388368\H,0,3.3934824844,-2.7332871052,0.5737680337\H,0,4.6687784038,-1.4952845839,0.
6947927932\H,0,3.3181534567,-1.5109789526,1.8650930491\C,0,3.026322090 7,-1.1859784789,-
1.5692470069\H,0,4.093272135,-1.1522483273,-1.8303665927\H,0,2.6636740439,-2.2130172687 -
1.7180339214\H,0,2.4755116641,-0.5238811941,-2.2539639664\H,0,-1.0421232386,-
1.545733817,0.1561039054\\Version=ES64L-G09RevD.01\State=1-A\HF=-756.8875119\RMSD=9.027e-
09\Dipole=6.1732203,-0.3029483,0.0614667\Quadrupole=-29.5106229,14.5748531,14. 9357698, -
0.189417,0.2296481,0.5941862\PG=C01 [X(C13H18B10O3)]\@

Intermediate |

Bpin
Ar/‘_

066.4 ppm

T\I\GINC-LOGIN\SP\RM062X\Gen\C13H18B102(1-)\JHIOE\16-Aug-
2018\0\W¥pm062x/genint=ultrafinenmrgeom=checkguess=read\\title\\-1,1\C,0,3.7882225827,-2.6 124857025, -
0.1400350777\C,0,2.999497242,-1.4793838659,0.0234632562\C,0,1.570391986,-1.5196209061,-
0.0234026358\C,0,1.0180448517,-2.8210364965,-0.2541773951\C,0,1.8160900788,-3.9465404182,-
0.4153900104\C,0,3.2150856365,-3.8703024027,-0.363082723\H,0,4.8766705567,-2.5131063076,-
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0.0926217174\H,0,3.4848798376,-0.5136577633,0.1959686309\H,0,-0.0683559656,-2.9149571292, -
0.3017297187\H,0,1.3351388753,-4.91411160 ,-0.5882029485\H,0,3.8345249467,-4.7593011113, -
0.4916864019\C,0,0.7772687117,-0.3422448645,0.1451190665\B,0,-0.7125143694,-0.2142195782,0.0923865907\0,0,-
1.406441886,0.9895928571,0.3150502314\0,0,-1.643086951 ,-1.2352683663,-0.1811717144\C,0,-2.9494819271,-
0.7396279328,0.1116668537\C,0,-2.7634460601,0.8011865593,-0.0797536033\C,0,-3.2756949026, -
1.10578416,1.5591736622\H,0,-4.3008511336,-0.8189135403,1.8345637945\H,0,-3.1759191181,-
2.1942277671,1.6806490665\H,0,-2.5753748387,-0.6168178686,2.2528795914\C,0,-3.9579519705,-1.3788370343, -
0.8288778218\H,0,-4 .0385240237,-2.454285392,-0.6116852112\H,0,-4.95405682,-0.9292768788,-0.6987913876\H,0,-
3.6529160343,-1.2649696678,-1.8771201972\C,0,-3.6708086167,1.6612552876,0.7852696246\H,0,-
3.4863088695,2.7247256148,0.5721211391\H,0,-4.7301509691,1.4501638539,0.574139539\H,0, -
3.4820979211,1.4914315504,1.8532609939\C,0,-2.8894728214,1.2176522517,-1.5451845948\H ,0,-
3.9282683456,1.1611037625,-1.9010143998\H,0,-2.5435232102,2.2564108155,-1.6496668402\H,0,-
2.2621940382,0.5817314152,-2.1878853654\H,0,1.3542061273,0.5762126578,0.3190755932\\Version=ES64L -
G09RevD.01\State=1-A\HF=-681.6507621\RMSD=3.077e-09\Dipole=-3.2774466,0.6913671,-0.0583084\Quadrupole=-
8.8271727,0.8248718,8.002301,10.3571073,0.8081531,-1.15 02448\PG=C01 [X(C13H18B102)|\\@

