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Table S1 Crystal data of compound 9

Recrystallization solvent
Formula
Formula wt.
Crystal system
Space group

a(A)

b (A)

c (A)

B (A)
Z value
R
Rw
CCDC

benzene/EtOH
Ca4H54N4O 1
798.91
monoclinic
P2,

16.050 (3)
8.8300 (18)
16.355 (3)
116.59 (3)
2

0.0585
0.1811
2423502

B

s

ORTEP drawing of 9 (50% probability)



Table S2 Excited states and oscillator strengths for compound 9 without solvent effect

Energ|Wavelengt
No.| vy h f |R/10% Major contribs
(eV) (nm)

3.93 315.3 [0.0051| 37.67 |H-3->L+2 (63%)

2 13.97 312.1 [0.1755( 126.37 |H-2->L+1 (10%), H-2->L+3 (39%), H-1->LUMO (10%)

3] 4.00 310.1 [0.2618(-302.32|H-2->L+3 (19%), H-1->LUMO (33%), HOMO->LUMO (25%)
41 4.07 304.3  [0.0562| 42.21 |H-2->L+1 (11%), H-1->L+1 (10%), HOMO->L+1 (39%)
51411 301.8 [0.0200( 76.86 |H-3->LUMO (51%)

6| 4.24 2925 [0.0709( -13.13 |H-2->L+1 (41%), H-2->L+6 (11%), HOMO->L+1 (24%)
71451 274.8 10.3687| 39.76 |H-1->L+2 (58%), HOMO->L+2 (26%)

8 | 4.55 272.7 10.0468| -95.96 |H-1->LUMO (20%), H-1->L+1 (13%), HOMO->LUMO (24%)
9| 4.64 267.4 [0.3070( 60.44 |H-1->L+3 (16%), HOMO->L+3 (68%)

10| 4.91 252.5 [0.0053( 13.41 |H-1->L+1 (30%), HOMO->LUMO (10%), HOMO->L+4 (13%)

11| 4.99 248.3 [0.0050( -41.33 |H-1->L+4 (19%), H-1->L+5 (20%), HOMO->L+5 (31%)

12| 5.00 247.8 [0.0046( -9.31 |H-1->L+5 (14%), HOMO->L+4 (43%)

13| 5.32 233.1 [0.0524| 18.41 |HOMO->L+6 (41%), HOMO->L+7 (17%)

14| 5.46 227.0 [0.0287| -46.44 |H-1->L+2 (19%), HOMO->L+2 (30%), HOMO->L+8 (11%)

15| 5.48 226.1 (0.0400| 73.05 |H-4->LUMO (17%), HOMO->L+7 (15%), HOMO->L+9 (16%)

16| 5.55 223.4 0.0369| 70.32 |H-1->L+6 (15%), H-1->L+7 (13%), HOMO->L+7 (14%)

17] 5.61 221.2  |0.0798| 95.49 |H-1->L+7 (14%), HOMO->L+8 (16%)

18] 5.66 219.2  |0.0217| -58.50 |H-1->L+3 (25%)

19| 5.69 217.8  [0.0604| -20.22 |H-4->LUMO (31%)

H-10->L+4 (3%), H-9->L+1 (8%), H-9->L+3 (3%), H-9->L+7 (2%), H-7->L+1 (2%),
20| 5.76 215.1 0.0480( -32.84 [H-5->L+4 (7%), H-5->L+5 (2%), H-4->LUMO (6%), H-1->L+3 (6%), H-1->L+8 (4%),
H-1->L+9 (2%), HOMO->L+4 (7%), HOMO->L+7 (6%), HOMO->L+9 (2%)




Figure S1 Orbital energy and some frontier MOs for compound 9 without solvent effect
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Table S3 Excited states and oscillator strengths for compound 9 with solvent (CH3;CN) effect

