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Nucleophilic Difluoro(phenylsulfonimidoyl)methylation of
Unactivated Alkyl Bromides with PhSO(NTBS)CF,H: Facile
Entry into gem-Difluoroalkenes’

Xiao Shen, Qinghe Liu, Chuanfa Ni, and Jinbo Hu*
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An efficient nucleophilic difluoro(phenylsulfonimidoyl)methylation of unactivated primary alkyl bromides with
PhSO(NTBS)CF,H has been developed. It is particularly remarkable that, when 1.5 equiv. of alkyl bromides are
used, the substitution products are obtained in moderate to excellent yields. The prepared difluoro(phenylsulfo-

nimidoyl)methylated alkanes can be readily transformed to gem-difluoroalkenes via base-mediated f-elimination

reaction.
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Introduction

Selective introduction of fluorine atom(s) or fluori-
nated moieties can often result in changes of the physi-
cal, chemical and/or biological properties of the organic
molecules.!! Therefore, the synthesis of fluorinated
compounds has attracted increasing attention in recent
years.'"”! Among various fluorinated motifs that have
been used to modify organic molecules, the gem-di-
fluorovinyl group is of particular interest in both organic
synthesis and biological chemistry owing to the elec-
trophilic character of the difluorovinyl carbon endowed
by the highly electronegative fluorine atoms.”™ On the
one hand, difluoroalkenes have been often used as
valuable precursors for the Ereparation of di- and
trifluoromethyl compounds,”* monofluoroalkenes,”
monofluorinated heterocycles,' carboxylic acids and
esters.”] The difluoroalkene moiety has also been used
as the isostere of carbonyl group in the design of prote-
ase inhibitors."!

In the past decades, many methods based on the de-
oxygenative gem-difluoroolefination of carbonyl com-
pounds have been developed towards the synthesis of
difluoroalkenes,” including Wittig-type reaction,'**'%¢!
Horner-Wadsworth-Emmons reaction,'"™ Horner-Wittig
reaction,[mi] Julia reaction!®'™ and Julia-Kocienski
reaction.'"'™  Several protocols involving the
f-fluorine elimination of trifluoromethylated intermedi-
ates have also been developed.”'") However, methods
for the preparation of gem-difluoroalkenes using alkyl

halides as substrates are less studied.*™'?! In recent

years, the phenylsulfonyl group-assisted nucleophilic
fluoroalkylation chemistry has been developed, which
provides efficient methods for the synthesis of organ-
ofluorine compounds.!'*! In 2004, Prakash and cowork-
ers reported a nucleophilic difluoroalkylation of primary
alkyl iodides 2 and alkyl bromides with in-situ gener-
ated PhSO,CF, from PhSO,CF,H (1) in the presence
of +-BuOK, giving the substitution products 3 in 37%—
80% yields (Scheme 1A)."**! Upon treatment with a
base, the substitution products could be further trans-
formed to difluoroalkenes 4 in moderate to good yields.
However, 4 equiv. of alkyl halides were needed for the
substitution step, and the alkyl bromides gave much
lower yields than the alkyl iodides. In 2010, our group
improved this substitution reaction by using primary
alkyl halides as the limiting reactants and PhSO,-
CF,TMS as the fluoroalkylation reagent in the presence
of CsF and 15-crown-5, giving the substitution products
3 in 62%—79% yields.™™ Although allyl bromide and
benzyl bromides could smoothly undergo the reaction,
the unactivated alkyl bromides were not good substrates.
Under these conditions, the low thermal stability (life
time) of PhSO,CF, might be one of the reasons for
the inefficiency of its reaction with unactivated alkyl
bromides. In recent years, our group has found that sul-
foximine functionality can serve as a good modulating
group to achieve efficient nucleophilic fluoroalkylation
reactions.!"*'®) Our previous study on the ring-opening
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Scheme 1 Nucleophilic difluoromethylation of alkyl halides and the application in the synthesis of gem-difluoroalkenes
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difluoromethylation of epoxides revealed that

PhSONTBS)CF, possessed higher stability and/or
nucleophilicity towards the epoxides than the corre-
sponding PhSO,CF, 115e] Herein, we disclose an effi-
cient nucleophilic fluoroalkylation of unactivated alkyl
bromides 6 with  difluoromethyl  sulfoximine
PhSO(NTBS)CF,H (5) and its application in the synthe-
sis of gem-difluoroalkenes (Scheme 1B).

