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ARTICLE INFO ABSTRACT

Article history: Sulfoximines and sulfilimines have attracted coesible interesamong organic chemists. 1

Received Cu(ll)-catalyzed imination of sulfoxides and su&lusing varioudl-fluoro benzenesulfonamic
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Accepted substituted sulfides and sulfoxides. The flow smgtfor the preparation diH-sulfoximines wa

Available online also examined. By trapping nitrene intermediatesugh triphenylphosphine, we found thhe
reaction was conducted througimeetal-nitrene intermediate mechanism.
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1. Introduction shown in Table 1. A solvent screening revealed tbetome was
. . . . . the most suitable solvent. Other evaluated solventsh as DCE
Since the discovery of sulfonimidoyl in 1949, dwetheir 5,41 BUOH, produced worse results (Table 1, entries 1146yt
potential use in numerous applications, sulfoxirsinand e investigated the effects of copper salts on itiinaeactions.
suffilimines have attracted considerable attentiamong organic A shown in entry 11, the model imination reactionrzt occur
chemists. As a result of their wide use as building blocks forat 7071 without copper salts. To further establish the némd
chiral ligand$ and structural units in pseudopeptities number copper salts in imination reactions, methyl phesylfide and
of synthetic approaches have been developed far éfficient  methyl phenyl sulfoxide were then reacted wibfluoro
preparation. benzenesulfonamide in the absence of copper Sitspprting
As the important moiety of the sulfoximines and itinfines, Information). No obvious product was detected whefosides

N-sulfonyl-sulfilimines have been well studied in eat years. ~ served as reactants, while for methyl phenyl sulfidmall
One of their key features is the variety of subttins available ~amounts of products were found when the reaction tivae
to the sulfur-attached imino group. In early yeadssulfonyl- ~ Prolonged to 20 hour. However, the yield of isolafdducts
sulfilimines were prepared either by treating theresponding ~Was only 23%. The above studies demonstrated tipgteccsalts
sulfides with chloramine-Tor by reaction of sulfoxides with Played a significant role in our imination reacgon
sulfona_midé or sulfonylisocyanaté. Subsequently,_ other Next, we studied the effect of different kinds of pep salts
synthetic methods were developed, but most of tewived the o this reaction. Reactions with various Cu(l) or(IQusalts
use of toxic and potentially explosive reagentshsas hydrazoic including CuCl, Cul, C40, CuC}, Cu(OAc), CuSQ, CuBr, and
acid (lg\laN/HZSO4)8 or O-(mgsitylenesuIfonyl)hydroxylamine Cu(NOy), were then examined. Among them, Cu@fforded the
(MSH).” More recently, to avoid such reagents, metal-ya@l  pjghest yield (Table 1, entries 12-17). These tesntlicated that
methods have been described using copper or irds"sa poth monovalent copper salts and bivalent coppés s@n
manganese or ruthenium complexess catalysts.N-fluoro catalyze the reaction. The results of temperatueeesing
benzenesulfonamides were also shown to perform weduch o\ 0aled that imination reaction did not proceed rapm
reactions? Here, we present the use of simple copper Catalys'i%mperature and 70 was the optimal reaction temperature
for the imination of sulfoxides and sulfides witk-fluoro (Table 1, entries 18-19).

benzenesulfonamides under mild conditions.
We also found that HF was produced as the reaction

2. Results and discussion proceeded. Therefore, we added various bases toalieeitthe
HF produced in the reactions, expecting to obtéghédr reaction
yields. However, the results in entries 20-25 indidathat the
addition of organic or inorganic bases resultetbimer reaction

First, as a model reaction, the imination of dinytshifoxide
la with N-fluoro benzenesulfonamid@a in the presence of
copper salts was investigated, and representatigeltseare
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yields. We surmised thal-fluoro benzenesulfonamides and group and cyano group, the reaction at [0 resulted in

nitrene intermediates were not able to stably emstbasic
conditions, resulting in lower products yields. rsnary, the
optimized conditions for our imination reaction® as follows:
sulfoxide 1a (1 equiv.), CuG (10 mol %), PhS@N(F)H (1.2
equiv.) in acetone at 70.

Table 1. Optimization of the Reaction Conditiofs.

