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General experimental methods:

Unless otherwise stated, all commercial reagents were used as received. All
solvents were dried and distilled according to standard procedures. Flash column
chromatography was performed using silica gel (60-A pore size, 32-63um, standard
grade). Analytical thin-layer chromatography was performed using glass plates
pre-coated with 0.25 mm 230-400 mesh silica gel impregnated with a fluorescent
indicator (254 nm). Thin layer chromatography plates were visualized by exposure to
ultraviolet light. Organic solutions were concentrated on rotary evaporators at ~20
Torr at 25-35 °C. Nuclear magnetic resonance (NMR) spectra are recorded in parts
per million from internal tetramethylsilane on the & scale. 'H, °F and *C NMR
spectra were recorded in CDCl; on a Bruker DRX - 400 spectromete operating at 400
MHz, 376 MHz and 100 MHz, respectively. All chemical shift values are quoted in
ppm and coupling constants quoted in Hz. High resolution mass spectrometry (HRMS)

spectra were obtained on a micrOTOF Il Instrument.

General experimental procedure for the four-component reaction of Togni’s reagent,

alkynes, sulfur dioxide, and hydrazines:

IICF3 DABCO*(SO,), - oron o R
Z \ R2 %P N
R’ O+ N rt, 30 min F3C/\( N
HN" °R3
1 © 2 3

Alkyne 1 (0.2 mmol) was combined with Togni reagent (0.3mmol) and DABSO
(0.16 mmol) in a tube. The tube was evacuated and backfilled with N, three times
before the addition of CH3;CN (4.0 mL). Subsequently, hydrazine 2 (1.5 equiv.) was
added dropwisely to the solution. After completion of reaction as indicated by TLC,
the mixture was washed with saturated sodium bicarbonate and brine. The organic
layer was separated, and the aqueous layer was extracted with ethyl acetate three
times. The combined organic phases were dried over anhydrous Na;SO,4. The solvent
was evaporated in vacuo, and the residue was purified by flash column

chromatograph (EtOAc/n-hexane, 1:4) to give the desired product 3.
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(2)-3,3,3-trifluoro-N-morpholino-1-p-tolylprop-1-ene-1-sulfonamide (3a)

'H NMR (400 MHz, CDCls) § 7.31 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 6.99 (q, J
= 7.4 Hz, 1H), 5.29 (s, 1H), 3.68 (t, J = 4.8 Hz, 4H), 2.74 (t, J = 4.4 Hz, 4H), 2.39 (s, 3H);
F NMR (376 MHz, CDCl3) § -57.99 (d, J = 7.3 Hz); **C NMR (101 MHz, CDCl;) & 149.9
(d, J = 5.1 Hz), 140.7, 129.5 (d, J = 1.4 Hz), 129.0, 126.8 (q, J = 35.7 Hz), 125.3, 121.5
(9, J = 273.0 Hz), 66.5, 57.2, 21.4 ; HRMS calcd for CisH17FsN,0sS Na (M+Na*):
373.0804, found: 373.0801.

(2)-3,3,3-trifluoro-N-morpholino-1-m-tolylprop-1-ene-1-sulfonamide (3b)

'H NMR (400 MHz, CDCls) & 7.31 — 7.28 (m, 2H), 7.23 (s, 1H), 7.18 (d, J = 6.7 Hz, 1H),
6.98 (g, J = 7.3 Hz, 1H), 5.51 (s, 1H), 3.66 (t, J = 4.6 Hz, 4H), 2.72 (t, J = 4.4 Hz, 4H),
2.38 (s, 3H); F NMR (376 MHz, CDCls) & -58.05 (d, J = 7.4 Hz); *C NMR (101 MHz,
CDCls) & 150.0 (d, J = 5.2 Hz), 138.0, 131.1, 130.0 (d, J = 1.3 Hz), 128.3, 128.1, 126.8
(d, J = 1.5 Hz)126.5 (q, J = 35.7 Hz) 121.4 (q, J = 273.1 Hz), 66.4, 57.1, 21.3; HRMS
calcd for C14H1gF3N,05S (M+H): 351.0985, found: 351.0988.

