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HPLC Methods 

All analytical HPLC chromatograms were generated on an Agilent 1100 system equipped with an 

auto injector, a fraction collector and a diode array detector. Analytical injections were performed 

on an Agilent Eclipse XDB C-18 (4.6 x 250 mm) column with a flow rate of 2 mL/min. The 

column was fitted with a column guard. In cases of closely-eluting peaks, integration was 

performed by standard data analysis software package whereby a line was drawn between both 

peaks and then integration was performed without peak correction. 

 

 

Table S1. Analytical HPLC method A: Solvent A: H2O (0.1% Formic acid), Solvent B: CH3CN 

(0.1% Formic acid), Flow rate: 2 ml/min.  

Time (min) % A % B 

0 95 5 

17.00 75 25 

20.00 0 100 

26.00 0 100 

30.00 95 5 

37.00 95 5 

 

Table S2. Analytical HPLC method B: Solvent A: H2O (0.1% Formic acid), Solvent B: CH3CN 

(0.1% Formic acid), Flow rate: 2 ml/min.  

Time (min) % A % B 

0 90 10 

24.00 60 40 

27.00 0 100 

32.00 0 100 

35.00 90 10 

41.00 90 10 
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Preparatory injections were performed on an Agilent 260 Infinity II system equipped with an auto 

injector, a fraction collector and a diode array detector. An Agilent 5 Prep C-18 column (50 x 21.2 

mm, L x ID) was fitted with a column guard. In cases of closely-eluting peaks, integration was 

performed by standard data analysis software package whereby a line was drawn between both 

peaks and then integration was performed without peak correction. Chromatograms were obtained 

with a solvent gradient of 0.1% formic acid in acetonitrile (Solvent A) and 0.1% formic acid in 

water (Solvent B). 

 

Table S3. Preparative HPLC method C: Solvent A: H2O (0.1% Formic acid), Solvent B: CH3CN 

(0.1% Formic acid), Flow rate: 15 ml/min. 

Time (min) % A % B 

7.00 75 25 

8.00 0 100 

9.00 0 100 

 

Table S4. Preparative HPLC method D: Solvent A: H2O (0.1% Formic acid), Solvent B: CH3CN 

(0.1% Formic acid), Flow rate: 15 ml/min. 

Time (min) % A % B 

7.00 60 40 

8.00 0 100 

9.00 0 100 
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NMR Spectra, HPLC Chromatograms, and UV-Vis Spectra 

  
Figure S1. 400 MHz 1H NMR spectrum of S1 in CD2Cl2 

 

 
Figure S2. 75 MHz 13C{1H} NMR spectrum of S1 in CD2Cl2 
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Figure S3. 300 MHz 1H NMR spectrum of 5 in CD2Cl2 

 

 
 

Figure S4. 75 MHz 13C{1H} NMR spectrum of 5 in CD2Cl2 
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Figure S5. 400 MHz 1H NMR spectrum of 7 in CD2Cl2 

 

 
Figure S6. 101 MHz 13C{1H} NMR spectrum of 7 in CD2Cl2 
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Figure S7. 400 MHz 1H NMR spectrum of 8 in CD2Cl2 

 

 
 

 

Figure S8. 101 MHz 13C{1H} NMR spectrum of 8 in CD2Cl2 
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Figure S9. 300 MHz 1H NMR spectrum of 11 in CD2Cl2 

 

 
 

Figure S10. 75 MHz 13C{1H} NMR spectrum of 11 in CD2Cl2 
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Figure S11. 400 MHz 1H NMR spectrum of S2 in DMSO-d6 

 
Figure S12. 101 MHz 13C{1H} NMR spectrum of S2 in DMSO-d6 
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Figure S13. 400 MHz 1H NMR spectrum of S3 in MeOD 

 

 
Figure S14. 101 MHz 13C{1H} NMR spectrum of S3 in MeOD 
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Figure S15. 400 MHz 1H NMR spectrum of 13 in MeOD 

 

 
Figure S16. 101 MHz 13C{1H} NMR spectrum of 13 in MeOD 
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Figure S17. 400 MHz 1H NMR spectrum of 16 in MeOD 
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Figure S18. 101 MHz 13C{1H} NMR spectrum of 16 in DMSO 

 
Figure S19. 400 MHz COSY45 of 16 in MeOD 
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Figure S20. HPLC chromatogram for pure 16 (method A) 

 

 

 
 

Figure S21. UV absorbance for peak at 16.4 min.  
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Figure S22. HPLC chromatogram for pure S4 (method B) 

 

 
Figure S23. UV absorbance for peak at 21.2 min. 
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Figure S24. 850 MHz 1H NMR spectrum of 17 in DMSO  
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Figure S25. 214 MHz 13C{1H} NMR spectrum of 17 in DMSO  
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Figure S26. 400 MHz 1H-1H COSY45 of 17 in DMSO 
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Figure S27. 850 MHz Phase-sensitive HSQC NMR spectrum of 17 in DMSO  
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Figure S28. HPLC chromatogram for pure 17 (method B) 

 

 

 
 

Figure S29. UV absorbance for peak at 21.2 min.  
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Circular Dichroism Spectra of Compound 17 

 

 
Figure S30. Circular dichroisim spectra of 17 in MeOH.  
 

 

 

 
Figure S31. Circular dichroisim spectra of 17 in MeOH (10% Formate buffer). 
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X-Ray Structure of Compound 12 

 

 

 

 

Ellipsoids are given at 50% probability levels 
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X-Ray Data and Structure Refinement of Compound 12 

Experimental. Single colourless blade crystals of 12 recrystallised from a mixture of Et2O and 

hexane by slow evaporation. A suitable crystal with dimensions 0.50 × 0.22 × 0.08 mm3 was 

selected and mounted on a mylar loop in oil on a Bruker APEX II area detector diffractometer. 

