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Figure S13. HPLC of bis[7]helicene 2 (label: MM-21-15-TP3-A+B-1+2-TP1-solid, eluent: hexane). 
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Figure S14. HPLC of bis[7]helicene 2 (label: MM-21-26-TP2+TP3-A-2, eluent: hexane). 
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Figure S15. HPLC of bis[7]helicene 2 (label: MM-21-26-TP2+TP3-A-4+5-solid, eluent: hexane). 
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Figure S16.  1H NMR (500 MHz, chloroform-d) spectra of tetrakis(β-trithiophene) 1 (0.8 mg) with 

chiral shift reagents (Yb(hfpc)/Ag(fod)).  Top spectrum: before addition of shift reagents 

(MM-19-25+28-col-2-solid-1).  Bottom spectrum: after addition of shift reagents, Yb(hfpc) = 2.2 mg, 

Ag(fod) = 2.7 mg, and resolution enhancement, LB = −0.8, GB = 0.4 (MM-19-25+28-col-2-solid-4).  
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Figure S17.  1H NMR (500 MHz, chloroform-d) spectra of bis[7]helicene 2 (~0.3 mg) with chiral shift 

reagents (Yb(hfpc)/Ag(fod)).  Top spectrum: before addn of shift reagents (MM-19-57-TP2-CDCl3). 

Middle spectrum: after first addn of shift reagents, Yb(hfpc) = 1.1 mg, Ag(fod) = 1.3 mg, LB = −0.5, GB 

= 0.3 (MM-19-57-TP2-1).  Bottom spectrum: after subsequent addn(s) of shift reagents, Yb(hfpc) = 3.7 

mg, Ag(fod) = 4.1 mg, LB = −0.6, GB = 0.3 (MM-19-57-TP2-3).  
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Figure S18.  1H NMR (500 MHz, chloroform-d) spectra of bis[7]helicene 2 (0.4 mg) with chiral shift 

reagents (Yb(hfpc)/Ag(fod)).  Top-to-bottom spectra: before addn of shift reagents and then after addns 

of increased amounts of shift reagents.  Top: MM-19-59-1.  Second from top: MM-19-59-2, Yb(hfpc) 

= 0.7 mg, Ag(fod) = 1.2 mg, LB = −0.8, GB = 0.4.  Third from top: MM-19-59-3, Yb(hfpc) = 1.9 mg, 

Ag(fod) = 2.0 mg, LB = −0.8, GB = 0.4.  Bottom: MM-19-59-4, Yb(hfpc) = 2.8 mg, Ag(fod) = 3.0 mg, 

LB = −0.8, GB = 0.4. 
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Figure S19. 1H NMR (400 MHz, chloroform-d) spectrum of 4a. 
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Figure S20. 13C NMR (100 MHz, chloroform-d) spectrum of 4a.  
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Figure S21. 1H NMR (400 MHz, chloroform-d) spectrum of 4b. 
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Figure S22. 13C NMR (100 MHz, chloroform-d) spectrum of 4b. 
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Figure S23. 1H NMR (400 MHz, chloroform-d) spectrum of tetrakis(β-trithiophene) 1. 
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Figure S24.  13C NMR (100 MHz, chloroform-d) spectrum of tetrakis(β-trithiophene) 1. 
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Figure S25. 1H NMR (500 MHz, chloroform-d) spectrum of tridecathiophene by-product 

(MM-15-88-TP3-B).  

 

Figure S26. LR FABMS spectrum of tridecathiophene by-product (MM-15-88-TP3-B).  The spectrum 

was vertically expanded by factor of 5 in the m/z 440 – 2100 range.  Inset spectrum shows the expansion 

in the m/z 1268 – 1292 range. 
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Figure S27. 1H NMR (400 MHz, chloroform-d) spectrum of bis[7]helicene 2 
(MM-21-26-TP2+TP3-A-4+5-solid). 
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Figure S28. 13C NMR (100 MHz, chloroform-d) spectrum of bis[7]helicene 2 
(MM-21-26-TP2+TP3-A-4+5-solid). 
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Figure S29. Comparison of IR spectra of tetrakis(β-trithiophene) 1 and bis[7]helicene 2.  These IR 

spectra were obtained consecutively, starting with bis[7]helicene 2; 256 scans were acquired for each 

spectrum. 
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Figure S30.  1H NMR (500 MHz, chloroform-d) spectra of 2 (MM-21-26-TP2+TP3-A-4+5-solid).  