(2)-3,3,3-trifluoro-N-morpholino-1-o-tolylprop-1-ene-1-sulfonamide (3c)
'H NMR (400 MHz, CDCl3) & 7.34 (td, J = 7.6, 1.1 Hz, 1H), 7.27 (d, J = 6.0 Hz, 1H), 7.20

(t,J = 7.4 Hz, 1H), 7.13 (d, J = 7.0 Hz, 1H), 7.02 (q, J = 7.1 Hz, 1H), 5.62 (s, 1H), 3.75 —
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3.64 (m, 4H), 2.84 — 2.74 (m, 4H), 2.34 (s, 3H); *°F NMR (376 MHz, CDCl3) & -60.25 (d,
J = 7.2 Hz); *C NMR (101 MHz, CDCl5) & 150.1 (d, J = 5.1 Hz), 138.0, 130.4, 130.1,
129.2, 128.0, 127.4 (q, J = 35.5 Hz), 125.3, 121.3 (q, J = 273.1 Hz), 66.5, 57.3, 20.0;
HRMS calcd for Cr4H1sF3N,05S (M+H"): 351.0985, found: 351.0997.

o) ﬁo
FoN SfH,NJ

(2)-3,3,3-trifluoro-N-morpholino-1-phenylprop-1-ene-1-sulfonamide (3d)

'H NMR (400 MHz, CDCls) 6 7.50 — 7.44 (m, 1H), 7.42 (d, J = 4.5 Hz, 4H), 7.01 (q, J =
7.3 Hz, 1H), 5.43 (s, 1H), 3.66 (t, J = 4.6 Hz, 4H), 2.73 (t, J = 4.6 Hz, 4H); *°F NMR (376
MHz, CDCl5) 6 -58.03 (d, J = 7.4 Hz); 3C NMR (101 MHz, CDCl5) 6 149.8 (d, J = 5.2 Hz),
130.3, 129.6 (d, J = 1.5 Hz), 128.4, 128.2, 126.9 (q, J = 35.8 Hz), 121.4 (q, J = 273.2

Hz), 66.5, 57.2; HRMS calcd for Ci3H16F3N,03S (M+H): 337.0828, found: 337.0819.

(2)-1-(4-tert-butylphenyl)-3,3,3-trifluoro-N-morpholinoprop-1-ene-1-sulfonamide
(3e)

'H NMR (400 MHz, CDCls) § 7.42 (d, J = 8.6 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 6.99 (q, J
= 7.4 Hz, 1H), 5.30 (s, 1H), 3.66 (t, J = 4.6 Hz, 4H), 2.72 (t, J = 4.6 Hz, 4H), 1.33 (s, 9H);
F NMR (376 MHz, CDCls) 6 -57.94 (d, J = 7.4 Hz); *C NMR (101 MHz, CDCl5) & 153.7,
149.9 (d, J = 5.1 Hz), 129.5 (d, J = 1.4 Hz), 126.5 (q, J = 35.7 Hz), 125.2, 121.5 (q, J =
273.0 Hz), 66.5, 57.2, 34.8, 31.2; HRMS calcd for Ci7H24F3N,05S (M+H'): 393.1454,
found: 393.1458.
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(2)-3,3,3-trifluoro-1-(4-methoxyphenyl)-N-morpholinoprop-1-ene-1-sulfonamide (3f)
'H NMR (400 MHz, CDCls) & 7.37 (d, J = 8.7 Hz, 2H), 6.97 (q, J = 7.4 Hz, 1H), 6.93 (d, J
= 8.8 Hz, 2H), 5.34 (s, 1H), 3.84 (s, 3H), 3.68 (t, J = 4.6 Hz, 4H), 2.73 (s, 4H); YF NMR
(376 MHz, CDCl3) 6 -57.96 (d, J = 7.4 Hz); *C NMR (101 MHz, CDCl3) & 161.2, 149.6 (d,
J=4.9Hz),131.2 (d, J = 1.4 Hz), 126.5 (q, J = 35.7 Hz), 121.5 (g, J = 272.0 Hz); 120.2,
113.8, 66.5, 57.2, 55.3; HRMS calcd for CigHigF3N,04S (M+H"): 367.0934, found:

367.0935.