F
O Q /I{L o Q Me

Me/g\Me + ©/S\b H Cataly;;ilo mol%) Qg_Nza:o
1a (1.2 equiv) 2a

Entry Catalyst Base Solvent Y Yield® (%)

1 CwO - t-BuOH 70 447

2 CwO - DCE 70 55.2

3 CuO - acetonitrile 70 54

4 CuO - alcohol 70 255

5 CuwO - acetone 70 66.3

6 CuwO - methanol 70 42.4

7 CuwO - toluene 70 215

8 CuwO - 1,4-dioxane 70 <5

9 CuO - THF 70 38.4

10 CuO - EA 70 42.9

11 - - acetone 70 0

12 CuCl - acetone 70 61.3

13 CuC} - acetone 70 66.5

14 Cu(OAc) - acetone 70 58.6

15 CuSQ - acetone 70 <5

16 CuBsp - acetone 70 56.4

17 Cu(NQ), - acetone 70 61.3

18 CuC} - acetone rt trace

19 CuC} - acetone 50 45.2

20 CuC} DABCO  acetone 70 nr

21 CuC} DMAP acetone 70 24.7

22 CuC} Pyridine acetone 70 65.4

23 CuC} DBU acetone 70 16.0

24 CuC} CH:ONa acetone 70 28.7

25 CuC} KoCO;5 acetone 70 31.0

@ Reaction conditions: sulfoxidi (1 equiv.), Cu catalyst (10 mol %), Base
(1.2eq), PhS®N(F)H (1.2 equiv.) in solvent. The reaction tinsel2 hours.

® Yield after column chromatography.

With the optimized reaction conditions in hand, go®pe of
this reaction was evaluated. A variety of sulfoxides N-fluoro
benzenesulfonamide were subjected to the sulfinudataction
in the presence of 10 mol % of Cy@i acetone at 701 and the
results are summarized in Table 2. Sulfoxides niesn1-4 were
readily converted to the corresponding sulfoximjnbat the

yield of 2c was slightly lower. For sulfoxides bearing carbonyl

significant side reactions. Therefore, we carrietlthe reaction
at 60(] (Table 2, entries 5-6). However, sulfoxides beadygno
group did not give the expected products, indicatihat the
electron-withdrawing groups on sulfoxides greatlyeeff the
reaction. Besides, N-fluoro benzenesulfonamides bearing
electron-withdrawing groups were found to be moretiea than
those bearing electron-donating groups in the midfation
reaction (Table 2, entries 7-11). From this perspec the
electronic effect of substituents dhfluoro benzenesulfonamides
was one of the key factors in the results of imoratieaction. We
surmised thatN-fluoro benzenesulfonamides with electron-
withdrawing groups helped to the formation of nitrene
intermediates, thereby promoting the imination tieas.

Table 2. Copper-catalyzed Imination of Sulfoxides.

o CuCl, 10 mol% R \_ 0
g p-R3-C¢H,-SO,-N(F)H O//S\R . 1
e ~ 2
R! R acetone, reflux 0 3
1 2 R
Entry R R? R® Product I,}SId
1 Me Me H 2a 67
2 Ph Ph H 2b 62
3 Bn Bn H 2c 34
4 Me Ph H 2d 67
5 Me p-CHC(O)GHs-  H 2e 32
6 CNCHy  p-CICeHs H 2f nr
7 Me Ph Me 29 45
8 Me Ph F 2h 70
9 Me Ph Cl 2i 72
10 Me Ph NO, 2 69
11 Ph Ph Me 2k 57

#Reaction conditions: sulfoxide (1 mmol, 1 equiv.), CuGlcatalyst (10 mol
%), p-R®-CsHs-SO-N(F)H (1.2 equiv.) in acetone at 70 The reaction time

is 12 hours? Reaction in acetone at 60for 12 hours.

°Yield after column chromatography.

Next, the reactions of sulfides catalyzed by Gu@kre
evaluated (Table 3). Under similar reaction condgiosulfides
were more reactive than sulfoxides, and all thetiees listed in
Table 3 were completed within 6 h. The data present@dble 3,
entries 1-4, reveal that aromatic sulfides gavénédrigsields than
aliphatic sulfides. To expand the application ofr @eaction,
sulfides with carbonyl, ester, amide, cyano and dwygrgroups
were further used as reactants. These sulfides prdguced
sulfilimines in moderate yields, revealing that stiites on
sulfides markedly influenced the reaction resulfSable 3,
entries 5-9). As shown in Table 3 entries 10-MNBfluoro
benzenesulfonamides with electron-donating substitutad a
slightly higher yield than those bearing electrotidrawing
groups in imination reaction.

Table 3. Copper-catalyzed Imination of Sulfidgs.



