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General

THF was freshly distilled under a nitrogen atmosphere over Na/benzophenone, Toluene was freshly
distilled under a nitrogen atmosphere over CaH,. Diisopropylamine (DIPA) was distilled over finely
powdered CaH,, n-butyllithium was purchased as hexane solution and the title established by titration
method." All the other chemicals were commercially available and used without further purification.
Magnetic Resonance spectra were recorded using Varian 400 and 500 MHz, and Bruker 500 and 600
MHz spectrometers. For the 1H, BC NMR spectra (lH NMR 400, 500, 600 MHz, BC NMR 100, 125,
150 MHz), CDCl;, methanol-d, and toluene-ds were used as the solvents. MS-ESI analyses were
performed on AGILENT 1100 SERIES LC/MSD trap system VL. Melting points were uncorrected. GC-
MS spectrometry analyses were carried out on AGILENT 6850 SERIES II NETWORK GC-Sistem
(dimethylsilicon capillary column, 30 m, 0.25 mm i.d.) equipped with a mass selective detector
AGILENT 5973 operating at 70 eV (EI). Analytical thin layer chromatography (TLC) was carried out on
precoated 0.25 mm thick plates of Kieselgel 60 F254; visualization was accomplished by UV light (254
nm) or by spraying a solution of 5 % (w/v) ammonium molybdate and 0.2 % (w/v) cerium(IIl) sulfate in
100 ml 17.6 % (w/v) aq. sulphuric acid and heating to 200 °C for some time until blue spots appear.
Infrared spectra were recorded neat, as film or as KBr disc as indicated, by a Perkin-Elmer 283
spectrometer. For flash chromathography silica Gel 60, 0.04-0.063 mm particle size was used. CHN
analyses were performed on a EuroEA 3000 analyzer. All reactions involving air-sensitive reagents were
performed under argon in oven-dried glassware using syringe septum cap technique.

General procedure for synthesis of thietane 1-oxide

Thietane 1-oxide was prepared as shown in Scheme 1, following a reported procedure.’

B H,0,, CH;COOH D//O
0°C
Schemel

To a solution of commercially available trimethylene sulfide (26.8 mmol, 1.79 mL, 1 equiv.) in glacial
acetic acid (7.2 mL, 5.4 equiv.) at 0 °C, H,0, (35 wt %) (34.84 mmol, 1.05 mL, 1.3 equiv.) was added
dropwise. After 3 hours at 0 °C NaOH in pellets was slowly added to neutralise the excess of CH;COOH.
The reaction mixture was diluted with CH,Cl, (10 mL) and was filtered over Na,SO4. The organic layer
was evaporated under reduced pressure. Kugelrhor distillation (110°C, 1 x 10 torr) gave the thietane 1-
oxide as colorless oil (95 % yield).

! Suffert, J. J. Org. Chem. 1989, 54, 509-510.
2 Volynskii,N. P.; Shevchencko, S. E. Petroleum Chemistry, 2007, 47, 109-117.
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General procedure for lithiation/electrophile trapping sequence on thietane 1-oxide

Procedure for the C2 functionalization (1 equiv of LDA)

©) C)

2O LDA 1.1 equi E* s s
‘:? .1 equiv. ‘_El + @K
Solvent,-78°C, 15' “E E

trans-2a-j cis-2a-j

To a stirred solution of DIPA (1.1 mmol, 0.155 mL, 1.1 equiv) in 8.0 mL of THF or Toluene (depending
on the solubility of the electrophile) at 0 °C, a solution of #-BuLi (2.5 M in hexane, 1.1 mmol, 0.440 mL,
1.1 equiv.) was added dropwise. After 20 minutes at 0 °C the solution of LDA was cooled to -78 °C and
thietane 1-oxide (1.0 mmol, 90.0 mg, 1.0 equiv.) in 2.0 ml of solvent was added dropwise. After 15
minutes at -78 °C the electrophile (1.1 mmol, 1.1 equiv) neat if liquid and in 1.0 ml of solvent if solid,
was added to the resulting white cloudy solution. After the reaction was complete, as determined by GC
or TLC, the reaction mixture was poured in water (10 mL) and extracted with AcOEt (3 x 10 mL). The
combined organic layers were dried (Na,SO,), filtered and concentrated in vacuo. Chromatography on
silica gel (Hexane/AcOEt or CH,Cl,/MeOH) afforded the 2-substituted thietanes 1-oxide frans-2a-j and
cis-2a-j.

trans-2a Column chromatography on silica gel (Hexane/AcOEt 70:30), white solid, 66%. 'H

oH  NMR (600 MHz, CDCls) 6 2.05 (q, J = 10.0 Hz, 1 H), 2.12-2.20 (m, 1 H), 2.94 (q, J=11.0

@”“Ftph Hz, 1 H), 3.09 (bb, 1 H), 3.36 (t, J=9.1 Hz, 1 H), 4.36 (t, /= 11.0 Hz, 1 H), 7.23-7.25 (m,

1 H), 7.29-7.33 (m, 5 H), 7.33 (t, J = 7.7 Hz, 2 H), 7.53 (d, J = 7.5 Hz, 2 H). *C NMR (150

MHz, CDCl;) ¢ 13.1, 46.7, 75.5, 78.3, 126.0, 127.4, 127.5, 128.2, 128.4, 128.9, 143.8, 144.3. FT-IR

(KBr, cm™) v 695, 1028, 1448, 3256, 3431. ESI-MS: m/z (rel. int.): 295 [M+Na]™ (100). Anal. Calcd. for
Ci6H16028S, C 70.56, H 5.92. Found: C 70.84 %, H 5.55 %.

®@N-00

S cis-2a Column chromatography on silica gel (Hexane/AcOEt 70:30), white solid, mp 155-
I on 158°C, 15%. '"H NMR (400 MHz, CDCls) 6 2.42-2.51(m, 1 H), 3.13-3.21 (m, 1 H), 3.29-3.
E—-pn 39 (m, 1 H), 3.47-3.54 (m, 1 H), 4.38 (t, J=7.6 Hz, 1 H), 5.66 (bs, 1 H), 7.10-7.32 (m, 8 H),

P 7.45.7.48 (m, 2 H). °C NMR (150 MHz, CDCl3) ¢ 20.3, 47.1, 59.2, 80.2, 125.7, 125.9,
127.1, 127.6, 128.4, 128.8, 143.4, 145.4. FT-IR (KBr, cm™) v 699, 746, 1017, 1451, 1493, 3292, 3431.
ESI-MS: m/z (rel. int.): 295 [M+Na]" (100).

trans-2b Column chromatography on silica gel (Hexane/AcOEt 40:60), white solid, mp
100-102 °C, 21%. "H NMR (600 MHz, CD;COCD3) § 2.05-2.15 (m, 2 H), 2.80-2.85 (m,
overlapping s CH;COCH3, 1 H), 3.32-3.35 (m, 1 H), 3.74 (s, 6 H), 4.31-4.35 (m, 1 H),
4.94 (bs, OH, 1 H), 6.82-6.84 (m, 4 H), 7.31 (d, J=7.3, 2 H), 7.42 (d, J= 7.4, 2 H). °C
NMR (150 MHz, CD;COCDs) o 13.6, 47.0, 55.5, 77.1, 77.8, 114.0¢, 114.05, 128.2,
129.4, 138.5, 159.6. FT-IR (KBr, cm™) v 587, 837, 1172, 1181, 1250, 1508, 1608, 2837,
2962, 3299. ESI-MS: m/z (rel. int.): 355 [M+Na]™ (100). Anal.Calcd. for CsH004S, C
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64.65, H 6.06, Found: C 64.86, H 6.14.

