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General information

!H- and 3C-NMR spectra were recorded with a JEOL JMN ECS400 FT NMR NMR (*H-NMR 400
MHz, 3C-NMR 100 MHz). *H-NMR spectra are reported as follows: chemical shift in ppm relative
to the chemical shift of CHCIs at 7.26 ppm, integration, multiplicities (s = singlet, d = doublet, t =
triplet, m = multiplet), and coupling constants (Hz). 3C-NMR spectra reported in ppm relative to
the central line of triplet for CDCls at 77 ppm. ESI- and APCI-MS spectra were obtained with
JMS-T100LC (JEOL). HPLC analyses were performed on a JASCO HPLC system (JASCO PU 980
pump and UV-975 UV/Vis detector). UV spectra were recorded on JASCO v-770. FT-IR spectra
were recorded on a JASCO FT-IR system (FT/IR4100). Column chromatography on SiO. was
performed with Kanto Silica Gel 60 (40-100 pum). Commercially available organic and inorganic
compounds were used without further purification. Photoirradiation was performed with LED lamp
(PER-AMP, Techno Sigma Co., Ltd.).

General procedure for the preparation of 2.
3,5-Dimethyl nitrosobenzene was prepared according to the reported procedure.t

(for R=H)

NaOH, toluene/H,0 | A

| N ON R reflex, 2 h o) Z

© NZSNH, > o
o 2 (for R = Me) OH N\©/R
R 20% KOH aq, pyridine 1
. o . . 100°C,2h
6-Amino picolinic acid Nitrosobenzene R
1a (R = H: 40%)
Step 1 1b (R = Me: 20%)

1) HBTU, Et3;N, DCM | \
OH rt, 24 h O ] NZ N
1 + NH, - S/N N R
2) MsCl, DMAP, EtsN
Ph DCE,0°C »>70°C N \Q/
24 h (S)-2 It

2a (R =H)
Step 2 and 3 2b (R = Me)

(39% over 2 steps)
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Step 1 (for R =H)

To a solution of 6-aminopicolinic acid (829 mg, 6.0 mmol) and NaOH (2880 mg, 12 eq.) in
toluene/H20 (6 mL/30 mL) was added nitrosobenzene (643 mg, 1.0 eq.) at room temperature. The
solution was allowed to warm up to 100 °C. After being refluxed for 2 h. the solution was cooled to
room temperature and washed with toluene to remove unreacted nitrosobenzene. Then, the
remaining aqueous phase was neutralized with 1 M HCI (20 mL) and extracted with EtOAc (20
mLx2). The combined organic layer was dried over NaxSO4 and concentrated under reduced
pressure to give crude mixture. The mixture was purified by silica gel column chromatography
using hexane-ethyl acetate as an eluent to provide la.

Step 1 (for R = Me)

To a stirred solution of 6-aminopicolinic acid (691 mg, 5.0 mmol) in 20% ag. KOH (25 mL) and
pyridine (10 mL) was added a solution of 3,5-dimethhylnitrosobenzene (1014 mg, 1.5 eq.) in
pyridine (40 mL) at 100 °C. After being refluxed for 2 h at 100 °C, the solution was cooled to room
temperature, neutralized with 1 M HCI (20 mL) and extracted with EtOAc (20 mLx2). The
combined organic layer was dried over Na:SO4 and concentrated under reduced pressure to give
crude mixture. The mixture was purified by silica gel column chromatography using
hexane-acetone as an eluent to provide 1b.

Step 2 and 3 (two-step procedure)

To a stirred solution of 1 (0.5 mmol), EtsN (0.14 mL, 2.0 eq.) and (S)-phenyl glycinol (89 mg, 1.3
eq.) in DCM (7.1 mL) was added HBTU (247 mg, 1.3 eq.) at room temperature. The stirring was
continued under nitrogen atmosphere at the same temperature. After being stirred for 24 h, the
reaction mixture was washed with sat. NaHCO3 (15 mL) and the organic layer was dried over
Na>SOs followed by removal of the solvent under reduced pressure to give crude mixture. The
mixture was purified by silica gel column chromatography using hexane-ethyl acetate as an eluent
to give amide product (contained tetra methyl urea: coproduct generated from HBTU), which was
used in the next step without further purification.

To a solution of the amide (0.25 mmol), DMAP (12 mg, 0.4 eq.) and EtsN (0.1 mL, 3.0 eq.) in DCE
(2.3 mL) were added methanesulfonyl chloride (25 uL, 1.3 eq.) at 0 °C. The solution was allowed
to warm up to 70 °C. After being stirred for 24 h, sat. NaHCO3 (15 mL) was added to the solution.
The resulting mixture was extracted with DCM (10 mL). The combined organic layer was dried
over Na,SO4 and concentrated under reduced pressure to give crude mixture. The mixture was
purified by silica gel column chromatography using hexane-acetone as an eluent to provide pure 2.