Wave-
[Energy 0 . .
No. V) length f R /10 Major contribs
) (nm)
H-1->LUMO (29%), HOMO->LUMO (10%), HOMO->L+1
1 [3.94 314.7 [0.4686 [404.67
(30%)
2 |4.02 308.8  [0.1219 [-202.29 [H-1->L+1 (15%), HOMO->LUMO (30%)
3 |4.07 304.7 [0.0988 [-130.86 |H-3->L+2 (10%), H-2->L+3 (22%)
H-3->L+2 (19%), H-2->L+2 (14%), H-1->L+1 (10%),
4 [4.07 304.4  [0.0329 |173.08
HOMO->LUMO (14%)
5 |31 288.0  [0.0431 [62.84 |H-3->LUMO (19%), H-3->L+1 (16%), H-2->L+1 (15%)
6 14.33 286.4  [0.0549 [-130.71 |H-3->L+1 (15%), H-2->LUMO (15%), H-2->L+1 (10%)
7 |4.48 276.9  [0.4569 |-384.05 [H-1->L+2 (38%), HOMO->L+2 (33%), HOMO->L+3 (12%)
8 [4.50 2754  (0.2844 |354.86 [H-1->L+3 (27%), HOMO->L+2 (13%), HOMO->L+3 (28%)
9 |4.57 271.4  [0.0186 |15.40 [H-1->LUMO (29%), HOMO->L+1 (21%)
10 |4.94 250.8 10.0061 [27.11 [H-1->L+1 (55%), HOMO->LUMO (22%)
11 |5.07 2447 10.0029 [22.69 |[H-1->L+4 (35%), HOMO->L+4 (29%)
12 |5.12 242.1 0.0059 |-26.52 [H-1->L+5 (23%), HOMO->L+5 (37%)
13 ks b137  l0.0335 l4s.85 H-1->L+2 (16%), HOMO->L+1 (13%), HOMO->L+2 (11%),
) ’ ) ) HOMO->L+4 (10%), HOMO->L+6 (21%)
14 |[5.45 227.5 [0.0637 [70.96 |H-1->L+6 (14%), H-1->L+7 (13%), HOMO->L+7 (14%)
15 ls.as bo6s  l0.0279 130,59 H-1->L+2 (14%), H-1->L+6 (11%), HOMO->L+2 (12%),
' ' ' 77 [HOMO->L+6 (14%), HOMO->L+8 (13%)
H-1->L+3 (18%), H-1->L+8 (10%), HOMO->L+7 (12%),
16 |5.49 225.8 [0.0133 |-7.75
HOMO->L+9 (10%)
H-1->L+3 (12%), H-1->L+7 (15%), HOMO->L+2 (10%),
17 |5.54 223.7 [0.0157 [57.41
HOMO->L+7 (10%), HOMO->L+8 (19%)
18 15.58 2224 [0.0634 [13.13 |H-1->L+2 (12%), H-1->L+3 (10%), HOMO->L+3 (17%)
19 |5.68 218.2  [0.2088 [-150.69 |H-5->LUMO (26%), H-4->LUMO (10%), H-4->L+1 (12%)
20 |5.73 2164  [0.0555 [77.56 |H-5->L+1 (21%), H-4->LUMO (19%)




Figure S2 Orbital energy and some frontier MOs for compound 9 with solvent (CH3CN) effect
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Table S4 Excited states and oscillator strengths for N,N,N’,N -tetramethylsquaramide

CH,

A

H3C*N\ (0]
CHgy

Energ | Wavelengt
No.| vy h f |R/10% Major contribs
(eV) (nm)
1 {407 3044 [0.0003| -2.84 |H-1->SOMO (95%)
2439 2824 [0.0014| 24.02 H-1->S+1 (92%)N2
3 (473 262.0 [0.2310]-59.62 [HOMO->SOMO (97%)
4| 485| 2554 |0.4065| 58.11 |HOMO->SOMO+1 (98%)N1
516.12 | 2025 [0.0034| 5.04 |H-3->SOMO (88%)
6664 1869 [0.0186| 13.60 |[HOMO->L (88%)
71668 | 1858 [0.0033| 0.35 |H-3->SOMO+1 (89%)
81729 1702 [0.1547| 31.05 |H-2->SOMO (95%)
9 (731 169.6 [0.0858| 47.06 |H-2->SOMO+1 (55%), HOMO->L+1 (37%)
10| 7.39 [ 167.9 [0.1246| -97.13 [H-2->SOMO+1 (39%), HOMO->L+1 (56%)
11| 7.76 | 159.8 [0.0051| 1.81 |[HOMO->L+2 (87%)
12] 8.05 | 154.0 [0.0000| 0.16 |H-1->L (15%), HOMO->L+3 (72%)
13 8.19 [ 151.4 {0.0182| -3.00 |H-4->SOMO+1 (16%), HOMO->L+4 (61%)
14| 821 | 151.0 (0.0293| 8.88 [H-1->L (60%), HOMO->L+3 (16%)
15| 8.35 | 148.4 [0.0056| 26.96 |H-4->SOMO+1 (66%), HOMO->L+4 (19%)
16| 8.44 | 146.9 [0.0003| 0.43 |H-5->SOMO+1 (19%), H-4->SOMO (73%)
17| 855 [ 144.9 {0.0145| -12.73 [HOMO->L+5 (77%)
18] 8.72 | 142.2 [0.0046| 0.76 |HOMO->L+6 (69%)
19] 8.88 | 139.7 [0.0744| -9.82 |H-5->SOMO (73%)
20| 9.04 | 137.2 [0.0027| -5.46 [H-1->L (86%)