&£ cis-2b Column chromatography on silica gel (Hexane/AcOEt 40:60), white solid, mp 93-
ol 95 °C, 52%. '"H NMR (600 MHz, CD3;COCD3) 6 2.55-2.61 (m, 1 H), 2.89-2.94 (m, 1 H),
OH 3.42-3.49 (m, 1 H), 3.58-3.63 (m, 1 H), 3.71 (s, 3 H), 3.75 (s, 3 H), 4.69 (t, /= 4.7Hz, 1

O O H), 6.10 (bs, OH, 1 H), 6.80 (d, /= 6.8 Hz, 2 H), 6.87 (d, /= 6.9 Hz, 2 H), 7.28 (d, J =
. , 73 Hz 2 H),7.50 (d,J = 7.5 Hz, 2 H). BC NMR (150 MHz, CD;COCD3) 6 22.1, 45.5,
\ I 55.4, 555, 58.7, 80.3, 114.2, 114.5, 127.5, 127.9, 137.4, 139.4, 159.4, 159.7. FT-IR
(KBr, cm™) v 540, 831, 1027, 1256, 1301, 1466, 1513, 1603, 2958, 3444. ESI-MS: m/z (rel. int.): 355

[M+Na]" (100). Anal.Calcd. for C1gH»005S, C 65.04 , H 6.06; Found: C 65.03 , H 6.19.

03 trans-2¢ Column chromatography on silica gel (AcOEt), white solid , mp 148-149 °C,
E?’ 37%. '"H NMR (600 MHz, CDCl3) 6 2.30 (s, 3 H), 2.48-2.54 (m, 1 H), 2.61 (dq, J = 8.2,
-,,,KO 12.9 Hz, 1 H), 3.10-3.15 (m, 1 H), 3.53 (t, /=9.0 Hz, 1 H), 4.31 (t,J=10.7 Hz, 1 H), 7.11
HN (t, J=8.2 Hz, 2 H), 7.45 (d, J = 8.3 Hz, 2 H), 9.00 (bs, 1H). >C NMR (150 MHz, CDCl;) §

12.8, 20.8, 47.9, 69.4, 119.9, 129.4, 134.3, 135.1, 164.3. FT-IR (KBr, cm™) v 814, 1071,
1133, 1252, 1513, 1543, 1607, 1679, 3127, 3196, 3262, 3293. ESI-MS: m/z (rel. int.): 246 [M+Na]"
(100). Anal.Calcd. for C;1H3NO,S, C 59.17, N 6.27, H 5.87; Found: C 59.21, N 6.12, H 6.06.

5 cis-2¢ Column chromatography on silica gel (AcOEt), white solid, mp 144-146 °C, 28%.

@S/O "H NMR (600 MHz, CDCls) ¢ 2.21-2.28 (m overlapping s at 2.28, 1 H), 2.28 (s, 3 H), 2.86-

0o 2.92 (m, 1 H), 2.55-3.62 (m, 2 H), 4.24-4.28 (m, 1 H), 7.05 (d, J=8.1 Hz, 2 H), 7.45 (d, J

o = 8.3 Hz, 2 H), 9.19 (bs, 1H). °C NMR (150 MHz, CDCl3) 6 15.0, 20.8, 51.4, 59.9, 120.2,

©\ 129.3, 134.2, 135.1, 154.0. FT-IR (KBr, cm™) v 822, 1050, 1514, 1541, 1608, 1667, 1682,
3125, 3317, 3453. ESI-MS: m/z (rel. int.): 246 [M+Na]" (100).

trans-2d Column chromatography on silica gel (Hexane/ AcOEt 20:80), white solid, mp 99

on °C dec., 62%. '"H NMR (600 MHz, CDCl3) 6 1.23-1.37 (m overlapping t, J = 7.3 Hz, at 1.35

O AcOEt, 1 H), 1.51-1.64 (m, 8 H), 1.76-1.83 (m, 1 H), 2.07 (ddd, J = 8.1, 12.4, 24.6 Hz, 1

O H), 2.29 (q,J=10.7 Hz, 1 H), 2.95 (q, J=10.7 Hz, 1 H), 3.37-3.40 (m, 2 H), 3.45-3.49 (m,

1 H). °C NMR (150 MHz, CDCL) 6 11.3, 21.6, 25.4, 34.5, 35.6, 46.8, 70.8, 77.6. FT-IR

(KBr, cm™) v 611, 1043, 1425, 1567, 2847, 2930, 3391. GC-MS (70 eV) m/z (%) 188 [M", 2], 170 (13),

137 (16), 125 (33), 112 (28), 99 (36), 97 (37), 81 (69), 74 (56), 69 (31), 55 (100), 41 (46). Anal.Calcd. for
CoH160,S, C 57.41, H 8.57. Found: C 57.17 %, H 8.77 %.

@N-00

cis-2d Column chromatography on silica gel (Hexane/AcOEt 20:80), pale yellow oil, 18%. 'H
NMR (600 MHz, CDCls) ¢ 1.07-1.12 (m, 1 H), 1.23-1.30 (m, 1 H), 1.35-1.39 (m, 1 H), 1.44-
1.49 (m, 1 H), 1.54-1.77 (m, 5 H), 2.02-2.05 (m, 1 H), 2.54-2.60 (m, 1 H), 3.19-3.26 (m, 1
H), 3.31-3.39 (m, 2 H), 3.53-3.58 (m, 1 H). ?C NMR (150 MHz, CDCl3) § 19.1, 21.1, 21.7,
25.7,33.9, 36.7, 47.7, 61.2, 74.5. FT-IR (film, cm™) v 941, 1019, 1035, 1170, 1409, 1447, 1651, 1857,
2932, 3411. ESI-MS: m/z (rel. int.): 211 [M+Na]" (100).