SI-3



Analytical data

Characterization of new compounds and 5.

la: 40% yield; dark orange solid; *H-NMR (400 MHz, CDCls) & 8.37 (dd,

J =78, 09 Hz, 1H), 8.17 (t, J = 7.8 Hz, 1H), 8.07-8.02 (m, 3H),

7.62-7.57 (m, 3H); ®C-NMR (100 MHz, CDCl3) & 164.17, 161.41,
152.02, 145.95, 140.65, 133.09, 129.37, 125.32, 123.70, 117.89; HRMS
(ESI) calcd for C12H9N302Na: m/z ([M+Na']) 250.0587, found 250.0584;

IR (KBr) 3047, 2849, 2592, 1704, 1578, 1452, 1332, 1277, 1146, 778, 680 cm™

1b: 20% yield; orange solid; *H-NMR (400 MHz, CDClz) § 8.36 (dd, J
= 7.6, 0.9 Hz, 1H), 8.15 (t, J = 7.6 Hz, 1H), 8.02 (d, J = 7.6 Hz, 1H),
7.66 (s, 2H), 7.25 (s, 1H), 2.45 (s, 6H); 3C-NMR (100 MHz, CDCl3) &
164.29, 161.61, 152.30, 146.16, 140.50, 139.12, 134.78, 125.12, 121.50,
117.38, 21.15; HRMS (ESI) calcd for C14H13N3O2Na: m/z ([M+Na'])
278.0900, found 278.0897; IR (KBr) 2915, 2504, 1720, 1589, 1452,

1342, 1266, 1162, 1129, 866, 772, 685 cm™

B
OI N/ N
I

(S)-2a : 39% yield (over 2 steps); orange solid; *H-NMR (400 MHz,
CDCls3) 6 8.32 (dd, J = 7.8, 0.9 Hz, 1H), 8.11-8.06 (m, 2H), 8.00 (t, J
= 7.8 Hz, 1H), 7.91 (dd, J = 7.8, 0.9 Hz, 1H), 7.57-7.52 (m, 3H),
7.40-7.29 (m, 5H), 5.50 (dd, J = 10.1, 8.5 Hz, 1H), 4.96 (dd, J = 10.1,
8.5 Hz, 1H), 4.46 (t, J = 8.5 Hz, 1H); ¥C-NMR (100 MHz, CDCl3) &

163.52, 162.91, 152.21, 146,51, 141.71, 139.04, 132.41, 129.12, 128.81, 127.79, 126.84, 125.55,
123.86, 115.36, 75.46, 70.42; HRMS (ESI) calcd for CaoHisNsONa: m/z ([M+Na']) 351.1216,
found 351.1209; IR (KBr) 3052, 2959, 2921, 2893, 1632, 1589, 1573, 1436, 1364, 1150, 1107,

1074, 981, 762, 701 cm™™

|\
O’ N/N
Il

5N

N. ; ‘Me
Me

(S)-2b: 39% vyield (over 2 steps); red oil; *H-NMR (400 MHz,
CDCl3) 6 8.30 (d, J=7.3 Hz, 1H), 7.99 (t, J = 7.8 Hz, 1H), 7.89 (d,
J=7.2 Hz, 1H), 7.73 (s, 2H), 7.40-7.29 (m, 5H), 7.18 (s, 1H), 5.50
(dd, J = 10.3, 8.7 Hz, 1H), 4.95 (dd, J = 10.3, 8.7 Hz, 1H), 4.45 (t,
J = 8.7 Hz, 1H), 2.41 (s, 6H); 3C-NMR (100 MHz, CDCls) &

128.79, 127.76, 126.81,

163.56, 162.90, 152.38, 146.41, 141.70, 138.98, 138.77, 134.11,
125.39, 121.69, 114.96, 75.44, 70.35, 21.16; HRMS (ESI) calcd for

Ca2H20N4OsNa: m/z ([M+Na*]) 379.1529, found 379.1524; IR (KBr) 3063, 2959, 2915, 2860, 1638,
1567, 1442, 1364, 1277, 1129, 1107, 981, 849, 817, 745 cm’*
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(R)-5a%3*: 95% vyield (Table 2, entry 6); white solid; *H-NMR (400

O O
\\S’QNH MHz, CDCls) § 7.62 (t, J = 7.8 Hz, 1H), 7.30-7.25 (m, 1H), 6.83 (q, J =
@ b )\ 7.2 Hz, 1H), 6.69-6.65 (m, 1H), 5.01-4.91 (m, 1H), 4.46 (s, 1H), 4.33 (d,
N J =12.8 Hz, 1H), 1.97-1.85 (m, J = 13.5, 6.7 Hz, 1H), 1.77-1.68 (m, J =

14.1, 7.8 Hz, 1H), 1.62-1.54 (m, 1H), 1.01 (d, J = 2.4 Hz, 3H), 0.99 (d, J
= 2.4 Hz, 3H); 3C-NMR (100 MHz, CDCls) § 142.42, 133.23, 124.73, 118.86, 116.21, 64.80, 43.64,
24.05, 22.57, 22.28; HRMS (ESI) calcd for Ci1H1sN202SNa: m/z ([M+Na']) 263.0825, found
263.0824; IR (KBr) 3381, 3222, 2953, 2866, 1605, 1567, 1496, 1326, 1287, 1156, 1085, 926, 745,
559 cm; HPLC conditions: Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20, 1.0 mL/min,
250 nm, tR = 7.6 min (major) and 16.8 min (minor).

