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Computing details

Data collection: Bruker APEX2; cell refinement: Bruker SAINT; data reduction: Bruker SAINT; program(s) used to solve 
structure: SHELXT 2014/5 (Sheldrick, 2014); program(s) used to refine structure: SHELXL2018/1 (Sheldrick, 2018); 
molecular graphics: Bruker SHELXTL; software used to prepare material for publication: Bruker SHELXTL.
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Figure 1 

(sm_af_a) 

Crystal data 

C19H19N3O2S
Mr = 353.43
Orthorhombic, P212121
a = 6.3980 (3) Å
b = 14.3384 (6) Å
c = 19.2989 (9) Å
V = 1770.42 (14) Å3

Z = 4
F(000) = 744

Dx = 1.326 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 9923 reflections
θ = 2.5–24.9°
µ = 0.20 mm−1

T = 250 K
Needle, colorless
0.30 × 0.08 × 0.04 mm

Data collection 

Bruker D8 VENTURE 
diffractometer

Radiation source: microsource
φ and ω scans
Absorption correction: multi-scan 

SADABS (Sheldrick, V2016/2)

33260 measured reflections

3136 independent reflections
2939 reflections with I > 2σ(I)
Rint = 0.069
θmax = 25.0°, θmin = 2.5°
h = −7→7
k = −17→17
l = −22→22
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Refinement 
Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.032
wR(F2) = 0.081
S = 1.08
3136 reflections
231 parameters
0 restraints
Hydrogen site location: mixed

H atoms treated by a mixture of independent and 
constrained refinement

w = 1/[σ2(Fo
2) + (0.0387P)2 + 0.3956P] 

where P = (Fo
2 + 2Fc

2)/3
(Δ/σ)max < 0.001
Δρmax = 0.15 e Å−3

Δρmin = −0.25 e Å−3

Absolute structure: Flack x determined using 1166 
quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons, Flack and 
Wagner, Acta Cryst. B69 (2013) 249-259).

Absolute structure parameter: −0.03 (3)

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations between 
e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell e.s.d.'s is 
used for estimating e.s.d.'s involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

S1 1.01508 (11) 0.28861 (5) 0.70664 (4) 0.0419 (2)
O1 0.4613 (3) 0.27599 (14) 0.51529 (12) 0.0507 (6)
O2 0.8482 (3) 0.52461 (15) 0.65928 (13) 0.0496 (5)
C1 0.3301 (4) 0.47544 (16) 0.61104 (12) 0.0256 (5)
H1 0.214384 0.459434 0.642940 0.031*
N2 0.3283 (3) 0.41647 (14) 0.54921 (10) 0.0272 (5)
C3 0.4622 (4) 0.34335 (17) 0.55369 (13) 0.0313 (6)
C4 0.6071 (4) 0.36106 (17) 0.61501 (14) 0.0298 (6)
H4 0.752780 0.367192 0.598310 0.036*
N5 0.5332 (3) 0.45171 (14) 0.64078 (10) 0.0266 (4)
C6 0.6638 (4) 0.52833 (18) 0.64335 (13) 0.0323 (6)
C7 0.5394 (4) 0.60980 (17) 0.62157 (13) 0.0315 (6)
C8 0.3451 (4) 0.57944 (17) 0.59960 (13) 0.0278 (5)
C9 0.1981 (5) 0.64156 (18) 0.57433 (14) 0.0365 (6)
H9 0.064472 0.621564 0.560608 0.044*
C10 0.2566 (5) 0.73491 (19) 0.57009 (15) 0.0428 (7)
H10 0.161279 0.778574 0.552150 0.051*
C11 0.4515 (6) 0.7650 (2) 0.59164 (15) 0.0462 (8)
H11 0.486216 0.828531 0.588016 0.055*
C12 0.5953 (5) 0.7033 (2) 0.61828 (15) 0.0424 (7)
H12 0.726910 0.723767 0.633728 0.051*
N13 0.1488 (3) 0.41423 (14) 0.50836 (11) 0.0289 (5)
H13 0.098 (4) 0.352 (2) 0.5048 (15) 0.039 (8)*
C14 0.1658 (4) 0.45885 (16) 0.44311 (13) 0.0276 (5)
C15 −0.0020 (5) 0.45050 (17) 0.39811 (14) 0.0352 (6)
H15 −0.120220 0.415946 0.411393 0.042*
C16 0.0040 (6) 0.49278 (19) 0.33378 (15) 0.0434 (7)
H16 −0.109403 0.485927 0.303215 0.052*
C17 0.1752 (5) 0.5450 (2) 0.31411 (14) 0.0429 (7)
H17 0.179847 0.572965 0.270095 0.051*
C18 0.3390 (5) 0.55563 (19) 0.35968 (15) 0.0405 (7)
H18 0.453978 0.592759 0.347052 0.049*
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C19 0.3369 (5) 0.51228 (18) 0.42405 (14) 0.0328 (6)
H19 0.450642 0.519134 0.454450 0.039*
C20 0.5949 (4) 0.2837 (2) 0.66838 (15) 0.0366 (6)
H20A 0.628213 0.224182 0.646043 0.044*
H20B 0.451634 0.279796 0.686085 0.044*
C21 0.7439 (4) 0.2991 (2) 0.72877 (14) 0.0393 (6)
H21A 0.711367 0.253777 0.765201 0.047*
H21B 0.719468 0.361530 0.747843 0.047*
C22 1.0336 (6) 0.1653 (2) 0.6965 (2) 0.0708 (11)
H22A 0.968197 0.134734 0.735799 0.106*
H22B 1.179514 0.147241 0.694056 0.106*
H22C 0.963049 0.146701 0.654223 0.106*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