E-Stilbene
Ph

faad

Ph

0148 ppm
1\1\GINC-LOGIN\SP\RMO062X\Gen\C14H12\JHIOE\21-Aug-
2018\0\W¥pm062x/genint=ultrafinenmrgeom=checkguess=read\\title\\0,1\C,0,-3.077834829,0.0286242605,-0.4723232408\C,0,-
1.686276038,0.0909490003,-0.5294393081\C,0,-0.9928148458,1.2335137843,-0.0971053299\C,0,-
1.7405127227,2.318046496,0.3969691768\C,0,-3.129368542,2.2554359611,0.4537760719\C,0,-
3.8057164835,1.1114290873,0.0199007814\H,0,-3.5950194352,-0.8698783335,-0 .8139401929\H,0,-1.1187713797,-
0.7590001724,-0.9155805779\H,0,-1.234586236,3.2216488175,0.741299131\H,0,-
3.6915661658,3.1074897768,0.8403981966\H,0,-
4.8952027702,1.0673728907,0.0665318217\C,0,0.4763461488,1.2387116712,-
0.1825598736\C,0,1.2889267672,2.244400186,0.186811481\C,0,2.7580988929,2.2495231727,0.101273051\C,0,3.5056391781,
1.1652403732,-0.3936059429\C,0,3.4517020459,3.3917566583,0.5342282197\C,0,4.8944908051,1.2277570289, -
0.4505290928\H,0,2.9995526394,0.2619413802,-
0.7384978035\C,0,4.84326943,3.4539718905,0.4770249424\H,0,2.8843336402,4.2415255467,0.9209621776\C,0,5.5709926927
,2.371411863,-0.0159603339\H,0,5.4565733291,0.3759184528, -
0.8377946439\H,0,5.3605869157,4.3521933366,0.8191806338\H,0,6.6604776628,2.4154064869, -
0.0626807249\H,0,0.9095757241,0.3200368998, -
0.5898063083\H,0,0.8557191858,3.1630297711,0.5941834483\\Version=ES64L-G09RevD.01\State=1-A\HF=-
540.6806169\RMSD=6.333e-09\Dipole=-.0000301,0.0000036,-0.0000083\Quadrupole=4.7427015,2.6050902, -
7.3477917,0.3341779,-0.707642,4.9858681\PG=C01 [X(C14H12)]\@
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5. Spectroscopic data
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Figure S20. 13C NMR of S2
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Figure S23. 13C NMR of S11

S-54



oOoN~NOTT® ©
- OoOOoown ]
NNNNNNO o~
—\

Me

("H NMR, 400 MHz, CDCl3)

298 =

4y 3
S o =1
NN -
T T T T T T T T T T T T T T T T T T T T T T T T
L0 11.5 11.0 10. 5 10. 0 9.5 9.0 8. 8.0 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)
H 1
Figure S24. “‘H NMR of Z-2a
-
O < 0N~ N O o
© Y D DO R o
®moNNN NN O -
vvvvv NN~ N
SN N
X
Me ‘
Me
("3C NMR, 100 MHz, CDCl3)
ll |
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S25. 13C NMR of Z-2a
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Figure S29. 13C NMR of Z-2b and E-2b
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Figure S33. 13C NMR of Z-2d
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Figure S35. 13C NMR of E-2d
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Figure S37. 13C NMR of Z-2e
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Figure S39. 13C NMR of E-2e

S-62



4.851
4284
- 4.269

NHBoc
(1H NMR, 400 MHz, CDCl5)

1.454

Figure S41. 13C NMR of Z-2f

S-63

I
i lL 1
i |
i s i i &
o~ o © © <
ee e « @ ©
<+ < o~ - © -
T T T T T T T T T T T T T T T T T T T T T T
.0 10. 5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4 4.0 3. 3.0 2.0 1.5 1.0 0.5 . 0
f1 (ppm)
Figure S40. *H NMR of Z-2f
3 RS NN O w© ~ @
g 5EREN goee 3 o
- rree NNNN < 34
\NOONLA N
AN
BocHN !
NHBoc
("*C NMR, 100 MHz, CDCls)
n ‘ J
‘20 2‘10 2‘00 1“)0 I‘RO 1‘70 l‘ﬁﬂ 1‘50 1"\0 1‘30 1‘20 1‘|0 I‘OU “)ﬂ 8‘0 7‘0 AU /{0 3‘0 Qn I‘(J ‘0
f1 (ppm)



48
46
28
26
07
—4.386
432
a3

BocHN O

("H NMR, 400 MHz, CDCl5)

1.47

T
6.5 6.0 55 50 4.5 4.0 3.5 3.
£1 (ppm)

Figure S42. *H NMR of E-2f

k] a8 I386 O Now© o °
0 ® G BN © nMmoQ < <
g ¢g dud AN 3 g
(WS S~~~
O NHBoc
X
BocHN
("3C NMR, 100 MHz, CDCl3)
| o \
‘20 2‘10 2‘00 1‘&!0 1‘80 |‘70 l‘ﬁn 1‘50 1‘/10 l‘.{ﬂ 1‘20 1‘]0 I‘OO “)(J R‘n ’1"0 éo :’lﬂ ,1‘0 :;0 50 1‘0 ‘(J

£1 (ppm)

Figure S43. 13C NMR of E-2f
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Figure S47. 13C NMR of E-2g
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Figure S49. 13C NMR of Z-2h

S-67



MeO E

TROOMONrOOROWLLLYTYTYTNNTT «— ©
R R RIS E R RS ®
NNNNNNNNNNNNNNNOOCOOGOBOOS ©
NN PR

(*H NMR, 300 MHz, CDCls)

T d
eeexe 2
o NN w
T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 Lo 0.5 0.0 .5

MeO E

£1 (ppm)

Figure S50. *H NMR of E-2h

@ & &s 88N Now 0

@ © o © > 0= T oW ~

o) el N N - - I o]