®N<00

OH

trans-2e, cis-2e Inseparable mixture of diastereoisomers. Column chromatography on
silica gel (Methanol/AcOEt 10:90), orange oil, 76%. 'H NMR (600 MHz, CDCls) 6 1.44
(d, J=6.9 Hz, 3 H, trans-2e), 1.49 (d, J = 7.3 Hz, 3 H, cis-2e), 1.58-1.66 (m, 1 H,
trans-2e), 2.17-2.22 (m, 1 H, cis-2e), 2.38-2.45 (m, 1 H, cis-2e), 2.53 (q, J = 10.8 Hz, 1
H, trans-2e), 3.33-3.44 (m, 2 H, cis-2e + trans-2e), 3.49-3.52 (m, 1 H,trans-2e), 3.55-3.61 (m, 1 H, cis-
2e), 3.74-3.80 (m, 1 H, cis-2e), 3.83-3.90 (m, 1 H, trans-2¢). >C NMR (150 MHz, CDCl3) J 12.0 (cis-2e),
17.2 (trans-2e), 18.5 (trans-2e), 20.9 (cis-2e), 47.9 (trans-2e), 48.3 (cis-2e), 54.1 (cis-2e), 63.2 (trans-2e).
FT-IR (film, cm™) » 1015, 1045, 1421, 1450, 1645. GC-MS (70 eV) m/z (%) diastereoisomer I (first

C
+
?m-oo
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eluted) 104 [M", 54], 88 (9), 63 (23), 55 (100), 48 (9), 41 (30); diasterecoisomer II (second eluted) 104
[M", 72], 63 (100), 55 (99), 45 (17), 41 (26).

trans-2f Column chromatography on silica gel (AcOEt), colourless oil, 56%. '"H NMR (600

§_ 91 MHz CDCL) 6 1.25 (s, 3 H), 1.44 (s, 3 H), 1.93-2.07 (m, 1 H), 2.31-2.37 (m, 1 H), 2.92-2.97
Q" (m, 1 H), 3.38-3.42 (m, 2 H). °C NMR (100 MHz, CDCl;) § 11.9, 26.6, 27.6, 46.3, 69.8, 78.1.
FT-IR (film, cm™) v 736, 1046, 1134, 1195, 1266, 1379, 1464, 1633, 1721, 2927, 2970, 3370. GC-MS
(70 eV) m/z (%) 148 [M", 2], 130 (7), 99 (10), 85 (24), 63 (18), 59 (35), 43 (100).

<00

cis-2f Column chromatography on silica gel (AcOEt), colourless oil, 15%. "H NMR (600 MHz,
on CDCl3) 0 1.13 (s, 3 H), 1.52 (s, 3 H), 2.56-2.64 (m, 1 H), 3.23-3.35 (m, 3 H), 3.55-3.60 (m, 1
H). >C NMR (150 MHz, CDCLs) 6 19.4, 26.2, 28.5, 47.5, 61.9, 73.2. FT-IR (film, cm™) v 941,
1022, 1126, 1200, 1379, 2974, 3410. GC-MS (70 eV) m/z (%) 148 [M", 2], 133 (9), 99 (12), 85
(31), 71 (46), 63 (25), 57 (33), 43 (100).

N-00

|

trans-2g Column chromatography on silica gel (Hexane/ AcOEt 70:30), orange oil, 71%. 'H

NMR (600 MHz, CDCls) 6 1.65-1.73 (m, 1 H), 2.34-2.39 (m, 1 H), 2.95-3.02 (m, 2 H), 3.24
Ny (dd, J=6.3,14.3 Hz, 1 H), 3.41-3.44 (m, 1 H), 3.61-3.67 (m, 1 H), 7.19 (d, J = 7.3 Hz, 2 H),

7.23-7.25 (m, 1 H), 7.30-7.33 (m, 2 H),"”C NMR (150 MHz, CDCl3) J 16.3, 37.9, 48.3, 68.8,
126.9, 128.6, 128.7, 137,0. FT-IR (film, cm™) v 702, 752, 1054, 1454, 1495, 1638, 2942, 3027. ESI-MS:
m/z (rel. int.): 203 [M+Na]" (100).

@w«o@

trans-2h Column chromatography on silica gel (AcOEt), yellow oil, 75%. '"H NMR (600
MHz, CDCls) 6 1.67 (dq, J= 7.8, 12.4 Hz, 1 H), 2.40-2.46 (m, 1 H), 2.48-2.53 (m, 1 H), 2.55-
N 2,60 (m, 1 H), 2.99 (q, J=10.7 Hz, 1 H), 3.42-3.50 (m, 2 H), 5.13-5.19 (m, 2 H), 5.76-5.83

(m, 1 H), "C NMR (150 MHz, CDCl3) 6 16.3, 36.1, 48.4, 67.6, 118.4, 132.9. FT-IR (film, cm’
Y 0 921, 1063, 1434, 1641, 2941, 2977. GC-MS (70 eV) m/z (%) 130 [M",2], 113 (3), 81 (100), 79 (46),
67 (30), 63 (36), 53 (27), 41 (36).

N<00

trans-2i Column chromatography on silica gel (Hexane/ AcOEt 90:10), colourless oil, 78%.
| 'H NMR (600 MHz, CDCls) 6 0.71(s, 3 H), 1.91-1.98 (m, 1 H), 2.42-2.48 (m, 1 H), 3.32-
B>si—pn 3.37 (m, 1 H), 3.49-3.57 (m, 2 H), 7.33-7.44 (m, 6 H), 7.52-7.56 (m, 4 H), BC NMR (150

Ph  MHz, CDCl) 6 - 5.5, 13.5, 55.2, 56.5, 128.15, 128.15, 130.0;, 130.04, 133.4, 133.5, 134.63,
134.7o. FT-IR (film, cm™) v 491, 700, 725, 792, 1064, 1114, 1256, 1428, 2952, 3047, 3068. ESI-MS: m/z
(rel. int.): 309 [M+Na]" (100).