Top spectrum: before heating.  Bottom spectrum: after 1 h at 280 °C. 
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Figure S31.  1H NMR (500 MHz, p-xylene-d10) spectra of 2 (MM-21-26-TP2+TP3-A-4+5-solid).  Top 

spectrum: before heating (label: MM-21-56-1H-xylene); the singlet at about 4.8 ppm is most likely due to 

the residual dichloromethane.  Bottom spectrum: after 10 h at 200 °C (label: MM-21-56-2). 
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Figure S32.  1H NMR (500 MHz, chloroform-d) spectrum of bis[7]helicene 2 after 10 h in p-xylene-d10 

at 200 °C (MM-21-56-2), and then removal of solvent in vacuo (label: MM-21-56-3). 
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4.  Supporting Tables. 

Table S1.  Selected intramolecular distances (Å) and angles (°) from X-ray structures of 

tetrakis(β-trithiophene) 1 and bis[7]helicene 2.   

Compound Distances between β-trithiophene moietiesa 

 
Torsion angles for β,β-linkages 

 

SSS

S
S

S

Br
Si(C3H7)3

S
S

S

SSS

Br
(C3H7)3Si

RRR 

C-C S-S C-S Terminal-inner Inner-inner 

 

C3-C16’ 3.451 
C6-C14’ 3.405 
C7-C13’ 3.495 
C8-C11’ 3.486 

 C11-C8’ 3.486  
C13-C7’ 3.495 
C14-C6’ 3.405 

 C16-C3’ 3.451 

S2-S6’ 3.706 
S3-S5’ 3.721 
S5-S3’ 3.721 
S6-S2’ 3.706 

C4-S6’ 3.598 
S6-C4’ 3.598 

C8-C7-C9-C10 
–77.6(3) 

 
C5-C7-C9-C11 

–88.7(4) 

C16-C15-C15’-C16’  
–77.12  

 
C13-C15-C15’-C13’

–88.44 

      

Compound 
 

Distances between [7]helicene moietiesb 

 
Torsion angles for β,β-linkages 

SSS

S

SS

Br

(C3H7)3Si
S

S
S

S

S
S

Br

Si(C3H7)3

S
S

 
MRM 

C-C S-S C-S Within [7]helicene 
moieties 

Between [7]helicene 
moieties 

 

C2-C16’ 3.226 
C16-C2’ 3.226 
C5-C13’ 3.296 
C7-C11’ 3.250 
C9-C9’ 3.297 
C11-C7’ 3.250 
C13-C5’ 3.296   

S1-S7’ 3.879 
S2-S6’ 3.856 
S3-S5’ 3.743 
S4-S4’ 3.742 
S5-S3’ 3.743 
S6-S2’ 3.856 
S7-S1’ 3.879 

C3-S7’ 3.459 
S7-C3’ 3.459 

C8-C7-C9-C10 
–11.68 

 
C5-C7-C9-C11 

–25.93 

C16-C15-C15’-C16’
–50.14 

 
C13-C15-C15’-C13’ 

–51.16 

a For tetrakis(β-trithiophene) 1, all C-C and C-S distances listed in the Table are below the sum of the van der Waals radii plus 
0.1 Å.  b For bis[7]helicene 2, all C-C and C-S distances listed in the Table are below the sum of the van der Waals radii.   
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Table S2.  Summary of chiral HPLC results for tetrakis(β-trithiophene) 1 and bis[7]helicene 2.   

