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The ortho-lithiation of substituted arenes is a powerful hoetology to synthesizertho-
substituted arenes. While a wide variety of dirdcteetalation groups (DMGs) have b
reported, trifluoromethyl sulfone has never beeedusVe disclose the first example mtho-
lithiation of aryl triflones. We found that the ftioromethyl sulfonyl group is not only
important structural motif in biologically activeaiecules and specialty materials, but als
excellent DMG moiety forortho-metalation reactions. The eiof a base that causes si
hindrance, LTMP, is the key for successful trans@tion to furnish a variety obrtho-
substituted aryl triflones in good yields. Furtlienctionalization of resultingrtho-substitute
aryl triflones was demonstrated by metal-catalyamapling reactions.
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1. Introduction

Fluorinated and fluoro-functionalized aromatic camuapds are
increasingly valuable motifs in applications for esjalty
materials, pharmaceuticals, herbicides, and fudg&f Two of
the most popular fluorinated aromatic compounds thave
succeeded on the market thus far are aryl fluor{desF) and

Tetrahedron

reported the first use ofStrifluoromethyl sulfoximine (-
S(O)=NH-CF) as an ortho-directing group for theortho-
functionalization of arenes bonded to a trifluordimye
conjugated sulfur atoff.We disclose herein thertho-lithiation
of aryl triflones. The SECF; group was useful as a DMG when
combined with lithium tetramethylpiperidide (LTMPA wide
variety of electrophiles were smoothly reacted wiktho-

benzotrifluorides (Ar—C§j, thus considerable attention has beenjitiated aryl triflones to provide correspondingho-substituted

devoted to the synthesis of Ar—-F and Ar-Qfr both academia
and industry in the past few decad®dn this context, the
attention of medicinal chemists has shifted spegasly to a
wide variety of arenes with heteroatom-linked trifioimethyl
modifications, such as trifluoromethoxy arenes (ArFg¢

trifluoromethylthio arenes (Ar-SGE and
trifluoromethanesulfonyl arenes (aryl triflones, 86,CF;).3441°
Aryl triflones have a functional group,

trifluoromethanesulfonyl (-S£CF;), which is strong electron-
withdrawing group in organic chemistry while the lipdgity of
the SQCF; group is moderatestn = 0.79,op = 0.93,n =
0.55)¥*! Thus, the replacement of a L£Foiety in bioactive
CF;-compounds by a SOF; group is a potential strategy for the
design of new drug candidates. Indeed, aryl trifforere
becoming popular as central structural motifs natly oin
biologically active molecule$but also in functional materidls
and chiral catalysts (Fig. 1.Although there are many methods
for the synthesis of aryl triflones, only a few rejgsaare available
for functionalization at thertho-position of aryl triflones, such
as nitration:? bromination® chlorination®** and
trifluoroethoxylation*®
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Fig. 1. Examples of aryl triflone-containing biologicaktractive

SO,CF;

triflones in good vyields. Since simple aryl trifles are
commercially or readily available, our method isngie and
straightforward for the preparation dafrtho-substituted aryl
triflones. Besides, to our knowledge, this is thetfexample of
ortho-lithiation of aryl triflones.
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Scheme 1. Directedortho-lithiation of substituted aromatics.

Starting with the optimization of reaction conditsiprbases
were screened in thetho-methylation of phenyl triflond. The
use of 1.0 equivalent af-BuLi, a general reaction condition of
ortho-ithiation, gave no desired product with incomplete
conversion (Table 1, entry 1). NMR analysis of thHeamed
byproduct suggests that the L£group was eliminated by the
nucleophilic attack ofh-BuLi to providen-butyl phenyl sulfone.
Thus, sterically demanding lithium amides were dett@s the
base. Even, the use of lithium bis(trimethylsilyfide (LHMDS)
resulted in no reaction (entry 2), while the use ligiium
diisopropylamide (LDA) gave theortho-methylated phenyl
triflone (2a) in 15% yield (entry 3). The more sterically hinele
base LTMP improved vyield to 55% (entry 4). The eglént of
LTMP and methyl iodide (Mel) affected vyield, andeth
combination of 1.5 equivalents of LTMP and 2.0 &glénts of
Mel successfully provideda in 73% yield (entries 5-8).