n<00

0 trans-2j minor Column chromatography on silica gel (Dichloromethane:Methanol = 95:5),
@S,, Boc white solid, 49%. '"H NMR (600 MHz, CDCl3) 6 1.41 (s, 9 H), 1.72-1.81 (m, 1 H), 2.16-2.21
e (m, 1 H), 2.98 (like q, /= 12.1 Hz, 1 H), 3.41-3.44 (m, 1 H), 3.71 (like q, /= 10.4 Hz, 1 H),
é 4.89-4.97 (m, 1 H), 5.75-5.76 (m, 1 H), 7.27-7.36 (m, 5 H). °C NMR (150 MHz, CDCL;) ¢
15.3,28.3, 47.4, 56.3, 71.8, 80.1, 126.5, 128.1, 129.0, 139.0, 155.3. FT-IR (KBr, cm™) v 703,
1055, 1174, 1252, 1365, 1543, 1704, 2979, 3241 ESI-MS: m/z (rel. int.): 318 [M+Na]" (100). Anal.Calcd.
for C;sHNOsS, C 60.99, H 7.17, N 4.74; Found: C 60.93, N 7.29, H 4.68. trans-2k major Column
chromatography on silica gel (Dichloromethane:Methanol = 95:5), white solid, 25%. 'H NMR (400 MHz,
CDCl3) 6 1.43 (s, 9 H), 1.81-1.92 (m, 1 H), 2.40-2.48 (m, 1 H), 2.90-3.03 (m, 1 H), 3.39 (like t, /= 9.8
Hz, 1 H), 3.70-3.82 (m, 1 H), 4.99-5.06 (m, 2 H), 7.28-7.41 (m, 5 H). °*C NMR (150 MHz, CDCl;) 14.6,
28.3, 47.7, 55.5, 72.0, 77.9, 126.4, 126.9, 128.4, 129.1, 137.7, 155.0. FT-IR (KBr, cm™) » 701, 1051,
1170, 1367, 1540, 1701, 2981, 3238. ESI-MS: m/z (rel. int.): 318 [M+Na]" (100).
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General procedure for lithiation-electrophile trapping sequence of thietane 1-oxide

Procedure for the C2, C4 double functionalization (2 equiv of LDA).

o | E_ O E_ O
E?/ LDA 2.2 equiv. E @ . ESK
THF,-78°C, 15' “E E

trans-3a-f cis-2a-f

To a stirred solution of DIPA (2.2 mmol, 0.310 mL, 2.2 equiv) in 8.0 mL of THF or Toluene (depending
on the solubility of the electrophile) at 0 °C, a solution of r-butilithium (2.5 M in hexane, 2.2 mmol,
0.880 mL, 2.2 equiv.) was added dropwise. After 20 minutes at 0 °C the solution of LDA was cooled to -
78 °C and thietane 1-oxide (1.0 mmol, 90.0 mg, 1.0 equiv.) in 2.0 ml of solvent was added dropwise.
After 15 minutes at -78 °C the electrophile (1.1 mmol, 1.1 equiv) neat if liquid and in 1.0 ml of solvent if
solid, was added to the resulting white cloudy solution. After the reaction was complete, as determined by
GC or TLC, the reaction mixture was poured in water (10 mL) and extracted with AcOEt (3 x 10 mL).
The combined organic layers were dried (Na,SOy), filtered and concentrated in vacuo. Chromatography
on silica gel (Hexane/AcOEt or CH,Cl,/MeOH) afforded the 2,4-disubstituted thietanes-1-oxide trans-3a-
f and cis-3a-f.

on o on trans-3a Column chromatography on silica gel (Hexane/AcOEt 70:30), white solid, mp
PHJZS)NM 219-222 °C, 70%. 'H NMR (600 MHz, CDCl;) 6 2.50 (ddd, J = 7.3, 9.8, 13.3 Hz, 1
HO Ph H), 2.79 (bs, 1 H), 3.03 (ddd, /= 7.0, 11.5, 13.2 Hz, 1 H), 4.29 (2 x d, AB system, J

= 7.3 Hz, 2 H), 5.72 (bb, 1 H), 7.08 (t, J = 7.3 Hz,1 H), 7.13-7.28 (m, 15 H), 7.44 (d, J = 7.6 Hz, 2 H),
7.35(d, J="7.5 Hz, 2 H). °C NMR (100 MHz, CDCl3) 6 21.3, 53.7, 70.6, 78.6, 79.9, 125.5, 125.6, 125.8,
126.3, 126.9, 127.3, 127.7, 128.1, 128.5, 128.8, 128.7, 143.1, 143.5, 143.6, 145.7. FT-IR (KBr, cm™) 0
699, 753, 1031, 1065, 1448, 1493, 2955, 3059, 3368. ESI-MS: m/z (rel. int.): 477 [M+Na]" (100).
Anal.Caled. for CaoHas03S, C 76.62, H 5.76; Found: C 76.58 %, H 5.79 %.

~o trans-3b, Column chromatography on silica gel (Hexane/AcOEt 60:40), white

O o solid, 36%. '"H NMR (400 MHz, CDCl3) 6 2.55-2.63 (m, 1 H), 3.16-3.24 (m, 1
2 on H), 3.71 (s, 3 H), 3.75 (s, 3 H), 3.76 (s, 6 H), 4.23-4.27 (m, 1 H), 4.41-4.46 (m,
@

H), 7.29-7.34 (m, 4 H), 7.43 (d, J=9.0 Hz, 2 H), 7.49 (d, J=9.5 Hz, 2 H) .
BC NMR (100 MHz, CD3COCD3) 6 23.0, 53.6, 55.55, 55.59, 55.62, 72.1, 78.6,
80.4, 114.3, 114.4, 114.5, 114.6, 127.7, 127.9, 128.4, 128.7, 137.7, 138.0,
140.0, 140.3, 159.5, 159.7, 159.9, 160.0. FT-IR (KBr, cm™) v 825, 1022, 1174, 1508, 2853, 2927, 3368.
ESI-MS: m/z (rel. int.): 597 [M+Na]" (100). Anal.Calcd. for C33H3,07S, C 68.97, H 5.96,; Found: C 68.88
%, H 6.13 %.

2~ " 0\ 1 H), 5.33 (bs, 1 H), 6.15 (bs, 1 H), 6.80 (d, J=9.1 Hz, 2 H), 6.84-6.89 (m, 6

cis-3b Column chromatography on silica gel (Hexane/AcOEt 60:40), white
solid, mp 115-118 °C, 30%. '"H NMR (400 MHz, CDCl3) 6 2.51-2.56 (m, 1 H),
3.72 (s, 6 H), 3.75 (s, 6 H), 3.92 (dd, J = 11.3, 7.5 Hz, 2 H), 4.69 (q, J = 11.6
Hz, 1 H), 5.42 (bs, 2 OH, 2 H), 6.76 (d, /= 8.8 Hz, 2 H), 6.84 (d, J= 8.8 Hz, 2
H), 7.22 (d, J = 8.8 Hz, 2 H), 7.42 (d, J = 8.8 Hz, 2 H). °C NMR (150 MHz,
CD;COCDs3) 0 26.1, 54.96, 55.46, 80.0, 100.9, 114.2, 114.6, 127.5, 127.9,
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137.3, 138.6, 159.6, 159.9 . FT-IR (KBr, cm™) v 831, 1033, 1095, 1176, 1254, 1509, 1608, 2959, 3435.
ESI-MS: m/z (rel. int.): 597 [M+Na]" (100).

