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I. Optimization of reaction conditions for synthesis of products 3

Table S1 Optimization of Reaction Conditions?®

OH

———Ph
O,CHQ/ o K/IESe Ph
@N * Pheeseph  —arayst (:ﬁLN Ph
N/)\O\ Solvent N/)\O\
70 °C
1a 2a 3aa
Entry Catalyst (eq.) solvent Yield (%)®

1 FeCl; (2.0) CH,Cl, 33

2¢ FeCl; (2.0) CH,Cl, 34

3 FeCl; (2.0) DCE 30

4 FeCl; (2.0) NMP 32

5 FeCl; (2.0) Toluene 31

6 FeCl; (2.0) DMSO N.R.

7 FeCl; (2.0) DMF N.R.

8 FeCl; (2.0) CH,CN N.R.

9 FeCl; (2.0) CH;OH N.R.
10 FeCl; (2.0) 1,4-dioxane 60

11 FeCl; (2.0) CH3NO, 78

12 Cul (2.0) CH3NO, No
13 FeCl;-6H,0 (2.0) CH3NO, 90
14¢ FeCl,-4H,0 (2.0) CH3NO, Trace
154 FeCl,-4H,0 (2.0) CH3NO, 63

16 FeCl;-6H,0 (2.5) CH3NO, 91

17 FeCl;:6H,0 (1.5) CH3NO, 70
18¢ FeCl;+6H,0 (2.0) CH3NO, 72
19f FeCl;-6H,0 (2.0) CH3NO, 85
208 FeCl;-6H,0 (2.0) CH3NO, 91
21h FeCly-6H,0 (2.0) CH5NO, 90
22 FeCly-6H,0 (2.0) CH5NO, 90
23 FeCl;-6H,0 (2.0) CH3NO, 85
24K FeCl;:6H,0 (2.0) CH;NO,/H,0 89
25 - CH3NO, 0

aReaction conditions: 1a (0.2 mmol), 2a (0.2 mmol, 1.0 eq.), catalyst (0.4 mmol, 2.0 eq.), solvent (2.0 mL), under air atmosphere, at 70 °C
for 2 h. » Yields based on isolated ¢ The reaction was carried out under argon atmosphere. 429 h. ¢at 60 °C. fat 80 °C. £ 0.75 eq. of
PhSeSePh was used. ' 0.60 eq. of PhSeSePh was used. 10.55 eq. of PhSeSePh was used. §0.50 eq. of PhSeSePh was used. ¥20%-30% mL

of water was added in the solvent of CH;NO,.



II. '80-Labeling Experiment

l +TOF MS: 0.1887 min from Sample 1 (Sample008) of 220324PCS-44.wiff Max. 5826.0 cps.
2=5.73422390756029800e-004. 10=2.08972011577896890e+000 (DuoSpray ())

177 T50H

piats 0 SePh
525.1082
140 N”Ph .
i P 80H
=z 120 N)\©\ > o SePh
@
S 100 |
2 3aa-1°0 527.1098 N” “Ph
) 5201118
a0 3aa-'%0

5170 5180 518.0 5200 §21.0 5220 5230 5240 525.0 526.0 5270 5280 §29.0 5300 5310 5320 5330 5340 5350 538.0 537.0 5380
miz, Da

II1. X-ray Single Crystal Diffraction Data of 3ca
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Bond precision:

c-C = 0.0077 &

Wavelength=

0: 71073

Cell: a=12.5627(11) b=14.7048(7) c=14.8441(7)
alpha=90 beta=90 gamma=90
Temperature: 293 K
Calculated Reported

Volume 2742 .2(3) 2742 .2(3)

Space group Pi21: 271 2% P 21 2121

Hall group P 2ac 2ab P 2ac 2ab

Moiety formula C32 H28 N2 02 Se 0.33(C32 H28 N2 02 Se)

Sum formula C32 H28 N2 02 Se S s e e
SeD.33

Mr Ly ) 183.84

Dx,g cm-3 1.336 1.336

Z 4 12

Mu (mm-1) 1.400 1.400

F000 1136.0 1136.0

FO0O0’ 1136.02

h,k, lmax 17,20,20 17,18,20

Nref 7671 4266] 6380

Tmin, Tmax 0.313,1.000

Tmin’