4 - - - - NN~ ©
I N IS N

OMe

S

("3C NMR, 75 MHz, CDCl3)

i _

T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
£1 (ppm)

Figure S51. 13C NMR of E-2h

S-68



I NHBoc

("H NMR, 400 MHz, CDCl3)

Figure S53. 13C NMR of Z-2i

S-69

PR 4
2R%8 &8 S
ppipHPN I Y e
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1. 0 3.5 3.0 2.5 2.0 1.5 1.0 . 5
f1 (ppm)
- 1 -
Figure S52. *H NMR of Z-2i
P 38 8389« NNowm o
8 g5 883 Sena e
- e T r v o NN~ N
VERVERN -
BocHN
O \I
NHBoc
("3C NMR, 100 MHz, CDCl3)
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
f1 (ppm)



BocHN O

("H NMR, 300 MHz, CDCl3)

oo T
5 33 8
- © N o~
T T T T T T T T T T T T T T
). 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.
£1 (ppm)
- 1 -
Figure S54. “H NMR of E-2i
R 8 28 BR§ oo
8§ 835 ¥§ abe N
B 88 88 &pe NN
NN VN NS

NHBoc

BocHN O A O

("H NMR, 75 MHz, CDCl5)

MM o ,.‘njw‘m“‘vijjiﬁli \' ‘Wuw L Ll j‘iﬂ

28.34

Wi

r T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80

£1 (ppm)

T
70

T
60

Figure S55. 13C NMR of E-2i

S-70

T
40

T
30



("H NMR, 300 MHz, CDCl,)

W LU

00z
poroL
T 60T
)

£1 (ppm)

Figure S56. 'H NMR of Z-2j

859
oo.mhw
vLL

6E9LL
€9°LLL /
99°LLL
€8°02L
65712l s
€262l
nw.mmvw
S50€L
Ly8elL ~
[VAr44%
88°ZhL >

NHPh

e

("3C NMR,75 MHz, CDClj)

30

40

Figure S57. 13C NMR of Z-2j

100

10

120

130

140

150

160

170

T
180

T
190

00

S-71



B8
mm.L

$6'9

96'9

96'9

96'9
16'9
86'9
86°9 -
669
66'9
66'9 ]
z0'L ]
202
20°2]
602 ]
6021
60°L
oLz
oLz
(13
Wz
Wz
zLL
2L
9]
L
£2'L
szl
9z'L
9z'L
1zl
8z'L
8z'L
62'L
6Z'L
0g'L
Le'L
zeL

NHPh

PhHN

("H NMR, 300 MHz, CDCl3)

j YN

£1 (ppm)

Figure S58. 'H NMR of E-2j

859

VLl

G9'GLL
wv.tv#
86°LLL V
L6l
eLieL s/
81821
mm.mmvw
09621
9v'8EL —~

86°CVL N\
ov'eEvL —

NHPh

PhHN

("3C NMR, 75 MHz, CDCl3)

—l

60 50 40 30

70

Figure S59. 13C NMR of E-2j

100

10

120

130

140

150

160

170

T
180

T
190

r
00

S-72



29—
09z'2
yreL /
eve L
298°L
69¢°L
zLEL ]
91572
s8¢eL ]
z6¢L |
26¢°L
ozv'L]
8zv'L ]
zErL
oEv'L
Wy L
svy'L
vsv'L
09v°L
99¥°L
Slv'L
9vSL
1SS°L
LSS°L

O

("H NMR, 300 MHz, CDCl3)

Ph

= 8

proo
=p1
= 00"

£1 (ppm)

Figure S60. *H NMR of Z-2k

859/
002, W
VLl

86'5Z1
€021l
ezt
6.°/21
z8l2L
S9'821
vN.riW
8v'0€l
Y9 LEL
Y60Vl
BN

OO

("*C NMR, 75 MHz, CDCl3)

Ph

50 10

60

T
90

Figure S61. 13C NMR of Z-2k

160

170

T
190

T
200

S-73



LSTL
oLeL
6L8°L
98¢
26€°L |
£0v'L
20v°L 1
0Sv°L
ssvL
1oz
oLy
Slv' LA
£6vL
66v°L
7052
12572
225°L 7
28572
svs'L
15572
15572
$29°L
2€9°2
992
1oL ]
259'L
659°L
v99°L
€517
6SL°L
S9L°L

Ph

Z

Ph

("H NMR, 300 MHz, CDCl3)

£1 (ppm)

Figure S62. *H NMR of E-2k

869
00°LL W
evLL

or'szi
sy'szh
65°921
61221
ov'Lzh
12824
Nm.wNFW
L6zl
0L 28b~
SOLPL~N
[N

Ph

Ph

("3C NMR, 75 MHz, CDCl5)

I

T
100 90 80 70

110

£1 (ppm)