S\
chloramine T ©/ 26.6%
S\
chloramine B ©/ 15.8%
Ent Rt R? R proguct  Yield”
ntry roduct (g) 2 Reaction conditions: sulfur source (1 equiv.), Gatalyst (10 mol %),
nitrogen source (1.2 equiv.) in DCE at 70The reaction time is 12 hours.
1 Me Me H 4a 37 ®Yield after column chromatography.
2 Ph Ph H 4b 65 . . .
For synthetic purposes, the reactions of sulfoxidesl N-
3 Me Ph H 4c 79 fluoro-4-methylbenzenesulfonamide are highly valeas thep-
4 B M H ad 63 toluenesulfonyl (TS) on their products can be gagimoved to
Bu € give useful NH-sulfoximines, which are of interest in various
” p-CH,C(O) M H 4 5o research fields, including synthetic organic chémi§ crop
CoHa € € protection’* and medicinal chemistry. Considering that the
CHOCO yield of sulfoxide in the imination reaction is nfutower than
6° 0-CH,O(CO) Me H 4f 44 that of a thioether, the following synthetic routesre designed
CeHas- . -
(Scheme 1). According to the literatdfeye used NalQand a
7 MCHy(CONH H 4g 38 catalytic amount of Ru@lfor the oxidation of sulfimide}j to
CeHa- produce2g with a yield of 89%. After that, the-toluene sulfonyl
g p-CICeHq- CNCHr H h 33 group was remqved from the prodl_Jct with concentratﬁﬂjri(_:
acid. As shown in Scheme 1, the yield of the compdgtehesis
9° p-OH-CsH.- Me H 4 22 was much higher when the start material was a thiodtian
) when it was a sulfoxide.
10 Me Ph Me 4 92 . o
Scheme 1. Synthetic routes diiH-sulfoximines
11 Me Ph F 4k 89
a) Route A
12 Me Ph Cl 4 93
o
I Q, 0,
13 Me Ph NO, 4m 81 S this condition 5 M cone. 1,80, g Me
s condmer, @/ \Ts . N
CuCl, 10 mol% 2 N //O
S, p-R3*-CeH,-SO,-N(F)H : (;/ 425g/ s
R R t-BuOH, reflux R R3 ° 90%? (40.5%")
3 4
b) Route B
@ Reaction conditions: sulfid&(1 mmol, 1 equiv.), CuGlkatalyst (10 mol %),
p-R>-CsH,-SO-N(F)H (1.2 equiv.) in tert-butyl alcohol at 100. The s N RuCl; - 3H,0 o
. . . . . £ . ™ this condition 2 mol% - Me
reaction time is 6 hour$Reaction inacetone at 60 for 6 hours®Reaction ©/ —_— ©\s/ NTs —— > $<N T
- S
in acetone at room temperature for 6 hours. e
9 Yield after column chromatography. " 2
)
45% 89%
To highlight the advantages of our experiments, dbetrast
experiments were carried out using chloramine Bamndramine O wme
T as the nitrogen sources. As shown in Table 4.eurte _cone: SO, X

optimized conditions, the obtained reaction yieldhvii-fluoro
benzenesulfonamide was higher than that with chlorarg or
chloramine T. AlthoughN-fluoro benzenesulfonamide is not
commercially available yet, the much increased treacyield
demonstrated the superiority and indicate the ingpa@e of our
study.

Table 4. Contrast experimerit.

Nitrogen Source Sulfur Source Yield ® ( %)
O
I
chloramine T ©/S\ 16.2%
O
I
chloramine B 13.6%

5 a The yield of only one step
g b The yield of the total synthetic

90% (73.7%")

To confirm the formation of the nitrene intermed®tbenzene
was used to trap nitrene intermediates. However, tipected
products were not found. Then, we treatedfluoro
benzenesulfonamide with triphenylphosphine undeirttigation
reaction condition$’ After 1 hour at 707, 6 was obtained with a
yield of 53 % (Scheme 2).

Scheme 2. Reaction of phosphorous compounds with

fluoro benzenesulfonamide.
) 0 ¢ Q0
+ @éq\( CuCI2(10moDI%) o R
©/P\© Iy  acetone, 70°C 5 @
0]

5 (1.2 equiv.)
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According to the previously reported literature aondr
experimental results, a plausible mechanism far @i catalyzed
imination reaction is outlined in Scheme 3. FirBkfluoro
benzenesulfonamide forms metal-nitrene complekénpresence
of Cu(ll) catalyst. Then, it couples with sulfoxid®rming the
metal-sulfur ylide intermediate |. Eventually, thdermediate |
dissociates from the metals to obtain free sulfuidey
intermediate 1l and is then further converted istitfoximine.

Scheme 3. Plausible reaction mechanism.

F
Q N o R
%N~ [Cul I )
Ol
(o} R
metal-nitrene ’
lcul formation
1 R!
0. R\ 0 \ O
N ~S% S+
2 R

-[cul

o)
@g—N:[Cul

metal-nitrene
complex

3. Conclusions

In summary, various sulfoxides and sulfides haveenbe
converted into their corresponding sulfoximines antfilimines,
respectively, using Cughs catalyst. The deprotection of the
tosyl products under standard reaction conditionsesy
synthetically valuable (“free”NH-sulfoximines.