5 (R)-5b%*: 76% vyield (Scheme 2, under dark); white solid; *H-NMR (400 MHz,
S<NH CDCl3) 6 7.64-7.61 (m, 1H), 7.31-7.25 (m, 1H), 6.86-6.81 (m, 1H), 6.69 (m,
©: ) 1H), 4.76 (dd, J = 13.3, 4.6 Hz, 1H), 4.47 (s, 1H), 4.32 (m, 1H), 2.06-1.97 (m,
( 1H), 1.11 (m, 6H); 3C-NMR (100 MHz, CDCls) § 142.68, 133.26, 124.75,
122.58, 118.83, 116.24, 70.55, 32.05, 17.64, 16.62; HRMS (ESI) calcd for
C11H16N202SNa: m/z ([M+Na*]) 249.0668 found 249.0666; IR (KBr) 3358, 3326, 2967, 2869, 1602,
1575, 1488, 1326, 1281, 1161, 1080, 905, 748, 569 cm™; HPLC conditions: Daicel Chiralpak OD-H
column, n-hexane/'PrOH = 80/20, 1.0 mL/min, 250 nm, tR = 8.3 min (major) and 30.1 min (minor).

(R)-5¢c*: 81% yield (Scheme 2, under dark); white solid; *H-NMR (400

“NH MHz, CDCl3) § 7.61 (d, J = 7.8 Hz, 1H), 7.29-7.25 (m, 1H), 6.85-6.81
@ S~ | (m, 1H), 6.67 (d, J = 8.2 Hz, 1H), 4.94-4.88 (m, 1H), 452 (s, 1H), 4.36
(d, J = 12.8 Hz, 1H), 1.78 (g, J = 7.0 Hz, 2H), 1.57-1.36 (m, 4H), 0.94 (t,
J = 7.0 Hz, 3H); 3C-NMR (100 MHz, CDCls) § 142.49, 133.26, 124.73, 122.54, 118.82, 116.18,
66.18, 34.47, 26.32, 22.21, 13.83; HRMS (ESI) calcd for C11H1sN202SNa: m/z ([M+Na*]) 263.0825,
found 263.0826; IR (KBr) 3375, 3225, 2950, 2917, 2858, 1700, 1592, 1483, 1317, 1167, 1142, 742,
558 cmt; HPLC conditions: Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20, 1.0 mL/min,
250 nm, tR = 7.6 min (major) and 17.5 min (minor).

(R)-5d*: 54% vyield (Scheme 2, under dark); white solid; *H-NMR (400

O\\S/’(\) MHz, CDCl3) 6 7.64 (d, J = 7.8 Hz, 1H), 7.41-7.28 (m, 6H), 6.85 (t, J =
@ )NH oBn 7.8 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 5.14-5.08 (m, 1H), 4.80 (s, 1H), 4.68
H o (d, J=12.8 Hz, 1H), 4.60 (s, 2H), 3.80 (dd, J = 10.1, 2.7 Hz, 1H), 3.68 (q,

J = 5.0 Hz, 1H); 3C-NMR (100 MHz, CDCls) & 142.33, 136.67, 133.31,
128.70, 128.38, 128.05, 124.65, 122.76, 119.08, 116.84, 73.79, 69.98, 64.69: HRMS (ESI) calcd for
CuH1sN202SNa: m/z ([M+Na']) 263.0774, found 263.0767; IR (KBr) 3364, 3239, 3027, 2864,
1607, 1569, 1488, 1389, 1362, 1308, 1281, 1150, 1123, 1064, 738, 693, 580, 547, 514 cmt; HPLC
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conditions: Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20, 1.0 mL/min, 240 nm, tR =
18.3 min (major) and 26.1 min (minor).
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Photoisomerization experiments of 2 and 2-La complexes

Photoisomerization of 2a

oj/(j\ 365 nm | > N;
O N\
r NN — ¢ NN
N N - N

4. ¢ 2a (E) only: A max=317 nm
= 365 nm, 5 min
37 448 nm, 5min
4
< 2
1 -
0 . . —-I-%__,._—'
250 300 350 400 450 500 550

Wavelength (nm)

Fig. S1 UV-Vis spectra of 2a (250 uM) in MeCN.

365 nm, 30 min (PSS: E/ Z=56:44)

f
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Fig. S2 'H-NMR of 2a (8 mM) in CDsCN.
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Photoisomerization of 2a-La(OTf)3

2a-La(OTf)5 (E) only: A max=339 nm

365 nm, 5 min

v
— 448 nm, 5min

Abs.

250 300 350 400 450 500 550
Wavelength (nm)

Fig. S3 UV-Vis spectra of 2a-La(OTf)3 (250 uM) in MeCN.