Figure S63. 13C NMR of E-2k

130

T
190 180 170 160

T
200

210

S-74



19'9
102
z0'L
£0°L
v0°L
912
112
IVE
81°L
81°L
61°L
0Z°L A
0Z'L
2L
1272
[2AVR\
€22
€27
vz'L
vz
9z
9z'L]
8z'L]
L]
stz
ov'L]
nor
2]
8vL]
962

96°L 1
L8°L

("H NMR, 300 MHz, CDCls)

=002
1z
z°L
2°0
/€2
=02

£1 (ppm)

Figure S64. *H NMR of Z-2I

€1000 09'92
€10a020°LL 7
€10a0 v¥'LL

(A r4%
mw.wmr/
s8'vel

L9zl ~
v6'L2L

oo.riN
18'82L

wm.omr\
mm.vmr\

G9'/€L

("3C NMR, 75 MHz, CDCl5)

_ Ju“l

10

20

100 90 80 70 60 50 10

110
£1 (ppm)

Figure S65. 3C NMR of Z-2|

20

190 180 170 160 150 140 130

200

210

S-75



01°2y

("H NMR, 300 MHz, CDCl5)

£1 (ppm)

Figure S66. *H NMR of E-2I

85°9L
002, W
VLl

leeet
vevel
96'v2lL
Le°521L

[4R-r4%
20’8z fF
wm.wﬁ\
€z'6zt
mw.vﬁx
LLLEL
Syl —

("3C NMR, 75 MHz, CDCl5)

1L

130

60 50

70

T T
100 90

110
£1 (ppm)

Figure S67. 13C NMR of E-2I

20

T
190 180 170 160 150 140

T
200

210

S-76



40

620 —

897
)
0Z°L

0z'L7

Nm.h_

€9°L

O I TMS E A ™S
TMS

("H NMR, 300 MHz, CDCl3)

=002

151
= % sT's
= Sv's

£ 962
7 et

ve'L

£1 (ppm)

Figure S68. *H NMR of Z-2m and E-2m

NN.TV.

859/
oo.nuw

VLl

6€°921
S9°921
§G°221
0821
69821
2L821 A
61821
98821

88'8Z1

ez6z1
PERCIE
zriel
8g'Lel ]
65'2€L
68'€el |
€5°9€1 |
9g°9¢el
2107

B R L

€8'0vL 7

]WMWMMW

O ™ g
O S O X T™MS
T™MS

("3C NMR, 75 MHz, CDCl5)

b

10

20

40

70 50

90

Figure S69 . *C NMR of Z-2m and E-2m

110

T
180 170 160 150 140 130

T
190

r
00

S-77



691

("H NMR, 300 MHz, CDCl5)

0've

£1 (ppm)

Figure S70. *H NMR of Z-2n and E-2n

£8'vC
88'¥C >

85°9L
00°LL W
TvLL
GL'€e8
688 v.

9€'9Z1L
L€7221
0°821L
25°821L
Lz'6zL
9g6Zt
vL'0EL -

8€°LEL
88°ZEL
9¢°EEL

v8'€EL
96°'S€EL
95°9¢€L
99°9¢€L

ok

9€°92Z1

e722L "
10'82L —
z5'82L —
12621~
9£'6ZL —
PL0EL

8€LEL —

88zl —
9€°eelL —
v8'eEL —

9G°G€L —

95°9EL
99'9gl

T T
130 129 128 127

133 132 131

136 135 134

137

Bpin l N
I Bpin

f1 (ppm)

Bpin O X O Hpin

("3C NMR, 75 MHz, CDCl3)

ll

10

30

10

60

70

90

Figure S71. 13C NMR of Z-2n and E-2n

170

S-78



6597
ma.h/
siLa|
912~
812
8127
6L°L]
1z'2]
vz
922
9Z'L ]
1z°L]
172
oe'2
ze's]
mmi
se'L

9g7L

8gL

6v°L

052

1s7L

ST
et

.20 7.15 7.10 7.05

7.40 7.35

50 7.45

7.

=L
0°C
€1
A&A
8'C
8T

H—.N
6L

£1 (ppm)

Figure S72. *H NMR of Z-20 and E-20

8592
002, W
cvLL

A

Cl

CIH‘D X i'ﬂ0|

Cl

C

("3C NMR, 75 MHz, CDCl3)

110

T
120

130

£1 (ppm)

Figure S73. 3C NMR of Z-20 and E-20

S-79



09'9

18'9

88'9

88'9

68'9

68'9

68'9

06'9

06'9

06'9

16'9

16'9

z6'9

z6'9

£6'9

£6'9

€6'9

v6°9 |
¥6'9
¥6'9
56'9
569
96'9 |
16'9 1
26'9
26°9
66'9
00°Z
00°Z
WL
1027
90°2
VL]
g1
6172
61°L]
0z
0z'2]
122
1z ]
zeL
zeL
€21
€21
ve'L
ve'L
sz
sZL
9z
L
8z'L
8z'L
0L
1L
ze'L
veL
seL
1872

("H NMR, 300 MHz, CDCl3)

(ppm)