Correction method= # Reported T Limits:
MULTI-SCAN

AbsCorr =

Data completeness= 1.50/0.83

R(reflections)= 0.0474( 4030)

Theta (max)= 29.521

Tmin=0.313 Tmax=1.000

wR2 (reflections)=
0.0981( 6380)

S = 0.998 Npar= 338
VI. Copies of NMR Spectra
TH-NMR of 3aa (CDCl;, 400 Hz)
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13C-NMR of 3aa (CDCls, 100 Hz)

2300
r2200
2100

2000

-1900
1800
1700
1600
+1500
-1400
r1300
1200
1100
1000
900
800
-700
r600
500
r400
r300
r200
100
0

100
—200

86¥'1e—

a9 —

09€'0Z1
16842}
0v9LZL
(WEJTAS
798421
9c0'8Z1L|
09Z'82 1
hog'8zL|
089'8ZL-
£zL8T)]
118824
0Ze'62)
LLERAAR §
SSLPEL]
966'vE L
goLseL ]
996'9¢}
LEvigt
1SZOPL
9Lg iyl
A
0egzol

SePh

~
3aa

et

180

200

140 120 100 80 60 40 20
f1 (ppm)

160

'"H-NMR of 3ba (CDCl3, 400 Hz)

4000

3500
3000

2500

r2000

+1500

+1000

500

P88°Z-,
5062

UL
fA/rA 4
80Z"¥
esz v
SEEV
93955,
2999
0e0'L
6€0°L
veeL

o T AV ]
€822
T4
£62°L
£Les
gee’l
8662
.vwm..‘.W
€452
mt..h\

ver'e
£rre e

F00°L |

»00°}

00°L |

e
NOQF“NQQ
ooo

oooo
) v P NN

=660 |

0.0

1.0

4.0 3.0

5.0
1 (ppm)

13C-NMR of 3ba (CDCls, 100 Hz)

6.0




F13UY
1200

~1100
+1000

900
1800
1700
1600
500
400
1300
1200
100
100

okf28?
069°22}
JAYAFAAY
906°221
8l0'8¢t
Lzraet
ggL'azi
[13-k:144
969'3¢}
56.°821 1
9.£'62 11
C00°0€ L
0ELPEL
9e8've Ly
022°9E L
98€°GE L
8¥0°.L¢E _.W
9.0°.¢}

zovzvL’
La8PaL—
LIk,

180

200

140 120 100 80 60 40 20
1 (ppm)

160

'H-NMR of 3ca (CDCls, 400 Hz)

r34000
32000

30000
+28000
r26000
24000
22000
20000
~18000
~16000
~14000
12000
~10000
8000

r6000

4000
r2000
2000

LT}
88¢ _.V
6EL L

6C6'2

h.vm.wv
Vv96'C

1862

0817
€021
ZITY
qnm.,%
ore'y
65,
€299
7991
16691
oL
091 L1
612 L1
2y |
967 L1
.wwm.h._ﬁ
LgL [
929°L
61971
FLIVAN

Sq.m
N S.mw
oer's
ger'g”

o

=00'9

F160

e AT

b

=0l
=00°}

e

-

00T+
¥ -

100°Z
s8LL
2007

“00°¢
=00°¢

lu.J -00°}
90t
— =00}

=p0°L -

9.0 8.0 7.0 6.0 50 4.0 3.0 2.0 1.0 0.0
f1 (ppm)

10.0

13C-NMR of 3ca (CDCls, 100 Hz)



r2500

r2000
~1500
-1000
r500

[43-344
600'vZ

29LveE—

c88%i?