S1 0.0288 (3) 0.0342 (3) 0.0627 (5) 0.0008 (3) −0.0109 (3) −0.0049 (3)
O1 0.0524 (13) 0.0366 (11) 0.0630 (13) 0.0160 (10) −0.0176 (11) −0.0229 (10)
O2 0.0294 (11) 0.0446 (12) 0.0748 (15) −0.0055 (9) −0.0085 (11) −0.0111 (11)
C1 0.0253 (12) 0.0236 (12) 0.0277 (12) 0.0004 (10) −0.0002 (10) 0.0004 (10)
N2 0.0285 (11) 0.0248 (11) 0.0284 (11) 0.0017 (9) −0.0054 (9) −0.0028 (9)
C3 0.0280 (14) 0.0268 (13) 0.0391 (14) 0.0021 (11) −0.0024 (12) −0.0041 (11)
C4 0.0241 (13) 0.0263 (13) 0.0391 (15) 0.0034 (10) 0.0000 (11) −0.0026 (11)
N5 0.0241 (10) 0.0247 (10) 0.0311 (11) −0.0006 (9) −0.0017 (9) −0.0006 (8)
C6 0.0303 (14) 0.0309 (13) 0.0356 (14) −0.0042 (11) 0.0016 (12) −0.0075 (11)
C7 0.0398 (16) 0.0257 (12) 0.0291 (13) −0.0034 (11) 0.0058 (12) −0.0058 (10)
C8 0.0334 (14) 0.0237 (12) 0.0263 (12) 0.0013 (11) 0.0057 (11) −0.0049 (10)
C9 0.0446 (17) 0.0299 (14) 0.0349 (14) 0.0056 (13) −0.0017 (12) −0.0032 (11)
C10 0.064 (2) 0.0263 (14) 0.0383 (15) 0.0100 (14) −0.0008 (15) −0.0011 (12)
C11 0.072 (2) 0.0242 (14) 0.0424 (16) −0.0049 (14) 0.0084 (16) −0.0042 (11)
C12 0.0481 (17) 0.0319 (15) 0.0473 (17) −0.0089 (13) 0.0056 (14) −0.0081 (13)
N13 0.0292 (12) 0.0242 (11) 0.0332 (12) −0.0039 (10) −0.0066 (10) 0.0002 (9)
C14 0.0349 (13) 0.0173 (11) 0.0308 (12) 0.0047 (11) −0.0027 (11) −0.0032 (10)
C15 0.0382 (15) 0.0254 (12) 0.0419 (14) −0.0028 (13) −0.0088 (13) −0.0007 (11)
C16 0.0573 (19) 0.0315 (14) 0.0414 (15) −0.0010 (14) −0.0197 (15) 0.0016 (11)
C17 0.065 (2) 0.0323 (14) 0.0313 (14) 0.0017 (15) −0.0027 (14) 0.0037 (11)
C18 0.0483 (17) 0.0335 (14) 0.0397 (16) −0.0017 (13) 0.0077 (14) 0.0043 (12)
C19 0.0334 (14) 0.0305 (13) 0.0347 (13) 0.0003 (12) −0.0021 (12) −0.0024 (11)
C20 0.0241 (13) 0.0323 (14) 0.0535 (17) −0.0002 (11) −0.0015 (11) 0.0079 (13)
C21 0.0390 (15) 0.0417 (15) 0.0373 (14) 0.0105 (13) 0.0021 (12) −0.0001 (13)
C22 0.049 (2) 0.0397 (18) 0.124 (3) 0.0102 (17) −0.003 (2) −0.011 (2)

Geometric parameters (Å, º) 