Figure S74. *H NMR of Z-2p and E-2p

1

86792

0022

[

vLThL g
€0°EL |
SLpLL
svrLL
€9'LL
16'vLL
ve'SiL o
£9°GL1
85221 |
19221 |
1S'V2L
L9'p2L |
5.8zl o
82'821
v262L %
S8'621
90°0EL ;“
0L°0EL
zzoel
18'8EL
26'8EL
oL'6EL
0z'6EL

Y0191

25191 V
62V9L 7
LL¥9L /

vLcLL
foen
EIRITRN
ervLL—
8&:\
16vLL
vm.m:\
€9°5LL

8s'cel
Lg'zel V.
PAcp 4%
Lo'velL
G/'82L
8L'82L
v.6cl
G8'62t
90°0€L
oL0o€l
zzoel

112

114

('3C NMR, 75 MHz, CDCl5)

80 70 60 0

90

110

130

140

T
190

210

(ppm)

Figure S75. 13C NMR of Z-2p and E-2p

f1

S-80



_-113.734
N 113773

("°F NMR, 282 MHz, CDCl3)

J A

T T T T T
110.5 ~-111.0 -111.5 -112.0 ~-112.5 -113.0 -113.5 -114.0 ~-114.5 -115.0 -115.5 ~-116.0 ~-116.5 ~-117.0 ~-117.5 ~-118.0 ~118.5 ~-119.0 ~-119.F

£1 (ppm)

Figure S76. *°F NMR of Z-2p and E-2p

S-81



0€'z—
sv'z—

€19
06'9
169
z6'9
£6'9
£6'9
v6'9
$6'9
$6'9
56'9
16'9
66'9 1
002
10°2
v0°L |
2027
1072
60°L
60°L
60°L |
(PR
L]
z1L
3.&
s1L

sz
S1°2
Ve
oLL]
L]
nve
81
8Lz
6L°L
0z'L
0z'L
1L
1L
zzL
£Z'L
9z'L

("H NMR, 300 MHz, CDCl5)

=009
=L£0

0T
1LY

A4
Ve
80

€10

£1 (ppm)

Figure S77. *H NMR of Z-2q and E-2q

8861 —

85°9L
oo.mmw
cvLL

9e'5ZL /
16'921

B.mﬁ#
zvezL
16621

LLU9EL N
1r9gL 7

g

("3C NMR, 75 MHz, CDCl5)

110

T
120

130

140

150

T
160

170

T
180

T
190

00

£1 (ppm)

Figure S78. 13C NMR of Z-2g and E-2q

S-82



vvvvvvvvvvv

li OMe

("H NMR, 300 MHz, CDCl5)

3.83

5.0 4.5
£1 (ppm)

Figure S79. *H NMR of Z-2r and E-2r

E 583538 ¢ 3
5 CEEREIE NI 8
B e - N~~~ [t}

N/ <
OMe
X
Ii OMe
("3C NMR, 75 MHz, CDCl5)

| Hll g . ‘

2‘10 2‘[)0 1‘90 1‘80 1‘70 I‘60 1‘50 1‘10 1‘30 1‘20 I‘lO I‘OO ;O N‘D 7‘0 E‘i() ‘0 1‘0 ;O 2‘0

£1 (ppm)

Figure S80. *3C NMR of Z-2r and E-2r

S-83



321
SL'L
SL'L
VL
8L

9z L~
9z'L \W
8ZL
6Z°L")
1e2]
gL
1e°L ]
zeL
££°2 ]
gL ]
v
ve's]
9t ]
182
182
8eL
8eL
6eL

Ph

Ph

('H NMR, 300 MHz, CDCl5)

=002

m\é—.u
e

18°€
6'9
26'C

£1 (ppm)

Figure S81. *H NMR of Z-2s

85°9L
0022 W
cvLL

SG8'9ZL
NOKN_.W
€zlLeL

2

v6'L2L
8’62l
;,mNr\

96'62L

0€'sEL
€0 LYl

eV LYl

Ph

Ph

("H NMR, 75 MHz, CDCl3)

T T T T T
200 190 180 170 160 150

210

£1 (ppm)

Figure S82. 13C NMR of Z-2s

S-84



& 3%3I385 &
h‘ w\i‘\ww\;a ©
OMe
/ O
O OMe
MeO OMe
("H NMR, 400 MHz, CDCl3)
| A
I
ol
PR i
‘.O l(‘).S 1(;.0 9‘.5 9‘.0 R‘.B 8‘.0 7‘.5 7‘.0 6‘.5 6‘.0 5.5 5‘.0 1‘.5 /1‘.0 l!‘.S 3‘.0 _" 1. ¢ .0

£1 (ppm)

Figure S83. 'H NMR of Z-2t

160.46
— 138.96
— 130.54
—106.73

77.32

77.00

76.68

L
\ 6.