Tablel
Optimization of base and equivalent electrophiteddho-lithiation of 1.2

Base (X equiv)
@/ SOLFs Vel (1.0 equiv) @: SOCFs
—_—

molecules and catalysts.

One of the most powerful strategies for the synthefsistho-
substituted arenes is the direottho-metalation of arenés
bearing a "directed metalation group"” (DMG) such b®lt
(SH)}!" sulfonic acid (-SGH),*® alkyl thiol ether (-SRJ? alkyl
sulfone (-SQR),* sulfone amide (-S(O)NR* sulfoximine (-
S(0)=NH-R)? or Strifluoromethyl sulfoximine (-S(O)=NH-
CF,).?® Despite the prestigious position oftho-metalation of
arenes with DMG in synthetic organic chemistry sirtbe
discovery of theortho-metalation by Witti§* and Gilmarf’it is
rather surprising that thertho-metalation of aryl triflones has

1 THF,-78 °C Me 24

Entry Base X (equiv) Yield (%)
1 n-BulLi 1.0 0

2 LiIHMDS 1.0 NR

3 LDA 1.0 15

4 LTMP 1.0 55

5 LTMP 1.5 65

6° LTMP 15 73

7 LTMP 2.0 44

8P LTMP 2.0 62

rarely been reported. In recent years, Magnier emavorkers

# Reactions were performed with(1.0 mmol), Base (X equiv) and Mel (1.0
equiv) in THF (5.0 mL) at —78 °C.



®Mel (2.0 equiv) was used.

We next tested the affection between reaction teatper and
solvent. When the reaction was performed at 0 °Cdesired
product was obtained (Table 2, entry 1). After tegtlower
temperatures, aartho-methylated produc2a was obtained only
when the reaction was performed at —78 °C (entriég. 2fter
solvent screening, we found that the use of THF asheent is
essential for thiortho-lithiation reaction while the use of other
solvents (hexane, toluene,.B8) produced almost no desired
product (entries 6-8). Addition of TMEDA N(N,N',N-
tetramethylethylenediamine) deceased the yield whiggested
the importance of chelation betweertho-lithium and oxygen of
triflone for this transformation (entry 9). Thesesults suggest
that theortho-lithiated intermediaté is unstable but is stabilized
by valance coordination of the triflyl group and FH

Table2
Optimization of solvent and reaction temperatureditho-lithiation of 1. #

. i 0
SO,CF, LTMP (1.5 equiv) SO,CFs \\S/CFs
X
9 .., |2

Mel (2.0 equiv)
—_—
1 solvent, Temp. Me 24

Entry Solvent Temp. (°C) YieIdLl(%;
1 THF 0 0

2 THF -20 0

3 THF -40 0

4 THF —60 0

5 THF -78 73

6 Hexane —78 0

7 Toluene —78 0

8 EtO —78 2

9°¢ THF -78 59

& Reactions were performed with(1.0 mmol), LTMP (1.5 equiv) and Mel
(2.0 equiv) in solvent (5.0 mL) at the given tengtere.

®Yields were determined BYF NMR with trifluoromethylbenzene as the
internal standard.

°TMEDA (1.5 equiv) was added to the reaction mixture

With the optimized reaction conditions
investigated the use of several electrophiles ie ththo-
substitution reaction of phenyl triflore (Table 3). Methyl-, I-,
and Br-substituted phenyl triflon€a—c were obtained in good
yields. Fluorination by usingN-fluoro-bis(phenylsulfonyl)imide
(NFSI) producedortho-fluoro phenyl triflone2d in low yield.
Silylation and hydroxylation provided the corresgimy ortho-
trimethylsilyl phenyl triflone 2e and ortho-hydroxy phenyl
triflone 2f, respectively in moderate yields. Phenyl triflomigh
boronic acid at thertho-position2g was obtained in 56% yield

by using B(OMej as an electrophile with an acidic work up. The
the

use of allyl bromide or benzyl bromide provided

correspondingortho-alkylated phenyl triflone2h and 2i with
acceptable yields. It should be interesting to tio& the addition
of a carbonyl group provided phenyl triflones hayvian ester
(2)), aldehyde Zk) or ketone group?{) at theortho-position in
good yields, in spite of the products containingreactive
carbonyl group.

