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1. Copies of 3 1H NMR, 13C NMR and ESI-MS spectra 
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ESI-HRMS spectrum of 3a 
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1H NMR spectrum of 3b 

 

 
13C NMR spectrum of 3b 

 

 



S5 
 

 

ESI-HRMS spectrum of 3b 
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1H NMR spectrum of 3c 

 

 
13C NMR spectrum of 3c 
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ESI-HRMS spectrum of 3c 
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2. Copies of 4 1H NMR, 13C NMR and ESI-MS spectra 

1H NMR spectrum of 4a 

 

 
13C NMR spectrum of 4a 
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ESI-MS spectrum of 4a 
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1H NMR spectrum of 4b 

 

 
13C NMR spectrum of 4b 
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ESI-MS spectrum of 4b 
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1H NMR spectrum of 4c 

 

 
13C NMR spectrum of 4c 
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ESI-MS spectrum of 4c 
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1H NMR spectrum of 4d 

 

13C NMR spectrum of 4d 
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ESI-MS spectrum of 4d 
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1H NMR spectrum of 4e 

 

 
13C NMR spectrum of 4e 
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ESI-MS spectrum of 4e 
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1H NMR spectrum of 4f 

 

 
13C NMR spectrum of 4f 
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ESI-MS spectrum of 4f 
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1H NMR spectrum of 4g 

 

 
13C NMR spectrum of 4g 
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ESI-MS spectrum of 4g 
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1H NMR spectrum of 4h 

 

 
13C NMR spectrum of 4h 
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ESI-MS spectrum of 4h 
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1H NMR spectrum of 4i 

 

 
13C NMR spectrum of 4i 
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ESI-MS spectrum of 4i 
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1H NMR spectrum of 4j 

 

 
13C NMR spectrum of 4j 
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ESI-MS spectrum of 4j 
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1H NMR spectrum of 4k 

 

 
13C NMR spectrum of 4k 
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ESI-MS spectrum of 4k 

 

 



S30 
 

1H NMR spectrum of 4l 

 

 
13C NMR spectrum of 4l 
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ESI-MS spectrum of 4l 
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1H NMR spectrum of 4m 

 

 

13C NMR spectrum of 4m 
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ESI-MS spectrum of 4m 
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3. Copies of 5 1H NMR, 13C NMR and ESI-MS spectra 
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4. Copies of 6 spectra 

1H NMR spectrum of 6a 

 
13C NMR spectrum of 6a 
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ESI-MS spectrum of 6a 
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1H NMR spectrum of 6b 

 

13C NMR spectrum of 6b 
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ESI-MS spectrum of 6b 
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1H NMR spectrum of 6c 

 
13C NMR spectrum of 6c 
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ESI-MS spectrum of 6c 
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5.  Crystal data and structure refinement 

The crystal structure of 4a, 5a and 5h were assigned. Single crystals were mounted with glue on glass 

fiber and crystal data were collected on the Rigaku AFC10 Saturn724 + (2×2 bin mode) diffractometer 

equipped with graphite-monochromated MoKα radiation (λ = 0.710747 Å). Empirical absorption 

correction was applied using the SADABS programS1. The structures were solved by direct methodsS2 

and refined by full-matrix least squares on F2 using the SHELXL-97 programS3. All non-hydrogen 

atoms were refined anisotropically, and the hydrogen atoms were generated geometrically and treated 

by a mixture of independent and constrained refinement. 

Crystallographic data (excluding structure factors) for the structure in this paper have been 

deposited with the Cambridge Crystallographic Data Centre as supplementary publication 

no.CCDC 1432663(4a), 1408503 (5a), 1408466 (5h). Copies of the data can be obtained, free 

of charge, on application to CCDC,12 Union Road, Cambridge CB2 1EZ, UK, (fax: +44 

(0)1223 336033 or e-mail: 

deposit@ccdc.cam.ac.uk). 

Table S1 

Crystallographic Data and Structure Refinement for compound 4a 

Identification code 4a 

Empirical formula C16H24N2O3S 

Formula weight 324.43 

CCDC 1432663 

Temperature / K 101.8 

Crystal system triclinic 

Space group P-1 

a / Å, b / Å, c / Å 6.7812(7), 10.3733(10), 12.2852(13) 

α/°, β/°, γ/° 88.398(8), 74.952(9), 81.195(9) 

Volume / Å3 824.65(15) 

Z 2 

ρcalc / mg mm-3 1.307 

μ / mm-1 0.21 

F(000) 348 

Crystal size / mm3 0.40 × 0.35 × 0.35 

2Θ range for data 

collection 
6.3 to 52° 

Index ranges -5 ≤ h ≤ 8, -12 ≤ k ≤ 12, -13 ≤ l ≤ 15 

Reflections collected 7110 

Independent reflections 3246[R(int) = 0.0238 (inf-0.9Å)] 
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Data/restraints/parameters 3246/0/202 

Goodness-of-fit on F2 1.051 

Final R indexes [I>2σ (I) 

i.e. Fo>4σ (Fo)] 
R1 = 0.0355, wR2 = 0.0799 

Final R indexes [all data] R1 = 0.0423, wR2 = 0.0847 

Largest diff. peak/hole / e 

Å-3 
0.277/-0.211 

Flack Parameters N 

Completeness 0.998 

Table S2 

Selected Bond Lengths (Å) and Bond Angles (°) 

Bond Dist. Bond Dist. 