trans-3c¢, cis-3¢ Inseparable mixture of diastereoisomers. Column chromatography
on silica gel (MeOH/AcOEt 15:85), red oil, 77%. "H NMR (600 MHz, CDCl) §
1.28 (d,J=7.0 Hz, 6 H, cis), 1.45 (d, J=6.9 Hz, 3 H, trans), 1.50 (d, /= 7.3 Hz,
3 H, trans), 1.97 (ddd, J = 8.2, 11.6, 12.8 Hz, 3 H, trans), 2.21-2.26 (m, 1 H,
trans), 2.52 (td, J=9.6, 12.3 Hz, 1 H, cis), 3.01 (td, /= 7.7, 12.3 Hz, 1 H, cis), 3.44-3.50 (m, 2 H, cis),
3.55-3.69 (m, 2 H, trans). °C NMR (150 MHz, CDCLs) 6 11.7, 12.4, 16.9, 27.0, 37.0, 48.3, 49.5, 59.6.
FT-IR (film, cm™) v 981, 1032, 1449, 1644 . GC-MS (70 eV) m/z (%) diastereoisomer I (first eluted) 118
[M", 23], 77 (100), 69 (87), 59 (53), 45 (91), 41 (60); diastereoisomer II (second eluted) 118 [M", 12], 77
(100), 69 (62), 59 (47), 41 (70), 43 (33).

ém-oo
.
écmoo

trans-3¢ Column chromatography on silica gel (AcOEt), white solid, mp 116-118 °C,
oH 40%. '"H NMR (600 MHz, CDCl3) 6 1.16 (s, 3 H), 1.21 (s, 3 H), 1.40 (s, 3 H), 1.52 (s, 3
ﬂ H), 2.47 (dt,J=13.9,9.5, 7.5 Hz, 1 H), 2.87-2.92 (m, 1 H), 3.15-3.20 (m, 1 H), 3.56-

3.59 (m overlapping bs at 3.59 ppm, 1 H). °C NMR (150 MHz, CDCl;) 6 25.7, 26.4,
28.2, 55.8, 72.7. FT-IR (KBr, cm™) v 602, 938, 972, 1001, 1131, 1221, 1358, 1373, 1384, 1463, 2975,
3430, 3461. GC-MS (70 eV) m/z (%) 206 [M', 25], 139 (68), 97 (31), 85 (33), 72 (56), 59 (100).
Anal.Calcd. for CoH;3038S, C 52.40, H 8.79; Found: C 52.22, H 8.90.

OH

@N<00

cis-3¢ Column chromatography on silica gel (Ethyl Acetate), white solid, mp 150-152

on 8 on °C, 32%. 'H NMR (400 MHz, CDCl3) § 1.13 (s, 3 H), 1.51 (s, 3 H), 2.90 (dt, J = 11.9,

+@+ 7.5 Hz, 1 H), 3.06 (dd, J=11.1, 7.8 Hz, 1 H), 4.44 (q, J=11.6 Hz, 2 H). >C NMR (100

MHz, CDCls) 6 25.7, 26.4, 28.2, 55.8, 72.7. FT-IR (KBr, cm™) » 602, 938, 972, 1001,

1131, 1221, 1358, 1373, 1384, 1463, 2975, 3430, 3461. GC-MS (70 eV) m/z (%) 206 [M", 0.16], 173

(13), 139 (54), 113 (19), 97 (18), 85 (31), 72 (34), 59 (100). Anal.Calcd. for CoH;303S, C 52.40, H 8.79;
Found: C 52.09, H 8.68.

trans-3e Column chromatography on silica gel (Hexane/AcOEt 20:80), white solid, mp
ng; o 194-196 °C, 57%. 'H NMR (600 MHz, CDCls) § 1.13-1.17 (m, 1 H), 1.27-1.42 (m

overlapping t, /= 7.3 Hz at 1.23 AcOEt, 5 H), 1.45-1.76 (m, 14 H), 1.76-1.81 (m, 1 H),
2.09-2.11 (m, 1 H), 2.47 (td, J=9.4, 12.9 Hz, 1 H), 2.90 (td, J= 5.5, 12.7 Hz, 1 H), 3.24
(dd, J=5.4,9.7, 1 H), 3.66 (t, J = 10.3 Hz, 1 H). °C NMR (100 MHz, CDCl3) ¢ 17.1, 21.2, 21.5, 21.6,
25.1, 25.7, 33.8, 34.0, 35.0, 37.2, 56.5, 71.0, 73.9, 74.4. FT-IR (KBr, cm™) v 600, 962, 978, 992, 1260,
1405, 1446, 2852, 2932, 3350. ESI-MS: m/z (rel. int.): 309 [M+Na]" (100). Anal.Calcd. for C;5sH203S, C
62.90, H 9.15,; Found: C 62.76 %, H 9.01 %.

HO

cis-3e Column chromatography on silica gel (Hexane/AcOEt 20:80), white solid, mp 218
on °C dec., 21%. '"H NMR (600 MHz, CDCls) § 1.10-1.15 (m, 2 H), 1.24-1.30 (m, 3 H),

1.34-1.40 (m, 2 H), 1.45-1.68 (m, 12 H), 1.72-1.79 (m, 2 H), 1.90-1.92 (m, 2 H), 2.80-

2.85 (m, 1 H), 3.11 (dd, J=7.7, 11.3, 2 H), 4.45-4.47 (q, J= 11.5, 1 H),. C NMR (100
MHz, CDCl3) 620.8, 21.6, 24.7, 25.4, 30.9, 34.3, 36.2, 55.6, 73.7. FT-IR (KBr, cm™) v 531, 943, 970,
994, 1174, 1409, 1444, 2850, 2930, 3423. ESI-MS: m/z (rel. int.): 309 [M+Na]" (100).