in hand, we

Table3
Substrate scopes oftho-lithiation of 1.
LTMP (1.5 equiv)

F F
©/SOZC 3 Electrophne (2.0 equiv) @:SOZC 3
E

THF, -78 °C 2

@ESOQCF3 @020F3 @SOZCF3 @ESOQCF3

2a: 73% 2b: 68% 2¢: 73% 2d: 31%

(Mel)? (102 (Brp)? (NFSI)?
SO,CF3 @3020F3 @SOZCF3 SO,CF;
SiMe, B(OH),
2e: 46% 2f: 52% 29: 56% 2h: 35%
(Me;SiCl)? (B(OMe)3) (B(OMe),)? (allyl bromide)?
©CZCF3 @3020F3 SO,CF, SO,CF,
CO,Et CHO : \f
2i: 56%" 2j: 54% 2k: 63% 21 70% Ph
(benzyl bromide)®  (NCCO,Et)? (DMF)?  (PhC(O

2 Electrophile. °LTMP (1.0 equiv) was used.

Finally, we attempted the transformation of halogesups at
the ortho-position of phenyl triflones. Suzuki-Miyaura cross
coupling with ortho-iodo phenyl triflone2b and phenyl boronic
acid proceeded to afford biphenyl trifloram in 46% yield.
Introduction of an azide group by sodium azide uncEpper
catalysis fromortho-bromo phenyl triflone2b provided ortho-
azide phenyl triflon€n in 53% yield.

PhB(OH),
@SOZCF3 Pd(PPha), SO,CF3
_—
| EtOH, reflux Ph
2b 46% 2m
NaN3; (6.0 equiv)

Cul’(10 mol%)

SO,CF, @Sozc':a
©[Br acetone-H,0,6 °C N3

2c 53% 2n
Scheme 2. Coupling reaction abrtho-iodo andortho-bromo phenyl triflones.

In summary, we disclosed tloetho-lithiation of aryl triflones.
The trifluoromethyl sulfonyl group is not only amportant
structural motif in biologically active moleculesida specialty
materials, but also an excellent moiety of DMG fartho-
metalation reactions. Various types of electrophilase shown
to be compatible with this transformation resultimgya wide
variety of ortho-substituted aryl triflones in good yields in a
regioselective manner. The use of a base such &&PLthat
causes steric hindrance is key for the success hi§ t
transformation as it suppresses the nucleophilechkiof lithiated
bases on the sulfur atom at the sulfonyl centeterision of this
methodology to obtain structurally more complextho-
substituted aryl triflones by combining our presomethod for
the synthesis of aryl triflones via benzynes isrently under
investigation.

2. Experimental section
2.1.General methods

All reactions were performed in oven-dried glasswaréen a
positive pressure of nitrogen. Solvents were transfe via
syringe and were introduced into the reaction vesgeugh a
rubber septum. Column chromatography was carriedoout
column packed with silica-gel 60N spherical neutiaé $3-210.
The '"H NMR (300 and 500 MHz)*F NMR (282 MHz),*C
NMR (150.9 MHz) spectra for solution in CDGkere recorded
on a Bruker Avance 500 spectrometers. Chemicalssfaftare
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expressed in ppm downfield from internal TM& £ 0.00),
CHCl; (6 = 77.0), GFs (6 = —162.2). High resolution mass
spectrometries were
QP5050A (EI-MS). Infrared spectra were recorded oASCD
FT/IR-4100 spectrometer.

