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1. Experimental Section

1.1 General Methods

All reactions were performed in ovehied FEPbottle(or tube)under a positive pressure of nitrogen.

All solvents were dried and distilled using standard methtvdesferred via syringe and were

introduced into the reaction vessels though a rubber sepilireagents were weighed out under

N2 atmosphere in a glove boAll reactions were monitored by thiayer chromatography (TLC)

or 1% NMR. Column chromatogrdyy was carried out on a column packed with sitieh 60N

spherical neutral size 881 0 ¢ mH-NMRh (800 MHz), °F-NMR (282 MHz) spectra for

solution in CDCor CD:CNwer e recorded on a Varian Mercury 3
expressedinppgiownf i el d from i ntedsfidll =TMS3 63QWalesddC.D@O) . T
as internal standard 8 NMR. The chemicayields were determined BSF NMR, Fluorobenzene

was used internal standard.

2. General procedure for the oxidativechlorotetrafluorination of diaryl disulfide

(0.2 mmol scaleand 0.5 mmol scale).

S TCCA (20.0 equiv.) SF4Cl
X/ KF (20.0 equiv.) \/\7
BN - By
X/, MeCN, r.t., 48 h Z
R R
2a—20:X=C 3a—30: X=C
2p—2v: X=N 3p—3v: X=N

0.1 mmol scalelnside a glove boxan overdried narrowmouth FERube (Nalgene®) (10.0 mL)
equipped with a magnetic stirrer bar was charged with ddisylfide (0.1 mmol, 1.0 equiv.),
anhydrous spragried KF (0.12 g, 2.0 mmol, 20.0 equiv.), TCCA (0.46 g, 2.0 mmol, 20.0 equiv.),
and anhydrous MeCN (2.0 mL, 0.05 M). Ttaee was tightly sealed and taken out of the glove box.
The reaction mixture was stirred vigorously for 48 hours at room temperature. Yields were directly

determined by°F NMR analysis of the crude products usingié¢ ( 3 7.5 €L, 0.4 mmol ,



as anmternal standard.

0.5 mmol scalelnside a glove boxan overdried narrowmouth FEP bottle (Nalgene®3d.0 mL)
equipped with a magnetic stirrer bar was charged with ddisyllfide (05 mmol, 1.0 equiv.),
anhydrous spragried KF (10.0 mmol, 20.0 equiv.), TCCA (10.0 mmol, 20.0 equiv.), and anhydrous
MeCN (10.0 mL, 0.05 M)The bottle was tightly sealed and taken out of the gloveTdaxreaction
mixture were stirred for 48 hours at rot@mperature. Thereafter, the supernatant was decanted and
filtered through a PP/ETFE suction filter (Flom Cat. # 8800) under a streapirabMinother FEP

bottle (30 mL). The residue was washed with anhydrous MeCN (3.0 mL) and the combined liquid
phaseswere evaporated carefulig vacuoto furnish the desired crude produdd.the products

were characterized by NMRs (see the next art) they were alsconfirmedby comparisons of

previouslyreported data Photographs of the used synthetic appanatre showrbelow

(1) Reaction mixture (2) Filtration (3) Evaporation in vacuo

2.1 Ohlorotetrafluoro(phenyl) -e8-sulfane (3a);

i “SF,Cl

The reaction was run according to the general procedure, angrdfiect isconsistent with
previously reported characterization datdF NMR yield: 82%.'H NMR (300 MHz, CDCY) U:

7.767 7.72 (m, 2H), 7.537 7.42(m, 3H)ppm.1°F NMR (282 MHz, CDCJ) : 1i36.64 (s, 4F) ppm.



2.2 Chlorotetrafluoro(4 -nitrophenyl) - e-sulfane (3b);

O,N
: “SF,Cl

The reaction was run according to the general procedure, and the prodociistent with
previously reported characterization datdF NMR yield: 94%. 'H NMR (300 MHz, CDCJ) : U
8.33 (d,J=8.8 Hz, 2H), 7.96 (d] = 9.1 Hz, 2H) ppm!°F NMR (282 MHz, CDGJ) : 114.95 (s,

4F) ppm.

2.3 Chlorotetrafluoro(4-fluorophenyl)- a#-sulfane @c);

F\©\
SF,CI

The reaction was run according to the general procedure, angrdtiact isconsistent with
previously reported characterization dat8E NMR yield: 73%. *H NMR (300 MHz,CDsCN) U:
78971 7.84(m, 2H),7.291 7.23 (m, 2H) ppm °F NMR (282 MHz,CDsCN) : 187.54(s, 4F) -

108217 -10831(m, 1F ppm.