4, Experimental Section

General considerations: Unless otherwise noted, all
commercially available compounds were purchased witho
further purification. Flash column chromatographyswaarried
out on silica gel (300-400 mesh). Thin layer chrtogeaphy
(TLC) was performed using silica gel HSGF 254 plades!
visualized by UV light (254nm). NMR spectra were reeat@n
a Brucker AM-400 (400 MHz for'H; 100MHz for *C)
spectrometer. IR spectra were recorded on a Bruk®!SOR 27
FTIR Spectrometer equipped with a Platinum ATR detect
LRMS and HRMS Mass Spectra were recorded on a Waiens

Tetrahedron

General procedure for the imination of sulfides (given in
Table 3): To a suspension of the sulfide (1.0 mm®}fluoro
benzenesulfonamide (1.2 mmol) #BuUOH (5 mL) was added
CuCl, (13 mg, 10 mol%) at room temperature, and the umext
was stirred for 6 h at 110/. The resulting suspension was
purified by column chromatography (eluent: petrateu
ether/ethyl acetate, 4:1) to give the correspondinljilimines
4a-4m.

General procedure for the preparation of N-unsubstituted
sulfoximines (given in Scheme 1): A modified procedure by
Cram et al. was used. To a reaction tube charged4aitiethyl-
N-(methyl  (oxo)(phenyl)’-sulfanylidene)benzenesulfonamide
2g (0.5 mmol, 154.52 mg) was added concentrated salfagid
(96%, 36 mmol, 2 mL). The mixture was stirred at moo
temperature for two hours. The mixture was cooled dtma®( |
and cold water (15 mL) was added carefully to quetith
reaction. Then NaOH (72 mmol, 2.8 g) in water (10 mlgs
added dropwise upon cooling. When the mixture becaeaely
neutral, NaCO; was added to adjust the pH to 9. The mixture
was extracted with C}l, (4 x10 mL). The combined organic
layers were dried over anhydrous ,88), filtered, and
concentrated. Further purification by column chraygeaaphy on
silica gel with ethyl acetate as eluent gave thee phNH-
sulfoximine5g as a colorless oil (69.76 mg, 85% vyield).
Oxidation of sulfimides to sulfoximines with Nal O/RuCls;:

To a reaction tube were added the sulfim#lg1.0 equiv, 0.3
mmol, 87.92 mg) and RugBH,O (2 mol%, 0.006 mmol, 1.6
mg). Then, acetonitrile (5 mL) and carbon tetraddk (5 mL)
were added successively followed by a solution of N5
equiv, 0.45 mmol, 96.24 mg) in water (10 mL) whil@rstg.
The mixture was stirred at room temperature. As meid by
TLC, the reaction finished within 1 hour. The misduwas
extracted with CECI, (3 x10 mL). The combined organic layers
were washed with a saturated aqueous solution g&,Na (5
mL), dried over anhydrous B8O, filtered, and concentrated to
give the sulfoximine€g as a colorless oil (82.51 mg, 89% yield).

General procedure for the preparation of N-(triphenyl-5-
phosphanylidene)benzenesulfonamide (given in Scheme 2):
To a suspension of the pph(1.0 mmol) and N-fluoro
benzenesulfonamide (1.2 mmol) in acetone (5 mL) added
CuCl, (13 mg, 10 mol%) at room temperature. The resyltin
mixture was stirred for the period of 1 h at 70 &8d was
monitored by TLC (Thin Layer Chromatography). Thdre
mixture was purified via silica gel chromatographsiuént:
petroleum ether/ethyl acetate, 2:1) to afford théridhenyl-5-
phosphanylidene)benzenesulfonamide® as a white solid
(221.16mg, 53% vyield).

N-(Dimethyl(ox0)-A°-sulfanylidene)benzenesulfonamide (2a):
White solid in 67% yieldm.p.: 115-117 °C*H NMR (400 MHz,
CDCly) 8: 7.99-7.93 (m, 2H), 7.56-7.45 (m, 3H), 3.36 (s, 68(;

Premier mass spectrometer with electron impact (70eVNMR (100 MHz, CDC)) &: 143.3, 132.4, 128.8, 126.6, 44.2; IR

Chemical shifts are given in parts per million (pPpmmsing
residual solvent signals as internal standard (GHTE 7.26
ppm'H NMR, § = 77.16 ppm for*C NMR). HRMS (El) Mass

(KBr, cm™): 3031.3, 2939.5, 1448.5, 1281.8, 779.7; HRMS (El-
TOF) m/z: M Calcd for GH1;NO,S, 233.0180; Found 233.0182.

N-(Diphenyl-i*-sulfanylidene)benzenesulfonamide (2b):

Spectra were recorded on a Waters GCT Premier méhite solid in 62% yieldm.p.: 109-111 °CiH NMR (400 MHz,

spectrometer with electron impact.