Results and Discussion

The sulfoximine reagent PASO(NTBS)CF,H (5) was
prepared according to the reported procedure.!'*! At the
outset, we chose 1-bromoheptane (6a) as the model
substrate to test the possibility of its substitution reac-
tion with sulfoximine 5, and the results are summarized
in Table 1. Normally, a base was added to the mixture
of 5 and 6a in a solvent at —78 °C; after 0.5 h, the reac-
tion was quenched with saturated aqueous NH4CI.
When potassium hexamethyldisilazide (KHMDS) was
used as the base, THF as the solvent, and the ratio of
6a/5/KHMDS was 1.3/1/1.3, less than 10% yield of 7a

was given, and most of 5 decomposed (Table 1, Entry 1).

When the base was changed to sodium hexamethyldisi-
lazide (NaHMDS), only trace amount of 7a was af-
forded (Table 1, Entry 2). To our delight, the addition of
hexamethylphosphoramide (HMPA) as the co-solvent

Table 1 Optimization of the reaction conditions

C{\//N TBS Base R //NTBS
OB S _S Me
5 =1 ¥ P SCE,H Solvent, -78°C, 05h P F>(F\Ms
6a 5 7a
Entry 6a/5/Base  Base Solvent Yield"/%
1 1.3/1/1.3 KHMDS THF <10

2 13/1/1.3 NaHMDS THF trace
3 1.3/1/1.3 LiHMDS THF 0
4 13/1/1.3 LiHMDS THF/HMPA (V/V'=5/1) 98 (87)"
5 1.3/1/12 LiHMDS THF/HMPA (V/V=5/1) 93
6 1.5/1/1.3 LiHMDS THF/HMPA (V/V'=>5/1) 100 (90)"

“Yield was determined by '’F NMR. ? Yield in the parentheses
refers to the isolated yield.
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can promote the reaction, which led to the desired
product 7a in 87% isolated yield when lithium hexame-
thyldisilazide (LiHMDS) was used as the base. Further
investigation of the ratio of the reactants showed that,
when the ratio of 6a/5/LiHMDS was 1.5/1/1.3, an iso-
lated yield of 90% was achieved (Table 1, Entries 4—
6).

With the optimized reaction conditions in hand, we
examined the substrate scope of the nucleophilic fluoro-
alkylation of alkyl halides with PhSO(NTBS)CF,H (5),
with the results being shown in Table 2. It was found
that the reaction proceeded well with sterically
less-hindered primary alkyl bromides, giving corre-
sponding substitution products in 87% —92% yields
(Table 2, Entries 1 —7). Primary alkyl iodides were also
amenable to this reaction. For example, when (3-iodo-
propyl)benzene (2a) was used as the substrate, product
7h was given in 94% yield (Table 2, Entry 8). It is
worth noting that the reaction was sensitive to the steric
hindrance of the alkyl halides. When 1-bromo-2-
methylpropane (6i) was subjected to the reaction condi-
tions, product 4i was obtained in only 54% yield (Table
2, Entry 9). When a secondary alkyl halide, such as
2-iodopropane (2b), was used as the substrate, the nu-
cleophilic difluoromethylation product was given in less
than 2% yield (Table 2, Entry 10).

S-Elimination of the sulfonyl group of alkyl substi-
tuted difluoromethyl sulfones has been demonstrated to
be an efficient method for the synthesis of gem-di-
fluoroalkenes.*™'** Although the electron-withdrawing
ability of PhASO(NTBS) group is weaker than PhSO,
group, the p-elimination of the sulfonimidoyl group
strategy is found to be feasible for the synthesis of
gem-difluoroalkenes. When compound 7h was treated
with LIHMDS in DMF at 0 'C for 0.5 h, gem-di-
fluoroalkene 4h was obtained in 73% yield (Scheme 2).