Table S5 Excited states and oscillator strengths for N, N -dimethyl-N, N ’-diphenylsquaramide (6)

Energ|Wavelengt
No.| y h f |R/10°% Major contribs
(eV) (nm)

11393 315.6 |0.0003| -12.24 |H-2->S+1 (15%), H-1->S+1 (72%)

2 | 4.06 305.4 |0.2784(-147.83|HOMO->SOMO (96%)

31 4.10 302.7 0.0070| 56.73 |H-2->SOMO (11%), H-1->SOMO (71%)

41452 274.4  10.3790( 76.24 |HOMO->S+1 (95%)

51 4.95 250.5 0.0050| -33.59 [HOMO->L (76%)

6 | 4.97 249.7 0.0056( -23.91 [HOMO->L+1 (73%)

7 | 5.54 223.8 0.2332| 151.64 |H-2->SOMO (57%), H-1->SOMO (14%)

8 | 5.70 217.5 ]0.0033( -22.85 |H-2->SOMO (11%), HOMO->L+2 (45%)

9| 5.75 215.5 0.0217| -28.20 |H-2->S+1 (18%), HOMO->L+1 (11%), HOMO->L+3 (40%)
10| 5.96 2079 0.0235| -36.67 '(—11—32?80,\/'0 (18%), H-3->S+1 (10%), H-2->S+1 (20%), H-2->L (11%), HOMO->L+1
11] 5.98 207.4 10.0167| -29.60 [H-3->SOMO (33%), HOMO->L (11%), HOMO->L+2 (25%)
12| 6.04 205.4 |0.0641| 6.45 |H-2->S+1 (30%), H-1->S+1 (10%), HOMO->L+3 (48%)
13] 6.06 204.7 10.0248| 31.00 |H-6->S+1 (62%), HOMO->L+2 (10%)

141 6.35 195.4 0.0352| 3.98 |H-5->SOMO (32%), H-4->SOMO (33%)

15| 6.40 193.9 |0.0346| 124.63 [H-3->SOMO (30%), H-2->L+1 (23%), H-1->L+1 (28%)

16| 6.51 190.5 ]0.0055| -8.80 [H-6->SOMO (74%)

17] 6.63 187.1 [0.0479| 80.99 [H-3->L (28%), H-1->L (29%)

18] 6.64 186.7 |0.1043|-134.83[H-5->SOMO (26%), H-4->SOMO (24%), H-1->L (24%)

19| 6.67 186.0 |0.2064|-107.02[H-5->S+1 (12%), H-4->S+1 (36%), H-3->L+1 (15%)

20| 6.80 182.5 ]0.0257| 26.30 [H-4->S+1 (10%), H-3->SOMO (13%), H-1->L+1 (25%)




Figure S3 Orbital energy and some frontier MOs for N,N’-dimethyl-V, N ’-diphenylsquaramide (6),

optimized from the structure of compound 8
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230619KK1-104.fr7-17.CDC13

Figure S1 NMR and HRMS charts of compounds 11, 12, and 9

(a) '"H NMR of 11 (600 MHz, CDCl5)
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(c) HRMS of 11