The crystal was kept at a steady T = 100(2) K during data collection. The structure was solved with 

the XT (Sheldrick, 2015) solution program using Intrinsic Phasing methods and by using Olex2 

(Dolomanov et al., 2009) as the graphical interface. The model was refined with XL (Sheldrick, 

2015) using full matrix least squares minimisation on F2. 

Crystal Data. C37H54N2O8Si2, Mr = 711.00, monoclinic, P21 (No. 4), a = 12.2455(3) Å, b = 

8.6616(3) Å, c = 20.0109(6) Å, β = 106.8484(17)°, α =  = 90°, V = 2031.36(11) Å3, T = 100(2) K, 

Z = 2, Z' = 1, µ(MoKα) = 0.136, 30263 reflections measured, 7752 unique (Rint = 0.0336) which 

were used in all calculations. The final wR2 was 0.0914 (all data) and R1 was 0.0383 (I > 2(I)). 

Formula  C37H54N2O8Si2  

Dcalc./ g cm-3  1.162  

µ/mm-1  0.136  

Formula Weight  711.00  

Colour  colourless  

Shape  blade  

Size/mm3  0.50×0.22×0.08  

T/K  100(2)  

Crystal System  monoclinic  

Flack Parameter  -0.03(4)  

Hooft Parameter  -0.04(4)  

Space Group  P21  

a/Å  12.2455(3)  

b/Å  8.6616(3)  

c/Å  20.0109(6)  

α/°  90  

β/°  106.8484(17)  

/°  90  

V/Å3  2031.36(11)  

Z  2  

Z'  1  

Wavelength/Å  0.71073  

Radiation type  MoKα 

min/
°  1.063  

max/
°  25.857  

Measured Refl's.  30263  

Ind't Refl's  7752  
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Refl's with I > 2(I)  6876  

Rint  0.0336  

Parameters  558  

Restraints  1177  

Largest Peak  0.289  

Deepest Hole  -0.233  

GooF  1.038  

wR2 (all data)  0.0914  

wR2  0.0868  

R1 (all data)  0.0467  

R1  0.0383  

 

Structure Quality Indicators 

Reflections:  

Refinement:  

A colourless blade-shaped crystal with dimensions 0.50 × 0.22 × 0.08 mm3 was mounted on a 

mylar loop in oil. Data were collected using a Bruker APEX II area detector diffractometer 

equipped with a Kryoflex low-temperature device operating at T = 100(2) K. 

Data were measured using  and  scans of 0.5 ° per frame for 30 s using MoKα radiation 

(microfocus sealed X-ray tube, 50 kV, 0.99 mA). The total number of runs and images was based 

on the strategy calculation from the program APEX3. The maximum resolution that was achieved 

was  = 25.857° (0.81 Å). 

The unit cell was refined using SAINT (Bruker, V8.40A, after 2013) on 9863 reflections, 33% of 

the observed reflections.  Data reduction, scaling and absorption corrections were performed using 

SAINT (Bruker, V8.40A, after 2013). The final completeness is 100.00 % out to 25.857° in .  

A multi-scan absorption correction was performed using SADABS-2016/2 (Bruker, 2016/2) was 

used for absorption correction. wR2(int) was 0.1034 before and 0.0422 after correction. The ratio 

of minimum to maximum transmission is 0.8902. The /2 correction factor is not present.  The 

absorption coefficient µ of this material is 0.136 mm-1 at this wavelength ( = 0.71073Å) and the 

minimum and maximum transmissions are 0.881 and 0.989. 

The structure was solved and the space group P21 (# 4) determined by the XT (Sheldrick, 2015) 

structure solution program using using dual methods and refined by full matrix least squares 

minimisation on F2 using version 2018/3 of XL (Sheldrick, 2015).   The pyrrolidine-dione ring 

and one t-butyl group are disordered and were each modeled in two orientations.  SADI restraints 

were employed in order to maintain reasonable geometries.  All non-hydrogen atoms were refined 

anisotropically. Most hydrogen atom positions were calculated geometrically and refined using 
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the riding model, but hydrogen atom H1 was located in a difference map and was refined freely. 

Chiral carbons C2, C3, and C4 were assigned the absolute configuration S, R, and R; respectively.  

The Flack parameter (Parsons, 2015) was refined to -0.03(4). Determination of absolute structure 

using Bayesian statistics on Bijvoet differences using the Olex2 results in -0.04(4). Note: The 

Flack parameter is used to determine chirality of the crystal studied, the value should be near 0, a 

value of 1 means that the stereochemistry is wrong, and the model should be inverted. A value of 

0.5 means that the crystal consists of a racemic mixture of the two enantiomers. 

Table S5: Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement 

Parameters (Å2×103) for 23. Ueq is defined as 1/3 of the trace of the orthogonalized Uij. 