S1—C22 1.783 (4) C11—H11 0.9400
S1—C21 1.793 (3) C12—H12 0.9400
O1—C3 1.217 (3) N13—C14 1.417 (3)
O2—C6 1.220 (4) N13—H13 0.95 (3)
C1—N5 1.460 (3) C14—C15 1.386 (4)
C1—N2 1.463 (3) C14—C19 1.386 (4)
C1—C8 1.511 (3) C15—C16 1.382 (4)
C1—H1 0.9900 C15—H15 0.9400
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N2—C3 1.357 (3) C16—C17 1.380 (5)
N2—N13 1.393 (3) C16—H16 0.9400
C3—C4 1.525 (4) C17—C18 1.377 (5)
C4—N5 1.470 (3) C17—H17 0.9400
C4—C20 1.515 (4) C18—C19 1.389 (4)
C4—H4 0.9900 C18—H18 0.9400
N5—C6 1.381 (3) C19—H19 0.9400
C6—C7 1.475 (4) C20—C21 1.522 (4)
C7—C8 1.383 (4) C20—H20A 0.9800
C7—C12 1.389 (4) C20—H20B 0.9800
C8—C9 1.384 (4) C21—H21A 0.9800
C9—C10 1.392 (4) C21—H21B 0.9800
C9—H9 0.9400 C22—H22A 0.9700
C10—C11 1.384 (5) C22—H22B 0.9700
C10—H10 0.9400 C22—H22C 0.9700
C11—C12 1.376 (5)

C22—S1—C21 100.00 (17) C11—C12—H12 121.1
N5—C1—N2 101.14 (19) C7—C12—H12 121.1
N5—C1—C8 103.4 (2) N2—N13—C14 115.4 (2)
N2—C1—C8 116.9 (2) N2—N13—H13 109.9 (17)
N5—C1—H1 111.5 C14—N13—H13 112.7 (18)
N2—C1—H1 111.5 C15—C14—C19 119.6 (2)
C8—C1—H1 111.5 C15—C14—N13 117.3 (2)
C3—N2—N13 122.60 (19) C19—C14—N13 123.1 (2)
C3—N2—C1 112.9 (2) C16—C15—C14 120.2 (3)
N13—N2—C1 118.8 (2) C16—C15—H15 119.9
O1—C3—N2 124.8 (2) C14—C15—H15 119.9
O1—C3—C4 127.4 (2) C17—C16—C15 120.4 (3)
N2—C3—C4 107.7 (2) C17—C16—H16 119.8
N5—C4—C20 113.6 (2) C15—C16—H16 119.8
N5—C4—C3 102.38 (19) C18—C17—C16 119.3 (3)
C20—C4—C3 112.0 (2) C18—C17—H17 120.4
N5—C4—H4 109.5 C16—C17—H17 120.4
C20—C4—H4 109.5 C17—C18—C19 120.9 (3)
C3—C4—H4 109.5 C17—C18—H18 119.5
C6—N5—C1 111.5 (2) C19—C18—H18 119.5
C6—N5—C4 121.4 (2) C14—C19—C18 119.5 (3)
C1—N5—C4 111.06 (19) C14—C19—H19 120.2
O2—C6—N5 124.0 (3) C18—C19—H19 120.2
O2—C6—C7 128.9 (3) C4—C20—C21 112.5 (2)
N5—C6—C7 107.0 (2) C4—C20—H20A 109.1
C8—C7—C12 121.4 (3) C21—C20—H20A 109.1
C8—C7—C6 108.9 (2) C4—C20—H20B 109.1
C12—C7—C6 129.7 (3) C21—C20—H20B 109.1
C7—C8—C9 121.1 (2) H20A—C20—H20B 107.8
C7—C8—C1 108.8 (2) C20—C21—S1 114.3 (2)
C9—C8—C1 130.1 (3) C20—C21—H21A 108.7
C8—C9—C10 117.2 (3) S1—C21—H21A 108.7
C8—C9—H9 121.4 C20—C21—H21B 108.7
C10—C9—H9 121.4 S1—C21—H21B 108.7
C11—C10—C9 121.6 (3) H21A—C21—H21B 107.6
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C11—C10—H10 119.2 S1—C22—H22A 109.5
C9—C10—H10 119.2 S1—C22—H22B 109.5
C12—C11—C10 121.0 (3) H22A—C22—H22B 109.5
C12—C11—H11 119.5 S1—C22—H22C 109.5
C10—C11—H11 119.5 H22A—C22—H22C 109.5
C11—C12—C7 117.7 (3) H22B—C22—H22C 109.5

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A
C1—H1···S1i 0.99 3.02 3.827 (3) 139
C1—H1···O2i 0.99 2.54 3.297 (3) 133
N13—H13···O1ii 0.95 (3) 2.07 (3) 3.014 (3) 171 (3)
C20—H20B···S1i 0.98 2.82 3.783 (3) 166

Symmetry codes: (i) x−1, y, z; (ii) x−1/2, −y+1/2, −z+1. 
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