In light of the fact that the gem-difluoroalkenes can
be synthesized from the current reactions of unactivated
alkyl bromides with PhSO(NTBS)CF,H (5), it is not
difficult to realize that benzylic bromides can also be
used to synthesize gem-difluoroalkenes. It was found
that the synthesis of gem-difluoroalkenes with benzylic
bromides and 5 could be carried out at =78 ‘C in one
pot. After treating 2-(bromomethyl)naphthalene (8) and
the sulfoximine reagent 5 with 2.1 equiv. of LIHMDS as
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Table 2 Nucleophilic difluoromethylation of alkyl halides with
PhSO(NTBS)CF,H (5)

o. NTBS
Q //NTBS 1.3 equiv. LIHMDS \V
/S\ + RX Ph/s><R
Ph™ "CFH  20r6  THF/HMPA, -78°C,05h F O F
5 1.5 equiv. 7
Entry RX Product Yield/%
N Q NTBS
1 m 6a  pn> 7a 90
FF
o NTBS
2 Br/\ 6b Ph/s>(\ 7b 92
FF
o. NTBS
3 S 6e \\S//>(\/ 7e 89
Br e
Ph
FFF
Q NTBS
4 B >N  6d Ph/8>(\/\ 7d 90
FF
N o\\s//NTBS
5 w 6e  Ph 7e 91
FF
Q NTBS
6 Br ™, 6e P 7f 88
10
/\)\ O\\S//NTBS
7 Br 6g Ph/F - 7g 87
o NTBS
\
8 >"pn 2a Ph/s>(\/\Ph 7h 94
FF
o, NTBS

1 J\ \\S// i <2?
0 | 2b P >(< 7j 2

FFF

“Isolated yield. * Yield was determined by '°F NMR with PhCF;
as the internal standard.

Scheme 2 Preparation of gem-difluoroalkene 4h from com-
pound 7h via S-elimination of sulfonimidoyl group

o. NTBS o F
\S// 1.2 equiv. LIHMDS \/\)\
P Ph —
Ph Ph
F>(F\/\ DMF, 0 °C, 30 min F
7h i WQ\S//NTE‘S 4h, 73%
Ph < Ph
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base in THF/HMPA at —78 °C for 0.5 h, difluoroalkene
9 was isolated in 66% yield (Scheme 3).

Scheme 3 Preparation of gem-difluoroalkene 9 from difluoro-
methyl sulfoximine 5 and 2-(bromomethyl)naphthalene (8) in

one-pot
216
O\\S/NTBSJ,Br LIHMDS
Ph”™ " CF,H THE/HMPA
5 8 15equiv. ~78°C.05h 9, 66%

It is worth noting that the sulfonimidoyl group of
compound 4h could also be reductively removed under
the Mg/BrCH,CH,Br (cat.)/MeOH conditions, giving
the difluoromethyl alkane 10 in 71% yield, according to
the '’F NMR determination (Scheme 4).

Scheme 4 Synthesis of difluoromethyl alkane 10 via reductive
desulfonimidoylation of compound 7h

o NTBS Mg, BrCH,CH,Br (cat.)
P Ph.__~_CF,H
Ph F>(F\/\Ph MeOH, r.t., 4 h
7h 10, 71% ("°F NMR)

Conclusions

In conclusion, we have successfully developed an
efficient nucleophilic fluoroalkylation of unactivated
primary alkyl bromides with PhSO(NTBS)CF,H (5),
giving the substitution products in moderate to good
yields. Compared to the previously reported difluoro-
(phenylsulfonyl)methylation of alkyl jodides,! ™' this
reaction possesses two advantages: (1) unactivated alkyl
bromides served as the substrates; (2) only slightly ex-
cess of alkyl bromides were needed to achieve good
yields. Moreover, the so-obtained substitution products
could be easily transformed to gem-difluoroalkenes and
difluoromethyl alkanes via f-elimination of sulfonimi-
doyl group and reductive desulfonimidoylation, respec-
tively, demonstrating the synthetic potential of this di-
fluoro(phenylsulfonimidoyl)methylation protocol.