OCF;
(2)-3,3,3-trifluoro-N-morpholino-1-(4-(trifluoromethoxy)phenyl)prop-1-ene-1-sulfon
amide (3g)

'H NMR (400 MHz, CDCl5) 6 7.48 (d, J = 8.8 Hz, 2H), 7.27 (d, J = 8.6 Hz, 2H), 7.04 (q, J
= 7.3 Hz, 1H), 5.26 (s, 1H), 3.67 (t, J = 4.6 Hz, 4H), 2.75 (t, J = 4.6 Hz, 4H); YF NMR
(376 MHz, CDCl3) 6 -57.74 (s, 3F), -58.05 (d, J = 7.2 Hz, 3F); BC NMR (101 MHz, CDCl3)
6 150.7, 148.6 (d, J = 5.1 Hz), 131.5, 130.9, 128.8, 127.6 (g, J = 35.9 Hz), 126.9, 121.3
(q,J = 271.0 Hz), 120.4, 66.4, 57.3; HRMS calcd for C14H15FsN204S (M+H"): 421.0651,

found: 421.0655.
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Ph
(E)-1-([1,1'-biphenyl]-4-yl)-3,3,3-trifluoro-N-morpholinoprop-1-ene-1-sulfonamide
(3h)

'H NMR (400 MHz, CDCls) & 7.64 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 7.1 Hz, 2H), 7.51 —
7.45 (m, 4H), 7.42 — 7.37 (m, 1H), 7.04 (q, J = 7.3 Hz, 1H), 5.35 (s, 1H), 3.68 (t, J/ = 4.6
Hz, 4H), 2.76 (t, J = 4.4 Hz, 4H); °F NMR (376 MHz, CDCl3) § -57.89 (d, J = 7.3 Hz); °C
NMR (101 MHz, CDCl3) & 149.6 (d, J = 5.0 Hz), 143.2, 139.7, 130.15, 128.9, 128.1,
127.1,126.9, 126.5 (q, J = 35.7 Hz), 121.5 (q, J = 273.2 Hz), 66.5, 57.3; HRMS calcd for
C1oH20F3N,05S (M+H"): 413.1141, found: 413.1144.

(2)-3,3,3-trifluoro-1-(4-fluorophenyl)-N-morpholinoprop-1-ene-1-sulfonamide (3i)

'H NMR (400 MHz, CDCls) & 7.43 — 7.40 (m, 2H), 7.12 (t, J = 8.6 Hz, 2H), 7.01 (g, J =
7.3 Hz, 1H), 5.57 (s, 1H), 3.67 (t, J = 4.6 Hz, 4H), 2.74 (t, J = 4.4 Hz, 4H); *°F NMR (376
MHz, CDCls) & -58.07 (d, J = 7.3 Hz, 3F), -109.33 — 109.40 (m, 1F); 3C NMR (101 MHz,
CDCls) 6 163.8 (d, J = 251.6 Hz), 148.9 (d, J = 5.2 Hz), 131.8 (d, J = 7.2 Hz), 127.4 (q, J =
35.7 Hz), 124.3 (d, J = 3.4 Hz), 121.3 (g, J = 273.2 Hz), 115.6 (d, J = 22.0 Hz), 66.4, 57.2;
HRMS calcd for C13H15F4N203S (M+H"): 355.0734, found: 355.0727.
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Cl
(2)-1-(4-chlorophenyl)-3,3,3-trifluoro-N-morpholinoprop-1-ene-1-sulfonamide (3j)
'H NMR (400 MHz, CDCl3) & 7.41 (d, J = 8.7 Hz, 2H), 7.37 (d, J = 8.6 Hz, 2H), 7.03 (q, /
= 7.3 Hz, 1H), 5.31 (s, 1H), 3.69 (t, J = 4.6 Hz, 4H), 2.75 (t, J = 4.6 Hz, 4H); F NMR
(376 MHz, CDCl3) & -58.03 (d, J = 7.3 Hz); *C NMR (101 MHz, CDCl3) & 148.8 (d, J = 5.0
Hz), 136.8, 131.0 (d, J = 1.5 Hz), 128.6, 127.5 (q, J = 35.9 Hz), 126.8, 121.3 (q, J =
273.3 Hz), 66.5, 57.3; HRMS calcd for CizHisFsN,03S (M+H"): 355.0734, found:

355.0727.