2.2.Phenyl(trifluoromethyl)sulfide3}*

Oy By _neme oy
3 Hp0-MeCN-CCly, rt 1
To a stirring mixture of NaH (60% w/w in oil, 1.04 ¢6.2

mmol) in dry DMF (20.0 mL) was added thiophenol @ 0L,
20.0 mmol) at 0 °C, and the mixture was stirred &C0for 20

CF3l
NaH

DMF, 0 °C

1H), 7.68 (t,J = 7.2 Hz, 1H), 7.49-7.42 (m, 2H), 2.72 (s, 3F)
ppm; *F NMR (282 MHz, CDC)) &: —78.8 (s, 3H) ppm; “C

recorded on a SHIMADZU GCMS-NMR (150.9 MHz, CDGC)) &: 20.6, 120.1 (gJ) = 326.7 Hz),

127.2, 129.7, 133.3, 133.6, 136.4, 142.2 ppm; IBr{K1363,
1203, 1145, 1122, 1057, 1043, 758, 690, 607;cHRMS (EN)
m/z calcd for GH,O,F;S [M]* 224.0119, Found: 224.0143.

2.6.1-lodo-2-((trifluoromethyl)sulfonyl)benzenzbj **

According to the general procedure, 2,2,6,6-
tetramethylpiperidine (255 puL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nijno
phenyltrifione 1 (210 mg, 1.00 mmol) and, I(508 mg, 2.00
mmol) in dry THF (2.0 mL) gave the title compourZ2{ mg,

min. CRl (3.10 g, 26.0 mmol) was added to the mixture via68%) as a yellow solidH NMR (300 MHz, CDCJ) 5: 8.28-8.24

balloon, and the mixture was stirred at 0 °C forhlH,0O was
added to the mixture and the mixture was extracted #t,0.
The combined organic layer was washed with brinesddwith
NaSQ,, and concentrated under reduced pressure. Thaueesi
was purified by silica gel column chromatographygiee Ph-
SCR 3 (2.33 g, 65%) as yellowish oifH NMR (300 MHz,
CDCly) &: 7.66 (d,J = 7.5 Hz, 2H), 7.52—-7.40 (m, 3H) ppME
NMR (282 MHz, CDC}) 8: -43.2 (s, 3H) ppm.

2.3.((Trifluoromethyl)sulfonyl)benzeng)t’

To a stirring mixture of Ph-SGR (2.32 g, 13.0 mmol) in
H,O-MeCN-CC}, (16.0 mL, 2:1:1) was added Ry&H,O (135
mg, 0.65 mmol) at rt, and the mixture was stirred omin.
NalO, (8.34 g, 39.0 mmol) was added to the mixture, dred t
mixture was stirred at rt for 1 h. The reaction migtwas diluted
with Et,O and filtered through the CefiteThe organic layer was
separated and the aqueous layer was extracted with Ehe

(m, 2H), 7.70-7.64 (m, 1H), 7.45-7.39 (m, 1H) ppiF NMR
(282 MHz, CDC}) &: —75.9 (s, 3F) ppm; *C NMR (150.9 MHz,
CDCly) &: 119.5 (q,J = 327.7 Hz), 129.2, 134.1, 134.8, 136.8,
144.3, 145.8 ppm; IR (KBr): 1714, 1369, 1213, 11260, 725
cm’; HRMS (El) m'z caled for GH,O,F;SI [M]* 335.8929,
Found: 335.8911.

2.7.1-Bromo-2-((trifluoromethyl)sulfonyl)benzerge)*"

According to the general procedure, 2,2,6,6-
tetramethylpiperidine (255 puL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nljno
phenyltrifione 1 (210 mg, 1.00 mmol) and B(102 pL, 2.00
mmol) gave the title compound (210 mg, 73%) asoyelbil. 'H
NMR (300 MHz, CDC}) é: 8.23 (d,J = 4.8 Hz, 1H), 7.89 (d] =
4.8 Hz, 1H), 7.64-7.61 (m, 2H) ppmF NMR (282 MHz,
CDCly) &: —76.2 (s, 3F) ppm; *°C NMR (150.9 MHz, CDG) &:
119.7 (q,J = 327.4 Hz), 1235, 128.5, 131.4, 135.1, 137.1,237

combined organic layer was washed with brine, driech wit PPM; IR (KBr): 1373, 1215, 1142, 1090, 7026, 7564 &ni’;

N&SQ,, and concentrated under reduced pressure. Thaueesi
was purified by silica gel column chromatographyiwe phenyl
triflone 1 (1.80 g, 65%) as yellowish oitH NMR (300 MHz,
CDCly) 6: 8.06 (d,J = 8.1 Hz, 2H), 7.86 (tJ = 8.3 Hz, 1H),
7.72-7.67 (m, 2H) ppnt’F NMR (282 MHz, CDCJ) &: =78.9 (s,
3H) ppm;**C NMR (150.9 MHz, CDG) &: 119.7 (q,J = 325.8
Hz), 129.9, 130.7, 131.3, 136.6 ppm; IR (KBr): 136219,
1142, 1074, 771, 721, 685, 603 EMHRMS (El) m/z calcd for
CHsO,F;S [M]* 209.9962, Found: 209.9991.