Experimental

'"H NMR spectra were recorded in CDCl; on a
BRUKER AM-300 spectrometer (300 MHz) or Varian
400-MR spectrometer (400 MHz) with TMS as internal
standard. ’F NMR spectra were taken on a BRUKER
AM-300 spectrometer (282 MHz) or Varian 400-MR
spectrometer (376 MHz) using CFCl; as external stan-
dard. >C NMR spectra were recorded in CDCl; on a
BRUKER AM-300 spectrometer (75 MHz) or Varian
400-MR spectrometer (100 MHz) with TMS as internal
standard. IR spectra were obtained with a Nicolet iN
10MX spectrometer. Mass spectra were obtained on a
mass spectrometer. All the solvents were redistilled be-
fore use.
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General procedure for nucleophilic difluoromethyla-
tion of alkyl halides with PhSO(NTBS)CF,H (5)

Under N, to a solution of difluoromethyl sulfoxi-
mine (5, 122 mg) and 1-bromoheptane (6a, 94 uL, 0.6
mmol) in dried THF (4 mL) and dried HMPA (0.8 mL),
was added LiHMDS (1 mol/L in THF, 0.52 mL, 0.52
mmol) at —78 ‘C. After 30 min, the reaction was
quenched by adding an excess of saturated NH4Cl (aq.),
followed by extraction with ethyl acetate. The organic
phase was washed with brine and then dried over
anhydrous MgSO,. After the solution was filtered and
the solvent was evaporated under vacuum, the residue
was subjected to silica gel column chromatography us-
ing petroleum ether as eluent to give product 7a (145
mg, 90%).

N-tert-Butyldimethylsilyl-S-1,1-difluorooctyl-S-
phenylsulfoximine (7a) Colorless oil. 'H NMR (300
MHz, CDCly) 0: 7.97 (d, J=17.7 Hz, 2H), 7.64 (t, J=17.3
Hz, 1H), 7.52 (dd, J=7.4 Hz, 2H), 2.19 (ddd, J=22.4,
15.6, 7.9 Hz, 2H), 1.73—1.47 (m, 2H), 1.45—1.17 (m,
8H), 0.99—0.80 (m, 12H), 0.12 (s, 6H); "’F NMR (282
MHz, CDCls) 0: —104.78 (ddd, /=219.4, 23.4, 14.8 Hz,
1F), —106.79 (ddd, J=219.5, 24.7, 13.5 Hz, 1F); *C
NMR (101 MHz, CDCl;) ¢: 137.64, 133.41, 130.14,
128.65, 125.00 (t, J=287.0 Hz), 31.53, 29.17, 28.98 (t,
J=21.0 Hz), 28.87, 25.82, 22.54, 21.01 (t, J=3.1 Hz),
18.02, 14.01, —2.49, -2.58; IR (film) v: 3069, 2955,
2929, 2857, 1584, 1471, 1347, 1252, 1171, 1089, 829,
777, 688, 593 cm '; MS (ESI) m/z: 404.1 (M+H");
HRMS (ESI) m/z caled for CyH3sF,NNaOSSi (M—+
Na") 426.2069, found 426.2066.

N-tert-Butyldimethylsilyl-S-1,1-difluoropropyl-S-
phenylsulfoximine (7b) Colorless oil. "H NMR (300
MHz, CDCly) d: 7.96 (d, J=7.6 Hz, 2H), 7.64 (t, J=7.4
Hz, 1H), 7.54 (t, J=17.5 Hz, 2H), 2.46—1.90 (m, 2H),
1.10 (t, J=7.5 Hz, 3H), 0.93 (s, 9H), 0.11 (s, 6H); "°F
NMR (282 MHz, CDCl3) J: —106.56 (ddd, J=219.3,
22.6, 13.5 Hz), —108.69 (ddd, /=219.4, 23.0, 13.9 Hz);
C NMR (101 MHz, CDCls) 6: 137.69, 133.43, 130.12,
128.67, 125.01 (t, J=286.9 Hz), 25.81, 22.82 (t, J=
21.7 Hz), 18.00, 5.35 (t, J=4.5 Hz), -2.50, -2.61; IR
(film) v: 3069, 2954, 2929, 2857, 1584, 1464, 1347,
1253, 1172, 1080, 829, 778, 688, 564 cm'; MS (ESI)
m/z: 3340 (M+H"); HRMS (ESI) m/z caled for
C1sHpsFoNNaOSSi (M + Na © ) 356.1286, found
356.1295.

