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Abstract

An efficient and transition metal-free method fdretsynthesis of aryl or alkyl
difluoromethyl selenides (RSegHh) from the corresponding selenocyanates (RSeCN)
and TMSCRH/t-BuOK is described. The reaction performed in THB 2C for 24 h
or at room temperature for 6 h supplied a serieR®CELH in good to high yields.
The successful preparation of difluoromethylselater sulfadimethoxine derivative
and the scaled-up synthesis of 1-benzyl-5-((ditmoethyl)selanyl)indoline, as
examples, suggested good practicability of thishmet Advantages of the reaction
include mild reaction conditions, good functionabgp tolerance, a wide range of
substrates, and high efficiency. This protocol mfe a number of novel
difluoromethyl selenoethers, which would accelenade of such compounds in the
areas of life science.

Keywords. Difluoromethyl Selenoether; Transition Metal-Fre&elenocyanate;

Difluoromethylselenol; Difluoromethylation.

1. Introduction
Fluorinated compounds have found wide applicationsiany fields ranging from

medicinal chemistry to materials scierfic€he incorporation of fluoroalkyl groups
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into organic frameworks can dramatically changeirthghysicochemical and
biological propertieé.In particular, the difluoromethyl group (H&Fhas been one of
the most privileged segments because of its unsgieeoelectronic nature and great
potentials in the synthesis of bioactive molecdléghe HCFE group is a good
isopolar-isosteric substituent for hydroxy (OH) ahel (SH) units, and it acts as a
more lipophilic hydrogen donor than the OH and Sidugs in various hydrogen
bonding interaction3.The combination of HCFgroup with chalcogens (X) gives
HCRX functionalities with more specific and interegtiproperties. Among all
HCFX moieties, the difluoromethylselenol group (HSE) is the least studied,
despite the most relevant HEF functionality having been extensively explofed.
This may be attributed to the cognition that selemcontaining compounds are
usually highly toxic, easily oxidized, and with ueasant odot. Nonetheless,
organoselenium compounds have possessed advardgalgietagical properties such
as antifungal, anticancer, and antiviral activii@ssome of which have been
investigated for the treatment of Alzheimers d&f8 The lack of
difluoromethylselenolation reagents and appropséteting materials is considered to
be another bottleneck in the construction of H&#Fmolecules.

To date, there have been only several syntheticoappes reported for HGEe
compounds™™ In 1985, Suzuki et al. disclosed the first synihesf aryl
difluoromethyl selenides from the reactions of HCF with arylselenolates in
alkaline aqueous media (5 examplegater, Uneyama et al found that reaction of
CF,Br, with benzeneselenolate, prepareditu from diphenyl diselenide and sodium
borohydride in EtOH/DMF, gave difluoromethyl phersglenide as a major product
in 55% vyield (1 examplé).Greaney et al described the difluoromethylation of

phenylselenol by using chlorodifluoroacetate agflaatocarbene source, affording
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difluoromethyl phenyl selenide in 65% vield (1 exse)? Recently, Billard et al
reported a reaction of electron-rich indol or reswol with HCRSeCl, which wasn
situ generated from benzyl(difluoromethyl)selane and,@§ furnishing the
corresponding difluoromethylselenolated producgdod yield (2 examples?. With
HCF,SeCl reagent, the same research group again dedgebopransition metal-free
difluoromethylselenolation/cyclization of alkyne flarm a isocoumarin derivative and
an oxidant-free difluoromethylselenolation of alklrcopper(l) complex to yield a
difluoromethyl alkynyl selenide (single example femch)!* All these methods
suffered from a very limited substrate scope, netainaccessibility of starting
materials, high cost, and/or low efficiency, suppdy a small quantity of
HCR,Se-containing entities, which seriously restrictied application of this type of

molecules. Thus, the development of efficient aadvenient methodologies for the

synthesis of various difluoromethylselenolated coamls is of great importance.

previous reports

Ar-Se LiAIH, A, HCF,CI/NaOH B
\Se-Ar Ar—Se" M H,O/EtOH/dioxane or benzene Ar—SeCF,H
Ph-Se 1) NaBH,/EtOH/DMF CICF,CO,Na
\ Ph—SeCF)H <——=——=— Ph-SeH
Se—Ph 2) CF,Br, #7 7 K,COs3, DMF
95°C,8h
(0]
OMe Ar—H
0 — AT . Ar—SeCF,H
3 =—Ph THF, 0-23 °C
HF,CSe—Cl —
Npp THF, 0:25°C ?
R———=Cu —
R———2SeCF,H
SeCF,H bpy, DMF, tt, 16 h 2
this work
-BuOK i
R-SeCN + TMSCFH —1BuUOK@ealV) _ o SochH (R =aryl, alky)
(2 equiv) THF, Nz

0°C/24horrt/6 h
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Although trifluoromethylation of selenocyanates wWiTMSCFE has been well

documented?®12d

the interaction between RSeCN and TM3€HKa less reactive
reagent than TMSGF" is rarely knowr® In this work, we successfully developed a
transition metal-free direct difluoromethylation sflenocyanates with TMSEHF in
the presence of an appropriate initiator, buildiiderse difluoromethyl selenoethers

under mild conditions.

