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Table S1 Crystal data of compound 9 
 

Recrystallization solvent benzene/EtOH 
Formula C44H54N4O10 
Formula wt. 798.91 
Crystal system monoclinic 
Space group P21 
     a (Å) 16.050 (3) 
     b (Å) 8.8300 (18) 
     c (Å) 16.355 (3) 
     β (Å) 116.59 (3) 
Z value 2 
R 0.0585 
Rw 0.1811 
CCDC 2423502 

 

 

ORTEP drawing of 9 (50% probability) 
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Table S2 Excited states and oscillator strengths for compound 9 without solvent effect 
 

 

  

Major contribsR /10-40f
Wavelengt

h
(nm)

Energ
y

(eV)
No.

H-3->L+2 (63%)37.670.0051315.33.931
H-2->L+1 (10%), H-2->L+3 (39%), H-1->LUMO (10%)126.370.1755312.13.972
H-2->L+3 (19%), H-1->LUMO (33%), HOMO->LUMO (25%)-302.320.2618310.14.003

H-2->L+1 (11%), H-1->L+1 (10%), HOMO->L+1 (39%)42.210.0562304.34.074

H-3->LUMO (51%)76.860.0200301.84.115
H-2->L+1 (41%), H-2->L+6 (11%), HOMO->L+1 (24%)-13.130.0709292.54.246
H-1->L+2 (58%), HOMO->L+2 (26%)39.760.3687274.84.517
H-1->LUMO (20%), H-1->L+1 (13%), HOMO->LUMO (24%)-95.960.0468272.74.558
H-1->L+3 (16%), HOMO->L+3 (68%)60.440.3070267.44.649
H-1->L+1 (30%), HOMO->LUMO (10%), HOMO->L+4 (13%)13.410.0053252.54.9110
H-1->L+4 (19%), H-1->L+5 (20%), HOMO->L+5 (31%)-41.330.0050248.34.9911
H-1->L+5 (14%), HOMO->L+4 (43%)-9.310.0046247.85.0012
HOMO->L+6 (41%), HOMO->L+7 (17%)18.410.0524233.15.3213
H-1->L+2 (19%), HOMO->L+2 (30%), HOMO->L+8 (11%)-46.440.0287227.05.4614
H-4->LUMO (17%), HOMO->L+7 (15%), HOMO->L+9 (16%)73.050.0400226.15.4815
H-1->L+6 (15%), H-1->L+7 (13%), HOMO->L+7 (14%)70.320.0369223.45.5516
H-1->L+7 (14%), HOMO->L+8 (16%)95.490.0798221.25.6117
H-1->L+3 (25%)-58.500.0217219.25.6618
H-4->LUMO (31%)-20.220.0604217.85.6919
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%), 
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%)

-32.840.0480215.15.7620
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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 (CH3CN) effect 
 

No. 
Energy 
(eV) 

Wave-
length 
(nm) 

f R /10-40 Major contribs 

1 3.94 314.7 0.4686 404.67 
H-1->LUMO (29%), HOMO->LUMO (10%), HOMO->L+1 
(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%) 

4 4.07 304.4 0.0329 173.08 
H-3->L+2 (19%), H-2->L+2 (14%), H-1->L+1 (10%),  
HOMO->LUMO (14%) 

5 4.31 288.0 0.0431 62.84 H-3->LUMO (19%), H-3->L+1 (16%), H-2->L+1 (15%) 

6 4.33 286.4 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 4.50 275.4 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 0.0061 27.11 H-1->L+1 (55%), HOMO->LUMO (22%) 

11 5.07 244.7 0.0029 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 5.31 233.7 0.0335 45.85 
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 5.48 226.5 0.0279 -30.59 
H-1->L+2 (14%), H-1->L+6 (11%), HOMO->L+2 (12%),  
HOMO->L+6 (14%), HOMO->L+8 (13%) 

16 5.49 225.8 0.0133 -7.75 
H-1->L+3 (18%), H-1->L+8 (10%), HOMO->L+7 (12%),  
HOMO->L+9 (10%) 

17 5.54 223.7 0.0157 -57.41 
H-1->L+3 (12%), H-1->L+7 (15%), HOMO->L+2 (10%),  
HOMO->L+7 (10%), HOMO->L+8 (19%) 

18 5.58 222.4 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 5.73 216.4 0.0555 77.56 H-5->L+1 (21%), H-4->LUMO (19%) 
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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 

 

 

 

  

Major contribsR /10-40f
Wavelengt

h
(nm)

Energ
y

(eV)
No.