N-tert-Butyldimethylsilyl-S-1,1-difluorobutyl-S-
phenylsulfoximine (7¢c) Colorless oil. '"H NMR (400
MHz, CDCl3) 0: 7.96 (d, J=7.3 Hz, 2H), 7.63 (t, J=7.4
Hz, 1H), 7.53 (t, J=7.6 Hz, 2H), 2.28—2.00 (m, 2H),
1.68—1.49 (m, 2H), 0.99 (t, J=7.4 Hz, 3H), 0.93 (s,
9H), 0.11 (d, J=0.8 Hz, 6H); "F NMR (376 MHz,
CDCl;) d: —104.00—-104.85 (m), —106.33 (ddd, J=
219.7, 23.2, 14.5 Hz); >*C NMR (101 MHz, CDCL) &:
137.64, 133.41, 130.14, 128.66, 124.91 (t, J=287.1 Hz),
30.94 (t, J=20.9 Hz), 25.81, 18.01, 14.75 (t, J=3.6 Hz),
13.83, —2.49, -2.59; IR (film) v: 3070, 2956, 2930,
2857, 1645, 1471, 1347, 1252, 1171, 1087, 828, 777,
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688, 592 cm '; MS (ESI) m/z: 348.1 (M+H"); HRMS
(ESI) m/z caled for C;sH,;F,NNaOSSi (M+Na+)
370.1443, found 370.1450.
N-tert-Butyldimethylsilyl-S-1,1-difluoropentyl-S-
phenylsulfoximine (7d) Colorless oil. '"H NMR (400
MHz, CDCl;) d: 7.96 (d, J=7.5 Hz, 2H), 7.63 (t, J=7.4
Hz, 1H), 7.54 (t, J=7.6 Hz, 2H), 2.40—1.99 (m, 2H),
1.69—1.48 (m, 2H), 1.47—1.28 (m, 2H), 0.99—0.88
(m, 12H), 0.11 (s, 6H); "’F NMR (376 MHz, CDCls) ¢:
—104.45 (ddd, J=219.1, 23.3, 13.4 Hz), —106.39 (ddd,
J=219.2,23.9, 13.9 Hz); >C NMR (101 MHz, CDCl5)
5: 137.62, 133.42, 130.15, 128.66, 125.01 (t, J=286.9
Hz), 28.67 (t, J=20.9 Hz), 25.81, 23.05 (t, J=3.1 Hz),
22.37, 18.02, 13.68, —2.48, —2.58; IR (film) v: 3069,
2958, 2931, 2858, 1584, 1471, 1345, 1252, 1172, 1087,
829, 777, 688, 592 cm™'; MS (ESI) m/z: 362.1 (M+H");
HRMS (ESI) m/z calecd for C;7H,0F,NNaOSSi (M+
Na') 384.1599, found 384.1608.
N-tert-Butyldimethylsilyl-S-1,1-difluoroheptyl-S-
phenylsulfoximine (7e¢) Colorless oil. 'H NMR (400
MHz, CDCl;) d: 7.96 (d, J=7.5 Hz, 2H), 7.63 (t, J=7.4
Hz, 1H), 7.53 (t, J=7.6 Hz, 2H), 2.30—2.07 (m, 2H),
1.66—1.51 (m, 2H), 1.41—1.20 (m, 6H), 0.93 (s, 9H),
0.88 (t, J=6.8 Hz, 3H), 0.12 (s, 6H); '°’F NMR (376
MHz, CDCl3) d: —104.42 (ddd, J=219.1, 23.2, 13.4 Hz),
-106.35 (ddd, J=219.2, 23.9, 13.9 Hz); *C NMR (101
MHz, CDCl3) d: 137.65, 133.42, 130.15, 128.69, 125.01
(t, J=287.0 Hz), 31.39, 29.00 (t, J=21.0 Hz), 28.89,
25.83,22.38,20.99 (t, J=3.1 Hz), 18.03, 13.97, —2.47,
—2.57; IR (film) v: 3069, 2956, 2857, 1584, 1471, 1346,
1252, 1171, 829, 777, 688, 593 cm '; MS (ESI) m/z:
348.1 (M+H"); HRMS (ESI) m/z caled for C oH33F,N-
NaOSSi (M+Na") 412.1912, found 412.1917.
N-tert-Butyldimethylsilyl-S-1,1-difluorotridecyl-