2.4 Chlorotetrafluoro(4 -chlorophenyl)- a®-sulfane (3d);

cl
i “SF,CI

The reaction was run according to the general procedure, and the prodocisistent with
previously reported characterization datéF NMR yield: 84%. '*H NMR (300MHz, CDsCN) U:
7.79 (d,J=9.1 Hz,2H), 7.54 (dJ = 8.7 Hz,2H) ppm *°F NMR (282 MHz, CRC N ): 1386.62 (s,

4F) ppm.

2.5 Chlorotetrafluoro(4 -bromophenyl)- af-sulfane (3e);

Br\©\
SF,CI

The reaction was run according to the generakedure, and the product ¢ensistent with



previously reported characterization datdF NMR yield: 82%.'H NMR (300 MHz, CDCY)

7.60(s, 4H) ppm °F NMR (282 MHz, CDGJ) : 136.59 (s, 4F) ppm.

2.6 Chlorotetrafluoro(p-tolyl) - a-sulfane (3f);

Me. :
SF,CI

The reaction was run according to the general procedure, and the prodoacisistent with
previously reported characterization datdF NMR yield: 76%. 'H NMR (300 MHz, CDCJ) U
7.62 (d,J = 8.7 Hz, 2H), 7.23 (d] = 8.5 Hz, 2H), 2.40 (s, 3H)pm 1% NMR (282 MHz, CDG))

U: 137.62 (s, 4F) ppm.

2.7 Chlorotetrafluoro(4-(tert-butyl)phenyl)- aé-sulfane (39);

tBu :
SF,4CI

The reaction was run according to the general procedure, and the prodoacisistent with
previously reported characterization datdF NMR yield: 72%. 'H NMR (300 MHz, CDCJ) U
7.66 (d,J = 8.9 Hz, 2H), 7.44 (d] = 8.6 Hz, 2H), 1.33 (s, 9H) pprF NMR (282 MHz, CDG))

U: 137.61 (s, 4F) ppm.

2.8 Chlorotetrafluoro(3 -nitrophenyl) - a®-sulfane (3h);

NO,

i “SF,Cl

The reaction was run according to the general procedure, and the prodoacsistent with
previously reported characterization dat8F NMR yield: 84%. 'H NMR (300MHz, CDCb) U:
8.63 (t,J = 2.1 Hz, 1H), 8.40 (d] = 8.2 Hz, 1H), 8.11 8.07 (m, 1H), 7.71 (tJ = 8.2 Hz, 1H)ppm

19F NMR (282 MHz, CDQ) : 185.19(s, 4F) ppm.

u



2.9 Chlorotetrafluoro(3-fluorophenyl)- a®-sulfane (3i);

F

i “SF,Cl

The reaction was run according to the general procedure, and the prodocisistent with
previously reported characterization datéF NMR yield: 74%.*H NMR (300 MHz, CRCN) U:
7.727 753 (m, 3H),7.401 7.35 (m, 1H) ppm °F NMR (282 MHz, CRCN)U 1 38,407

109.207 -109.46(m, 1F) ppm.

2.10 Chilorotetrafluoro(3-chlorophenyl)- a¢-sulfane (3));

Cl

t ~SF,Cl

The reaction was run according to the general procedure, and the prodociistent with
previously reportedharacterization datd°F NMR yield: 82%.'"H NMR (300 MHz, CDCJ) U
7.89 (t,J= 2.0 Hz, 1H), 7.11 7.63 (m, 2H), 7.34 (tJ = 8.1 Hz, 1H) ppm'°F NMR (282 MHz,

CDCl) :136.05 (s, 4F) ppm.

2.11 Chlorotetrafluoro(3-bromophenyl)- &-sulfane (3k);

Br

i ~SF,Cl

The reaction was run according to the general procedure, and the prodoacisistent with
previously reported characterization datdF NMR yield: 83%. 'H NMR (300 MHz, CDCJ) U
7.75 (t,J=2.1 Hz, 1H) 7.701 7.58 (m, 1H), 7.50 (d]1= 7.9 Hz, 1H), 7.41 ({} = 8.2 Hz, 1H) ppm

19F NMR (282 MHz, CDGJ) : 136.02 (s, 4F) ppm.