2.4.General procedure of ortho-lithiation and addition

To a stirring mixture of 2,2,6,6-tetramethylpipéniel (255 pL,
1.50 mmol) in dry THF (5.0 mL) was addedBulLi (1.30 M
solution in hexane, 1.15 mL, 1.50 mmol) at —78 &Bd the
mixture was stirred at 0 °C for 30 min. The mixtuvas cooled
to =78 °C, phenyltrifionel (210 mg, 1.00 mmol) was slowly
added to the mixture, and the mixture was stirted7& °C for 2
h. Electrophile (2.00 mmol) was added to the mixtarel the
mixture was stirred at —78 °C for overnight(Hwas added at rt
and the mixture was diluted with JBt. The organic layer was
separated and the aqueous layer was extracted with Ehe

HRMS (El) mz calcd for GH,O,F,SBr [M]* 287.9067, Found:
287.9088, calcd for &i,Br [M-SO.CFR]* 154.9496, Found:
154.9510.

2.8.1-Fluoro-2-((trifluoromethyl)sulfonyl)benzenzd) *"2®

According to the general procedure, 2,2,6,6-
tetramethylpiperidine (255 uL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nijno
phenyltriffione 1 (210 mg, 1.00 mmol) and N-
fluorobenzenesulfoimide (631 mg, 2.00 mmol) in TEF mL)
gave the title compound (71.7 mg, 31%) as yellow'silNMR
(300 MHz, CDC}) &: 8.05-8.00 (m, 1H), 7.85-7.81 (m, 1H),
7.48-7.43 (m, 1H), 7.39-7.33 (m, 1H) ppiiE NMR (282 MHz,
CDCL) &: -78.8 (d,J = 9.0 Hz, 3F), —104.2 (s, 1F) ppriC
NMR (150.9 MHz, CDGJ) &: 118.2 (d,J = 19.6 Hz), 125.3,
133.4, 139.4 (d) = 9.0 Hz), 161.2 (d] = 265.0 Hz) ppm.

2.9. Trimethyl(2-((trifluoromethyl)sulfonyl)phenyl)silaif2e)

According to the general procedure, 2,2,6,6-
tetramethylpiperidine (255 puL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nljno

combined organic layer was washed with brine, driech wit phenyltrifionel (210 mg, 1.00 mmol) and TMSCI (253 pL, 2.00

N&SQ,, and concentrated under reduced pressure. Thaueesi
was purified by silica gel column chromatographyiee ortho-
substituted phenyl triflon2.

2.5.1-Methyl-2-((trifluoromethyl)sulfonyl)benzera) *’

According to the  general procedure,
tetramethylpiperidine (255 uL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nljno

mmol) in THF (2.0 mL) gave the title compound (7ing, 31%)
as yellow oil."H NMR (300 MHz, CDCJ) &: 8.12 (d,J = 7.8 Hz,
1H), 7.92 (dJ = 7.5 Hz, 1H), 7.78-7.73 (m, 1H), 7.68-7.62 (m,
1H), 0.43 (s, 9H) ppnT’F NMR (282 MHz, CDG)) &: -77.8 (s,
3F) ppm;**C NMR (150.9 MHz, CDG) &: 0.93, 119.9 (q) =

22.6,6-327.5 Hz), 130.1, 132.9, 135.1, 136.3, 137.4, 145Mm; IR

(KBr): 1365, 1255, 1211, 1140, 849, 756, 663, 6677 ,cHRMS
(El) miz caled for GH,qO.FsSiS [M—Me] 267.0123, Found:

phenyltrifione 1 (210 mg, 1.00 mmol) and methyl iodide (124 267.0120.