 

Atom x y z Ueq 

Si1 5926.6(7) 6691.8(11) 1638.2(4) 32.5(2) 

Si2 10061.9(7) 3290.9(10) 1666.8(4) 29.51(19) 

O1 9987(4) 4559(7) 3696(3) 32.6(12) 

O1A 7974(7) 6441(8) 3651(4) 38.2(17) 

O2 8562(5) 6090(6) 3835(2) 29.8(11) 

O2A 9628(8) 5131(9) 3739(4) 27.3(17) 

O3 6407.2(17) 4952(3) 1937.3(10) 33.7(5) 

O4 8843.6(17) 2759(2) 1792.4(10) 31.9(5) 

O5 6670.2(18) 3193(2) 4358.2(10) 33.0(5) 

O6 5239.9(19) 4471(2) 3569.0(11) 32.7(5) 

O7 9098(5) 7745(6) 2790(2) 42.1(13) 

O7A 10460(20) 6460(30) 5076(12) 37(4) 

O8 10232(16) 6751(18) 5119(8) 34(2) 

O8A 9679(8) 7369(9) 2755(3) 45(2) 

N1 6842(3) 3966(3) 3311.1(15) 37.3(7) 

N2 9384(4) 7256(5) 3957(2) 29.4(13) 

N2A 10135(5) 6578(7) 3893(3) 27.6(18) 

C1 9003(8) 4712(8) 3661(3) 25.2(13) 

C1A 8442(9) 5246(14) 3608(4) 25.9(19) 

C2 8008(3) 3546(4) 3440.0(15) 32.0(7) 

C3 8269(2) 2667(4) 2833.9(15) 30.2(7) 

C4 8229(2) 3616(3) 2176.6(14) 27.6(6) 

C5 7071(3) 3919(4) 1656.3(15) 32.9(7) 

C6 7573(3) 1199(4) 2685(2) 46.2(9) 

C7 9585(6) 8028(7) 3394(3) 32.6(14) 

C7A 10472(14) 7170(20) 4567(6) 32(4) 

C8 10449(18) 9234(17) 3709(9) 29(3) 

C8A 10890(30) 8800(30) 4522(15) 32(2) 

C9 11003(17) 8661(18) 4460(9) 32(2) 

C9A 10630(30) 9050(30) 3731(14) 34(5) 

C10 10202(9) 7452(13) 4599(4) 30(2) 
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Atom x y z Ueq 

C10A 10065(9) 7641(11) 3362(4) 33(2) 

C11 6289(3) 3821(3) 3799.8(15) 28.7(6) 

C12 4594(3) 4544(4) 4067.9(18) 36.8(7) 

C13 4562(3) 6205(4) 4314.3(16) 33.0(7) 

C14 3996(3) 7326(4) 3748.9(17) 39.1(8) 

C15 2936(3) 7222(6) 3257(2) 60.4(11) 

C16 2578(4) 8366(7) 2780(2) 74.7(13) 

C17 3257(4) 9643(6) 2787(2) 72.0(14) 

C18 4332(4) 9795(5) 3284(2) 58.7(11) 

 

Atom x y z Ueq 

C19 4702(3) 8590(4) 3758.9(17) 40.3(8) 

C20 5792(3) 8344(4) 4306.8(16) 33.4(7) 

C21 6764(3) 9243(4) 4509(2) 45.7(9) 

C22 7661(3) 8728(4) 5045(2) 50.2(10) 

C23 7600(3) 7350(4) 5382.7(19) 46.5(9) 

C24 6625(3) 6437(4) 5179.9(16) 35.5(7) 

C25 5724(3) 6934(3) 4640.3(15) 29.5(6) 

C26 5920(3) 7760(4) 2433.0(18) 45.6(9) 

C27 6912(3) 7610(5) 1203(2) 55.8(10) 

C28 4310(40) 6080(40) 1152(17) 51.4(16) 

C29 3840(30) 5190(50) 1680(30) 84(3) 

C30 4340(40) 5070(50) 520(20) 95(3) 

C31 3750(40) 7660(40) 920(30) 72(2) 

C32 11240(3) 3145(5) 2497.9(16) 43.8(8) 

C33 9976(3) 5321(4) 1358(2) 50.7(10) 

C34 10230(3) 1869(4) 991.7(16) 39.8(8) 

C35 10196(4) 234(5) 1269(2) 65.4(12) 

C36 11364(3) 2155(6) 826(2) 69.9(14) 

C37 9245(3) 2068(6) 325.5(17) 56.6(11) 

C31A 3964(6) 8200(11) 821(5) 72(2) 

C30A 4459(8) 5723(13) 355(4) 95(3) 

C28A 4447(6) 6565(9) 1024(4) 51.4(16) 

C29A 3683(5) 5686(11) 1390(6) 84(3) 

 

Table S6: Anisotropic Displacement Parameters (×104) for 23. The anisotropic displacement 

factor exponent takes the form: -2π2[h2a*2 × U11+ ... +2hka* × b* × U12] 

Atom U11 U22 U33 U23 U13 U12 

Si1 26.0(4) 39.7(5) 29.9(4) 1.6(4) 5.0(3) 6.5(4) 

Si2 29.3(4) 34.3(5) 26.8(4) -1.2(4) 11.0(3) 4.8(4) 

O1 22(3) 38(3) 36(2) -7(2) 6.2(18) 7(2) 
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Atom U11 U22 U33 U23 U13 U12 

O1A 30(4) 32(3) 51(4) -10(3) 9(3) 7(3) 

O2 28(3) 26(2) 37(2) -4(2) 12(2) 2(2) 

O2A 24(4) 23(4) 32(3) -3(3) 4(3) 1(3) 

O3 32.3(11) 41.0(13) 30.1(11) 3.1(10) 12.7(9) 9.1(10) 

O4 32.6(11) 30.9(11) 35.6(11) -7.8(9) 15.1(9) 0.4(9) 

O5 44.6(12) 26.2(10) 30.2(10) 4.9(9) 14.3(9) -4.2(10) 

O6 42.4(12) 24.5(10) 35.1(11) 0.5(9) 17.5(10) 3.5(10) 

O7 36(3) 49(3) 35(2) 6(2) 0(2) -3(2) 

O7A 40(10) 39(9) 30(5) 0(5) 7(4) 2(5) 