&
@S

HO
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P trans-3f Column chromatography on silica gel (Hexane/AcOEt 70:30), pale yellow

/_EZ')””/P“ solid, 70%. "H NMR (600 MHz, CDCls) 6 1.88-1.93 (m, 1 H), 2.24-2.28 (m, 1 H), 2.88

PH (dd, J=10.1, 14.5 Hz, 1 H), 2.93 (dd, /= 8.4, 14.3 Hz, 1 H), 3.18 (dd, J = 6.6, 14.3 Hz,

1 H), 3.33 (dd, J = 5.5, 14.5 Hz, 1 H), 3.54-3.58 (m, 1 H), 3.65-3.73 (m, 1 H), 7.12-7.26 (m, 1 H). "°C

NMR (100 MHz, CDCls) 0 23.8, 31.8, 38.0, 55.0, 65.0, 126.8, 127.1, 128.8, 128.9, 129.0, 129.3, 137.3,

137.8. FT-IR (film, cm™) v 701, 738, 1069, 1263, 1453, 1495, 2961, 3053. ESI-MS: m/z (rel. int.): 293
[M+Na]" (100).

General procedure for lithiation-electrophile trapping sequence of 2-substituted thietane-1-oxide
with 1.3 equiv of LDA:

Q
.0 . 0
Ei/ LDA 1.3 equiv. CHjsl @S
R THF,-78°C, 30' “R
trans-2a,2g trans-5-6

R =Bn, Ph,COH

To a stirred solution of DIPA (2.5 mmol, 0.353 mL, 2.5 equiv for trans-2a, 1.3 mmol, 0.184 mL, 1.3
equiv for trans-2g) in 8.0 mL of THF at 0 °C, a solution of n-butilithium (2.5 M in hexane, 2.5 mmol, 1.0
mL, 2.5 equiv for trans-2a, 1.3 mmol, 0.520 mL, 1.3 equiv for trans-2g ) was added dropwise. After 20
minutes at 0 °C the solution of LDA was cooled to -78 °C and 2-substituted thietanes-1-oxide trans-2a or
trans-2g (1.0 mmol, 272.0 mg for trans-2a, 180.0 mg for trans-2g, 1.0 equiv.) in 2.0 ml of solvent was
added dropwise. After 30 minutes at -78 °C the electrophile Mel (1.3 mmol, 0.081 mL, 1.3 equiv for
trans-2g, 2.0 mmol, 0.125 mL, 2.0 equiv for trans-2g,) was added. After the reaction was complete, as
determined by GC or TLC, the reaction mixture was poured in water (10 mL) and extracted with AcOEt
(3 x 10 mL). The combined organic layers were dried (Na>SOy), filtered and concentrated in vacuo.
Chromatography on silica gel (Hexane/AcOEt) afforded the 2,4-disubstituted thietanes 1-oxide trans-5
and trans-6

o
®g OH
Me—-@ ..... %P

Ph htrans-S Column chromatography on silica gel (Hexane/AcOEt 70:30), pale yellow solid,
90%. '"H NMR (600 MHz, CDCl3) 6 1.51 (d, J =7 Hz, 3 H), 1.82 (t, J= 11 Hz, 1 H), 2.45-2.55 (m, 1 H),
2.8 (br s, OH), 3.44 (quintet, J =7 Hz, 1 H), 4.38 (t, /=9 Hz, 1 H), 7.20-7.25 (m, 1 H), 7.25-7.30 (m, 5
H), 7.30-7.40 (m, 2 H), 7.50-7.55 (m, 2 H). >C NMR (125 MHz, CDCl3) ¢ 12.0, 21.9, 47.2, 71.6, 78.4,
125.7, 127.1, 127.3, 128.0, 128.3, 128.7, 143.5, 144.3. FT-IR (film, cm™) v 699, 747, 1002, 1035, 1170,
1447, 2953, 3317. ESI-MS: m/z (rel. int.): 309 [M+Na]" (100).

\Ph trans-6 Column chromatography on silica gel (Hexane/AcOEt 70:30), pale yellow solid,
70%. '"H NMR (600 MHz, CDCl;) § 1.49 (d, J =7 Hz, 3 H), 1.99-2.16 (m, 2 H), 2.98 (dd, /=8, 14 Hz, 1
H), 3.24 (dd, J =7, 14 Hz, 1 H), 3.52 (quintet, J = 7 Hz, 1 H), 3.69 (quintet, J = 8 Hz, 1 H), 7.10-7.37 (m,
5H). C NMR (125 MHz, CDCL) 6 11.4, 25.1, 37.9, 49.4, 64.9, 126.8, 128.6, 137.2. FT-IR (film, cm™)
v 702, 1065, 1376, 1453, 1496, 2925, 3467. ESI-MS: m/z (rel. int.): 195 [M+H]™ (100).
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Stereochemistry of C2-substituted thietane-1-oxides 2.

The stereochemistry of the mono-functionalized thietanes-1-oxides frans-2 and cis-2 was assigned on the basis of
their 'H and °C NMR data. The NMR data of cis-2a, where a crystallographic information was available, were
used as reference (see Figure 1).

755
ppm 20 ppm ¢ Caax 47.1 ppm

Co
2.05-2.20 pg;;-\ Haex : ¢ N G
k S 2.6 ppm Hzeq & c @
Hou NSO ]
¢ 0

13.1 ;;?n (C4 457 34 PP:/Hs'ax
eq 45.7 ppm Com
59.2 ppm
trans-2a cigs-2a
& PCNMR & 'H NMR
trans-2  cis-2 trans-2 cis-2
Caq > Cox |48 (HiasH 30| < [A (HaogH 0]

c:!eq < Csax

Hieg < Haax

Caeq = Cuax

Ortep view of cis-2a

Figure 1

From the data available in the literature on the structure of some 3-substituted thietane-1-oxides and thiane-1-
oxides,” and the results from our investigation, the following considerations could be made:

- The trans stereoisomer (trans-eq, Table 1) should have a pseudo-diequatorial relationship between the
introduced electrophile E and the sulfinyl oxygen.

- The cis stereoisomer (cis-ax, Table 1) should have a pseudo-axial/equatorial relationship between the
introduced electrophile E and the sulfinyl oxygen.

- The ”C and '"H NMR chemical shifts correlations reported in Table 1 fit well with that found for the
reference compounds trans-2a and cis-2a (Figure 1).

On these basis, we assigned by analogy the relative stereochemistry of derivatives trans-2b-j and cis-2b-j.

* a) Rasheed, K.; Warkentin, J. D. J. Org. Chem., 1980, 45, 4807. b) Rigau, J. J.; Bacon, C. C.; Johnson, C. R. J. Org. Chem., 1970, 35, 3655. ¢) Siegl, W. O.;
Johnson, C. R. J. Org. Chem., 1970, 35, 3657. d) Buchanan, G. W. Tetrahedron Letters, 1975, 21, 1683.
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Table 1

H 3ax

CoeqE 0
H L2595
3'eq > 6]