General procedure for the imination of sulfoxides (given in
Table 2): To a suspension of the sulfoxide (1.0 mmol) &hkd
fluoro benzenesulfonamide (1.2 mmol) in acetonen(y was

CDCI3) 3: 7.90-7.80 (m, 2H), 7.65-7.55 (m, 4H), 7.53-7.29 (m,
9H); BC NMR (100 MHz, CDG)J) 5: 144.2, 136.4, 132.5, 131.3,
130.0, 128.7, 127.3, 126.3. IR (KBr, 'd')n 2919.6, 1445.9,
1241.6, 787.6, 583.2; HRMS (EI-TOF) m/z:"MCalcd for
CigH15NO5S,357.0493; Found 357.0494.

added CuGl (13 mg, 10 mol%) at room temperature. The N-(Dimethyl(oxo)-1-sulfanylidene)benzenesulfonamide (2c):

resulting mixture was stirred for the period of 6412t 701 and
was monitored by TLC (Thin Layer Chromatography)eittihe
mixture was purified via silica gel chromatographsiuént:
petroleum ether/ethyl acetate, 2:1) to afford thiéogimines2a-
2k.

White solid in 34% vyield; m.p.: 181.3-181.8 °& NMR (400
MHz, CDClL) &: 7.78-7.73 (m, 2H), 7.46-7.37 (m, 11H), 7.36-
7.30 (m, 2H), 4.55 (dJ = 2.0 Hz, 4H);"*C NMR (100 MHz,
CDCl) &: 143.8, 132.0, 131.7, 129.9, 129.2, 128.6, 12625,9,
59.3. IR (KBr, cr): 3261.2, 2931.3, 1444.3, 1222.0, 705.6,
507.1; HRMS (EI-TOF) m/z: M Calcd for GgHi;oNOsS,
385.0806; Found 385.0803.



N-(M ethyl (oxo)(phenyl)-i°-sulfanylidene)benzenesulfonamide
(2d): White solid in 67% yieldm.p.: 91-92 °C*H NMR (400

MHz, CDCk) &: 8.05-7.92 (m, 4H), 7.74-7.68 (m, 1H), 7.63-7.56
(m, 2H), 7.54-7.50 (m, 1H), 7.48-7.43 (m, 2H), 3.433(1); °C
NMR (100 MHz, CDC}) é: 143.5, 138.4, 134.6, 132.4, 129.9,
128.8, 127.6, 126.7, 46.8. IR (KBr, ¢)n3025.8, 2929.2, 1449.4,
1239.1, 745.0, 509.2; HRMS (EI-TOF) m/z¥ I@alcd for
C13H13NOsS, 295.0337; Found 295.0338.

N-((4-acetylphenyl)(methyl)(oxo)- A° -sulfanylidene)
benzenesulfonamide (2€): White solid in 32% yieldmn.p.: 138.5-
139.2 °C;*H NMR (400 MHz, CDCJ) &: 8.13 (d,J = 2.0 Hz, 4H),
7.95 (dtJ=7.3, 1.4 Hz, 2H), 7.57-7.50 (m, 1H), 7.46 (dd,
8.3, 6.6 Hz, 2H), 3.42 (s, 3H), 2.66 (s, 3HE NMR (101 MHz,
CDCly) 8: 196.5, 143.2, 142.3, 141.5, 132.5, 129.5, 1288,1,

5
CDCly) &: 7.82-7.77 (m, 2H), 7.66-7.62 (m, 2H), 7.51-7.41 (m,
3H), 7.39-7.30 (m, 3H), 2.81 (s, 3H}*C NMR (100 MHz,
CDCly) 8: 144.0, 135.7, 132.5, 131.3, 130.0, 128.7, 12825,8,
39.0; IR (KBr, cm?): 3012.6, 2919.2, 14455, 1283.1, 754.8;
HRMS (EI-TOF) m/z: M Calcd for GsH;NO,S, 279.0388;
Found 279.0389.

N-(Tert-butyl(methyl)-A*-sulfanylidene)benzenesulfonamide
(4d): White solid in 63% yieldm.p.: 55.6-55.9 °CH NMR (400
MHz, CDCk) &: 7.92-7.87 (m, 2H), 7.56-7.45 (m, 3H), 1.22 (s,
9H), 0.07 (s, 3H)*C NMR (100 MHz, CDGJ) &: 143.5, 132.3,
129.0, 127.1, 54.8, 30.3, 1.2. IR (KBr, ¢m3290.4, 2980.1,
1315.1, 1148.4, 603.4; HRMS (EI-TOF) m/z:"Malcd for
Cy1;1H1/NO,S, 259.0701; Found 259.0702.