H-1->SOMO (95%)-2.840.0003304.44.071
H-1->S+1 (92%)N224.020.0014282.44.392
HOMO->SOMO (97%)-59.620.2310262.04.733

HOMO->SOMO+1 (98%)N158.110.4065255.44.854

H-3->SOMO (88%)5.040.0034202.56.125
HOMO->L (88%)13.600.0186186.96.646
H-3->SOMO+1 (89%)0.350.0033185.86.687
H-2->SOMO (95%)31.050.1547170.27.298
H-2->SOMO+1 (55%), HOMO->L+1 (37%)47.060.0858169.67.319
H-2->SOMO+1 (39%), HOMO->L+1 (56%)-97.130.1246167.97.3910
HOMO->L+2 (87%)1.810.0051159.87.7611
H-1->L (15%), HOMO->L+3 (72%)0.160.0000154.08.0512
H-4->SOMO+1 (16%), HOMO->L+4 (61%)-3.000.0182151.48.1913
H-1->L (60%), HOMO->L+3 (16%)8.880.0293151.08.2114
H-4->SOMO+1 (66%), HOMO->L+4 (19%)26.960.0056148.48.3515
H-5->SOMO+1 (19%), H-4->SOMO (73%)0.430.0003146.98.4416
HOMO->L+5 (77%)-12.730.0145144.98.5517
HOMO->L+6 (69%)0.760.0046142.28.7218
H-5->SOMO (73%)-9.820.0744139.78.8819
H-1->L (86%)-5.460.0027137.29.0420
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Table S5 Excited states and oscillator strengths for N,N’-dimethyl-N,N’-diphenylsquaramide (6) 

 
 

 

  

Major contribsR /10-40f
Wavelengt

h
(nm)

Energ
y

(eV)
No.

H-2->S+1 (15%), H-1->S+1 (72%)-12.240.0003315.63.931
HOMO->SOMO (96%)-147.830.2784305.44.062
H-2->SOMO (11%), H-1->SOMO (71%)56.730.0070302.74.103
HOMO->S+1 (95%)76.240.3790274.44.524
HOMO->L (76%)-33.590.0050250.54.955
HOMO->L+1 (73%)-23.910.0056249.74.976
H-2->SOMO (57%), H-1->SOMO (14%)151.640.2332223.85.547
H-2->SOMO (11%), HOMO->L+2 (45%)-22.850.0033217.55.708
H-2->S+1 (18%), HOMO->L+1 (11%), HOMO->L+3 (40%)-28.200.0217215.55.759
H-4->SOMO (18%), H-3->S+1 (10%), H-2->S+1 (20%), H-2->L (11%), HOMO->L+1 
(13%)-36.670.0235207.95.9610

H-3->SOMO (33%), HOMO->L (11%), HOMO->L+2 (25%)-29.600.0167207.45.9811
H-2->S+1 (30%), H-1->S+1 (10%), HOMO->L+3 (48%)6.450.0641205.46.0412
H-6->S+1 (62%), HOMO->L+2 (10%)31.000.0248204.76.0613
H-5->SOMO (32%), H-4->SOMO (33%)3.980.0352195.46.3514
H-3->SOMO (30%), H-2->L+1 (23%), H-1->L+1 (28%)124.630.0346193.96.4015
H-6->SOMO (74%)-8.800.0055190.56.5116
H-3->L (28%), H-1->L (29%)80.990.0479187.16.6317
H-5->SOMO (26%), H-4->SOMO (24%), H-1->L (24%)-134.830.1043186.76.6418
H-5->S+1 (12%), H-4->S+1 (36%), H-3->L+1 (15%)-107.020.2064186.06.6719
H-4->S+1 (10%), H-3->SOMO (13%), H-1->L+1 (25%)26.300.0257182.56.8020
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Figure S3 Orbital energy and some frontier MOs for N,N’-dimethyl-N,N’-diphenylsquaramide (6), 
optimized from the structure of compound 8 
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Figure S1 NMR and HRMS charts of compounds 11, 12, and 9 
(a) 1H NMR of 11 (600 MHz, CDCl3) 