Br
(2)-1-(4-bromophenyl)-3,3,3-trifluoro-N-morpholinoprop-1-ene-1-sulfonamide (3k)
'H NMR (400 MHz, CDCl5) 6 7.57 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.01 (q, J
= 7.3 Hz, 1H), 5.60 (s, 1H), 3.67 (t, J = 4.4 Hz, 4H), 2.73 (s, 4H); YF NMR (376 MHz,
CDCl3) 6 -58.02 (d, J = 7.2 Hz); BC NMR (101 MHz, CDCl3) 6 148.8 (d, J = 5.1 Hz), 131.6,
131.1 (d,J=1.4 Hz), 127.4 (q, J = 35.9 Hz), 127.3, 125.0, 121.2 (q, J = 273.3 Hz), 66.4,
57.1; HRMS calcd for C13H15sBrFsN,03S (M+H"): 414.9933, found: 414.9924.

(2)-3,3,3-trifluoro-N-morpholino-1-(naphthalen-1-yl)prop-1-ene-1-sulfonamide (3l)
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'H NMR (400 MHz, CDCl3) & 7.96 — 7.94 (m, 1H), 7.89 — 7.86 (m, 2H), 7.56 — 7.52 (m,
2H), 7.50 — 7.49 (m, 2H), 7.27 (q, J = 7.1 Hz, 1H), 5.24 (s, 1H), 3.65 — 3.55 (m, 4H),
2.59 (s, 4H); F NMR (376 MHz, CDCls) § -60.17 (d, J = 7.1 Hz); *C NMR (101 MHz,
CDCls) 6 149.0 (d, J = 4.9 Hz), 133.2, 131.6, 130.7, 128.6 (q, J = 35.8 Hz), 128.4, 127.8,
126.9, 126.5, 125.8, 125.3, 124.6, 121.2 (q, J = 273.3 Hz), 66.4, 57.3; HRMS calcd for
C17H18F3N,05S (M+H"): 387.0985, found: 387.0977.

(2)-3,3,3-trifluoro-N-morpholino-1-(thiophen-3-yl)prop-1-ene-1-sulfonamide (3m)

'H NMR (400 MHz, CDCl3) 6 7.66 — 7.65 (m, 1H), 7.39 (dd, J = 5.0, 3.0 Hz, 1H), 7.23 (d,
J=4.9Hz, 1H), 6.98 (q, J = 7.5 Hz, 1H), 5.60 (s, 1H), 3.66 (t, J = 4.6 Hz, 4H), 2.69 (t, J =
4.4 Hz, 4H); °F NMR (376 MHz, CDCl;) 6 -58.11 (d, J = 7.5 Hz); *C NMR (101 MHz,
CDCl3) 6 145.2 (d, J = 5.4 Hz), 128.7, 127.5, 126.4 (q, J = 36.1 Hz), 125.9, 121.5 (q, J =
272.8 Hz), 66.5, 57.1; HRMS calcd for CiiHi4F3sN,03S; (M+HY): 343.0392, found:
343.0393.

o, [ O

F3C/IS\N’NJ

(2)-1,1,1-trifluoro-4,4-dimethyl-N-morpholinopent-2-ene-3-sulfonamide (3n)

'H NMR (400 MHz, CDCl5) & 6.11 (q, J = 9.3 Hz, 1H), 5.69 (s, 1H), 3.72 (t, / = 4.6 Hz,
4H), 2.85 (t, J = 4.4, 4H), 1.41 (s, 9H); YF NMR (376 MHz, CDCl5) 6 -55.44 (d, /= 9.3
Hz); 3C NMR (101 MHz, CDCl3) 6 162.0 (d, J = 5.7 Hz), 123.8 (q, J = 38.3 Hz), 121.2 (q,
J=272.0 Hz), 66.5, 56.9, 39.0, 30.0; HRMS calcd for C11Hz0F3N,03S (M+H"): 317.1141,
found: 317.1148.
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O, ﬁO

F3C/IS\N’NJ

Ph
(2)-1,1,1-trifluoro-N-morpholino-5-phenylpent-2-ene-3-sulfonamide (30)
'H NMR (400 MHz, CDCl3) & 7.34 — 7.30 (m, 2H), 7.25 - 7.22 (m, 3H), 6.82 (q, / = 8.0
Hz, 1H), 5.53 (s, 1H), 3.82 — 3.59 (m, 4H), 3.00 — 2.95 (m, 2H), 2.86 — 2.80 (m, 6H); F
NMR (376 MHz, CDCl3) 6 -59.56 (d, J = 7.8 Hz); BC NMR (101 MHz, CDCl5) 6 149.9 (d,
J=5.2 Hz), 140.19, 128.7, 128.3, 127.2 (g, J = 35.9 Hz), 126.6, 122.0 (q, J = 273.1 Hz),
66.5, 57.3, 35.9, 30.4; HRMS calcd for CisHyoFsN,0sS (M+HY): 365.1141, found:

365.1139.