O8 40(7) 32(5) 33(3) -3(3) 14(3) 1(3) 

O8A 55(5) 45(4) 32(3) 1(3) 7(4) -10(4) 

N1 54.7(18) 34.6(15) 27.6(14) 12.1(12) 19.7(13) 20.5(14) 

N2 28(3) 24(2) 35(2) -2.7(17) 7.4(17) -2.5(19) 

N2A 26(4) 19(3) 35(3) -1(2) 4(2) -1(3) 

C1 27(4) 27(3) 19(3) 3(2) 4(3) 10(3) 

C1A 30(5) 30(5) 19(4) -4(4) 9(4) 6(4) 

C2 39.7(17) 30.9(17) 26.8(14) 3.1(12) 11.9(12) -5.7(14) 

C3 26.1(15) 31.5(16) 35.1(16) 2.6(13) 12.0(13) 3.0(13) 

 

Atom U11 U22 U33 U23 U13 U12 

C4 29.0(15) 25.5(16) 31.4(14) -5.5(12) 13.7(12) -0.4(12) 

C5 33.0(16) 34.9(17) 30.5(15) -6.1(13) 8.6(13) 3.9(14) 

C6 68(2) 23.8(17) 59(2) -5.0(16) 37.3(19) -1.2(16) 

C7 25(3) 31(3) 39(3) 6(2) 6(2) 10(3) 

C7A 33(7) 31(7) 33(4) -5(4) 11(4) 1(6) 

C8 25(6) 24(5) 37(4) 6(3) 5(3) 8(4) 

C8A 37(4) 23(3) 36(3) -10(2) 10(2) 2(3) 

C9 37(4) 23(3) 36(3) -10(2) 10(2) 2(3) 

C9A 29(10) 18(6) 52(7) 4(5) 8(6) 8(7) 

C10 33(5) 24(4) 33(3) -6(3) 8(3) 6(3) 

C10A 28(5) 30(5) 35(4) 4(3) 3(4) 5(4) 

C11 42.9(17) 14.3(13) 30.0(15) -3.3(12) 12.2(13) -3.2(13) 

C12 38.8(18) 31.3(17) 46.7(19) -1.4(15) 22.4(15) -7.6(15) 

C13 36.3(17) 30.1(16) 41.8(18) -2.6(13) 25.8(14) -0.5(13) 

C14 38.6(18) 39.3(19) 46.2(19) -2.0(15) 22.9(15) 14.3(15) 

C15 43(2) 69(3) 69(3) -5(2) 17.2(19) 22(2) 

C16 66(3) 87(3) 70(3) 9(3) 17(2) 40(3) 

C17 83(3) 80(3) 61(3) 28(2) 32(2) 63(3) 

C18 84(3) 44(2) 66(3) 16.4(19) 51(2) 32(2) 

C19 57(2) 29.3(18) 47.0(18) 5.2(14) 34.1(16) 19.5(15) 

C20 46.2(17) 21.1(14) 43.3(16) -2.4(14) 29.4(14) 3.4(14) 

C21 60(2) 23.5(17) 69(2) -10.5(16) 44(2) -6.3(16) 

C22 46(2) 35.1(19) 77(3) -28.1(18) 30.8(19) -12.6(17) 
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Atom U11 U22 U33 U23 U13 U12 

C23 44(2) 45(2) 48(2) -20.4(16) 9.2(16) 6.5(17) 

C24 50.2(19) 26.2(16) 34.8(16) -5.8(13) 19.6(14) 7.3(15) 

C25 38.7(16) 21.8(15) 36.2(15) -4.2(12) 24.2(13) 2.0(13) 

C26 54(2) 36.7(19) 50(2) -7.0(16) 20.6(17) -4.5(17) 

C27 60(2) 59(2) 57(2) 18(2) 30.9(19) 15(2) 

C28 35(2) 38(4) 65(3) -6(3) -11(2) 3(3) 

C29 27(3) 67(5) 144(7) 9(4) 1(4) -13(3) 

C30 99(5) 73(6) 68(4) -27(4) -45(4) 35(5) 

C31 39(3) 49(5) 99(5) -5(4) -27(3) 11(3) 

C32 34.5(17) 61(2) 35.0(16) -6.8(17) 8.4(13) -0.7(17) 

C33 54(2) 44(2) 64(2) 8.8(19) 32.0(19) 3.2(18) 

C34 28.8(15) 57(2) 33.6(16) -13.4(16) 8.8(13) 7.9(16) 

C35 71(3) 51(2) 66(3) -19(2) 7(2) 17(2) 

C36 41(2) 112(4) 63(2) -40(3) 24.8(18) 2(2) 

C37 45(2) 92(3) 31.3(17) -15.0(19) 8.3(15) 6(2) 

C31A 39(3) 49(5) 99(5) -5(4) -27(3) 11(3) 

C30A 99(5) 73(6) 68(4) -27(4) -45(4) 35(5) 

C28A 35(2) 38(4) 65(3) -6(3) -11(2) 3(3) 

C29A 27(3) 67(5) 144(7) 9(4) 1(4) -13(3) 

 

 

 

 

 

 

Table S7: Bond Lengths in Å for 23. 