E only / W{w )

4’ 365 nm, 30 min (PSS: E/ Z=8:92) \
\ | ‘w\ J’U‘ UJ\ ﬂJ‘uL“

m 448 nm, 30 min (PSS: E/Z=77:23)
I

il
_,W\JU“WJUJLUA"U“ jwa

ML J}U S VR )U]J'L«Juu JﬂLJhw

86 85 84 83 82 81 80 79 78 77 76 15 74 13 72 71 10 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42

Fig. S4 'H-NMR of 2a-La(OTf)3 (8 mM) in CDsCN.
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Peak shifting of (E) or (Z)-2a after coordination to La(OTf)3

Hm'Hp \> 1 ‘\
M ’H‘ W

h

H
| J M ‘
M ﬂ,,[ W H

Il

T T T T T
80 79 78 77 76 15

\ I ‘J,f\“ Coordinated E ligand to
\ La(OTf)3 (1.0 eq.) h “‘” (\
Jul

Fig. S5 Comparison of (E)-2a and (E)-2a-La(OTf)3 (8 mM) in CD3CN: Ho was shifted and
broadening, and Hm-p were splitted, supporting coordination of azo group with slow Cphe-Nazo

U‘J\Lw

rotation.
/(H‘iL H Ho
S
OY@\N‘N M "M !l M” i
| $’N AW W Free Z* ligand (E/Z* = 56:44%)
Ho
e * |
e e I |
‘1‘”0‘ “H \WL

74 73 72 11 70 69 68

Coordinated Z ligand to
|

|

|
U ” }‘ l thv La(OTf)3 (1.0 eq.) ﬁ LM

U
Fig. S6 Comparison of (Z)-2a and (Z)-2a-La(OTf)z (8 mM) in CD3CN: H, and Hp were assigned
but there was no apparent peak shift, supporting azo group was not participating into coordination.
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Photoisomerization of 2b

Me Me
| A
0 Z 365 nm N
| N '}ll - 0 l N 2N
N Me ) N” °N”
Ph 448 nm SfN
Ph
Me
4 2b (E) only : A max=317 nm
w365 nm, 5 min
3
448 nm, 5min
3
e
< 2 4
1 -
0 T T _-.\-.—_-7 T I 1
250 300 350 400 450 500 550
Wavelength (nm)

Fig. S7 UV-Vis spectra of 2b (250 uM) in MeCN.

E only

—

0.97

-~

101
="
1.02

365 nm, 30 min (PSS: E/ Z = 24:76)

|
_M_JL__JJLJLL_._JA‘“ U}M\___JUM_JL il ! AJJJ

448 nm, 30 min (PSS: E/ Z=84:16)

JUMJJWMM . 0 I, %

6.46
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Fig. S8 *H-NMR of 2b (8 mM) in CDsCN.
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Photoisomerization of 2b-La(OTf)3

35
3 | 2b-La(OTf); only : A max=338 nm
25 | 365 nm, 5 min
w 27 m— 448 nm, S5min
£
< 15
l 4
0.5
0 . . : . . .
250 300 350 400 450 500 550

Wavelength (nm)

Fig. S9 UV-Vis spectra of 2b-La(OTf)z (250 uM) in MeCN.

Me
H.0
td
E only
fi f g / g L
e h -
365 nm, 30 min (PSS: E/ Z=8:92)
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T T T T T
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Fig. S10 'H-NMR of 2b-La(OTf)3 (8 mM) in CDsCN.
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Peak shifting of (E) or (Z)-2b after coordination to La(OTf)3

Ho | N
\‘h‘ TN H,
“ N N Me
‘\ Ph
[l Ho
[ Me
Ho | .
| e Free E ligand H0
kN | )
BN . . e u L
1
1 \‘.
1 s‘”‘\
. I
1 I . .
v A\ Coordinated E ligand to H,0
'| La(OTf)s (1.0 eq.) e ‘
! |
! i 77 76 75 H‘ ‘
J’UM" (b‘fd \ I h Jjj V L
8.‘0 7‘.0 6‘.0 5‘.0 4‘.0 3‘,0

Fig. S11 Comparison of (E)-2b and (E)-2b-La(OTf)s (8 mM) in CD3CN: H, was shifted to indicate
coordination of azo group.

Ho
HP \H‘ Me Me

.y l Me
~ JU ) ‘\M_ Hg H, l

® |

A 2N
‘\“ 0 | N N
H‘ N
N I Ph
_J UL

Free Z* ligand (E/Z* = 24:76%) Hz#

wot * ]

* * ,‘ "l , % ‘\ * * ‘ I\
_m;m____J\JleJi_JL__J'M)“L‘L Jul H L il s LIJ L,J/‘ HJW

Coordinated Z ligand to
La(OTf)3 (1.0 eq) H,
|
| 1
lLL\J ) J‘x’u‘\w\ UL J\ Y |l 1l / \uL_JL
“e0 7 T 60 7 so 7 s T 30

Fig. S12 Comparison 'of (2)-2b and (Z)-2b-La(OTf)3 (8 mM) in CD3CN: Ho and Hp Weré assigned
but there was no apparent peak shift, supporting azo group was not participating into coordination.
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Table S1. Solvent effect on the PSS.