Compound HPLC label No. Compound label 
Solvent system Left 

peak 
Right 
peak HPLC plot 

Hexane i-PrOH (%) (%) 
SSS

S
S

S

Br
Si(C3H7)3

S
S

S

SSS

Br
(C3H7)3Si

 
MM-19-71-solid 

1 
 

2 
MM-19-71-solid 

99.5 
 

99.5 

0.5 
 

0.5 

55.22 
 

56.18 

44.78 
 

43.82 

Figure S8 
 
 

 MM-20-92-1 1 Reference 
([11]helicene) 99.5 0.5 46.56 53.44  

 

 
MM-19-39-1 

 
 

 
1 
 

2 

MM-18-26+29-f2
+f1-B 

100 
 

100 

- 
 
- 

57.91 
 

58.49 

42.09 
 

41.51 
 

 MM-19-39-2 

 
1 
 

2 

MM-19-25+28-col
-2-solid 

100 
 

100 

- 
 
- 

57.64 
 

58.04 

42.36 
 

41.96 

 
 

Figure S7 

         

S
S

S

S

SS

Br

(C3H7)3Si
S

S
S

S

S
S

Br

Si(C3H7)3

S
S

 
MM-18-59-TP2 

1 
2 
3 
4 

MM-18-59-TP2 

99 
99 
100 
100 

1 
1 
- 
- 

single 
single 
26.91 
25.67 

peak 
peak 
73.09 
74.33 

 
Figure S9 
Figure S10 

 

 MM-19-60-1 1 Reference 
([7]helicene) 100 - 51.89 48.11  

 MM-19-60-2 2 
3 

MM-19-48+53-TP
1 

100 
100 

- 
- 

37.01 
37.17 

62.99 
62.83 

 
Figure S11

 MM-19-57-TP2 1 
2 MM-19-57-TP2 99.5 0.5 34.33 

34.01 
65.67 
65.99 (some impurities) 

 MM-20-92-1 1 Reference 
([11]helicene) 99.5 0.5 46.56 53.44  

 MM-20-96-solid 1 MM-20-96-solid 100 - 44.23 55.77  

 MM-20-98-1 1  Reference 
([7]helicene) 100 - 51.03 48.97  

 MM-21-40-1 3 Reference 
([7]helicene) 100 - 51.11 48.89 Figure S12 

 MM-21-15-solid 1 
2 

MM-21-15-TP3-A
+B-1+2-TP1-solid 100 - 19.05 

15.74 
80.95 
84.26 

Figure S13 
 

 MM-21-26-A-2 1 
2 

MM-21-26-TP2+T
P3-A-2 100 - 16.02 

15.87 
83.98 
84.13 

Figure S14 
(PTLC- purified) 

 MM-21-26-solid 1 
2 

MM-21-26-TP2+T
P3-A-4+5-solid 100 - 52.29 

52.83 
47.71 
47.17 

Figure S15 
(remaining on plate) 
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Table S3.  Summary of 1H NMR experiments with chiral shift reagents for tetrakis(β-trithiophene) 1 
and bis[7]helicene 2.  
 

Compound structure 
Sample label 

Mass 
(mg) NMR label Yb(hfpc) 

(mg) 
Ag(fod)  

(mg) 
LB/GB 

(Hz) 

Chemical shift of 1H 
NMR in aromatic region 

(integration) 
Comment 

SSS

S S

Br
Si(C3H7)3

S S

SSS

Br
(C3H7)3Si

SS

MM-19-25+28-col-2-solid 
 

(Figure S16) 

0.8 

 
MM-19-25+28-col-2-solid 
 
MM-19-25+28-col-2-solid 
 
 
MM-19-25+28-col-2-solid 
 
 
MM-19-25+28-col-2-solid 

 

 
― 
 

0.8 
 
 

0.8 
 

 
0.8+1.4 

 

 
― 
 

1.2 
 
 

1.2 
 

 
1.2+1.5 

 

 
0.3/0 

 
 
 

 
 
 
 

−0.8/0.4 
 

 
7.045, 6.706, 6.237 
 
7.056, 7.051, 6.715 (not 
split), 6.240 (not split) 
 
7.055, 7.050, 6.714 (not 
split), 6.239 (not split) 
 