—99.90

= i OMe
T,
MeO foMe

OMe
("H NMR, 100 MHz, CDCl3)

|

55.22

T T T T T T T T T T T T T T T T T T T T
250 240 230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

Figure S84. 1*C NMR of Z-2t

S-85



("H NMR, 400 MHz, CDCl5)

—7.26
—7.01
67
67
41
40
40
3.83

OMe

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5
f1 (ppm)

Figure S85. 'H NMR of E-2t

< - v @ ©

- = - © o N o ® ©

=3 ] <] ¥ o RN @

© ® N © o ~N~© 0

- - - - - NN~ r]
[ ~-

OMe

("H NMR, 100 MHz, CDCl3)

| L | .

T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

Figure S86. 1*C NMR of E-2t

S-86



0€6'S —

("H NMR, 300 MHz, CDCl3)

£1 (ppm)

Figure S87. *H NMR of Z-2u

8592
oo.nnw
VLl

68°00L —

£2'80L ~
188017

zg'zel —

v8'821L —
SLLeL —

pSOvL ~
9e Lyl

("3C NMR, 75 MHz, CDCls)

110

T
120

130

140

50

160

T
180

T
190

r
00

£1 (ppm)

Figure S88. 13C NMR of Z-2u

S-87



LL6'S —

€LL9
0089 /
1589 /

8889
¥68°9

S16'9 \
0269
820°L
ve0'L

092,

0\

(J

<

("H NMR, 300 MHz, CDCl3)

=00V}

zloz

£1 (ppm)

Figure S89. 'H NMR of E-2u

o
verof <€

MHNN._‘
T
180
10C

85°9L
oo.nnw
VLl

80'L0L 7
9€'50L ~
0¥'80L ~

S

lr4%
89921 —
mm.rmr/

80° LYk~
(X4

<O

O

("*C NMR, 75 MHz, CDCl3)

110

T
120

130

140

50

160

T
180

T
190

r
00

£1 (ppm)

Figure S90. 1*C NMR of E-2u

S-88



]
s
ro
S
kS
= =
Mo
B
L= >
o0 ﬂ.—é
85'92
Lo N oo,RW
Y— 2N
° o
R <
- S
=S
-
[ < 60221
L % om.nﬁ/
© 96'€zL
=00z | _ (<5 Nm.mmr\
6L [ — s5°9zt
60 > 66621/
oL | - (&) sveeL’,
. et [~ = sveeL
> R0z LL 9681
m M/Sd LS
O
£ >
o
o
™ °
- rs
x -
= =
< <
I [=
=
~ w

ﬂl

Figure S92. 1*C NMR of Z-2v

£1 (ppm)

I ' ” .
S-89

200 190 180 170 160 150

('3C NMR, 75 MHz, CDCl5)

210




("H NMR, 400 MHz, TCE-D,)

oheaS
- oo
T T T T T T T T T T T T T T T T
10. 5 10.0 9. 9.0 8.5 8.0 7 7.0 6. 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 .0 .0
f1 (ppm)
Figure S93. *H NMR of E-2v
8338253982 cdg
NS
y O b O )
("H NMR, 100 MHz, TCE-D,)
| llh
T T T T T T T T T T T T T T T T T T T T T T
2 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)

Figure S94. 13C NMR of E-2v

S-90



6599
2999
999'9

099
s609
s8L°LA\

0612
€1z L
61z
092°2
61eL]
rzeL ]
vzeL
1veL ]
ose 2
eseL ]
96 ]
26v°L |
z05°L

v0s°L

6L5°L

985°L

("H NMR, 300 MHz, CDClj)

6L
0°2,
8°0)
L

zTL[

8°0)
JMN.N
0°2,

£1 (ppm)

Figure S95. *H NMR of Z-2w

85°9L
0022 W
cvLL

99°90L —
90 LLL —

SyigL ~
ICEIRN
eV LZL ~
L9621 —
orzer

LSyl —

€0PSL —

('3C NMR, 75 MHz, CDCls)

Figure S96. 13C NMR of Z-2w

140

150

T
190

S-91



8.L'9
08’9 W
s8L'9
S6L'L
09Z'2—
L1vL~
6Ly'L”
9612
862
0052
€05°L
805°L
szs2 ]
625
529'L ]
0€9°L
8zLL
VeLL
veLL

Ay

0
\

('H NMR, 400 MHz, CDCl5)

=L6'L

=00°|

H\dc.e 0

6L
02|

£1 (ppm)

Figure S97. 'H NMR of E-2w

89°9L
002, W
e LL

8990 —
€5 LLL —
L06LL —
o6'ccl —
68'L2L

96°.L21) v
69¢CeElL ~

LS'GPL —

65 V5L —

o)
\

N
0

3C NMR, 100 MHz, CDCls)

A

30

10

50

70

90

110

140 130

150

£1 (ppm)

Figure S98. 1*C NMR of E-2w

S-92



oL~
1ge
6€'97
6€'9 1
691
ov'9 |
69 |
69 |
0591
0591
199
002
10°L
v0'Ly
502
Lz f
[{9R )
zLLA
IR !
yiL~%
v /f
0z'L7
\ZL|
zzL
£z