S1-C1 1.758(15) C5-C4 1.528(2) 

S1-C4 1.865(16) C5-C6 1.535(2) 

O1-C4 1.402(18) C4-C3 1.522(2) 

O2-C9 1.240(18) C8-C3 1.496(2) 

N1-C1 1.276(19) C8-C7 1.537(2) 

N1-C10 1.465(18) C13-C14 1.527(2) 

C2-C9 1.480(2) C13-C12 1.527(2) 

C2-C1 1.464(2) C6-C7 1.534(2) 

C2-C3 1.337(2) C15-C10 1.537(2) 

N2-C9 1.341(19) C15-C14 1.532(2) 

N2-C10 1.479(19) C11-C10 1.538(2) 

O3-C16 1.423(2) C11-C12 1.531(2) 

Angle (°) Angle (°) 

C1-S1-C4 92.66(7) C3-C4-C5 108.38(12) 

C1-N1-C10 119.82(12) C3-C8-C7 109.14(13) 

C1-C2-C9 116.42(13) C2-C3-C4 115.76(13) 

C3-C2-C9 128.39(14) C2-C3-C8 130.13(14) 

C3-C2-C1 115.12(13) C8-C3-C4 113.81(13) 

C9-N2-C10 128.39(12) C14-C13-C12 111.28(13) 

O2-C9-C2 122.36(14) C7-C6-C5 111.06(13) 

O2-C9-N2 122.83(13) C14-C15-C10 112.60(12) 

N2-C9-C2 114.80(13) C12-C11-C10 112.69(12) 

N1-C1-S1 121.96(11) N1-C10-N2 113.08(12) 

N1-C1-C2 126.97(13) N1-C10-C15 108.23(12) 

C2-C1-S1 111.06(11) N1-C10-C11 106.87(11) 

C4-C5-C6 109.85(13) N2-C10-C15 109.09(11) 

O1-C4-S1 111.22(10) N2-C10-C11 109.74(12) 

O1-C4-C5 107.81(12) C15-C10-C11 109.79(12) 

O1-C4-C3 112.83(12) C13-C14-C15 111.32(13) 

C5-C4-S1 111.47(11) C6-C7-C8 111.92(13) 

C3-C4-S1 105.14(10) C13-C12-C11 110.66(13) 
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Table S3 Crystallographic data and structure refinement for compound 5a and 5h 

Identification code 5a 5h 

 

  

Empirical formula C14H16N4O2S2.CH3OH.H2O C20H24N4O2S2 

CCDC 1408503 1408466 

Formula weight 386.49 381.03 

Temperature / K 101 K 101.2K 

λ 0.71070 Å 0.71070 Å 

Crystal system P-1 P212121 

a / Å, b / Å, c / Å a = 9.9898(7) Å a=10.6570(7) Å 

 b = 10.1850(8) Å b=19.7811(11) Å 

 c = 10.5633(8) Å c=20.2381(9) Å 

α/°, β/°, γ/° α = 82.133(6)° α = 90.00° 

 β = 65.181(7)° β =90.00° 

 γ = 68.473(7)° γ = 90.00° 

Volume / Å3 907.27(12) Å3 4266.4(4) Å3 

Z 2 8 

ρcalc / mg mm-3 1.415 mg mm-3 1.379 mg mm-3 

μ / mm-1 0.322 mm
‑1 0.280 mm

‑1 

F(000) 408 1873 

Crystal size / mm3 0.25 × 0.20 × 0.13 mm3 0.55 × 0.50 × 0.50 mm3 

2Θ range for data 

collection 

5.98 to 52° 6.92 to 52° 

Index ranges -12<=h<=12,-11<=k<=12, 

-13<=l<=13 

-13 <= h <= 13, -23 <= k <= 24, -24 <= l <= 

24 

Data/parameters 

Independent reflections 

6571 / 3568 [R(int) = 0.0293 (inf-0.9Å)] 26368/ 8372[R(int) = 0.0676 (inf-0.9Å)] 

Goodness-of-fit on F2 1.052 1.041 

Completeness 0.998 0.996 

Final R indexes [all data] R1 = 0.0379 R1 = 0.0597 
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