S-phenylsulfoximine (7f) Colorless oil. 'H NMR
(300 MHz, CDCls) &: 7.96 (d, J=7.5 Hz, 2H), 7.63 (t,
J=7.3 Hz, 1H), 7.53 (t, J=7.5 Hz, 2H), 2.37—1.95 (m,
2H), 1.72—1.47 (m, 2H), 1.43—1.19 (m, 18H), 0.93 (s,
9H), 0.88 (t, J=6.6 Hz, 3H), 0.11 (s, 6H); ’F NMR
(282 MHz, CDCl3) d: —104.37 (ddd, J=219.2, 23.1,
13.6 Hz), —106.38 (ddd, J=219.0, 23.7, 14.0 Hz); °C
NMR (101 MHz, CDCl;) d: 137.65, 133.40, 130.14,
128.65, 125.00 (t, J=287.1 Hz), 31.89, 29.59, 29.53,
29.35,29.32, 29.22, 29.20, 28.99 (t, J=20.9 Hz), 28.78,
25.82, 22.66, 21.02 (t, J=3.0 Hz), 18.01, 14.10, —2.48,
—2.58; IR (film) v: 3069, 2927, 2855, 1470, 1447, 1346,
1170, 1024, 828, 688, 592 cm'; MS (ESI) m/z: 474.2
(M+H"); HRMS (ESI) m/z caled for C,sH,sFaNnaOSSi
(M+Na") 496.2857, found 496.2869.
N-tert-Butyldimethylsilyl-S-1,1-difluoro-4-methyl-
pentyl-S-phenylsulfoximine (7g) Colorless oil. 'H
NMR (400 MHz, CDCls) 8: 7.96 (d, J=7.5 Hz, 2H),
7.63 (t, J=7.4 Hz, 1H), 7.53 (t, J=7.6 Hz, 2H), 2.30—
2.06 (m, 2H), 1.70—1.54 (m, 1H), 1.53—1.36 (m, 2H),
0.94 (s, 9H), 0.91 (d, J=6.6 Hz, 6H), 0.12 (s, 6H); "°F
NMR (376 MHz, CDCls) 8: —104.45 (ddd, J=218.6,
23.0, 13.2 Hz), —106.50 (ddd, J=218.6, 23.7, 13.8 Hz);
5C NMR (101 MHz, CDCLy) &: 137.63, 133.41, 130.14,
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128.66, 125.01 (t, J=287.1 Hz), 28.68 (t, J=21.0 Hz),
25.81, 23.06 (t, J=3.0 Hz), 22.37, 18.02, 13.67, —2.49,
—2.58; IR (film) v: 3069, 2957, 2930, 2857, 1471, 1347,
1252, 1172, 1089, 828, 777, 688, 591 cm '; MS (ESI)
m/z: 376.1 (M+H"); HRMS (ESI) m/z caled for
CisH3 FoNNaOSSi (M + Na ) 398.1756, found
398.1757.
N-tert-Butyldimethylsilyl-S-1,1-difluoro-4-phenyl-
butyl-S-phenylsulfoximine (7h) Colorless oil. 'H
NMR (300 MHz, CDCls) d: 7.93 (d, J=7.7 Hz, 2H),
7.63 (t,J=7.3 Hz, 1H), 7.53 (t, J=7.5 Hz, 2H), 7.34—
7.09 (m, 5H), 2.76—2.52 (m, 2H), 2.35—2.05 (m, 2H),
2.05—1.72 (m, 2H), 0.89 (s, 9H), 0.08 (s, 3H), 0.06 (s,
3H); 'F NMR (282 MHz, CDCL;) 8: —104.53 (ddd, J=
219.4,25.7, 11.9 Hz, 1F); —106.59 (ddd, J=219.9, 25.3,
12.2 Hz, 1F); C NMR (101 MHz, CDCl;) 6: 140.85,
137.51, 133.47, 130.16, 128.69, 128.47, 128.38, 126.12,
12491 (t, J=287.3 Hz), 35.19, 28.43 (t, J=21.0 Hz),
25.82, 22.83 (t, J=2.9 Hz), 18.00, —2.49, —2.61; IR
(film) v: 3065, 2954, 2928, 2856, 1471, 1346, 1252,
1169, 1093, 828, 777, 688, 562 cm '; MS (ESI) m/z:
4240 M+ H " ); HRMS (ESI) m/z caled for
CoH3,FoNOSSi (M+Na') 424.1936, found 424.1920.