4 .
126.7, 46.5, 27.1; IR (KBr, cf): 2996.0, 2915.9, 1685.8, 1397.7, N-((4-acetylphenyl)(methyl)-2. -sulfanylidene)

1232.4, 731.4, 609.7; HRMS (EI-TOF) m/z¥ I@alcd for
Cy5H1sNO,S, 337.0442; Found 337.0446.

4-M ethyl-N-(methyl(oxo)(phenyl)-1°-
sulfanylidene)benzenesulfonamide (2g): White solid in 45%
yield; m.p.: 102°C*H NMR (400 MHz, CDCJ)) &: 8.03-7.98 (m,
2H), 7.88-7.81 (m, 2H), 7.73-7.66 (m, 1H), 7.62-7.81 2H),
7.27-7.23 (m, 2H), 3.42 (s, 3H), 2.39 (s, 3ﬁ¢ NMR (100

MHz, CDCk) &: 143.0, 140.7, 138.5, 134.5, 129.8, 129.4, 127.6,
126.8, 46.8, 21.6.

Fluor o-N-(methyl (oxo)(phenyl)-1°-
sulfanylidene)benzenesulfonamide (2h): White solid in 70%
yield; m.p.: 123.4-125.6 °CH NMR (400 MHz, CDCJ) &: 8.03-
7.95 (m, 4H), 7.75-7.67 (m, 1H), 7.65-7.58 (m, 2H).677.08

(m, 2H), 3.44 (s, 3H)}*C NMR (100 MHz, CDCJ) : 164.9 (d,J

= 253.6 Hz), 139.7 (dl = 3.2 Hz), 138.3, 134.7, 129.9, 129.5 (d,
J=9.3 Hz), 127.6, 115.9 (d,= 22.6 Hz), 46.8"F NMR (376
MHz, CDCI3)3: -106.32 (s, 1F). IR (KBr, c: 3070.3, 3958.1,
1704.3, 1156.6, 1022.9, 688.2; HRMS (EI-TOF) m/Z:GAlcd

for C;3H1,FNG;S, 313.0243; Found 313.0246.

4-Chlor o-N-(methyl(oxo)(phenyl)-A°-

sulfanylidene)benzenesulfonamide (2i): White solid in 72%
yield; m.p.: 113.8-115.9 °CH NMR (400 MHz, CDCJ) 3: 8.03-
7.98 (m, 2H), 7.93-7.87 (m, 2H), 7.75-7.68 (m, 1HB577.57
(m, 2H), 7.46-7.40 (m, 2H), 3.44 (s, 3HJC NMR (100 MHz,
CDCly) 5: 142.1, 138.7, 138.2, 134.7, 130.0, 129.1, 12R23,6,

"benzenesulfonamide (4e): White solid in 59% yield; m.p.:

107.4-107.6 °C'H NMR (400 MHz, CDCJ) & : 8.01-7.97 (m,
2H), 7.83-7.79 (m, 2H), 7.79 -7.75 (m, 2H), 7.43-7(B8 1H),
7.38-7.33 (m, 2H), 2.86 (s, 3H), 2.58 (s, 3HC NMR (101
MHz, CDCk) &: 196.7, 143.8, 140.6, 140'01 131.6, 129.6, 128.8,
126.1 (dJ = 5.9 Hz), 38.9, 26.9R (KBr, cm"): 3002.8, 2919.9,
1689.5, 1362.8, 1285.0, 962.7, 830.2, 760.0; HRMBT®E)
m/z: M" Calcd for GsH1sNO;S, 321.0493; Found 321.0496.

M ethyl-2-(S-methyl-N-

(phenylsulfonyl)sulfinimidoyl)benzoate (4f): White solid in
44% vyield; m.p.: 148.8-150.3 °G NMR (400 MHz, CDCJ) &:
8.50 (dd,J = 8.1, 1.2 Hz, 1H)8.09 (dd,J = 7.7, 1.5 Hz, 1H),
7.90-7.85 (m, 2H), 7.76 (td,= 7.8, 1.4 Hz, 1H), 7.60 (td,= 7.6,
1.3 Hz, 1H), 7.44-7.36 (m, 3H), 3.96 (s, 3H), 2.913H); °C
NMR (101 MHz, CDC})) &: 165.9, 144.4, 140.1, 134.7, 131.8,
131.3 (d,J = 3.6 Hz), 128.8, 127.4, 126.6, 126.3, 53.3, 4[R1;
(KBr, cm"): 3037.5, 2955.0, 2360.4, 1711.4, 1284.3, 1140.0,
950.0, 755.7; HRMS (EI-TOF) m/z: MCalcd for GsHisNO,S,
337.0442; Found 337.0445.