R R
| D 365 nm, 30 min | D
O ~ e} Z - N
, N7 N > SJ N7 N
Ul
N R - N
Ph (E)-2 \©/ 448 nm, 30 min Ph (Z)-2
2a(R=H) R
2b (R = Me) solvent (8 mM)
entr 2 solvent 365 nm 448 nm
Y EiZ® Eiz®
1 2a 56:44 83:17
MeCN-d;
2 2b 24:76 84:16
3 2a 53:47 88:12
toluene-dg
4 2b 23:77 88:12
5 2a 63:37 86:14
THF-dg
6 2b 35:65 87:13
7 2a 50:50 88:12
CDCl3
8 2b 20:80 88:12

@ Determined by '"H-NMR
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Half-life of (2)-2 and (Z)-2-La complexes

128 T12=433 h
124 R y=-0.0016x + 12638
e R®=0.9942
™
& 12 -,
E Yug
E 116
112 "
1.08
0 10 20 30 40 50 B0 70 BO ag 100
Time (h)

Fig. S13 First order kinetic plot for the thermal reisomerization of (Z)-2a at 20 °C in CD3CN.

215
T12=10.5h

2.05
y =-0.0011x + 2.0132
1.95 RZ=D.988

185

175

In[(2)-2a-La(OTf),]

165

155
0 50 100 150 200 250 300 350

Time (min)

Fig. S14 First order Kkinetic plot for the thermal reisomerization of (Z)-2a-La(OTf)s; at 20 °C in
CD3CN.
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182
§-... Ty2=193 h

. y =-0.0036x + 1.B087
178 R*=0.994

18

176

In[(Z2)-2b]

174 'y
172
17

168
0 5 10 15 20 25 30 35 40

Time (h)

Fig. S15 First order kinetic plot for the thermal reisomerization of (Z)-2b at 20 °C in CD3CN.

205 T]/2= 7.7 h

Ty y =-0.0015x + 2.0043

R*=0.9979
195 -

18

185

In[(Z)-2b-La(OT¥),]

18

175
0 20 40 60 BO 100 120 140 160

Time (min)

Fig. S16 First order kinetic plot for the thermal reisomerization of (Z)-2b-La(OTf)s at 20 °C in
CD3CN.
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Mass spectra of (E)-2a-La complex

A cationic Lo-RE(OTf)2" (L = 'Pr-Pybox) can be observed for the tridentate Pybox, according to the
previous report by Aspinall.> The observed spectra for (E)-2a (Fig. S17) also showed Lo-La(OTf),"
(L = (E)-2a) and it agrees well with the theoretical spectra (Fig. S18).

| N
7
0 NN La(OTf); (0.5 eq.)
N N > L,-La(OTf),"
PH L THF, rt, 1 h
(E)-2a Caled for CazHazFsLaNgOsS2*: miz ([M*]):
1093.0747 found 1093.0758
MS-166_APCI_1223 #20 RT: 027 AV: 1 NL: 0.84E5 r=———=—====-===- I
T: FTMS + p APCI corona Full ms [500.00-1500.00] I I
I 1093.0758 I
7 |
] I
9000003 : I
] I
8000007 I |
3 I
] I
7000003 I "
E I
3 I
6000003 I "
= 3 1 |
g 500000 1 1
£ ] I 1094.0800 |
= 400000 I I
] I
300000 . :
200000 | 1095.0823 :
1000007 1083.5071 : |
E I
] I
0 T T T T T ! l| T T T T T T T T T T T T T T T 1 T T T T T T T |I T T T T
1082 1084 1086 1088 1090 1092 1094 1096 | 1098

s e e e e s e e = =T =

Fig. S17 APCI-MS spectra of Lo-La(OTf).* (L = (E)-2a)

100 - 1093.0747

90 A
80 4

60
50 | 1094.0748

(%)

40 A
30 4

20 1 1095.0814
10 |

1090 1092 1094 1096 1098

Fig. S18 Theoretical spectra of Lo-La(OTf) 2" (L = (E)-2a)
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(A)
Ligand: (E)-2a only

® /., l f Ligand/La = 2:1 complex ' ' !
) L. \ I I
—F/ML/\.J‘ ‘LWJ M‘;_,.//’ \\ ! J\,Hd‘ JU‘U’\
(©) ,'I,'”/ [ W /\\ Ligand/La = 1:1 complex ! ! !
’ ] | i ]\ 1 ,
_‘,J"MVKR\ JU\‘WW“,/} ‘\\«M-.AJN H‘M" \M N MIWWHH‘JUU J\J‘V\w

T T y T T T T T T T T T y T T T T y T T y T y T y y y T y T y T y y T T T T T T T T T T T T
86 85 B84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41

Fig. S19 Comparison of the *H-NMR spectra of (A) (E)-2a, (B) (E)-2a + La(OTf)3 (0.5 eq.),
and (C) (E)-2a + La(OTf)3 (1.0 eq.) (8 mM, CD3zCN).
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General procedure for the 2-RE(OTTf)s catalyzed enantioselective intermolecular cyclization of
sulfonamide 3 and aldehyde 4 (Table 2).