7.074 (1.0 H), 7.054 
(0.96 H), 6.726 (1.03 H), 
6.721 (1.03 H), 6.242 
(0.99 H), 6.233 (0.99 H) 

 
 
 
 
 
 

(re-shimmed) 
 
 
 
 

SSS

SBr

SS(C H ) Si
S

S
S

S

S
S

Br

Si(C3H7)3

S
S

3 7 3

MM-19-57-TP2 
 

(Figure S17) 

~0.3 

 
MM-19-57-TP2-CDCl3 

 
MM-19-57-TP2-1 

 
MM-19-57-TP2-2 

 
MM-19-57-TP2-3 

 
― 
 

1.1 
 

1.1+2.6 
 

1.1+2.6 

 
― 
 

1.3 
 

1.3+2.8 
 

1.3+2.8 

 
0.3/0 

 
−0.5/0.3  

 
−0.6/0.3 

 
−0.6/0.3 

 
7.025 
 
7.042 (1.0 H), 7.036 
(1.37 H) 
7.088 (1.0 H), 7.070 
(1.21 H) 
7.086 (1.0 H), 7.069 
(1.17 H) 

 
 
 
 
 

(shimming?) 
 

(7.8% ee) 

S
S

S

Br

S

S
S

Br

Si(C3H7)3

S

S

S

S
S(C3H7)3Si

S
S

S

 
 

MM-19-48+53-TP1 
(Figure S18) 

0.4 

 
MM-19-59-1 

 
MM-19-59-2 

 
 

MM-19-59-3 
 
 
 

MM-19-59-4 

 
― 
 

0.7 
 

 
0.7+1.2 

 
 
 

0.7+1.2+0.9 

 
―      
 

1.2 
 
 

1.2+0.8 
 
 
 

1.2+0.8+1.0 

 
0.3/0 

 
−0.8/0.4 

 
 

−0.8/0.4 
 
 
 

−0.8/0.4 

 
7.025 
 
7.043 (1.0 H), 7.038 
(1.27 H) 
 
7.058 (1.0 H), 7.049 
(1.84 H, overlapped with 
13C satellite) 
 
7.070 (1.00 H), 7.060 
(1.17H) 

 
 
 

(12% ee) 
 
 
 
 
 
 

(7.8% ee) 
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Table S4.  B3LYP/6-31G(d) geometry optimizations and vibrational frequency calculations for Br- and 
TMS-terminated carbon-sulfur [n]helicenes and bis[7]helicenes.  

  Bis[7]helicene   
2a-MM 

Bis[7]helicene             
2a-PM 

[15]Helicene  
3a 

[7]Helicene     
5 

Point group C2 C1 Ci C2 C2 

Torsion angle  
(outer/inner)a 

-52.2/-49.8h 175.0/175.7 180.0/180.0 -11.9/-15.2 - 

Total energyb -12757.0879517 -12757.0753497 -12757.0753501 -13154.0582402 -9358.9360643 

RMS gradient normc 1.70e-06 1.97e-06 8.20e-07 7.00e-07 1.03e-06 

Maximum forcec 0.000005921 0.000008132 0.000001906 0.000001975 0.000003668 

Zero-point-energyd 290.14984 290.37343 290.24331 277.55846 209.42599 

Relative energyd,e 0 8.13 8.00 - - 

Vibrational 
frequenciesf 

10.5, 19.1, 21.9 5.5, 14.3, 20.3 i2.2, 12.5, 19.0 15.9, 17.0, 25.7 26.0, 33.5, 36.1 