N-(3-(S-methyl-N-
(phenylsulfonyl)sulfinimidoyl)phenyl)acetamide(4g):

Colorless oil in 38% yield*H NMR (400 MHz, CDC}) 5: 8.79 (s,
1H), 8.02 (tJ = 1.6 Hz, 1H), 7.88 (ddl = 7.9, 1.5 Hz, 2H), 7.74
(d,J=2.7 Hz, 1H}57-47'7-39 (m, 3H), 7.33-7.30 (m, 2H31X(s,
3H), 2.16 (s, 3H);"C NMR (101 MHz, CDGCJ) 5: 169.9, 143.6,
140.4, 136.0, 131.8, 130.5, 129.0, 126.3, 123.8.5,2116.6,

46.9. IR (KBr, cn): 3021.0, 2918.8, 1582.4, 1320.3, 1054.0,77.2, 38.3, 29.8; IR (KBr, ci): 3318.7, 3065.8, 2924.9 , 1689.8,

766.4, 531.6; HRMS (EI-TOF) m/zz M Calcd

C1H1,CINO,S,328.9947; Found 328.9946.

N-(M ethyl(oxo)(phenyl)-1°-sulfanylidene)-4-
nitrobenzenesulfonamide (2j): White solid in 69% vyield; m.p.:
148-151 °C;'H NMR (400 MHz, CDC}) &: 8.34-8.29 (m, 2H),
8.19-8.13 (m, 2H), 8.03-8.01 (m, 2H), 7.78-7.73 (H),17.68-
7.63 (m, 2H), 3.47 (s, 3HJ’C NMR (100 MHz, CDG)) 5: 149.9,
149.1, 138.0, 135.0, 130.1, 128.2, 127.5, 124.2,.47

4-M ethyl-N-(oxodiphenyl-°-

sulfanylidene)benzenesulfonamide (2k): White solid in 57%
yield; m.p.: 142.5-143.0 °C *H NMR (400 MHz, CDC)) &:
8.05-7.98 (m, 4H), 7.86-7.82 (m, 2H), 7.61-7.55 (H),27.53-
7.45 (m, 4H), 7.24-7.20 (m, 2H), 2.38 (s, 3H}C NMR (100

for

1592.2, 1278.5, 1141.5, 950.0, 751.9; HRMS (EI-T®R): M’
Calcd for GsH1¢N,03S, 336.0602; Found 336.0601.

N-((4-chlorophenyl)(cyanomethyl)-1"-
sulfanylidene)benzenesulfonamide (4h): White solid in 33%
yield; m.p.: 113.9-115.3 °CH NMR (400 MHz, CDC}) &: 7.89
-7.84 (m, 2H), 7.83-7.78 (m, 2H), 7.58-7.53 (m, 2HR2¢7.47
gm, 1H), 7.44 (ddJ = 8.3, 6.5 Hz, 2H), 4.08 (d,= 2.8 Hz, 2H);

C NMR (101 MHz, CDGJ) &: 143.0, 141.1, 132.3, 130.9, 129.8,
129.1, 128.3, 126.3, 110.0, 77.2, 43.0; IR (KBr, En8058.0,
2922.1, 2253.0, 1471.8, 1302.1, 1152.9, 820.2,8[44RMS
(EI-TOF) m/z: M Calced for G,H,;,CIN,O,S, 337.995; Found
337.997.

N-((4-hydroxypheny!)(methyl)-1*-sulfanylidene)

MHz, CDCk) 3: 142.9, 141.0, 139.9, 133.9, 129.7, 129.3, 127.9benzenesulfonamide (4i): White solid in 22% yield; m.p.: 146.6-

126.8, 21.6.

N-(Dimethyl-A*-sulfanylidene)benzenesulfonamide (4a):
White solid in 37% yield; m.p.: 129-131 °&4 NMR (400 MHz,
CDCl) 5: 7.88-7.80 (m, 2H), 7.49-7.38 (m, 3H), 2.65 (s, 6F0;
NMR (100 MHz, CDC}) é: 144.1, 131.5, 128.8, 126.2, 35.9.

N-(Diphenyl-i*-sulfanylidene)benzenesulfonamide (4b):
White solid in 65% yield; m.p.: 126-127 °&4 NMR (400 MHz,
CDCI3) d: 7.90-7.80 (m, 2H), 7.65-7.55 (m, 4H), 7.53-7.29 (m
9H); C NMR (100 MHz, CDCJ) 8: 144.2, 136.4, 132.5, 131.3,
130.0, 128.7, 127.3, 126.3.

N-(M ethyl(phenyl)-1*-sulfanylidene)benzenesulfonamide (4c):
White solid in 79% yieldm.p.: 107-110 °C'H NMR (400 MHz,

148.1 °C;’H NMR (400 MHz, CDC)) &: 7.91-7.86 (m, 2H),
7.52-7.41 (m, 5H), 6.91 (d] = 8.4 Hz, 2H), 2.77 (s, 3H)?C
NMR (101 MHz, CDC}) 6: 161.5, 143.6, 131.8, 129.0, 128.4,
126.3, 124.8, 117.6, 38.2; IR (KBr, ¢)n3288.7, 2925.1, 1580.2,
1287.6, 1146.9, 841.5, 590.0; HRMS (EI-TOF) m/z ®alcd
for C;3H1aNOsS, 295.0337; Found 295.0340.