(2)-3,3,3-trifluoro-1-(4-methoxyphenyl)-N'-methyl-N'-phenylprop-1-ene-1-sulfonohy
drazide (3p)

'H NMR (400 MHz, CDCl3) 6 7.32 (d, J = 8.8 Hz, 2H), 7.27 — 7.23 (m, 2H), 6.99 — 6.94
(m, 2H), 6.92 — 6.86 (m, 4H), 5.99 (s, 1H), 3.83 (s, 3H), 3.12 (s, 3H); YF NMR (376 MHz,
CDCls) 6 -58.03 (d, J = 7.3 Hz); **C NMR (101 MHz, CDCl5) 6 161.3, 150.1 (d, J = 5.2 Hz),
149.6, 131.5 (d, J = 1.5 Hz), 129.1, 126.6 (q, J = 35.7 Hz), 121.9, 126.4 (q, J = 271.0 Hz),
119.7, 115.4, 113.7, 55.3, 44.5; HRMS calcd for Cy7H1sF3N,03S (M+H"): 387.0985,

found: 387.0975.

(2)-N'-ethyl-3,3,3-trifluoro-1-(4-methoxyphenyl)-N'-phenylprop-1-ene-1-sulfonohydr
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azide (3q)

'H NMR (400 MHz, CDCl3) & 7.26 (t, J = 7.9 Hz, 2H), 7.18 (d, J = 8.7 Hz, 2H), 7.00 (t, J =
7.3 Hz, 1H), 6.96 — 6.88 (m, 3H), 6.83 (d, J = 8.8 Hz, 2H), 6.20 (s, 1H), 3.82 (s, 3H), 3.51
(9, J = 7.1 Hz, 2H), 1.01 (t, J = 7.1 Hz, 3H); *°F NMR (376 MHz, CDCl5) & -58.12 (d, J =
7.3 Hz); *C NMR (101 MHz, CDCl3) & 161.1, 150.0 (d, J = 5.4 Hz), 147.8, 131.5 (d, J =
1.4 Hz), 129.1, 126.5 (q, / = 35.6 Hz), 122.4, 121.4 (q, / = 271.0 Hz), 119.7, 117.2,
113.6, 55.3, 51.0, 9.7; HRMS calcd for CigHyoF3N,0sS (M+H"): 401.1141, found:
401.1140.

O—

(2)-3,3,3-trifluoro-1-(4-methoxyphenyl)-N',N'-diphenylprop-1-ene-1-sulfonohydrazid
e (3r)
'H NMR (400 MHz, CDCl5) & 7.36 — 7.31 (m, 4H), 7.20 — 7.16 (m, 2H), 7.07 — 7.04 (m,
4H), 6.89 (q, J/ = 7.3 Hz, 1H), 6.71 — 6.63 (m, 5H), 3.78 (s, 3H); “F NMR (376 MHz,
CDCls) 6 -58.49 (d, J = 7.2 Hz); **C NMR (101 MHz, CDCl5) 6 161.0, 149.9 (d, J = 5.1 Hz),
146.7, 131.3 (d, J = 1.4 Hz), 129.5, 126.8 (q, / = 35.7 Hz), 124.8, 121.4, 121.1 (q, J =
272.0 Hz), 119.2, 113.4, 55.2; HRMS calcd for Cy;Hy0F3N,03S (M+H"): 449.1141, found:
449.1140.