Dipole momentg 2.44 0.26 0.00 1.49 1.67 

Br-Br (Å) 7.25h 7.40 7.40 7.22 - 

terminal S-S (Å) 11.05h 10.98 11.02 10.86 - 

Total energy (in uahf 
cyclohexane)b 

-12757.0889289   - -12757.0762607   -13154.0591076   -9358.93673347   

Relative energy (in 
uahf cyclohexane)d,e 

0 - 7.949 - - 

Dipole moment (in 
uahf cyclohexane)g 

2.68 - 0.00 1.65 1.83 

a CCCC torsion angle (°) between the [7]helicene units; the inner angle is defined by the four center 
carbons on the inner helix and the outer angle is defined by the four carbons for the center thiophene ring in 
[15]helicene or the corresponding four carbons in bis[7]helicene.  b In Hartree/molecule.  c In a.u., 
Cartesian coordinates. d In kcal mol-1, unscaled.  e Relative energy with respect to 2a-MM. f Three lowest 
frequencies in cm-1.  g Dipole moment in Debeye.  h The corresponding values determined from the X-ray 
structure of 2: -50.1° (outer),  -51.2° (inner), 6.90 Å (Br-Br), and 11.24 Å (terminal S-S). 
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Table S5.  B3LYP/6-31G(d,p) geometry optimizations and vibrational frequency calculations for 
hydrogen-terminated carbon-sulfur bis[7]helicenes, tris[7]helicenes, and tetrakis[7]helicenes. 

S

S

S

SHS

S

S
S

S

S

S
H

H
S

S

S
S

S

S

S
HH H

bis[7]helicene 6-MM

S
H

HS

S
S

S

H

S
S

S

H

S

S
S

S

S

S

H

H

bis[7]helicene 6-PM
S

H

H

S

S

S

H
S

S

S

H

S

SS

S

S

S
S

H

H

  bis[7]helicene 9-MM

  bis[7]helicene 9-PM

α α

α
α

S

SS

S

S

S
S

HH H

S

S S

S

S

SS

H HH

S

H

S

S

S

S

H

S

S

S H

S

S

S S

S

S

H
S

H

S

S S

S

SH

SH

S

H

S

SS

S

S H

S H

S
H

H
S

SS

S

H

S
S

S

H

S

S
S

S

S

S
H

S
H

S

S

S S

S

H S

H

S

S
S

S

S

S
H H S

S

S

S
S

S

S

H

H

H

S
H

S
S

S

S

S
H H

S

S
S

S

S

S
H

HS

S

SS

S

S

S HHS

S

S

S S

H

H

H S
H

S

S

S
S

S

S
H

H

tris[7]helicene 7-MPM tetrakis[7]helicene 8-MPMP

tris[7]helicene 7-MMM tetrakis[7]helicene 8-MMMM

S

β β

ββ

 

Linkage Oligomer Point 
group 

Torsion 
anglesa 

Total energyb RMS 
gradient 
normc 

Zero 
point 
energyd 

Relative 
energyd,e 

Vibrational 
frequencyf 

Dipole 
momentg 

β,β 6-MM C2 -51.8 -6797.53316673 1.20e-06 174.99 0 11.2, 24.8, 35.4 1.81 

β,β 6-PM Ci 180.0 -6797.52426336  1.90e-06 174.94 5.54 2.3, 18.9, 32.4 0.0 

β,β 7-MMM C2 -53.8,   
-53.8 

-10195.6858842  7.84e-07 255.94 0 9.9, 16.7, 21.1 2.26 

β,β 7-MPM C2 172.3, 
172.3 

-10195.6656715 7.36e-07 255.92 12.70 5.1, 8.2, 14.5 1.20 

β,β 8-MMMM C2 -54.1,   
-55.9,    
-54.1 

-13593.8382720 7.83e-07 336.75 0 7.3, 12.6, 15.8 2.69 

β,β 8-MPMP Ci 171.9, 
180.0,   
-171.9 

-13593.8060036 1.38e-06 336.86 20.36 3.2, 5.9, 7.1 0.0 

α,α 9-MM C2 -32.4 -6797.56029703  2.12e-07 175.27 0 5.9, 13.1, 13.3 0.59 

α,α 9-PM Ci 180.0 -6797.56184080  1.61e-06 175.18 –1.05 i5.2, 13.8, 19.3 0.0 

a (H)CCCC(H) torsion angles (°) between the [7]helicene units.  b In Hartree/molecule.  c In a.u., 
Cartesian coordinates. d In kcal mol-1, unscaled.  e Energy difference between diastereomers relative to the 
energy of the “homochiral” diastereomer. f Three lowest frequencies in cm-1.  g Dipole moment in Debeye. 
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