(S)-2 (5 mol%)

0.0
s RE(OTf)3 (2.5 mol%) O\\S/P
CLr - S e Oy
NH; o toluene, -10 °C, 4 h N)"’/)\
LED (365 nm) H
3 4a 52

The following procedure was conducted under nitrogen atmosphere and photoirradiation with LED
(365 nm). To a flame dried test tube equipped with LED were added (S)-2 (5 mol%) and toluene
(0.7 mL). Photoirradiation was started and the solution was stirred for 30 min at 0 °C. After that,
RE(OTf)3 (2.5 mol%) was added to the solution and the stirring was continued for another 30 min at
0 °C, followed by the addition of MS4A (17 mg), 3 (12.1 mg, 0.07 mmol) and 4a (7.5 pL, 1.0 eq.)
at -10 °C. After 4 h, the mixture was pathed through short pad of silica and washed with EtOAc to
give crude mixture. A small part of the mixture was taken and purified by preparative TLC (eluent:
hexane-ethyl acetate) to immediately complete HPLC analysis in 1 h. The rest of the mixture was
purified by silica gel column chromatography using hexane-ethyl ethyl acetate as an eluent to
provide 5a.23# The reaction under dark was conducted without LED.

Although 5a is reported to racemize at room temperature,? it did not proceed during the course of
reaction and after the immediate purification with preparative TLC (Table. S2). The racemization of
HPLC sample in 'PrOH was sufficiently slow (T12-6.2 h at 20 °C) to ensure all of the obtained ee
value (Fig. S20).

Table S2. Time course measurement of the ee of 5a

(S)-2a (5 mol%)
La(OTf); (2.5 mol%)

MS4A
3 + 4a > (R)-5a
toluene, -10 °C, time
under dark
entry time (h) ee of 5a (%)
1 1 669
2 2 679
3 3 687
4 4 679
5 4 68°

@ Determined as crude state. “After purification with preparative TLC.
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7}, = 6.2 h (20 °C)

45
l. y = -0.1114x + 4.2256
4 T R? = 0.9949
_ e . 994
e TR
}5% ss 4 T
= 1 T
o
...... .
25 :
0 2 1 6 8 10 12 14

time (h)

Fig. S20 Racemization rate of (R)-5a in 'PrOH monitored by HPLC (20 °C). HPLC conditions:
Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20, 1.0 mL/min, 250 nm.

Fig. S21 Reaction setting with LED (left), and LED apparatus (PER-AMP) (right).
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Reaction condition optimization

Table S3. Initial condition screening and solvent effect.

(S)-2b (X mol%)

| ~ ! RE(OTf)3 (5 mol%)
0 _ . \\S// o \\S//
7 NN @E NH; /U\)\ MS4A _ ©: “NH
N N Me NH, H 365 nm or under dark N)*",,)\
Ph (S)-2b E solvent (0.1 M), 0°C H
E 3 4a (1.0 eq.) 19-22 h 5a
Me I
entry LED X RE(OTf)3 solvent yield (%)? ee (%)
1 365 nm 87 6
5 Sc(OTf)3 DCM
2 under dark 86 19
3 365 nm 20 21
10 Sc(OTf)3 DCM
4 under dark 95< 38
5 365 nm 76 26
10 La(OTf) DCM > +23% ee
6 under dark 89 49
7 365 nm 88 30
10 La(OTf); toluene > +33% ee
8 under dark 92 63
9 365 nm 78 0
10 La(OTf)3 MeCN
10 under dark 48 4

a Determined by "H-NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Table S4. Metal screening.

Ph

(S)-2a (10 mol%)

B 5 0, RE(OTH); (5 mol%)
(@) ~ ' \S/ e} \\S//
N e SN el 4
N NH H 365 nm or under dark N)*"”)\
(S)-2a ' 2 ¢ R
' oluene (0.1 M), 0°C H
5 3 4a (1.0 eq.) 8h 5a
entry RE(OTf)3 LED yield (%)?  ee (%)
1 365 nm 95< 32
La(OTf), ) +33% ee
2 under dark 95< 65
3 365 nm 95< 23
Eu(OTf)s > +41% ee
4 under dark 95< 64
5 365 nm 79 41
Gd(OTf)s > +28% ee
6 under dark 77 69
7 365 nm 95< 30
Yb(OTf)s ) +29% ee
8 under dark 95< 59

a Determined by 'H-NMR using 1,3,5-trimethoxybenzene as an internal standard.
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Table S5. Catalyst loading, metal/ligand ratio, and temperature effect on the Eu catalyzed reaction.