6¥1'921
cov'izi
8952}
8921
L1821
ooo'ggh
9l¢'8gt
£8y'agi
MWisely
59.'8¢}
£2E°6C1
C96°CE L
8L0VELT
LLESEL

(BRI
608°9¢}
sgLzel’

v —
0LELSL
696751~
197°2Z91~

SePh

180

200

140 120 100 80 60 40 20
1 (ppm)

160

'H-NMR of 3da (CDCls, 400 Hz)

2 O O O O © © © o © o

2 0 0O O OO0 O O p OO0 O O OO o o o o I=)

2 O 0O O O OO OO O o O OO0 0o oo O O O O o

PO M~ O O F 0 N — O QO O O 0O O O O O O —

EE L R S R Sy R RNy it @D S M e Y

1S81— Ly ~00'6

7262 J ;

Sm.mv < 00

06L'%

el

zzzy 1
Gk == +00°}

ey .M 2061

ol "

98€'v

89538, <

v£9'9 5 1

6869 n o

loLL -

1812 I

V6Z'L O Z K

6TL o Zz @ 002

90€'L = 002

zzes B 901

evEL T

ViS4 & =00°§

cmm.hw =0¢

1851 . £00°L

YroLf
0zF'8-~, Ll :
S — =00t

105

3.0 20 1.0 0.0

4.0

6.0

7.0

8.0

9.0

f1 (ppm)

BC-NMR of 3da (CDCl;, 100 Hz)



~1400
-1300

+1200

r1100
~1000
900
800
r700
600
500

400
300
200
100
r0

r-100

PiTIE~
988've—

958'19—

oreozh
££0'5¢t
vrviTL
L95°z¢t
169°221
188’22t
L0821
0Z¥'821 |
80582}
8¥. '8¢l
LSE'6E L
£PSCE L
L20°7E L
291°8E b

9zz'gel
LLL9EL

LoLIEL

208271
955°€5 L~
156751~
89129l ~

"
Y

T

SePh

180

200

140 120 100 80 60 40 20
1 (ppm)

160

'H-NMR of 3ea (CDCls, 400 Hz)

o O 0 O O O 00  © oo © o o o o o o
o O O O O O 0O 0O O O 0O O O 0O oo oo o o o
o n o n O uny o n o mn O n o nw o un o 9 mn
D i b R P PG 10 LR B SRR s DO
990t — < oo
ogg'e
]
P =00°¢
0zzv B w SOl
ZIEr—+ —— 00}
155,
o
1029 m
€089
9289 c O
ee0l o
250°L o s
2zT L 2 _ =
evT LT HIV|A
ssTiy O z © 100°Z
LzL W o /N K Jooz
i
1 590°L
205°24| Gl
8Lg'Ly 00°¢
¥85°L fzoe
GLL JS._.
o'l
76£8- b
g 00l

20 1.0 0.0

3.0

8.0 7.0 6.0 5.0
f1 (ppm)

9.0

10.0

13C-NMR of 3ea (CDCls, 100 Hz)



+2100

2000
~1900

1800
1700
~1600
~1500
~1400
~1300
1200
~1100
+1000
900
800
F700
600
500
r400
300
200
100
100
200

687'55—
£€08°19—

SeTELL
9z 021
0£g' L2l
289°L2L
694221
616121
600°821
80C"8Z1
095°82 11
gLLgeLy
62e6z1|
9Ev0eL
LEPE :f
ev0'gel |
gelgel+
056'9¢ _.%
vLVIEL
008°2¥L—
SZLPSL,
620191
ZIrzoL~

20

40

OCH,
60

SePh

80

100
f1 (ppm)

120

'H-NMR of 3fa (CDCl, 400 Hz)

180 160 140

200

6.0

O O 0O O 0O 0O 00 © g o 0o o o o

O O O O O O 0O O O O O OO o o o

O < NN O 0 © ¥ N O 0 O < N O o~

TR I o LR LY I Tl T T !