 

(b) 13C NMR of 11 (150 MHz, CDCl3) 
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(c) HRMS of 11 

 
  

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

Method ms_method_AutoHRMS_1.2min_esi-pos-low.m
Sample Name Instrument 8255754.20279compact20221223.KK1-64.fr12-34
Comment

Acquisition Parameter
0.3 BarESI Ion Polarity Positive Set NebulizerSource Type

Focus Set Capillary Set Dry Heater 200 °CNot active 3500 V
Set End Plate Offset 3.0 l/minSet Dry Gas-500 V50 m/zScan Begin
Set Charging Voltage Waste 1200 m/z 2000 V Set Divert ValveScan End

Set APCI Heater 0 °C0 nASet Corona

+MS, 0.9min #37-40

Meas. m/z # Ion 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 ESI-QTOF: 20221223.KK1-64.fr12-34

printed: 1 of 1Page 4/6/2025 12:25:54 PMBruker Compass DataAnalysis 5.2
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(d) 1H NMR of 12 (600 MHz, CDCl3) 

 

(e) 13C NMR of 12 (150 MHz, CDCl3) 
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NAME             230117
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20230117
Time              15.51
INSTRUM           spect
PROBHD   5 mm CPPBBO BB
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1024
DS                    4
SWH           36057.691 Hz
FIDRES         0.550197 Hz
AQ            0.9087659 sec
RG                  203
DW               13.867 usec
DE                18.00 usec
TE                290.7 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        150.8927506 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        600.0324001 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2        22.00000000 W
PLW12        0.81827003 W
PLW13        0.40095001 W

F2 - Processing parameters
SI                32768
SF          150.8776476 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.00

230117.KK1-69.B.fr9-14.13C.CDCl3
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Current Data Parameters
NAME           20230510
EXPNO                 5
PROCNO                1

F2 - Acquisition Parameters
Date_          20230510
Time              18.31 h
INSTRUM           spect
PROBHD   Z130038_0005 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH           12019.230 Hz
FIDRES         0.366798 Hz
AQ            2.7262976 sec
RG                28.52
DW               41.600 usec
DE                10.00 usec
TE                291.9 K
D1           1.00000000 sec
TD0                   1
SFO1        600.0337052 MHz
NUC1                 1H
P1                12.00 usec
PLW1        30.50600052 W

F2 - Processing parameters
SI                65536
SF          600.0300222 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

230510KK1-92.fr13-19.CDCl3

6.97.07.17.27.37.47.5 ppm
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(f) HRMS of 12 

 
  

Analysis Info 2/7/2025 11:58:09 AMAcquisition Date
D:\Data\TanataniLab\kuyama\20250207.KK1-92.pos2_1-31_1_5189.dAnalysis Name

Method ms_method_AutoHRMS_1.2min_esi-pos-low.m
Sample Name Instrument 8255754.20279compact20250207.KK1-92.pos2
Comment

Acquisition Parameter
0.3 BarESI Ion Polarity Positive Set NebulizerSource Type

Focus Set Capillary Set Dry Heater 200 °CNot active 3500 V
Set End Plate Offset 3.0 l/minSet Dry Gas-500 V50 m/zScan Begin
Set Charging Voltage Waste 1200 m/z 2000 V Set Divert ValveScan End

Set APCI Heater 0 °C0 nASet Corona

+MS, 0.8±0.1min #44-50

Adduct Meas. m/z # Ion Formula m/z err
[ppm]

Mean
err

[ppm]

rdb N-Rule e¯
Conf

mSigm
a

Std I Std
Mean

m/z

Std I
VarNo

rm

Std
m/z
Diff

Std
Comb

Dev
M+Na 793.342222 1 C42H50N4NaO10 793.341915 -0.4 -3.1 20.0 ok even 15.7 18.1 n.a. n.a. n.a. n.a.