9Z'2
oes ]
zeL]
6v°L]
052
152 ]
zs'2]
8.&
192

19°L

19°L

SLL

sLL

sLL

oL

("H NMR, 400 MHz, CDCl3)

L1671
Vo
H\‘\ac.u
0°Z
192
2eg0
50

B 61

¢
0

£1 (ppm)

Figure S99. *H NMR of Z-2x and E-2x

£82¢
26°2¢ >

89°9L
0022 W
e LL

SL'L0L
217101 >
04801~
se'60L 7
L0'6L1 /
z0°0ZL
se'LzlL V
80°€ZL —
8T'L2L ~
reszL f
8,821
98'8Z1
oL'6zt
0z'6Z1
89'6Z1
YR
LZ'9EL

X
N
N

3C NMR, 100 MHz, CDCl5)

4
N

\

£1 (ppm)

Figure S100. **C NMR of Z-2x and E-2x

S-93



aL'z—
Lee—

sv'9
mq.w%
1597
ss9/
z0'L
oz
e1L
s
v
s12
912
0z’
0z
zzL]
£z ]
9z ]
seL
sez ]
5.&
8L

£1 (ppm)

Figure S101. *H NMR of Z-5a

NHAc

X

("H NMR, 300 MHz, CDCl3)

zze—
€92 —

85°9L
0022 W
cvLL

ve6LL —
89'8C1L
Nw.wN_\W.
z6'8Ch

Lg6ctL “\“

862l
cveel
sevel
29'9gL
€8°9€L

91'891L —

O

X

Me

89'8Z1
z8'8zL

z6'82L

L562) %

18621

oAV

creelr — —
STvelL — —

29'9€L ~
€8'9eL

JI

NHAG
("H NMR, 75 MHz, CDCls)

128

Figure S102. **C NMR of Z-5a
s-94

130

132

136 134
£1 (ppm)

150

138
160

140
190 180 170

200

210




50z
0z /
6v'z /
6v'z
05z
15z
152

e
9L
8L'L
L
L
6v'LT
Nm.h\
15°L
09°L

00°0L —

OO

("H NMR, 300 MHz, DMSO-dg)

Me

=00'¢
£66'C

61
%4

102
Whu.v

560

T T T
10.0 9.5

L0 1.5 11.0 10.5

£1 (ppm)

Figure S103. *H NMR of E-5a

18°0C —
L0ve —

69'8€
96'8¢€
v2'6€

25°6€ ¢
08'6€
80°0%

Seor

vo6LL —
zzozL
8,921
Nm,omrw
mo,NNr\
Nm,mNr\
hm.rmr\\‘
LY'vEL
cL9eL
zL8el

92’891 —

OO

("*C NMR, 75 MHz, DMSO-dg)

Me

30 20

10

70

110

140 130

150

210

£1 (ppm)

Figure S104. 13C NMR of E-5a

S-95



0S°'L —

Lez—

9€'9
m?.@/
259
nm.cV
1597
269
z6'9f
Nm.c%
¥6'9 -]
5697
569
102 ]
0°L |
S0
1wz
zve]
e12
vz
2.&
s12 ]
Lz
9z'L

NHBoc

e

("H NMR, 300 MHz, CDCl3)

280
Fere
JeoL
e
ra4
R4

0.5 .0

0.0

0.5

f1 (ppm)

Figure S105. 'H NMR of Z-5b

€zle—

1£8C —

85°9L

cvLL
0508 /

vLLLL
K.w:/
mm.mNr/
vm,wmr/
€8'82L
18'82L
1A%
SvoeL —
€0VEL >
v6'vEL
06'9¢t I
82'8¢EL

0e'8el

992G —

NHBoc

e

("3C NMR, 75 MHz, CDCl5)

150

T
160

170

T
180

190

00

f1 (ppm)

Figure S106. **C NMR of Z-5b

S-96



veL—

9€'T —

6v'9 —
mm.c/
S0°L

E.\.V
z1L-]
siL
s
o
s
812
8L
61°2]
612 ]
o0z'2
L
SZ'L
9Z'L
2L
6Z°L
6€°L
ov'L
Wi
VL
09°2
192

NHBoc

('H NMR, 300 MHz, CDCl5)

W =€0'6
- o'

- Fl18'0

== W\Mmm
J— 8L
=R

a0

= e

£1 (ppm)

Figure S107. *H NMR of E-5b

9z’le —

S€'8C —

8592
oo.nnw
cvLL Vi
9508

m._\.m_\_. /
h?h_\r
Leer /
\44°T4%
NV.NN_\/
86'8CL

91624
L8624 /
LveL

95°LEL T
Nq.mmr\
99°8¢€L

07251 —

NHBoc

ok

("H NMR, 75 MHz, CDCl5)

T T T T T
200 190 180 170 160 150

210

£1 (ppm)