pL, 2.00 mmol) gave the title compound (165 mg, Y3%
colorless oil*H NMR (300 MHz, CDC)) 5: 8.08 (d,J = 8.1 Hz,

2.10.2-((Trifluoromethyl)sulfonyl)pheno®f)



To a stirring mixture of 2,2,6,6-tetramethylpipéniel (255 pL,
1.50 mmol) in dry THF (5.0 mL) was addegBuLi (1.30 M
solution in hexane, 1.15 mL, 1.50 mmol) at —78 &ad the
mixture was stirred at 0 °C for 30 min. The mixtuvas cooled
to =78 °C, phenyltrifionel (210 mg, 1.00 mmol) was slowly
added to the mixture, and the mixture was stirted78 °C for 2
h. (MeO}B (223 pL, 2.00 mmol) was added to the mixture an
the mixture was stirred at —78 °C for overnigh@ Bl NaOH and

neutralized with 1M HCI and extracted with,@t The combined
organic layer was washed with brine, dried with,$@, and
concentrated under reduced pressure. The residupusified by
silica gel column chromatography to give the titmpound3f
(117 mg, 52%) as a yellow solitH NMR (300 MHz, CDC)) &:
7.76-7.70 (m, 2H), 7.16-7.11 (m, 2H) ppiiE NMR (282 MHz,
CDCly) &: —79.8 (s, 3F) ppm; **C NMR (150.9 MHz, CDG) &:
112.9, 119.7, 119.8 (d,= 325.6 Hz), 121.3, 131.5, 139.8, 158.9
ppm.

2.11.(2-((Trifluoromethyl)sulfonyl)phenyl)boronic aciég)

To a stirring mixture of 2,2,6,6-tetramethylpipénie (1.28
mL, 7.50 mmol) in dry THF (15.0 mL) was addedulLi (1.30
M solution in hexane, 5.77 mL, 7.50 mmol) at —78 &@d the
mixture was stirred at 0 °C for 30 min. The mixtuvas cooled
to —78 °C, phenyltriflonel (1.05 g, 5.00 mmol) was slowly
added to the mixture, and the mixture was stirted78 °C for 2

5
6H), 4.49 (s, 2H) ppmt’F NMR (282 MHz, CDG)) &: -78.7
(s, 3F) ppm*C NMR (150.9 MHz, CDG) &: 38.0, 120.0 (¢J =
326.7 Hz), 126.7, 127.5, 128.7, 129.3, 129.7, 1383,3, 136.4,
138.9, 145.1 ppm; IR (KBr): 1363, 1217, 1140, 111059, 758,
698, 606 crl; HRMS (El) mz caled for GH,0,FS [M]
300.0432, Found: 300.0424.

d2.l4. Ethyl 2-((trifluoromethyl)sulfonyl)benzoatgj
30% HO, were added to the mixture. The reaction mixture was According

to the general procedure, 2,2,6,6-
tetramethylpiperidine (255 uL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nijno
phenyltrifione 1 (210 mg, 1.00 mmol) and ethyl cyanoformate
(198 pL, 2.00 mmol) gave the title compound (151 B%o) as
yellow oil. '"H NMR (300 MHz, CDC}) &: 8.11 (d,J = 7.8 Hz,
1H), 7.88-7.85 (m, 1H), 7.77-7.71 (m, 2H), 4.47-4&) ZH),
1.40-1.36 (m, 3H) ppn’F NMR (282 MHz, CDCJ) : -75.8 (s,
3F) ppm;°*C NMR (150.9 MHz, CDG) &: 13.6, 62.8, 119.7 (q,
J = 327.6 Hz), 129.3, 129.8, 131.0, 132.5, 136.3,.6,3665.9
ppm; IR (KBr): 1739, 1371, 1294, 1259, 1211, 11¥#05, 1055,
773, 725, 606 cilt HRMS (El) m/z: calcd for GHyO4F:S [M]*
282.0174, Found: 282.0192.