Bruker ESI-QTOF: 20221223.KK1-64.fr12-34

Analysis Info Acquisition Date  12/23/2022 5:47:45 PM
Analysis Name  D:\Data\TanataniLab\kuyama\20221223.KK1-64.fr12-34_1-46_1_712.d

Method ms_method_AutoHRMS_1.2min_esi-pos-low.m

Sample Name 20221223.KK1-64.fr12-34 Instrument  compact 8255754.20279
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 3.0 I/min
Scan End 1200 m/z Set Charging Voltage 2000 V Set Divert Valve Waste
Set Corona 0nA Set APCI Heater 0°C
Intens. |
x106
0.8
| OVF\ —
0.6 ;
/ \\\ /
04
\
03 0.4 0.5 0.6 0.7 0.8 0.9 10 11 Time [min]
— BPC +AIl M5 |
Intensé 20221223.KK1-64.fr12-34_1-46_1_712.d: +MS, 0.8min #30-34
x10°7
1.0 141.9586
0.5
287.8887
0.01 il b P 402'?901 i i i i
200 400 600 800 1000 m/z
Intens-r; 20221223.KK1-64.fr12-34_1-46_1_712.d: +MS, 0.9min #37-40
x10°7
402.8902
3,
2,
11
o 4004737  400.8949 401.8949 403'}.8927
x104 20221223.KK1-64.fr12-34_1-46_1_712.d: C 20H2;N:Na;Os, 400.1731
1+
2.0 400.1731
1.59
1.04 1+
0.5 401.1764 1+
0.0 ‘ . , , - e hid : :
397 398 399 400 401 402 403 m/z
+MS, 0.9min #37-40
Meas. m/z # lon Formula m/z err[ppm] mSigma #mSigma Score rdb e Conf N-Rule
400.1737 1 C20H27NNaO6 400.1731 -1.7 6.6 1 100.00 8.0 even ok
Bruker Compass DataAnalysis 5.2 printed: 4/6/2025 12:25:54 PM Page 1 of 1
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(d) "H NMR of 12 (600 MHz, CDCl5)

230510KK1-92.fr13-19.CDC13
SO NNOSNO N — DO WOWEEEECEOVWOUANNOOWOWAANLNNDNWDIEWSOM ~ NN =
A A OO0 MmN WM N O DA M AN AONONTMNANAOONOWTMNANOOO < ~ — O
LT OO N A A A @ OO VONWOLONWWOLWLWOSH T TN oy 00 NN
I\l\l\l\l\l\l\Fl\l\l\ o <rmmmmmmmmmmmmmmmmmmmmmmmmmm N NN —
T T T T T T T T 1T T T T T T T T T T T T T T 1T T
75 74 73 72 7.1 7.0 69 ppm 41 40 39 38 37 36 35 34 33 32 31 30 ppm 1.2 ppm
(=] (5} (=] ~ [¢e] b= || O o« o o« o
< 0 S N N|®| (©fc ~ D |z Q
- @ o o i (] Al n < < ©
HANNOETNONAHOWOLMHMWOEEE-TWONNOWOWWOWAANULANDNWESWESEOM™MOI™S N N W0 S <
OO MANVUIOLMHOANNONHOOTMNMAN—TFTONONFTFMA—HOOTLNOHTTMONOODALTIT~T~WOWAHO
TTOMOMONA A0 OO0 VOLWLOWOLWOLWOEO TSI TTONO OOOANN
0OV TMOMOMNMNMMMMNMMO MMM MOMOMOMNMNMOMOMOMMOMOOMONNNAAA

|

TT—————————

F2 - Processing p
sT
SE 600.030
Wow

Jh_jk (-
o

ret T [T x x T T T T T x T T T T
95 90 85 80 7. 5 65 60 55 50 45 4. 0 3 5 20 15 1.0 ppm

) e E Wﬁ J 8

(e) 3C NMR of 12 (150 MHz, CDCls)
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(f) HRMS of 12

Bruker ESI-QTOF:

20250207.KK1-92.pos2

Analysis Info

Analysis Name

Acquisition Date  2/7/2025 11:58:09 AM

D:\Data\TanataniLab\kuyama\20250207.KK1-92.pos2_1-31_1_5189.d

Method ms_method_AutoHRMS_1.2min_esi-pos-low.m
Sample Name 20250207.KK1-92.pos2 Instrument compact 8255754.20279
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3500 V Set Dry Heater 200°C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 3.0 I/min
Scan End 1200 m/z Set Charging Voltage 2000V Set Divert Valve Waste
Set Corona 0nA Set APCI Heater 0°C
Intens.
x1064
0.75—/ﬁ—\
0.50
0.251
02 0.4 0.6 0.8 1.0 Time [min]
— BPC+AIl M5 |
Intenss- 20250207.KK1-92.pos2_1-31_1_5189.d: +MS, 0.8+0.1min #44-50
x10°7
282.2792
10 386.1829
788.3862
0.51 1289534 { J
l [ 565.5671
0.0l Lo i Bl " it o : ‘
200 400 600 800 1000 m/z
Intenss.- 20250207.KK1-92.pos2_1-31_1_5189.d: +MS, 0.8£0.1min #44-50
x10
1.0] 282.2792
386.1829
788.3862
0.5 128.9534
l l i l 565.5671
ORI N RTTY IR WINTN 0 T R T R N
x10% ] 20250207.KK1-92.pos2_1-31_1_5189.d: C 42HsoNaNaiO1o, 793.3419
1+
0.8 793.3419
0.6
0.4
0.2
0.0 . : - - ‘ -
200 400 600 800 1000 m/z
+MS, 0.8+0.1min #44-50
Adduct Meas. m/z # lon Formula m/z Mean rdb N-Rule e~ mSigm Std | Std  Std | Std Std
err Conf a Mean VarNo m/z Comb
[ppm] m/z rm Diff Dev
M+Na 793.342222 1 C42H50N4NaO10 793.341915 -3.120.0 ok even 15.7 181 n.a. n.a. n.a. n.a.
+MS, 0.8+0.1min #44-50
Bruker Compass DataAnalysis 5.2 printed: 2/7/2025 12:01:18 PM Page 1 of 2
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(g) 'H NMR of 9 (600 MHz, CDCls)

230706KK1-116.PTLC-b.CDC13
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(h) 3C NMR of 9 (150 MHz, CDCls)
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(i) HRMS of 9

Bruker ESI-QTOF:

20250207.KK1-116.pos

Analysis Info

Analysis Name

Acquisition Date
D:\Data\TanataniLab\kuyama\20250207.KK1-116.pos_1-32_1_5188.d

2/7/2025 11:45:42 AM

Method ms_method_AutoHRMS_1.2min_esi-pos-low.m
Sample Name 20250207.KK1-116.pos Instrument compact 8255754.20279
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Not active Set Capillary 3500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 3.0 l/min
Scan End 1200 m/z Set Charging Voltage 2000 V Set Divert Valve Waste
Set Corona 0nA Set APCI Heater 0°C
Intens.
x1059
39 \
2 \
1 \’_X T
R _ TTe—
0.2 0.4 0.6 0.8 1.0 Time [min]
—— BPC +All MS
Intensé- 20250207.KK1-116.pos_1-32_1_5188.d: +MS, 0.8+0.1min #43-51
x10
1.0 400.1981
5 128.9532 249.2059 816.4171
0.0l o1 . L L ‘L 604;?845 N L i i
200 400 600 800 1000 m/z
Intenss.i 20250207.KK1-116.pos_1-32_1_5188.d: +MS, 0.8+0.1min #43-51
x10
1.004 400.1981
0.754
0.504
816.4171
0.259 1289532 249.2059
0000t b il 6043845 N
1 20250207.KK1-116.pos_1-32_1_5188.d: C 44HssNsNa:O1o, 821.3732
1+
4000- 821.3732
2000+
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200 400 600 800 1000 m/z
+MS, 0.8+0.1min #43-51
Adduct Meas. m/z # lon Formula m/z err Mean rdb N-Rule ™ mSigm Std | Std  Std | Std Std
[ppm] err Conf a Mean VarNo m/z Comb
[ppm] m/z m Diff  Dev
M+Na 821.372880 1 C44H54N4NaO10 821.373215 0.4 -1.6 20.0 ok even 70 84 n.a. n.a. n.a. n.a.
+MS, 0.8+0.1min #43-51
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