. (S)-2b (X mol%)

| \ E 0 0 Eu(OTf)3 (Y mol%)

o Z : S Q MS4A k-
e T A : CL
N N Me : NH, H 365 nm or under dark N)*"”)\

Ph (S)-2b ! solvent (0.1 M), temp H
! 3 4a (1.0 eq.) time 5a
Me '
entry XY LED temp. (°C) time (h) yield (%) ee (%)

1 365 nm 314 49
20 /10 -20 8

2 under dark 67° 75

3 365 nm 284 49
10/5 -20 8

4 under dark 61¢ 74

5 365 nm 88b 32
5/25 -10 4

6 under dark 95b 72

7 365 nm 67° 45
75/2.5 -10 4

8 under dark 67° 77

9 365 nm 89¢ 40
125/2.5 -10 4

10 under dark 88% 66

@ Determined by "TH-NMR using 1,3,5-trimethoxybenzene as an internal standard. b |solated yield.
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Plausible stereochemical model

(E)-L*-RE(OTf)3 (Z2)-L*-RE(OTf),
OTf TfO
N 7 N Ar
OY\ _ 07/\ _ /’!‘
CEN/4 ' I/N * N/ N N~ \V/
N / ~ [ ~
NN M REei 7 : NH
UL sttt (Ol
HN _~=\’ OTf ..-...1' N - N~
\S LX LY intermediate
O//\\
o TfO TfO
Higher ee (Re face attack) Lower ee

Fig. S22. Plausible stereochemical model for the 1:1 complex: in the Z state (right), the imine
intermediate would be accessible to Y or Z, resulting in the cyclization reaction away from the
chiral oxazoline.
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'H-, 13C-NMR charts
'H-NMR (400 MHz, CDCls) chart of 1a
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IH-NMR (400 MHz, CDCls) chart of 1b
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'H-NMR (400 MHz, CDCls) chart of (S)-2a
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'H-NMR (400 MHz, CDCls) chart of (S)-2b
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'H-NMR (400 MHz, CDCls) chart of (R)-5a
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'H-NMR (400 MHz, CDCls) chart of (R)-5b
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'H-NMR (400 MHz, CDCls) chart of (R)-5¢
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'H-NMR (400 MHz, CDCls) chart of (R)-5d
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HPLC charts

HPLC charts of 5a: HPLC conditions: Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20,
1.0 mL/min, 250 nm.

75000 1 knnal
60000
rac-5a
>
=
Z 40000
w)
S 2
k=
20000
0 Y i Y
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20
Retention Time [min]
#|Peak Name|CH|tR [min]|Area [uV-sec] |Height [uV]]| Area% | Height%| Quantity | NTP |Resolution | Symmetry Factor|Warning
1| Unknown 9 7.680 2050542 76181]50.358] 71.012 N/A|2059 8.197 1.521
2| Unknown 9 17.297 2021368 31097(49.642| 28.988 N/A| 1705 N/A 1.267
1 knnal551uv - CH9
220000
200000
(R)-5a 32% ee (enrty 5 in Table 2, 365 nm)
S
=
=
w
§ 100000
=
2
0 Y A Y -—
6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5
Retention Time [min]
#|Peak Name | CH|tR [min]|Area [uV-sec] |Height [uV]| Area% |Height% | Quantity | NTP |Resolution | Symmetry Factor|Warning
1| Unknown 9 7.540 5105706 223259]66.284| 82.635 N/A|2848 9.132 1.620
2| Unknown 9 16.720 2597110 46915133.716] 17.365 N/AL2125 N/A 1.223
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1 knnal551dark - CH
200000 al551da CHO
(R)-5a 72% ee (enrty 6 in Table 2, under dark)
3
.% 100000
2
5
2
0 A
: — Y R
6.0 8.0 10.0 12.0 14.0 16.0 18.0 19.5
Retention Time [min]
#|Peak Name|CH[tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%| Quantity| NTP | Resolution | Symmetry Factor|Warning
1 |Unknown 9 7.557 5222131 209495186.019| 93.260 N/A[2631 8.986 1.415
2 |Unknown 9 16.800 848807 15141]13.981 6.740 N/A|2080 N/A 1.208
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HPLC charts of 5b: HPLC conditions: Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20,
1.0 mL/min, 250 nm.