2.12 Chilorotetrafluoro(2-fluorophenyl)- a¢-sulfane (3l);



©iF
SF,CI

The reaction was run according to theneral procedure, and the productt@sistent with
previously reported characterization datd8F NMR yield: 77%.'*H NMR (300 MHz, CRCN) U
7.87i 7.81 (m, 1H), 7.67 7.60 (m, 1H), 7.39 7.29 (m, 2H) ppm'°F NMR (282 MHz, CRCN)

U 142.23 (dJ = 24.4 Hz, 4F);107.92i -10818(m, 1F) ppm.

2.13 Chlorotetrafluoro(2,4-difluorophenyl) - 28-sulfane (3m);

F F
i :SF4CI

The reaction was run according to the general procedure, and the prodoacisistent with
previously reportettharacterization datal°F NMR yield: 80%. *H NMR (300 MHz, CDCY) U
7.947 7.86 (m, 1H)7.197 7.08 (m, 2H) ppm °F NMR (282 MHz, CDCJ) : 142.14(d, J = 23.9

Hz, 4F),-102.051 -102.17 (m, 1F) -102.®i -10307 (m, 1F)ppm.

2.14Chlorotetrafluoro(3,4-dichlorophenyl)- af-sulfane (3n);

Cl

Cl- i
SF,Cl

The reaction was run according to the general procedure, and the prodoacisistent with
previously reported characterization dat8F NMR yield: 85%. 'H NMR (300 MHz, CDC}) U

7.85 (d,J = 2.4 Hz, 1H), 7.67 7.52 (m, 2H) ppm %F NMR (282 MHz, CDGJ) U 13 6.

ppm.

2.15 Chlorotetrafluoro(perfluorophenyl)- a®-sulfane (30);

F

F SF,CI

21

(s,



The reaction was run according to the generakedure, and the product ¢ensistent with
previously reported characterization datdF NMR yield: 72%. 1°F NMR (282 MHz, CRCN):
transisomer:t: 141.87 (tJ = 27.1 Hz, 4F)-136.281 -136.80 (m, 2F),-149981 -15090 (m, 1F),
-162.137 -16225(m, 2F)ppm cis-isomer:t: 151.81 (q,J = 158.2, 1F), 12P17 12083 (m, 2F),
78557 77.68(m, 1F),-136.287 -136.80 (M, 2F),-149987 -15090 (M, 1F),-162.137 -16225 (m,

2F) ppm trans:cis ratio: 1.8:1.

2.16 2(Chlorotetrafluoro -28-sulfaneyl)pyridine (3p);

L

P

N~ “SF,Cl

The reaction was run according to the general procedure, and the prodoacisistent with
previously reported characterization dat8F NMR yield: 86%. 'H NMR (300 MHz, CDCJ) U

8.58 (d,J = 3.5 Hz, 1H), 7.95 (= 7.9 Hz, 1H), 7.76 (d] = 8.3 Hz, 1H), 7.52 (dd} = 7.5, 4.7 Hz,

1H) ppm.*°F NMR (282 MHz, CDGJ)  124.04(s, 4F) ppm.

2.17 2(Chlorotetrafluoro -af-sulfaneyl)-5-nitropyridine (39);

O,N N
| ~

N~ sF.Cl

The reaction was run according to the general procedure, and the prodimisistent with
previously reported characterization dat8F NMR yield: 94%. 'H NMR (300 MHz, CDCJ) U
9.38 (s, 1H), 8.71 (dl = 8.9 Hz, 1H), 7.99 (d] = 8.9 Hz, 1H)ppm **F NMR (282 MHz, CDC})

U: 123.55(s, 4F) ppm.

2.18 2(Chlorotetrafluoro -gf-sulfaneyl)-5-methylpyridine (3r);
Me
N
L
N SF,Cl

The reaction was run according to the general procedure, and the prodociistent with



previously reportedharacterization data!®F NMR yield: 52%. *H NMR (300 MHz, CDCY) U:
8.38 (s, 1H), 7.72 (d] = 8.6 Hz, 1H), 7.64 (d] = 8.3 Hz, 1H), 2.44 (s, 3H)pm °F NMR (282

MHz, CDCk) : 125.14(s, 4F) ppm.

2.192-(Chlorotetrafluoro -e8-sulfaneyl)-5-bromopyridine (3s);

Br.
AN
L

N SF,CI
The reaction was run according to the general procedure, and the prodociistent with
previously reported characterization dat8E NMR vyield: 81%."H NMR (300 MHz, CDCJ) U
8.63 6, 1H), 8.04 (dJ = 9.0 Hz, 1H), 7.65 (d] = 8.7 Hz, 1H)ppm °F NMR (282 MHz, CDG))

a: 124.73 (s, 4F) ppm.