Atom Atom Length/Å 

Si1 O3 1.665(2) 

Si1 C26 1.842(3) 

Si1 C27 1.858(4) 

Si1 C28 2.01(4) 

Si1 C28A 1.874(7) 

Si2 O4 1.649(2) 

Si2 C32 1.864(3) 

Si2 C33 1.857(4) 

Si2 C34 1.883(3) 

O1 C1 1.194(10) 

O1A C1A 1.198(14) 
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Atom Atom Length/Å 

O2 N2 1.397(6) 

O2 C1 1.395(8) 

O2A N2A 1.393(10) 

O2A C1A 1.402(11) 

O3 C5 1.429(4) 

O4 C4 1.430(3) 

O5 C11 1.208(3) 

O6 C11 1.356(4) 

O6 C12 1.444(4) 

O7 C7 1.209(6) 

O7A C7A 1.192(9) 

O8 C10 1.195(7) 

O8A C10A 1.191(8) 

N1 C2 1.423(4) 

N1 C11 1.347(4) 

N2 C7 1.392(6) 

N2 C10 1.391(8) 

N2A C7A 1.389(9) 

N2A C10A 1.391(8) 

C1 C2 1.545(9) 

C1A C2 1.569(12) 

C2 C3 1.542(4) 

C3 C4 1.540(4) 

C3 C6 1.512(4) 

C4 C5 1.519(4) 

C7 C8 1.490(9) 

C7A C8A 1.512(12) 

C8 C9 1.542(10) 

C8A C9A 1.539(12) 

C9 C10 1.514(10) 

C9A C10A 1.490(11) 

C12 C13 1.524(4) 

C13 C14 1.500(5) 

C13 C25 1.520(4) 

C14 C15 1.386(5) 

C14 C19 1.391(5) 

C15 C16 1.357(6) 

C16 C17 1.382(7) 

C17 C18 1.407(7) 

C18 C19 1.396(5) 

C19 C20 1.477(5) 

C20 C21 1.381(5) 

C20 C25 1.406(4) 

C21 C22 1.369(6) 
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Atom Atom Length/Å 

C22 C23 1.384(6) 

C23 C24 1.391(5) 

C24 C25 1.370(4) 

C28 C29 1.55(2) 

C28 C30 1.54(2) 

C28 C31 1.54(2) 

C34 C35 1.527(6) 

C34 C36 1.538(5) 

C34 C37 1.527(4) 

C31A C28A 1.544(7) 

C30A C28A 1.527(7) 

C28A C29A 1.546(8) 

 

Table 1: Bond Angles in ° for 23. 

Atom Atom Atom Angle/° 

O3 Si1 C26 103.51(14) 

O3 Si1 C27 110.23(15) 

O3 Si1 C28 97.5(9) 

O3 Si1 C28A 110.9(3) 

C26 Si1 C27 110.80(18) 

C26 Si1 C28 107.5(9) 

C26 Si1 C28A 110.5(2) 

C27 Si1 C28 124.7(10) 

C27 Si1 C28A 110.7(3) 

O4 Si2 C32 110.23(13) 

O4 Si2 C33 110.43(15) 

O4 Si2 C34 102.62(13) 

C32 Si2 C34 112.25(15) 

C33 Si2 C32 108.42(19) 

C33 Si2 C34 112.80(17) 

C1 O2 N2 110.5(5) 

N2A O2A C1A 110.4(8) 

C5 O3 Si1 127.38(19) 

C4 O4 Si2 125.28(18) 

C11 O6 C12 116.0(2) 

C11 N1 C2 122.2(3) 

C7 N2 O2 119.6(4) 

C10 N2 O2 122.6(7) 

C10 N2 C7 116.1(7) 

C7A N2A O2A 122.3(10) 

C7A N2A C10A 115.7(10) 

C10A N2A O2A 120.1(6) 
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Atom Atom Atom Angle/° 

O1 C1 O2 122.5(7) 

O1 C1 C2 130.0(5) 

O2 C1 C2 107.5(6) 

O1A C1A O2A 122.6(10) 

O1A C1A C2 133.4(8) 

O2A C1A C2 103.9(9) 

N1 C2 C1 123.4(4) 

N1 C2 C1A 93.3(5) 

N1 C2 C3 114.2(2) 

C3 C2 C1 102.8(3) 

C3 C2 C1A 119.8(4) 

C4 C3 C2 116.5(2) 

C6 C3 C2 109.7(2) 

C6 C3 C4 113.8(3) 

O4 C4 C3 106.9(2) 

O4 C4 C5 104.7(2) 

C5 C4 C3 118.1(2) 

O3 C5 C4 111.3(2) 

O7 C7 N2 124.1(6) 

O7 C7 C8 130.4(9) 

N2 C7 C8 105.4(8) 

O7A C7A N2A 125(2) 

O7A C7A C8A 128(2) 

N2A C7A C8A 107.3(16) 

C7 C8 C9 104.1(12) 

C7A C8A C9A 102.8(19) 

C10 C9 C8 106.0(14) 

C10A C9A C8A 108.7(19) 

O8 C10 N2 125.0(15) 

O8 C10 C9 130.7(14) 

N2 C10 C9 104.3(10) 

O8A C10A N2A 124.5(8) 

O8A C10A C9A 131.1(13) 

N2A C10A C9A 104.3(13) 

O5 C11 O6 125.1(3) 

O5 C11 N1 125.0(3) 

N1 C11 O6 109.9(3) 

O6 C12 C13 109.6(2) 

C14 C13 C12 114.6(3) 

C14 C13 C25 103.0(3) 

C25 C13 C12 114.9(3) 

C15 C14 C13 128.8(4) 

C15 C14 C19 120.8(4) 

C19 C14 C13 110.4(3) 
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Atom Atom Atom Angle/° 

C16 C15 C14 119.8(5) 

C15 C16 C17 120.4(4) 

C16 C17 C18 121.3(4) 

C19 C18 C17 117.6(4) 

C14 C19 C18 120.0(4) 

C14 C19 C20 108.8(3) 