20000 1 knnal719iPr-rac - CH9
rac-5b
s
=
£ 10000
3
k=
2
A
0 i = i
10.0 15.0 20.0 25.0 30.0 34.0
Retention Time [min]
#]|Peak Name |CH|tR [min]|Area [uV-sec]|Height [uV]| Area% |Height% | Quantity | NTP | Resolution | Symmetry Factor|Warning
1|Unknown 9 8.300 549930 19194149.941| 77.325 N/AJ2212 13.010 1.488
2)Unknown 9 | 29457 551224 5628]50.059] 22.675 N/A|2126 N/A 1.197
1 : knnal719iPruv2nd - CHS
100000
= (R)-5b 33% ee (365 nm)
=y
a 50000
3]
=
2
| IR D
0 A : i
10.0 15.0 20.0 25.0 30.0 34.0
Retention Time [min]
#|Peak Name|CH|tR [min]|Area [uV-sec] |Height [uV]| Area% |Height%| Quantity| NTP |Resolution | Symmetry Factor|Warning
1| Unknown 9 8.210 2704650 104230]66.293| 88.051 N/A[2615 13.541 1.514
2| Unknown 9| 29.703 1375197 14145]33.707] 11.949 N/A[2187 N/A 1.219
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knnal719iPrdark2nd - CH9

100000
S
3 (R)-5b 80% ee (under dark)
% 50000
c
18]}
k=

Y Y 2
0 2 —1 a ~
10.0 15.0 20.0 25.0 30.0 34.0
Retention Time [min]
#|Peak Name|CH[tR [min]|Area [uV-sec]|Height [uV]| Area% |Height%| Quantity| NTP |Resolution | Symmetry Factor|Warning
1| Unknown 9 8.290 2868534 104640]90.081] 97.030 N/A|2432 13.301 1.549
2| Unknown 9 30.070 315854 3203| 9.919] 2.970 N/A|2122 N/A 1.162
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HPLC charts of 5¢c: HPLC conditions: Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20,
1.0 mL/min, 250 nm.

170000 1 knnal721inBurac - CH9
150000
rac-5c

z 100000
z :
c
k3]
E

50000

Y
0 i N _ Y N
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.021.0

Retention Time [min]

#|Peak Name| CH|tR [min]| Area [uV-sec] |Height [uV]| Area% |Height%| Quantity | NTP |Resolution | Symmetry Factor|Warning

1| Unknown 9 7.600 4507420 170635]50.009| 68.767 N/A|2254 9.198 1.754
2| Unknown 9 17.407 4505713 77500149.991| 31.233 N/A|2161 N/A 1.309
240000 1 f knna1721nBuuv - CH9
200000
2
> (R)-5c 28% ee (365 nm)
2
2 100000
5
2
Y \J
0 A A
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
#|Peak Name | CH|[tR [min] | Area [pV-sec]|Height [uV]| Area% |Height%| Quantity| NTP |Resolution | Symmetry Factor|Warning
1| Unknown 9 7.583 5955764 231891|64.105| 80.057 N/A|2348 9.337 1.748
2| Unknown 9 17.467 3334923 57766]35.895] 19.943 N/A12179 N/A 1.285

SI-36



300000

knnal721nBudark - CH9

200000
5
3 (R)-5c 76% ee (under dark)
%
3
=
100000
2
Y
0 Y i '\
6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.021.0
Retention Time [min]
#|Peak Name|CH |tR [min] | Area [uV-sec] |Height [uV]| Area% |Height%| Quantity| NTP | Resolution | Symmetry Factor|Warning
1| Unknown 9 7.567 7275945 285619]88.185| 94.336 N/A|2359 9.372 1.770
2| Unknown 9 17.537 974863 17149111.815] 5.664 N/A|2158 N/A 1.176
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HPLC charts of 5d: HPLC conditions: Daicel Chiralpak OD-H column, n-hexane/'PrOH = 80/20,
1.0 mL/min, 240 nm.

1 ‘ knnal7250Bnrac - CH9
10000
2
rac-5d
s
=
&
2 5000
k3
E
. Y < Y i
14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0

Retention Time [min]

#|Peak Name|CH|tR [min] | Area [uV-sec]|Height [uV]| Area% |Height%| Quantity| NTP |Resolution | Symmetry Factor|Warning
1|Unknown 9 | 18.460 666611 10364 [49.678| 58.140 N/A] 1980 3.724 1.297
2| Unknown 9 | 25903 675256 7462150.322| 41.860 N/A] 1947 N/A 1.261
1 knnal7250Bnuv - CH9
30000
. 20000 (R)'Sd 32% ee (365 nm)
3
=
5
£ 2
10000
' L8 ]
0 ! 7} i
14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0
Retention Time [min]
#|Peak Name|CH|[tR [min] |Area [uV-sec] |Height [uV] ]| Area% |Height%| Quantity| NTP |Resolution | Symmetry Factor|Warning
1| Unknown 9| 18.213 2021251 30633]65.675| 73.293 N/A]2017 3.751 1.623
2| Unknown 9 | 25863 1056416 11162]34.325| 26.707 N/A] 1758 N/A 1.360
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17000 1 knnal7250Bndark - CH9
15000
(R)-5d 74% ee (under dark)
>3 10000
=
w
c
@
=
5000
2
0 v i ' .
14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0
Retention Time [min]
#|Peak Name|CH|tR [min]| Area [uV-sec] |Height [uV]| Area% |Height%| Quantity| NTP | Resolution | Symmetry Factor|Warning
1| Unknown 9 18.317 1092514 16799]87.099| 89.424 N/A]1991 4.016 1.419
2| Unknown 9 26.093 161819 1987]12.901| 10.576 N/A|2168 N/A 1.090
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