CSeq
Q
c4eq
trans-eq

2 '3C NMR
trans-eq cis-2
Coeq > Coax
C3eq < Caax

Cleq Clax

"H NMR
trans-eq cis-ax
(Hsax/Hs'eq)‘ < (H3eq/H3'aX)|

H3’eq < H3'ax

E trans-eq cis-ax
Coax 59.2
S P2 | G 471
Ph——3 deq : Csax 20.3
Cse 13.1
Ph Ha/H 20,22 | e 25
3ax/ H3’eq o & Hjax 33
C 55.4
OH 2ax
Caeq 77.1
01 Cieq 47.0 Com 22
C3ax 22.1
Cieq 13.6 H 2.5
. 3 :
S | HafMy 20022 | 17
Caeq 69.4 o o
EAN C4eq 128 C3ax 15.0
N H3eq/H 5 4 26 Hjeq 2.2
3ax/ H3’eq cTy & Hjax 29
C2ax 61.2
HO_ o Caeq 70.8 Ciax 47.7
Cae 46.8
q Ciax 19.1
Cseq 113 H 2.5
. 3 :
HinHye  21:23 | P 53
Coeq 63.2 Coun g
C 479 Caan 18.3
HaC—% 4eq : Ciax 209
Cieq 18.5 H 2.2
. 3 °
HiHye 1625 | P 07
Czeq 69.8 giax 2;2
HO, “n Caeq 46.3 o '
)< C3eq 11.9 I(_:I3ax ;964
HulHye 19524 | P 33
Coeq 68.8
Ph Cieq 483
_\w’ Cieq 16.3 i
H3ax/H3 eq 1‘7; 2.4
Caeq 67.6
E Cieq 48.4 i
N | Gy 16.3
H3ax/H3’eq 1‘7; 2.4
Caeq 56.5
E_S'/\iﬂ—ePh Caeq 332 -
1 Cieq 13.5
H3ax/H3’eq 19, 2.5
Boc Caeq 71.8
;’\rNH Cueq 474 i
Ph Cieq 15.3
minor Hip/Hyeq  1.8;22
Boc Caeq 72.3
;KE/NH Caeq 47.9 i
Ph Cieq 14.0
major Hj/Hsoeq 1.8;2.4
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The stereochemistry of #rans- and cis- disubstituted thietanes 3 has been ascertained on the basis of the '"H NMR
analyisis considering that in the cis stereoisomer, for symmetry reasons, the protons at C2 and C4 are chemically
equivalent while in the trans stereoisomer they are not.*

Ortep view of trans-3e

* Dodson, R. M.; Jancis, E. H.; Klose. G. J. Org. Chem., 1970, 35, 2520.
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Thermochemical data and internal coordinates

311++G(d,p) computational level.
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Thermochemical
PCM/MPWI1PW91/6-311++G(d,p) computational level.
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Thermochemical data and internal coordinates
311++G(d,p) computational level.

leq

Sum
Sum
Sum
Sum

of
of
of
of

electronic
electronic
electronic
electronic

and
and
and
and

zero-point Energies=
thermal Energies=
thermal Enthalpies=
thermal Free Energies=

Optimized Parameters

of the optimized geometries at the DFT-SMD/M06-2X/6-

-591.159134

-591.154044
-591.153100
-591.187499

(Angstroms and Degrees)

(Hartree/Particle)

-370975.83577

(Kcal/mol)

AlOQ
All
Al2
Al3
Al4
AlS
Al6
Al7
AlS8
Al9
A20
A21
D1
D2
D3
D4
D5
D6
D7
D8
D9

N SN S S S S S o~ 0~

~

P O~ — — — — — — — —

~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~
~

~

O WWOWWOWWOWOAHNINANTNTNONWWWWWWRRERRREWOWOOIWOU SO WDN
~ ~

P PP OO W0 WOoWwJWwWWOU WO s ooy W= —

R R O O — — — — — — — — — — — — — — —

~
O 0 3 O Ul O Ok

o~
O ~

~
~
~

~
~
~

~
~
~

~
~

~
~
~

~
~
~

~
~
~

DOUDUDOoUOEFEREREPER PP PP PP I OR IO DD DD
I S e e N T S Ry ey ey e N N e B P N N P P N NN TR

~
~

N

e e el
~

AW WWWW WS
N

~

=
=
N =

112.
75.
106.
115.
89.
111.
112.
119.
115.
106.
89.
111.
119.
112.
94.
111.
115.
111.
115.
108.
-19.
105.
-132.
89.
-145.
-23.
-105.
19.
132.

PR RERRR PR R

[cNeoNoBoNeoNoNoNoNoNoNoRolNoNoNoNolololNoNoRoRoNoNoNeoNoRolNoNoNoNololNolNoNo ool

lcNeoNoNoNoNoNoNoNoNoNoRoNoNoNoNololNolNoNolololNoNoNolNolNol

S18



D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D26
D27
D28
D29
D30

lax

Sum
Sum
Sum
Sum

of
of
of
of

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

sBvivEviivEvivivivivivivivivivivivlvivlvie)

~

0 00 0 J~JJF PP OO b DR PP ww
~
AN OO WWWWwWwWwwWwwwwr R~
~
W W W W W W WWWWWWWWWOWWOWWOUWOUWOWOo oo
~

~
~

electronic
electronic
electronic
electronic

PEFWRRPRWREFWRROR PR ORRE OO O
PO PO RO RO RPO— R O— —— —

and
and
and
and

145.
-89.
23.
27.
-87.
148.
-80.
165.
40.
1l46.
31.
-92.
-27.
87.
-148.
-146.
-31.
92.
80.
-165.
-40.

8999
7115
4029
5188
0283
3713
4126
0403
4399
1926
6454
955

5188
0283
3713
1926
6454
955

4126
0403
4399

zero-point Energies=
thermal Energies=

thermal Enthalpies=
thermal Free Energies= -591.184395

-DE/DX
-DE/DX
-DE/DX

-DE/DX =
-DE/DX =

-DE/DX
-DE/DX
-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX
-DE/DX
-DE/DX
-DE/DX

-DE/DX =
-DE/DX =

-DE/DX
-DE/DX
-DE/DX

-591.155901
-591.150718
-591.149773

Optimized Parameters !
(Angstroms and Degrees) !

lcNeoNeoNeoNeoNoNoNoNoNoNoRoNoNolNoNololNolNolNoelRol

lcNeoNoNoNoNoNoNoNoNoNoNolNolNolNoNolNol

(Hartree/Particle)

-370973.88798

(Kcal/mol)

~ N S S S~ o~ N

~ ~

R O~ — — — — — — — —

~
O Ul > oY O W~ —

~ N S~ 0~ 0~
~ ~ 0~

~
~

P RPRPRP WNDDNNDOOUOTOHTOWWwWRF R~
~
W W WEFERPFRRFRRFPRFPOOOJWOU s owN

~

= i S v oS B v I v B VB v B o v B v v v

~

=
o
o

106.
75.
108.
111.
91.