C18 C19 C20 131.2(4) 

C21 C20 C19 130.8(3) 

C21 C20 C25 121.0(3) 

C25 C20 C19 108.2(3) 

C22 C21 C20 118.2(3) 

C21 C22 C23 121.3(3) 

C22 C23 C24 120.8(3) 

C25 C24 C23 118.6(3) 

C20 C25 C13 109.5(3) 

C24 C25 C13 130.4(3) 

C24 C25 C20 120.1(3) 

C29 C28 Si1 108(2) 

C30 C28 Si1 107(3) 

C30 C28 C29 112(3) 

C30 C28 C31 112(3) 

C31 C28 Si1 101(2) 

C31 C28 C29 115(3) 

C35 C34 Si2 109.0(2) 

C35 C34 C36 110.5(3) 

C36 C34 Si2 110.0(3) 

C37 C34 Si2 109.2(2) 

C37 C34 C35 108.9(3) 

C37 C34 C36 109.2(3) 

C31A C28A Si1 110.0(4) 

C31A C28A C29A 109.8(5) 

C30A C28A Si1 110.5(5) 

C30A C28A C31A 107.9(6) 

C30A C28A C29A 109.9(6) 

C29A C28A Si1 108.7(4) 

 

Table S8: Torsion Angles in ° for 23. 

Atom Atom Atom Atom Angle/° 

Si1 O3 C5 C4 117.8(3) 

Si2 O4 C4 C3 -113.0(2) 

Si2 O4 C4 C5 121.0(2) 

O1 C1 C2 N1 -169.0(5) 
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Atom Atom Atom Atom Angle/° 

O1 C1 C2 C3 -38.2(7) 

O1A C1A C2 N1 3.7(10) 

O1A C1A C2 C3 124.2(9) 

O2 N2 C7 O7 -1.0(9) 

O2 N2 C7 C8 176.9(11) 

O2 N2 C10 O8 -6.5(15) 

O2 N2 C10 C9 171.6(10) 

O2 C1 C2 N1 11.4(5) 

O2 C1 C2 C3 142.3(4) 

O2A N2A C7A O7A 7(2) 

O2A N2A C7A C8A -175.2(16) 

O2A N2A C10A O8A -7.1(14) 

O2A N2A C10A C9A 176.5(18) 

O2A C1A C2 N1 -178.3(5) 

O2A C1A C2 C3 -57.9(7) 

O3 Si1 C28A C31A 173.4(4) 

O3 Si1 C28A C30A -67.6(4) 

O3 Si1 C28A C29A 53.1(4) 

O4 Si2 C34 C35 -56.6(3) 

O4 Si2 C34 C36 -177.9(3) 

O4 Si2 C34 C37 62.3(3) 

O4 C4 C5 O3 -172.1(2) 

O6 C12 C13 C14 61.6(3) 

O6 C12 C13 C25 -57.5(4) 

O7 C7 C8 C9 -162.2(11) 

O7A C7A C8A C9A -178(2) 

N1 C2 C3 C4 71.7(3) 

N1 C2 C3 C6 -59.4(3) 

N2 O2 C1 O1 7.8(7) 

N2 O2 C1 C2 -172.6(4) 

N2 C7 C8 C9 20.1(17) 

N2A O2A C1A O1A -2.2(11) 

N2A O2A C1A C2 179.6(5) 

N2A C7A C8A C9A 5(3) 

C1 O2 N2 C7 80.4(6) 

C1 O2 N2 C10 -84.1(7) 

C1 C2 C3 C4 -64.5(4) 

C1 C2 C3 C6 164.4(3) 

C1A O2A N2A C7A 87.8(11) 

C1A O2A N2A C10A -75.9(9) 

C1A C2 C3 C4 -37.6(6) 

C1A C2 C3 C6 -168.7(5) 

C2 N1 C11 O5 -7.8(5) 

C2 N1 C11 O6 172.8(3) 
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Atom Atom Atom Atom Angle/° 

C2 C3 C4 O4 161.3(2) 

C2 C3 C4 C5 -81.2(3) 

C3 C4 C5 O3 69.2(3) 

C6 C3 C4 O4 -69.6(3) 

C6 C3 C4 C5 48.0(4) 

C7 N2 C10 O8 -171.5(10) 

C7 N2 C10 C9 6.6(12) 

C7 C8 C9 C10 -17(2) 

C7A N2A C10A O8A -171.9(12) 

C7A N2A C10A C9A 12(2) 

C7A C8A C9A C10A 2(3) 

C8 C9 C10 O8 -175.1(15) 

C8 C9 C10 N2 6.9(17) 

C8A C9A C10A O8A 176.1(19) 

C8A C9A C10A N2A -8(3) 

C10 N2 C7 O7 164.5(7) 

C10 N2 C7 C8 -17.7(12) 

C10A N2A C7A O7A 171.6(18) 

C10A N2A C7A C8A -11(2) 

C11 O6 C12 C13 106.8(3) 

C11 N1 C2 C1 -96.5(4) 

C11 N1 C2 C1A -97.6(4) 

C11 N1 C2 C3 137.5(3) 

C12 O6 C11 O5 6.8(4) 

C12 O6 C11 N1 -173.8(2) 

C12 C13 C14 C15 51.1(4) 

C12 C13 C14 C19 -128.2(3) 

C12 C13 C25 C20 127.0(3) 

C12 C13 C25 C24 -54.2(4) 

C13 C14 C15 C16 -179.4(3) 

C13 C14 C19 C18 -178.7(3) 

C13 C14 C19 C20 2.7(3) 

C14 C13 C25 C20 1.6(3) 

C14 C13 C25 C24 -179.5(3) 