2.20 3-(Chlorotetrafluoro -ef-sulfaneyl)-2-fluorolpyridine (3t);

- SFiCl
»

N F

The reaction was run according to the generakedure, and the product éensistent with
previously reported characterization dat8E NMR yield: 80%. *H NMR (300 MHz,CDsCN) i:
8.41 (d,J = 4.8 Hz, 1H), 8.31 831 (m, 1H), 74971 7.46 (m, 1H) ppm °F NMR (282 MHz,

CD:CN) : 137.95 (dJ = 21.5 Hz, 4F);63.1671 -6329 (m, 1F) ppm

2.213-(Chlorotetrafluoro -28-sulfaneyl)-2,6-difluorolpyridine (3u);

SF,CI
AN 4

~
F7 N7 °F
The reaction was run according to the general procedure, and the prodoacisistent with
previouslyreported characterization d&ta’F NMR yield: 75%. '*H NMR (300 MHz, CDsCN)
transisomer:U: 8.48 (d,J = 8.2 Hz, 1H), 7.14 (d) = 8.6 Hz, 1H)ppm °F NMR (282 MHz,
CDsCN): transisomer:: 138.65 (dJ = 21.4 Hz 4F), -61.881 -62.02(m, 1F),-62841 -6327 (m,

1F) ppm cis-isomer:l: 158.49 (qJ = 159.9 1F), 111707 110.70(m, 2F), 71.49 69.78 (m, 1F),



-618871 -62.02(m, 1F),-62841 -6327 (m, 1F) ppmtrans:cis ratio: 5.2:1.

2.224-(Chlorotetrafluoro -28-sulfaneyl)-2-fluorolpyridine (3v);

SF,CI

The reaction was run according to the general procedure, and the prodociistent with
previously reported characterization daté NMR yield: 72%. 'H NMR (300 MHz,CDsCN) U:
8.44 (s, 1H), 7.67 (s, 1H), 7.49 (${) ppm °F NMR (282 MHz,CDsCN) : 182.24(s, 4F) -65.79

(s, 1IF)ppm.

3. Two-step synthetic procedure for the formation of arylsulfur pentafluorides and

product characterization data for Scheme 3.

R R
\©\ 1) TCCA, KF, MeCN \©\
S SF.

2) Ag,CO3, CH,Cl, 5

1e: R=Br; 51% ('°F NMR)
2g: R=tBu 1g: R= tBu; 45% ('°F NMR)
overall yield?

Inside a glove boxan ovendried narrowmmouth FEP bottle (Nalgene®) (30 mL), equipped with a
magnetic stirrer bar, was charged wdihryl disulfide Qe or 2g, 0.5 mmol, 1.0 equiy, anhydrous
spraydried KF (0.58 g, 10.0 mmol, 20.0 equiv.), TCCA (2.3 g, 10.0 mmol, 20.0/&quid
anhydrous MeCN (10.0 mL, 0.05 M). The bottle was tightly sealed and taken out of the glove box.
The reaction mixture was stirred vigorously for 48 hours at room temperature. Thereafter, the
supernatant was decanted and filtered through a PP/ETHE&rsfilter (Flom Cat. # 8800) under a
stream of Ninto another FEP bottle (30 mL). The residue was washed with anhydrous MeCN (3.0
mL) and the combined liquid phases were evaporated caréfulgcuo Then,the residue was
washed with anhydroushexare (5.0 mLx2), filtered into a FEP bottle underdtimosphere, and
concenratedn vacuo The FEP bottle was transferred into a glove box under.atrbsphere,
before AgCO; (0.14 g, 0.5 mmoll.0 equiv) and anhydrous DCM (10.0 mL) were added. The
bottle was tightly sealed, removed from the glove box and stirred vigorousy Fayurs at room

temperature. Thereafter, the reaction mixture was filtered through a pad of Kieselguhr and washed



with DCM. Thecombined filtrates were concentrated under vacuum in an ice bath. The yield was
determined by°F NMR analysis of the crude reaction mixture usigfl4E (0.188 mL, 2.0 mmol,

4.0 equiv) as an internal standard. The crude product was purified by colurmatiography on

silica gel (eluent: pentane) to give ple=or 1g.

3.1 (4bromophenyl)pentafluoro-gf-sulfane (1€);

Br\©\
SF

The reaction was run according to the general procedure, and the prodociistent with

5

previouslyreported characterization datisolated yield81.2 mg29% (51%) *H NMR (300 MHz,
CDCl) U: 7.62 (s, 4H)ppm.'°F NMR (282 MHz, CDGJ) U: 84071 81.94 (m, 1F), 6251 (d,J=

150.5Hz, 4F) ppm.