2.15.2-((Trifluoromethyl)sulfonyl)benzaldehydek)

According to the general procedure, 2,2,6,6-
tetramethylpiperidine (255 puL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nijno

h. (MeO}B (1.12 mL, 10.0 mmol) was added to the mixture andphenyjtriflone 1 (210 mg, 1.00 mmol) and DMF (155 pL, 2.00

the mixture was stirred at —78 °C for overnight. Teaction
mixture was acidified with 10% HCI and extracted withCE
The combined organic layer was washed with brinesddvwiith
N&SQ,, and concentrated under reduced pressure. Thaueesi
was purified by silica gel column chromatographygiee the
title compound3g (712 mg, 56%) as a yellow solitH NMR
(300 MHz, CDC}) &: 8.14 (d,J = 8.1 Hz, 1H), 8.02 (d) = 6.9
Hz, 1H), 7.87-7.82 (m, 1H), 7.75-7.70 (m, 1H), 5.452(4)
ppm; *F NMR (282 MHz, CDCJ) &: —77.9 (s, 3F) ppm; °C
NMR (150.9 MHz, acetondg) &: 120.2 (qJ = 326.3 Hz), 129.7,
130.9, 132.5, 133.4, 136.0 ppm, one carbon coulcdhserved;
IR (KBr): 3645, 1360, 1215, 1144, 764, 687, 607 'ciHRMS
(El) mizz caled for GHsBO,S [M]" 254.0032, Found:
254.0036.

2.12.1-Allyl-2-((trifluoromethyl)sulfonyl)benzenéh)

According to the  general procedure,
tetramethylpiperidine (255 pL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nijno
phenyltrifionel (210 mg, 1.00 mmol) and allyl bromide (173 pL,
2.00 mmol) gave the title compound (86.6 mg, 35%)yeallow
oil. '"H NMR (300 MHz, CDCJ) &: 8.03 (d,J = 7.8 Hz, 1H),
7.69-7.64 (m, 1H), 7.46-7.40 (m, 2H), 5.94-5.85 (Hf), 5.09—
5.01 (m, 2H), 3.79 (d] = 6.0 Hz, 2H) ppm‘*F NMR (282 MHz,
CDCly) &: —78.8 (s, 3F) ppm; **C NMR (150.9 MHz, CDG) &:
37.0, 117.5, 119.6 (¢} = 326.8 Hz), 127.5, 129.5, 132.8, 133.3,
135.7, 136.4, 144.2 ppm; IR (KBr): 1365, 1213, 11920, 762,
698, 606 cnit; HRMS (El) m'z. calcd for GoHeO,FsS [M]*
250.0275, Found: 250.0277.

2.13.1-Benzyl-2-((trifluoromethyl)sulfonyl)benzers) (

According to the  general procedure,
tetramethylpiperidine (255 pL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nljno
phenyltrifione1 (210 mg, 1.00 mmol) and BnBr (237 uL, 2.00
mmol) gave the title compound (168 mg, 56%) asoyelbil. ‘H
NMR (300 MHz, CDC}) é: 8.15 (d,J = 7.8 Hz, 1H), 7.66 (dd]
=7.2,6.9 Hz, 1H), 7.49 (dd,= 7.8, 7.5 Hz, 1H), 7.35-7.17 (m,

2,2,6,6-

2,2,6,6-

mmol) gave the title compound (150 mg, 63%) asoyelbil. 'H
NMR (300 MHz, CDC}) é: 10.8 (s, 1H), 8.27-8.21 (m, 2H), 8.00
(dd,J=11.1, 0.9 Hz, 1H), 7.93 (dd,= 7.8, 1.5 Hz, 1H) ppm;
“F NMR (282 MHz, CDCJ) &: —78.8 (s, 3F) ppm; “*C NMR
(150.9 MHz, CDCJ) &: 119.5 (q,J = 326.0 Hz), 130.4, 131.9,
133.3, 134.0, 136.9, 137.0, 188.2 ppm; IR (KBr)04,71367,
1219, 1142, 1107, 775, 606 ¢mHRMS (El) mz calcd for
CgHs03F;S [M]* 237.9912, Found: 237.9904.