C14 C15 C16 C17 -0.8(6) 

C14 C19 C20 C21 178.6(3) 

C14 C19 C20 C25 -1.5(3) 

C15 C14 C19 C18 2.0(5) 

C15 C14 C19 C20 -176.7(3) 

C15 C16 C17 C18 0.1(7) 

C16 C17 C18 C19 1.6(6) 

C17 C18 C19 C14 -2.6(5) 

C17 C18 C19 C20 175.7(3) 

C18 C19 C20 C21 0.2(6) 
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Atom Atom Atom Atom Angle/° 

C18 C19 C20 C25 -180.0(3) 

C19 C14 C15 C16 -0.2(5) 

C19 C20 C21 C22 179.6(3) 

C19 C20 C25 C13 -0.2(3) 

C19 C20 C25 C24 -179.1(3) 

C20 C21 C22 C23 -0.5(5) 

C21 C20 C25 C13 179.7(3) 

C21 C20 C25 C24 0.7(4) 

C21 C22 C23 C24 0.8(5) 

C22 C23 C24 C25 -0.3(5) 

C23 C24 C25 C13 -179.2(3) 

C23 C24 C25 C20 -0.5(4) 

C25 C13 C14 C15 176.6(3) 

C25 C13 C14 C19 -2.6(3) 

C25 C20 C21 C22 -0.2(4) 

C26 Si1 O3 C5 -148.3(2) 

C26 Si1 C28A C31A 59.2(5) 

C26 Si1 C28A C30A 178.2(4) 

C26 Si1 C28A C29A -61.1(5) 

C27 Si1 O3 C5 -29.8(3) 

C27 Si1 C28A C31A -64.0(5) 

C27 Si1 C28A C30A 55.1(5) 

C27 Si1 C28A C29A 175.8(4) 

C28 Si1 O3 C5 101.5(10) 

C32 Si2 O4 C4 70.8(3) 

C32 Si2 C34 C35 61.7(3) 

C32 Si2 C34 C36 -59.6(3) 

C32 Si2 C34 C37 -179.4(3) 

C33 Si2 O4 C4 -49.0(3) 

C33 Si2 C34 C35 -175.5(3) 

C33 Si2 C34 C36 63.3(3) 

C33 Si2 C34 C37 -56.6(3) 

C34 Si2 O4 C4 -169.5(2) 

C28A Si1 O3 C5 93.1(3) 

Table S9: Hydrogen Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for 23. Ueq is defined as 1/3 of the trace of the orthogonalised 

Uij. 

Atom x y z Ueq 

H1 6520(30) 4340(40) 2955(18) 33(10) 

H2A 8157.44 2783.12 3831.37 38 

H2B 8254.71 2909.22 3874.86 38 

H3 9079.81 2319.94 3021.16 36 

H4 8623.58 4624.24 2322.09 33 
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Atom x y z Ueq 

H5A 7178.53 4369.1 1224.97 39 

H5B 6655.87 2930.8 1531.63 39 

H6A 7728.84 578.15 3111.8 69 

H6B 7779.66 608.06 2321.75 69 

H6C 6759.72 1458.04 2524.75 69 

H8A 10081.76 10252.36 3708.95 35 

H8B 11023.4 9321.2 3449.42 35 

H8AA 11713.36 8892.92 4762.65 39 

H8AB 10464.7 9546.63 4728.44 39 

H9A 11762.34 8206.7 4504.41 39 

H9B 11095.23 9524.48 4796.44 39 

H9AA 10127.58 9956.54 3583.65 41 

H9AB 11351.03 9245.45 3612.72 41 

H12A 4951.48 3871.74 4472.11 44 

H12B 3807.07 4171.3 3849.05 44 

H13 4133.72 6216.59 4670.75 40 

H15 2461.28 6352.28 3253.57 72 

H16 1855.71 8287.53 2438.8 90 

H17 2993.08 10433.95 2449.91 86 

H18 4789.64 10685.55 3295.2 70 

H21 6809.05 10193.82 4281.48 55 

H22 8338.55 9327.1 5188.51 60 

H23 8230.49 7024.52 5757.14 56 

H24 6584.29 5489.39 5410.66 43 

H26A 6699.89 7822.05 2746.44 68 

H26B 5433.35 7221.58 2669.36 68 

H26C 5624.7 8804.01 2305.99 68 

H27A 7682.08 7650.64 1529.85 84 

H27B 6649.28 8659.76 1058.75 84 

H27C 6923.9 7002.88 792.23 84 

H29A 4142.84 4137 1733.15 126 

H29B 3009.35 5166.46 1514.53 126 

H29C 4085.96 5717.94 2135.6 126 

H30A 4869.86 5521.75 293.81 142 

H30B 3572.94 5025.53 192.21 142 

H30C 4590.6 4027.3 685.18 142 

H31A 3054.51 7751.07 1059.57 109 

H31B 3569.67 7747.06 410.31 109 

H31C 4286.01 8482.1 1139.31 109 

H32A 11071.28 3810.84 2851.33 66 

H32B 11957.67 3474.38 2417.9 66 

H32C 11311.39 2073.03 2661.57 66 

H33A 9331.61 5431.52 934.89 76 

H33B 10685.19 5596.2 1252.58 76 
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Atom x y z Ueq 