+MS, 0.8±0.1min #44-50

Bruker ESI-QTOF: 20250207.KK1-92.pos2

printed: 1 of 2Page 2/7/2025 12:01:18 PMBruker Compass DataAnalysis 5.2
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(g) 1H NMR of 9 (600 MHz, CDCl3) 

 

(h) 13C NMR of 9 (150 MHz, CDCl3) 
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Current Data Parameters
NAME           20230706
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20230706
Time              11.53 h
INSTRUM           spect
PROBHD   Z130038_0005 (
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH           12019.230 Hz
FIDRES         0.366798 Hz
AQ            2.7262976 sec
RG                28.52
DW               41.600 usec
DE                10.00 usec
TE                293.4 K
D1           1.00000000 sec
TD0                   1
SFO1        600.0337052 MHz
NUC1                 1H
P1                12.00 usec
PLW1        30.50600052 W

F2 - Processing parameters
SI                65536
SF          600.0300270 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

230706KK1-116.PTLC-b.CDCl3

5.86.06.26.46.66.87.0 ppm
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Current Data Parameters
NAME           20240703
EXPNO                 3
PROCNO                1

F2 - Acquisition Parameters
Date_          20240703
Time              16.48 h
INSTRUM           spect
PROBHD   Z130038_0005 (
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1024
DS                    4
SWH           36231.883 Hz
FIDRES         1.105709 Hz
AQ            0.9043968 sec
RG               196.43
DW               13.800 usec
DE                18.00 usec
TE                293.1 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1
SFO1        150.8927508 MHz
NUC1                13C
P1                10.00 usec
PLW1        66.95200348 W
SFO2        600.0324001 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             70.00 usec
PLW2        23.73200035 W
PLW12        0.69743001 W
PLW13        0.35080001 W

F2 - Processing parameters
SI                32768
SF          150.8776486 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

240703KK2-12.crude.13C.CDCl3

14161820222426283032343638 ppm
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(i) HRMS of 9 

 

Analysis Info 2/7/2025 11:45:42 AMAcquisition Date
D:\Data\TanataniLab\kuyama\20250207.KK1-116.pos_1-32_1_5188.dAnalysis Name

Method ms_method_AutoHRMS_1.2min_esi-pos-low.m
Sample Name Instrument 8255754.20279compact20250207.KK1-116.pos
Comment

Acquisition Parameter
0.3 BarESI Ion Polarity Positive Set NebulizerSource Type

Focus Set Capillary Set Dry Heater 200 °CNot active 3500 V
Set End Plate Offset 3.0 l/minSet Dry Gas-500 V50 m/zScan Begin
Set Charging Voltage Waste 1200 m/z 2000 V Set Divert ValveScan End

Set APCI Heater 0 °C0 nASet Corona

+MS, 0.8±0.1min #43-51

Adduct Meas. m/z # Ion Formula m/z err
[ppm]

Mean
err

[ppm]

rdb N-Rule e¯
Conf

mSigm
a

Std I Std
Mean

m/z

Std I
VarNo

rm

Std
m/z
Diff

Std
Comb

Dev
M+Na 821.372880 1 C44H54N4NaO10 821.373215 0.4 -1.6 20.0 ok even 7.0 8.4 n.a. n.a. n.a. n.a.

+MS, 0.8±0.1min #43-51

Bruker ESI-QTOF: 20250207.KK1-116.pos

printed: 1 of 2Page 2/7/2025 11:52:53 AMBruker Compass DataAnalysis 5.2