2.16.Phenyl(2-((trifluoromethyl)sulfonyl)phenyl)methandgg

According to the general procedure, 2,2,6,6-
tetramethylpiperidine (255 uL, 1.50 mmol) in dry F5.0 mL),
n-BuLi (1.30 M solution in hexane, 1.15 mL, 1.50 nijno
phenyltrifionel (210 mg, 1.00 mmol) and PhCOCI (232 puL, 2.00
mmol) gave the title compound (220 mg, 70%) asl@wesolid.

'"H NMR (300 MHz, CDC)) 5: 8.17 (d,J = 7.8 Hz, 1H), 7.92—
7.87 (m, 1H), 7.81-7.73 (m, 3H), 7.63-7.58 (m, 1H31%7.46
(m, 3H) ppm;°*F NMR (282 MHz, CDGJ) 8: —77.4 (s, 3F) ppm;
*C NMR (150.9 MHz, CDG) &: 119.5 (q.J = 326.9 Hz), 128.6,
128.9, 129.7, 130.0, 130.4, 132.8, 134.0, 136.6.2,3143.3,
193.4 ppm; IR (KBr): 1680, 1369, 1273, 1213, 1148613, 930,
773, 708, 606 cilt HRMS (El) m/z calcd for G,HyOsF:S [M]*
314.0225, Found: 314.0211.

2.17.2-((Trifluoromethyl)sulfonyl)-1,1'-bipheny2i)

The mixture of2b (370 mg, 1.10 mmol), phenyl boronic acid
(122 mg, 1.00 mmol), Pd(PBh (35.0 mg, 0.03 mmol) in EtOH
(5.0 mL) was refluxed for 6h. Saturated )N ag was added to
the mixture and the mixture was extracted with EtOAbe T
organic layer was separated and the aqueous layeextiasted
with Et,0. The combined organic layer was washed with brine,
dried with NaSQ,, and concentrated under reduced pressure. The
residue was purified by silica gel column chromaapdyy to give
the title compound (131 mg, 46%) as a white solid. NMR
(300 MHz, CDC}) &: 8.22 (d,J = 8.1 Hz, 1H), 7.83-7.77 (m,
1H), 7.69-7.63 (m, 1H), 7.47-7.26 (m, 6H) ppiE NMR (282
MHz, CDCk) &: —78.0 (s, 3F) ppm; *C NMR (150.9 MHz,
CDCly) &: 119.6 (g,J = 327.0 Hz), 127.3, 128.3, 128.6, 129.4,
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129.7, 133.0, 133.9, 135.7, 137.5, 145.9 ppm; IBrjK1684,

1369, 1215, 1144, 1119, 1074, 764, 604 cHRMS (EI) mz
calcd for GaHgO,F:S [M]* 286.0275, Found: 286.0290.

2.18.1-Azido-2-((trifluoromethyl)sulfonyl)benzern)

The mixture of2c (145 mg, 0.5 mmol), NajN(98.0 mg, 3.0

mmol), Cul (10.0 mg, 0.05 mmol) in acetongcH(4.0 mL, 3:1)
was stirred at 60 °C for 12h. Cul (10.0 mg, 0.05 Mmeas
added to the mixture and the mixture was stirre80atC for 2h.
Removal of the solvent in vacue and the residuediss®lved in

H,O and EfO. The organic layer was separated and the aqueous
layer was extracted with . The combined organic layer was
washed with brine, dried with N&0O,, and concentrated under

reduced pressure. The residue was purified by sijeacolumn
chromatography to give the title compound (66.7 B@8f0) as
brown oil. '"H NMR (300 MHz, CDC}) &: 8.09 (d,J = 7.8 Hz,
1H), 7.86-7.81 (m, 1H), 7.44-7.37 (m, 2H) ppiE NMR (282
MHz, CDCk) &: —77.1 (s, 3F) ppm; *C NMR (150.9 MHz,

CDCly) &: 119.8 (q,J = 326.7 Hz), 120.5, 121.8, 125.2, 134.2,

137.8, 142.5 ppm; IR (KBr): 2129, 1587, 1473, 136290,
1213, 1136, 1109, 1055, 731, 650, 603 ‘ciHRMS (El) Mz
caled for GH,N;0,F;S [M]* 250.9976, Found: 250.9988.
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