H33C 9866.34 6007.94 1722.01 76 

H35A 10835.71 88.06 1691.43 98 

H35B 10253.31 -513.91 913.34 98 

H35C 9475.38 76.55 1380.89 98 

H36A 11374.45 3210.17 651.16 105 

H36B 11439.47 1419.04 470.18 105 

H36C 11999.8 2018.2 1251.19 105 

H37A 8518.93 1914.52 430.96 85 

H37B 9315.31 1306.74 -21.77 85 

H37C 9266.73 3110.85 139.78 85 

H31D 3977.24 8779.64 1243.56 109 

H31E 3177.07 8123.32 519.19 109 

H31F 4431.55 8736.13 570.2 109 

H30D 4899.49 6324.89 108.86 142 

H30E 3674.66 5600.38 54.82 142 

H30F 4809.72 4704.29 473.39 142 

H29D 4013.83 4667.23 1538.56 126 

H29E 2917.86 5560.96 1065.04 126 

H29F 3634.19 6271.85 1799.45 126 

Table S10: Hydrogen Bond information for 23. 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/deg 

N1 H1 O3 0.78(3) 2.07(4) 2.779(3) 151(3) 

Table S11: Atomic Occupancies for all atoms that are not fully occupied in 23. 

Atom Occupancy 

O1 0.598(7) 

O1A 0.402(7) 

O2 0.598(7) 

O2A 0.402(7) 

O7 0.598(7) 

O7A 0.402(7) 

O8 0.598(7) 

O8A 0.402(7) 

N2 0.598(7) 

N2A 0.402(7) 

C1 0.598(7) 

C1A 0.402(7) 

H2A 0.598(7) 

H2B 0.402(7) 

C7 0.598(7) 

C7A 0.402(7) 

C8 0.598(7) 
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Atom Occupancy 

H8A 0.598(7) 

H8B 0.598(7) 

C8A 0.402(7) 

H8AA 0.402(7) 

H8AB 0.402(7) 

C9 0.598(7) 

H9A 0.598(7) 

H9B 0.598(7) 

C9A 0.402(7) 

H9AA 0.402(7) 

H9AB 0.402(7) 

C10 0.598(7) 

C10A 0.402(7) 

C28 0.18(2) 

C29 0.18(2) 

H29A 0.18(2) 

H29B 0.18(2) 

H29C 0.18(2) 

C30 0.18(2) 

H30A 0.18(2) 

H30B 0.18(2) 

H30C 0.18(2) 

C31 0.18(2) 

H31A 0.18(2) 

H31B 0.18(2) 

H31C 0.18(2) 

C31A 0.82(2) 

H31D 0.82(2) 

H31E 0.82(2) 

H31F 0.82(2) 

C30A 0.82(2) 

H30D 0.82(2) 

H30E 0.82(2) 

H30F 0.82(2) 

C28A 0.82(2) 

C29A 0.82(2) 

H29D 0.82(2) 

H29E 0.82(2) 

H29F 0.82(2) 
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MTT Cell Assay Results on CHO Cells  

 
Figure S32. Cell viability assay against CHO cells for compound 17. 

 

a-ama
S4

0.179 µM
Non-toxic 
up to 100 µM 

Toxin EC50
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Figure S33. Cell viability assay against CHO cells for secopeptide S4. 

Brief Discussion on Strecker Reaction Optimization  

 

 
 

Table S10. Strecker reaction optimization conditions  

 

 
 
aIsolated yields; bS-PEA·HCl. All other reactions used S-PEA as the free base. 

 

Entry 5:  

Following complete formation of the imine as indicated by 1H-NMR, LRMS, and TLC, the 

reaction was filtered and concentrated. Fresh solvent and TMSCN was added carefully and the 

reaction was left to stir at RT. 

 

Entry 6-7:  

Stepwise one-pot reaction whereby following complete formation of the imine as indicated by 1H-

NMR, LRMS, and TLC, TMSCN was added carefully and the reaction was left to stir at RT.  

 

 

 

 

 

 

 

 

Entry Conditions Temp. Time Additive Resulta 8:9 d.r.

1 KCN (1 eq), MeOH/H2O (5:1)b 0 °C to RT 48 h none Cyanohydrin -

2 TMSCN (1.3 eq), Et2O 0 °C to RT 28 h none 52% 1:1.4

3  TMSCN(1.3 eq), Et2O 0 °C to RT 28 h Y(OTf)3 (0.2 eq) No reaction -

4 TMSCN (1.3 eq), CH2Cl2 0 °C to RT 28 h Sm(OiPr)3 (0.2 eq) No reaction -

5 TMSCN (2 eq), CH2Cl2 RT 30 h 4Å M.S. (wt. eq) 45% 1.1:1

6 TMSCN (4 eq), CH2Cl2 RT 4 h Ti(OiPr)4 (4 eq) 75% 2:1

7 TMSCN (4 eq), CH2Cl2 RT 4 h Ti(OEt)4 (4 eq) 80% 2:1
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S-p-toluenesulfinamide as an Alternative Chiral Auxiliary  

  

Inspired by the work of Davis and co-workers2 we investigated the potential for using enantiopure 

sulfinimines to set the Ca stereocenter in the asymmetric Strecker reaction. Unfortunately, the 

optimized conditions described therein employed the use of Et2AlCN as the cyanide source which 

was challenging to prepare on scale due to health and safety concerns. However, in the presence 

of a Lewis acid activator other cyanide sources could be considered.  

 

  

 
 

 

 
 

Figure S34. Strecker reaction on sulfinimine S5.  

In our hands we successfully obtained the sulfinimine S5 in 75% isolated yield using S-p-

toluenesulfinamide as the chiral auxiliary; however, the corresponding desired nitrile S6 was 

obtained in moderate yield as an inseparable mixture of diastereomers (1:1.1 d.r. in favor of the 

undesired isomer). Considering the increased cost and lower efficiency of this approach, we 

decided to pursue a different approach to the asymmetric Strecker reaction.  
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