Procedure for preparation of gem-difluoroalkene 4h

Under N,, to a solution of compound 4h (212 mg,
0.5 mmol) in dried DMF (5 mL), was added LIHMDS
(1 mol/L in THF, 0.6 mL, 0.6 mmol) at 0 ‘C. After 30
min the reaction was quenched by adding an excess of
saturated NH4Cl1 (aq.), followed by extraction with ethyl
acetate. The organic phase was washed with brine and
then dried over anhydrous NaSO,. After the solution
was filtered and the solvent was evaporated under vac-
uum, the residue was subjected to silica gel column
chromatography using hexane as eluent to give colorless
oil 4h (61 mg, 73% yield).

(4,4-Difluorobut-3-en-1-yl)benzene (4h)"'"  Col-
orless oil. '"H NMR (300 MHz, CDCl5) d: 7.30 (t, J=7.4
Hz, 2H), 7.23—7.17 (m, 3H), 4.16 (dtd, J=25.4, 7.8,
2.3 Hz, 1H), 2.69 (t, J=7.6 Hz, 2H), 2.30 (q, J=7.7 Hz,
2H); "F NMR (282 MHz, CDCLy) &: —91.04 (ddt, J=
47.4,25.6, 1.7 Hz); MS (EI) m/z (%): 168 (M", 17.8),
91 (M'—CgHs, 100).

Procedure for preparation of gem-difluoroalkene 9
from difluoromethyl sulfoximine 5 and 2-(bromo-
methyl)naphthalene (8) in one-pot

Under N,;, to a solution of difluoromethyl
sulfoximine 5 (122 mg, 0.4 mmol) and 2-(bromo-
methyl)naphthalene 8 (133 mg, 0.6 mmol, 1.5 equiv.) in
dried THF (4 mL) and dried HMPA (0.8 mL), was
added LiHMDS (1 mol/L in THF, 0.84 mL, 0.84 mmol,
2.1 equiv.) at =78 ‘C. After 30 min, the reaction was
quenched by adding an excess of saturated NH4Cl (aq),
followed by extraction with ethyl ether. The organic
phase was washed with brine and then dried over
anhydrous NaSQ,. After the solution was filtered and
the solvent was evaporated under vacuum, the residue
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was subjected to silica gel column chromatography
using hexane as eluent to give colorless oil 9 (50 mg,
66%).

2-(2,2-Difluorovinyl)naphthalene (9)“01] White
solid. "H NMR (300 MHz, CDCl3) 6: 7.85—7.68 (m,
4H), 7.52—7.43 (m, 3H), 5.42 (dd, J=26.2, 3.9 Hz,
1H); "’F NMR (282 MHz, CDCl;) J: —81.86 (dd, J=
30.8, 26.2 Hz), —83.60 (dd, /=30.8, 3.9 Hz).

Procedure for reductive desulfoximination of com-
pound 7h

To the mixture of Mg chips (360 mg, 15 mmol) in
dry MeOH (2 mL), was added BrCH,CH,Br (5 pL) at
r.t. When the reaction gave off gas (about 3 min later),
compound 7h (423 mg, 1 mmol) and dry MeOH (6 mL)
was added. The reaction was monitored by TLC. After
compound 7h was consumed, the yield of 10 was de-
termined by '"F NMR with PhCF; as the internal stan-
dard.

(4,4-Difluorobutyl)benzene (10)"'" '°F NMR (282
MHz) 6: -116.18 (dt, J=57.0, 17.1 Hz).
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