T68T— Tsr

Z6Lv -

sZT YL < m _ e -h ¢860

wmmdﬁ o N 86°0

268 s

n

1029

190°L

080°L ©

8elL &

IshL

691°L1

2LT L

61T L1 | ooz

88z’ L

m_Nq.L ___Mg.m

hﬁ.h% B w kao.m

1p9 L 500°¢

$95' L 002

£95° L =00°¢

wlil- w%._.
0oL}

0o0r's

ESW =00°}

0zr'8

10.0

4.0 3.0 20 1.0 0.0

5.0
f1 (ppm)

8.0 7.0
I3C-NMR of 3fa (CDCls, 100 Hz)

9.0



r2400

2200

2000
1800
~1600
1400
-1200
1000
800
600
r400
200

—200

688°19—

g6e'02t
088'vel
gel'lgl
8ll'lzL
658°L¢2}
068°.¢t
FARIR: 1A
LgL'aet
864821
L0¥'621
YZE0EL
60E°LEL
PELPEL
SEEPEL

£6CPELL
192884
v169c}
£SELSL
vezivL’
296254
990294+,

Br

SePh

180

200

140 120 100 80 60 40 20
1 (ppm)

160

'H-NMR of 3ga (CDCls, 400 Hz)

o [=) (=) [=] (=) o o [=) o
(=] (=] o (=] (=] [=) [=) (=] (] (=]
Q uwy (=] w Q wn Q un (=] (=]
2 Y F 0 & & § ¢ T 8% o

i

|
687 - [Feso

) O

8617 < i
LeThL } e ¢860
09T s & g mhm.o‘
=
869'9
8902 o Z\ s
101 o z -
svhL
90z'L
rzah
692 L1
2Lzl
6.Z14 = 4002
682°L1 (002
EE:W = — 4201
8654 002
9954 7 oo}
5151 E 700’k
6vLs’ = 00'L|
Lor's
cov's o0k
12r's
cev'g!

9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0
f1 (ppm)

10.0

13C-NMR of 3ga (CDCls, 100 Hz)

10



2000
1900
-1800
~1700
~1600
~1500
1400
1300
~1200
1100
~1000
900
800
F700
+600
500

400
300
200
r100

~100
~200

6.8'19—

£680Z1
veszzL
992221
8¥8LZ1
598221
BLOBZL
GL1BZL
BYEBZL
$8.°8211
207621 |
BEHOEL]
888°C |
831 VS L
00¥¥E 1
z9z'sek|
iy
gl69eL/
zreLg]
8ez Lvh
ZLEESL—
180291+

Cl

3ga

180

200

140 120 100 80 60 40 20
1 (ppm)

160

'H-NMR of 3ha (CDCls, 400 Hz)

+7000
6500

6000

+ 5500

5000

+4500
+4000

3500

3000
2500

2000

+1500

1000

+-500

nre
12T
1927 |

Z0Ev |
SEEV |
189°9
009
286°9
600°L
1€0°L
£V0°L
290°L
Z80°L
9gL'L
ySLL
zLLL
09Z°L 1
59Z°L |
622°L1
882°L 1
£62°L 1
00€°Z1
80€°L 1
€952 1
085°L A
865°L 1
vvLL
v9LL
v08°L
108°L
5z8'L
Nvm.hw
Spe'L
vy~
oy

Fes o

\w\mo.r
6'0

95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 3.0 25 20

1.0 0.5 0.0

1.5

1 (ppm)

11



Z
<
=

of 3ha (CDCl;, 100 Hz)

O Nt~ OO TN WO
NOOMONIKNK®DNM— o 1500
MOMNRT- OO~ OM O

891
394
207
936
313
274
012
180

135

137
137

1
1

= 1400
1300
OH 1200

SePh
0 i 11100

N7 ~Ph 1000
N’)\©\ 900
E -800

1700
600
500
400
300

200
100

100

200 180 160

120 100 80 60 40 20 0
f1 (ppm)

140

19F-NMR of 3ha (CDCl;, 376 Hz)

r7000

-109.609

6500
OH 6000
SePh L5500
N~ Ph 15000
2 4500
E 4000
r3500
3000
+2500
2000
r1500
~1000
500

~500

0 20 -40 -60 -80 -100
1 (ppm)

-130 -160 -190

12



'H-NMR of 3ia (CDCls, 400 Hz)
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I9F-NMR of 3ia (CDCl;, 376 Hz)
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13C-NMR of 3ja (CDCls, 100 Hz)
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