Figure S108. **C NMR of E-5b

S-97



e
°
o
©
°
L2V —
®
I
°
- ]
o
Fs
o
©
- (&)
Lo _H_u
8992
vez— 282 | N SyAN
Le 00LLF
~ Y= zeLL
(@)
o
Cox
. =
° L°2
s == I
-
| . 6v°9LL
2 Nl (o)) B.NZW
ok . o 29 LLL
Fa LS — 8,021 >
65'S — 20 = “ wn ssizL
- ® 68821
. o 6821
88§ M b Tho - - 61621
1 s
5591 ° > \z62L
£8'9 rs (@] v9'62L
589 L 6801
. — © .
S.oé o > pooz L2 szyel
989 o = oy LL9€EL
989\ T © %o; . v9'8eL
sg'of = () 2oz o oLzyL
o/ .
MNML w C H/m—.m LLeyL
©
.q - |
oee] N :
002 I -
S.J \ = @
ol o w
902 S L=
- ©
80°L <
2.& R o
vLL] x [
sLL
s1L = o
9L zZ e
L
L I L2
8L < =
6L ©
9z'L b

30

10

50

60

70

90 80

100

Figure S110. *C NMR of Z-5¢
S-98

110

140 130

1H|M MM

NHPh

180

190

e

("3C NMR, 100 MHz, CDCl3)

200




9zLe—

9€Z
L'
£6'9
¥6'9 -
¥6'9
$6'9 -
96'9 e
969
96'9 —————= =00¢
969 L
16'9
169
26'9 °
86'9
26'9
z0°L P
y0'L e
80°2
80°2
60°L Fa
60°2
oLz
oL 9
oLz
oLz
(1) B
199 L
zLL
z1L -
[AVE % Fa
VR
912 B Ta.o

LIVE L
zTL
zT'L
€272
£TL
ST'LA

9T°L A
LT°LA
8Z°LN\
62°L

6Z°L
0gL]
oc'L] \
ez

e ]
6eL]

orL
WL
Wzl

89°9L
0022 W
e LL

65'SHL
Nos:/
16211
vEBLL %
bze~
zyozL
HOHA
91821 F
wmvmmr\
15621
PrvEL
ss Br\

LL8€L
| 00°€vL
S

LEEVL

£1 (ppm)

Figure S111. *H NMR of E-5¢

NHPh

NKeaN©®e

EREEEPE

("H NMR, 400 MHz, CDCl3)

Figure S112. 3C NMR of E-5¢
5-99

e L

NHPh
200 190 180 170 160 150

210

("3C NMR, 100 MHz, CDCl3)




03
58
55
50
47
42
42
32
31
31
3.66
2.30

Me
("H NMR, 400 MHz, CDCl5)

s

g L% &

Se  a39 N

e e o
T T T T T T T T T T T T T T T T T T T T T
). 0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

£1 (ppm)

Figure S113. *H NMR of Z-5d

© NN ~

< N OB © - No® ) -

=] P2OYO PO © ™~ ®e e M N

© OOEOONNN S o NN © © <

- FerEevr- < o [N © ~
S I N

Me
("3C NMR, 100 MHz, CDCl5)

Lol M ' | .

T T T T T T T T T T T
20 210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 50 10 30 20 10
£1 (ppm)

Figure S114. 3C NMR of Z-5d

S-100



9€'ZT —

€8¢ —

8€'9
6€°9
6€°9
99'9
199 /

16'9
(203
S0°L
60°L~\E

9L~

m_‘.h\

9z'L
ov'L
ov'L
WL

[A 03

Me

MeO

OMe
("H NMR, 400 MHz, CDCls)

FL1'E

=001
=20z
Mez
Re0'z

z0L'T

4.5

£1 (ppm)

Figure S115. *H NMR of E-5d

Lze—

8€°65 —

0L9L
No.mmw
€€LL

£€8°66 —
o'yl —

6v'9ZL
O
s16zk
oq.mNFM
vEvEL
19°2€1 \
so'6EL

167091 —

Me

X

MeO

OMe
("3C NMR, 100 MHz, CDCl5)

£1 (ppm)

Figure S116. 3C NMR of E-5d

S-101



159
199
€99
199
vie
sL'9
109
109
6.9
6.9
889
689
699
169
169
169
269
z6'9
169
1679
869
669
66'9 1
002 |
102
102
z0°2
z0°2 7
v0'L
202
195
gL
YLLA
SLLA
8LL]
61°L7
612
612
0z'L]
0z’
0z
1zL]
zzL]
zzL
2z
€22
£zL
veL
9z'L
oL
L
L
L
L
sv'L
orL
1w
8s°L
65°L
19°L

[3: 2

MeO

X
OMe

("H NMR, 300 MHz, CDCls)

200'€
ssL

~/S6'T
oz

£1 (ppm)

Figure S117. *H NMR of Z-5e and E-5e
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Figure S122. 13C NMR of E-5f
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