(2)-N'-benzyl-3,3,3-trifluoro-1-(4-methoxyphenyl)-N'-phenylprop-1-ene-1-sulfonohyd

razide (3s)
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'H NMR (400 MHz, CDCl3) 6 7.27 — 7.21 (m, 5H), 7.11 (d, J = 8.7 Hz, 2H), 7.06 — 7.02
(m, 2H), 6.99 (t, J = 7.3 Hz, 1H), 6.91 (q, / = 7.4 Hz, 1H), 6.85 (d, J = 8.0 Hz, 2H), 6.77 (d,
J = 8.8 Hz, 2H), 5.97 (s, 1H), 4.63 (s, 2H), 3.79 (s, 3H); °F NMR (376 MHz, CDCls) &
-58.13 (d, J = 7.4 Hz); *C NMR (101 MHz, CDCl3) & 161.1, 145.0 (d, J = 4.7 Hz), 148.6,
133.9,131.4 (d, J= 1.4 Hz), 129.0, 128.8, 128.6, 128.2, 126.6 (q, / = 35.7 Hz), 124.4 (q,
J=272.0 Hz), 122.3, 119.7, 117.2 (d, J = 16.3 Hz), 113.5, 60.9, 55.2; HRMS calcd for

Ca3H22F3N,03S (M+H'): 463.1298, found: 463.1298.

O, ﬁo

F3C/\/S\N’NJ

3,3,3-trifluoro-N-morpholinoprop-1-ene-1-sulfonamide (3t)

'H NMR (400 MHz, CDCl;) 6 6.98 (dg, J = 15.2, 2.0, 1H), 6.79 (dq, J = 15.3, 6.1 Hz, 1H),
6.06 (s, 1H), 3.75 (t, J = 4.6, 4H), 2.86 (t, J = 4.6, 4H); °F NMR (376 MHz, CDCl;) &
-65.11 (dd, J = 6.1, 1.5 Hz); **C NMR (101 MHz, CDCl3) & 135.1 (q, J = 6.0 Hz), 130.2 (q,

J=36.5Hz),121.2 (q,/=271.7 Hz), 66.4, 57.2;
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Scheme S1. Investigation of mechanism.

a) H CF4 (ONpC
! 4-MeCgH S.
.\ |\O . DABSO CH3CN 7(} X 6 4]/ ’l\lH
H,N-N O rt, 30 min g F53C N
o " TEMPO “CF, ]
4, 73% 3a, n.d. ©
Alkyne 1 (0.2 mmol) was combined with Togni’s reagent (96.0 mg, 0.3 mmol),
TEMPO (0.50 mmol) and DABSO (0.16 mmol) in a tube. The tube was evacuated and
backfilled with N, three times before the addition of CH3CN (4.0 mL). Then the
solution was stirred for several minutes at room temperature. Subsequently,
morpholin-4-amine 2a (1.5 equiv.) was added dropwisely to the solution. The
reaction continued to stir for 30 minutes. The solvent was evaporated in vacuo, and

1-(trifluoromethyl)benzene (0.2 mmol) and deuterotrichloromethane (1.0 mL) was

added. The solution was transferred into NMR tube to perform the *°F NMR.
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CFs

I\ y CH3CN
o * HbN-N O+ TEMPO ,
\_/  25equiv. 't 30min N
O.

0 CF,
4, 79%

b)

Togni’s reagent (96.0 mg, 0.3 mmol) was combined with TEMPO (0.50 mmol) in a
tube. The tube was evacuated and backfilled with N, three times before the addition
of CH3CN (4.0 mL). Then the solution was stirred for several minutes at room
temperature. Subsequently, morpholin-4-amine 2a (1.5 equiv.) was added
dropwisely to the solution. The reaction continued to stir for 30 minutes. The solvent
was evaporated in vacuo, 1-(trifluoromethyl)benzene (0.2 mmol) and
deuterotrichloromethane (1.0 mL) was added. The solution was transferred into

NMR tube to perform the °F NMR.
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Togni’s reagent (96.0 mg, 0.3 mmol) was combined with TEMPO (0.50 mmol) and

S73



DABSO (0.16 mmol) in a tube. The tube was evacuated and backfilled with N, three
times before the addition of CH3CN (4.0 mL). The reaction was stirred for 30 minutes.
The solvent was evaporated in vacuo, 1-(trifluoromethyl)benzene (0.2 mmol) and
deuterotrichloromethane (1.0 mL) was added. The solution was transferred into