4-M ethyl-N-(methyl(phenyl)-i*-
sulfanylidene)benzenesulfonamide (4j): White solid in 92%

ryield; m.p.: 130 °CH NMR (400 MHz, CDC}) 5: 7.76-7.62 (m,

4H), 7.54-7.41 (m, 3H), 7.16-7.10 (m, 2H), 2.82 (s, 3H32 (s,
3H); °C NMR (100 MHz, CDGJ) 5: 141.8, 141.2, 136.0, 132.5,
130.0, 129.3, 126.3, 125.9, 39.1, 21.5.
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4-Fluor o-N-(methyl (phenyl)-1’-

sulfanylidene)benzenesulfonamide (4k): White solid in 89%
yield; m.p.: 68.7-68.9 °C*H NMR (400 MHz, CDCJ) 5: 7.85-
7.77 (m, 2H), 7.70-7.64 (m, 2H), 7.57-7.45 (m, 3H)576.97
(m, 2H), 2.87 (s, 3H)**C NMR (100 MHz, CDCJ) &: 164.3 (dJ

= 252.2 Hz), 140.2 (dl = 3.3 Hz), 135.7, 132.8, 130.2, 128.9 (d,

J = 9.0 Hz), 125.9, 115.7 (d,= 22.3 Hz), 39.1°F NMR (376
MHz, CDCI3)s: -107.97 (s, 1F). IR (KBr, cif): 3009.3, 2920.0,
1588.5, 1138.4, 959.9, 552.0; HRMS (EI-TOF) m/z' ®alcd
for C;3H1,FNG,S, 297.0293; Found 297.0297.

4-Chlor o-N-(methyl (phenyl)-1*-
sulfanylidene)benzen&ulfonamide (4l): Colorless oil in 93%
yield; "H NMR (400 MHz, CDCJ)) &: 7.76-7.71 (m, 2H), 7.68-
7.64 (m, 2H), 7.54-7.51 (m, 1H), 7.50-7.44 (m, 2HB277.28
(m, 2H), 2.85 (s, 3H)**C NMR (100 MHz, CDG)) 5: 142.6,
137.5, 135.5, 132.8, 130.1, 128.9, 127.8, 125.91.3® (Film,
cm’): 3000.3, 1393.1, 1241.0, 958.6, 743.5, 533.1; HRES
TOF) m/z: M Calcd for GsHy,CINO,S, 312.9998; Found
312.9997.

N-(M ethyl(phenyl)-1*sulfanylidene)-4-
nitrobenzenesulfinamide (4m): White solid in 81% yieldm.p.:
164-165 °C;H NMR (400 MHz, CDC}) 5: 8.20-8.16 (m, 2H),
8.00-7.96 (m, 2H), 7.69-7.66 (m, 2H), 7.59-7.48 (#),2.91 (s,
3H); *C NMR (100 MHz, CDGJ) 5: 149.9, 149.3, 135.2, 133.2,
130.4, 127.6, 126.0, 124.1, 39.3.

Imino(lmethyl)(phenyl)- A%-sulfanone (5g): Colorless oil in 90%
yield; "H NMR (400 MHz, CDC})) 5: 8.00-7.96 (m, 2H), 7.62-
7.56 (m, 1H), 7.54-7.48 (m, 2H), 3.07 (s, 3H), 2.553(4); **C
NMR (100 MHz, CDC}) é: 143.5, 133.1, 129.3, 127.7, 46.2.

N-(triphenyl-5-phosphanylidene)benzenesulfonamide (6):
White solid in 53% yield; m.p.: 157-158 °G4 NMR (400 MHz,
CDCly) é: 7.79-7.68 (m, 6H), 7.63-7.54 (m, 5H), 7.48-7.42 (m,
6H), 7.32-7.26 (m, 1H), 7.22-7.17 (m, 2H)C NMR (100 MHz,
CDCly) 6: 146.1 (dJ = 2.4 Hz), 130.4, 133.2 (d,= 10.7 Hz),

132.9 (dJ=2.9 Hz), 128.9 (d] = 12.9 Hz), 128.1, 127.8, 125.8.
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N-fluoro benzenesulfonamide was first reported as a stable nitrene precursor
Reaction was catal yzed by cheap and easily available Cu(J) catalyst
Products were efficiently obtained without anhydrous solvents and inert gas
Verify mechanism of metal nitrene intermediates by experiments