PR RRR PR R R

lcNeoNoNeoNoNoNoNoNoNoNoNolNolNolNeNolNol

lcNeoNoNeoNoNoNoNoNoNoNoNolNolNoNoNolNol

S19



A7

A8

A9

AlOQ
All
Al2
Al3
Al4
AlS
Al6
Al7
AlS8
Al9
A20
A21
D1

D2

D3

D4

D5

D6

D7

D8

D9

D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D24
D25
D26
D27
D28
D29
D30

~
~

N S NS S S S S S S o~ o~
N N NS S S S S S S o~ 0~

~
~

O W W W WO O OO OO WWW
P PP P OO WOOooWwWOo Jwwwaou

R R O R O— — — — — — — — — —

o~
O ~

AN AN WWwWwwwwwwwrrRrrRrRPrRPrRRRRERRRERES

~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

~
~
~

sllviivivivivivivivivivivivivivivivivivivivivivlvlelvlelelleRlei - - g g g < Ji S

VOO JI IR, PP OO BRRPRPRPRPRPOWWWNNDNMOOONDNDMNE OO WWWOWJJRE PP oD

PR WORFPRPWRRPWREREOREPOREOGWOO®--WOOW-IOU RO R~ ———

W W W W WWWWWOWWWOWWOWWOWOOWWOUWWOWWOUOAAIINATINTDTITNNIOWWwWwWWWwW-S
R O— 2 O— RFP O — RO — 2 O— H O —— — — — — — — — — — — — —

~
~

110.
113.
118.
111.
108.

91.
110.
118.
113.

94.
110.
115.
110.
115.
109.
-160.
-37.

84.

96.
-140.
-19.

37.
160.
-84.
140.
-96.

19.
.3898
-91.
143.
-88.
157.

32.
138.

24.
-100.
-22.

91.
-143.
-138.
.1606
100.

88.
-157.
-32.

22

-24

9455
49
8229
8166
4581
4242
9455
8229
49
4954
7587
4902
7587
4902
1817
3401
6866
279
351
9955
03
6866
3401
279
9955
351
03

8157
4354
473

3215
5726
3661
1606
5883
3898
8157
4354
3661

5883
473

3215
5726

-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX
-DE/DX

-DE/DX =
-DE/DX =
-DE/DX =
-DE/DX =

-DE/DX

lcNeoNoBoNeoNoNoNoNoNoNoRoNoNoNoNoNololoNoNoRoRoNeoNoNoNolNoNoNoNoRoloNoNoNoBoRoNoNeo ool ool
lcNeoNoNoNoNoNoNoNoNoNoRoNoNoNoNoNololoNoNoRoRoNeoNeoNoNolNolNoNoNoRoloNoNoNoBoRoNoNeo ool oo lNo]

S20



Experimental and theoretical SCF-GIAO chemical shifts & (ppm)

Atom

Cz =C5
Cy

H1=H6
H7=Hs
Hy

Hyp

52.30
9.90

3.44

3.14

2.27

1.92

leq lax
6MPW1PW91b 6B3LYPC 6M06-2xd 6MPW1PW91b 6B3LYPC 6M06-2xd
58.77 67.79 61.61 52.88 62.60 55.75
12.86 19.86 11.75 26.36 31.95 26.82
3.39 3.44 3.39 2.68 2.62 3.40
3.16 3.11 3.10 3.49 3.48 2.61
2.08 2.11 2.01 2.74 2.73 4.16
1.91 2.04 1.80 4.01 3.90 2.69

“ Experimental values in CDClyat 298 K ” Theoretical PCM/MPWI1PW91/6-311++g(d,p) SCF-GIAO chemical shifts,
ai™S (ppm)=31.8802; o™ (ppm)=188.9116, implicit solvent CHCls; © theoretical PCM/B3LYP/6-311++g(d,p) SCF-GIAO
chemical shifts, oS (ppm)=31.8832; 07™5 (ppm)=184.4860, implicit solvent CHCls; ¢ theoretical SMD/MO06-2X/6-311++g(d,p)

SCF-GIAO chemical shifts, ;™5 (ppm)=32.0060; o2 ™ (ppm)=189.9264, , implicit solvent CHCl;.
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Experimental and theoretical spin spin coupling contants Jyu (Hz)

Jun exp’ Jvpwipwor” TesLvp’ Tnoerx”
J1s=Jsr=Jss 8.5 9.7 (10.0) 8.7 (9.35) 8.8(9.57)
Jo16=J10.11 12.7 12.6 (13.05) 11.6 (12.5) 11.5(12.57)
J1o=Jso=Js.1| 1.9 1.1 (1.0) 1.3(1.37) 0.8(0.66)
Js.10=Jr10=J w10 12.7 11.4 (11.8) 11.2(12.04) 10.4(11.35)
J1-10=Js.10=T5.10 7.6 7.1(7.3) 7.4(7.95) 6.5(7.0)
Jro=Js.o=Js.1| 10.6 9.8 (10.1) 9.9(10.64) 8.8(9.57)
J16=Js.7 3.18 4.5 (4.6) 4.2(4.5) 4.0(4.23)
J1=Jss 1.93 13(1.2) 1.3(1.37) 1.1(1)
Js.5=J .4 1.93 13(1.2) 1.3(1.37) 1.1(1)
Jr5=Js.4 - 0.34 0.27 0.28
MAE 0.751 0.673 0.992
CMAE 0.712 0.563 0.925

“Values in Hz. "At DFT-PCM/MPW 1PW91/6-311++G(d,p) level of theory, scaled values in parentheses. ‘At DFT-PCM/ B3LYP/6-
311++G(d,p) level of theory, scaled values in parentheses. At DFT-SMD/M062X/6-311++G(d,p) level of theory, scaled values in

parentheses.

The scaled values and the statistical parameters MAE (Mean Absolute Error) and CMAE (Corrected

Mean Absolute Error) are calculated according to the equations:

CMAE =

==

1
N

-
1l
=

-
1l
g

j=N

j=1

slope

+ .x}'—

+ Xcorr —

x — intercept
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Linear fitting correlation coefficient index R’ of the spin spin coupling contants Jung
experimental and calculated (PCM/B3LYP/6-311++g(d,p), PCM/MPW1PW91/6-311++g(d,p)
and SMD/M06-2X/6-311++g(d,p) level of theory) for the conformer leq and simulation with

the more accurate magnetic parameters

MPW1PWI1

f(x) = 0.9743107846x - 0.0746589215
R? = 0.9615447181

B3LYP

14

1o f(x) = 0.9273257957x + 0.0328926035 —

R? = 0.9774778108 //f
7
10 >
[
8 ///
//!/
6 ——
4 -
7
2 —
///-
0o
0 2 4 6 8 10 12 14

MO06-2X

14

12 fx) = 0.8983524722x - 0.2039372117 -

R2 = 0.9614554469 g
10 _— n
//
[ “m
8 _—
_—
//
6 - o
_—
///
_—
4 | ///
//
2 —
/./
0 —
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Experimental
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