3.2 (4(tert-butyl)phenyl)pentafluoro-a8-sulfane (1g);

tBu. :
SF

The reaction was run according to the general procedure, and the prodocisistent with

5

previously reported characterization datsolated yield72.9 mg28% (45%)H NMR (300 MHz,
CDCl) U: 7.67 (d,J= 8.9 Hz, 2H), 7.45 (d] = 9.1 Hz, 2H), 1.33 (s, 9H) ppAIF NMR (282 MHz,

CDCl) U: 86.46i 83.43 (m,1F), 62.78 (d,= 149.8 Hz, 4F) ppm.

4. Two-step synthetic procedure for the formation of Skalkene and product

characterization data for Scheme 4

R R
1) TCCA, KF, MeCN F o oph
|_F
s 2) BEt;, Ph—=—, Et,0 sTANG

2
2b; R = NO, 5b; R=NO,, 43% ('°F NMR)
2e; R =Br 5e; R=Br, 55% ("F NMR)
overall yield®

Y




Inside a glove boxan overdried narrowmouth FEP bottle (Nalgene®) (30 mL), equipped with a
magnetic stirrer bar, was charged with diaryl disulfizle ¢r 2e, 0.5 mmol, 1.0 equiy, anhydrous
spraydried KF (058 g, 10.0mmol, 20.0 equiy, TCCA (2.3 g, 10.0 mmol, 20.0 eqyivand
anhydrous MeCN (10.0 mL, 0.05 M). The bottle was tightly and taken out of the glove box. The
reaction mixture was stirred vigorously for 48 hours at room temperature. Thereafter, the
supernataiwas decanted and filtered through a PP/ETFE suction filter (Flom Cat. # 8800) under a
stream of Niinto another FEP bottle (30 mL). The residue was washed with anhydrous MeCN (3.0
mL) and the combined liquid phases were evaporated car@fullgcuo Then, the residue was
washed with anhydrous-hexane (5.0 mLx2), filtered into a FEP bottle (30 mL) under N
atmosphere, and concenrated vacuo The product was dissolved in dry.@t (2.0 mL).
PhenylacetylendA h C[ €@4.7¢ |.1.5mmol,3.0equiv.)was added to the combined ether layers,
and the reaction mixture was cooled té0) before E8 (88. 0 ¢ L , 1.0 8mmol, hexane,
0.176 equiv) was addedby dropwise. Thereafter, the reaction mixture was warmed to room
temperature, where stirring waontinued for 30 min. Then, the reaction mixture was quenched
with aqueousNaHCG;, extracted with RO (20.0 mL x 3), washed with brine (20.0 mL), and
concentrated under reduced pressure. The yield was determitdNlyIR analysis of the crude
reactionmixture using GHsF (0.188 mL, 2.0 mmol, 4.0 equj\as an internal standard. The crude
product was purified by column chromatography on silica gel (eluent: hexane/EtOAc; 20:1; v/v) to
afford pure Skalkene5b or 5e.

4.1[(E)-2-(4-nitrophenyltetrafluoro - af-sulfanyl)-1-chloroethenyl]lbenzengsh).

o,N
[ j\ll: F
s{

F7l Cl
F

The reaction was run according to the general procedure, and the prodoacisistent with
previously reported characterization dataolated yield:139.4 mg,38% (43%). *H NMR (300
MHz, CDCk) t: 8.17 (d,J = 8.6 Hz, 2H), 7.79 (d] = 9.2 Hz, 2H), 441 7.38 (m, 5H),7.22i 7.13
(m, 1H) ppm1°F NMR (282 MHz, CDG) U: E-isomer:70.80 (d,J = 8.2 Hz, 4F ppm; **F NMR

(282 MHz, CDC}) U: Z-isomer:69.44 (dJ = 9.4 Hz, 4F) ppm.

4.2[(E)-2-(4-bromophenyltetrafluoro - e8-sulfanyl)-1-chloroethenyllbenzeng5e).



Br.
[:LTF
S/
FINE N
F

The reaction was run according to the general procedure, and the prodoacisistent with
previously reported characterization dataolated yield:192.8 mg,48% (55%). *H NMR (300
MHz, CDCk) U: 7.491 7.39 (m, 9H), 7.D1 7.12(m, 1H)ppm.1%F NMR (282 MHz,CDG)ti: 7 1. 00

(d,J=8.5Hz 4F ppm.
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6.H NMR and *°F NMR spectra for desired compounds
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