NMR tube to perform the °F NMR.
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o “CF,4
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Togni’s reagent (96.0 mg, 0.3 mmol) was combined with TEMPO (0.50 mmol) and
DABCO (0.16 mmol) in a tube. The tube was evacuated and backfilled with N, three
times before the addition of CH3CN (4.0 mL). The reaction was stirred for 30 minutes.
The solvent was evaporated in vacuo, 1-(trifluoromethyl)benzene (0.2 mmol) and
deuterotrichloromethane (1.0 mL) was added. The solution was transferred into

NMR tube to perform the °F NMR.
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R Z CH3CN
I o+ + TEMPO — =
X 2.5 equiy. 30 min N

O.
© CFs
4, nd.

Togni’s reagent (96.0 mg, 0.3 mmol) was combined with TEMPO (0.50 mmol) and
1-ethynyl-4-methylbenzene (0.2 mmol) in a tube. The tube was evacuated and
backfilled with N, three times before the addition of CH3CN (4.0 mL). The reaction
was stirred for 30 minutes. The solvent was evaporated in vacuo,
1-(trifluoromethyl)benzene (0.2 mmol) and deuterotrichloromethane (1.0 mL) was

added. The solution was transferred into NMR tube to perform the *°F NMR.
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Computational details

The MO06-2X density functional theory calculations were performed with the
Gaussian09 package using 6-31+G(d,p) basis set for C, H, O, N, F, .M For |, we used
the Lanl2DZ pseudo potential with the associated double-z basis set.’! The geometry
optimizations were performed without symmetry constraints, and the nature of the
extrema was checked by analytical frequency calculations. The intrinsic reaction

coordinate (IRC)[4]

pathways have been traced to verify two desired minima
connected by the transition states. To account for solvation effect, the calculations
were performed with the IEFPCM solvation model® in the CHsCN solution with radii

and non-electrostatic terms for Truhlar and coworkers’ SMD solvation model.®

A possible pathway was proposed and the corresponding free energy reaction
profile is shown in Figure 1. First, reactant 2 and Togni reagent B can form complex
2B-COM, which is 9.5 kcal/mol more stable than the reactants. One of the two
hydrogen atoms in amino group forms a strong hydrogen bond with the saturated
oxygen atom of Togni reagent, the distance between the H atom and the O atom is
2.13 A. And the N-I distance is 3.01 A. Then B is reduced via single-electron transfer
(SET)13 and gives out C, free radical D and CF3- as well. It can be inferred that this
step is rate-determining. Subsequently, CFs- attacks alkyne 1 to afford F free radical.
Then formation of intermediate G occurs smoothly via TS2 from interaction of free
radical F and hydrazine-SO, complex A.* The breaking of bond S-N in G leads to free
radical H. Finally, H combines with radical D to produce complex I first and then form
product 3. Another pathway affording CFs- from hydrazine-SO2 A and B was also
studied (Figure S1, see Supporting Information). Obviously, the step giving CFs-
radical is more difficult than that in the former pathway, and this step is
rate-determining too. So this path is less favoured, which is in good line with the
experimental fact that hydrazine 2 is a good reagent producing CFs- radical, and the
yield of CF3-TEMPO is high up to 79%. It is also worth noting in Figure S1 that the free
energy profile is bifurcated from radical F, corresponding two modes producing H
radical. In one branch SO, comes from dissociation of AB-COM (in black), and the

other one from the second molecule A (in red). The profile shows that the former is
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more favoured.

N2
OJ (\N'NH
2+B o/
0.0 c+D -
/A7
* CFs Ph——=

\-85.3

Ph. HN-N O
SO,
Cf

F3
Figure 1 Free energy reaction profile ( kcal/mol ) in acetonitrile from reactants 1, 2, A and B to

product 3, calculated at the M06-2X/6-31+G(d,p) with LANL2DZ (for I) level.

+ 256 F FC
W 252 193 SO
A o) [N N\ N m o
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Figure S1 The detailed free free energy reaction profile ( kcal/mol ) from A to compound VIll,
calculated at the PCM(DCE) B3LYP /6-31G(d,p) with LANL2DZ (for Pd and Br) level. The first pathway is
in black, and the second one is in red.
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Table S1 Coordinate data sets for DFT optimized complexes.

Cc
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Cc
(6]
N
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H
H
H
H
H
H
H
S
(6]
(6]

- 00O 0O 00000

O M m m QO

0.41436
-0.834857
-1.003508
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1.097335
-0.570724
-1.404823
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