2. Resultsand discussions

The reaction of 1-methoxy-4-selenocyanatobenzéaeand TMSCEH was chosen
as a model reaction to screen the optimal conditiégnmixture ofla and CsF (2
equiv.) reacted with TMSGH (2 equiv.) in DMF at room temperature under a N
atmosphere for 12 h to give (difluoromethyl)(4-n@tiphenyl)selane2f) in 62%
yield (entry 1, Table 1). 1,2-Bis(4-methoxyphenidgdane Ba) was also formed in
this reaction (30% yield) (entry 1, Table 1). Whhka reaction oflta, TMSCFEH, and
CsF was conducted in DMSO or ¢EN, the desired produceg) was obtained in a
very low yield and the formation of byprodi8a was enhanced (entries 2-3, Table 1).
If the same reaction was performed in THF, onlggramount oRa and none oBa
were observed (entry 4, Table 1), which might beoanted for by the much poor
solubility of CsF in the reaction solvent. WhiletiBuOK was employed as a base in
THF, 65% of2a and 36% of3a were obtained (entry 5, Table 1). Reactionlaf
TMSCFRH, andt-BuOK in DMF gave2a in 33% yield, accompanied by 32% &4
(entry 6, Table 1). To suppress the formatiorBafthe adding order of the reaction
materials was varied. Interestingly, when a sotutbt-BuOK (2 equiv.) in THF was
added to a mixture dfa and TMSCEH (2 equiv.), the formation of byprodu@a)

was almost completely prohibited and the desiredipet was obtained in 66% yield

4/27



(entry 7, Table 1). These results suggested tleatdimocoupling ota competed with
the difluoromethylation ofla under the reaction conditions. Furthermore, shorte
the reaction time ofla, TMSCFH andt-BuOK from 12 h to 6 h or 2 h at room
temperature resulted in 81% or 72%2af respectively (Entries 8-9, Table 1). The
reaction temperature also had a considerable mékieon the difluoromethylation.
Lowering the reaction temperature from room temfoeeato O °C or -20 °C furnished
the expected product in 71% or 65% vyield (entri@sl1, Table 1). The production of
3a was completely inhibited. When the reactionlaf TMSCRH andt-BuOK was
run at 0°C for 24 h,2a was formed in 95% yield (91% isolated yield) (grit2, Table
1). Nevertheless, further extension of the reactiore to 36 h did not continuously
improve the yield of2a (entry 13, Table 1). In addition, the molar ratiok the
reactants had a big effect on the reaction. By imgrythe molar ratio of
1la/TMSCRH/t-BUOK from 1:2:2 to 1:1.5:1.5 or 1:1:1, the vyield @a was
dramatically decreased (e.g., entry 14, Table hg Use of 2 equivalents 6BuOK
to work withla and TMSCEH (1 equiv.) led to a lower yield & as well (entry 15,
Table 1). Except formation dfa in these cases, appreciable amount8afvere
detected along with an unknown byproduct which dotilbe isolated by column
chromatography (entries 14-15, Table 1). It shdagdmentioned that, if the reaction
of 1a and TMSCEH was conducted in the absence of CsEBuOK, there was no
desired product or byproduct formed, suggestingridespensability of a base (entry
16, Table 1). Interestingly, #a (instead ofla) reacted with TMSCJH andt-BuOK at
room temperature for 6 a was formed in 48% yield with recovery of 48% 3z,
implying a much lower reactivity of 1,2-diaryldisele in the present system (entry 17,

Table 1)*
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Table 1 Screening the optimal reaction conditions for difluoromethylation of 1la

with TM SCF;H in the presence of CsF or t-BuOK

SeCN SeCF,H Se
base
~ + TMSCFH conditions /©/ * /©/
0 ~o o )
3a

1a 2a
Entry Base Conditions Yiel®4, %)%  Yield (3a, %)?
1° CsF DMF, N, rt, 12 h 62 30
2° CsF DMSO, N, rt, 12 h 33 42
3° CsF CHCN, Ny, rt, 12 h 3 56
4° CsF THF, N, rt, 12 h <1 0
5° t-BuOK THF, N, rt, 12 h 65 36
6° t-BuOK DMF, N, rt, 12 h 33 32
7°¢ t-BUOK THF, N, rt, 12 h 66 <1
8¢ t-BUOK THF, Ny, rt, 6 h 81 4
9°¢ t-BUOK THF, N, rt, 2 h 72 3
10° t-BUOK THF, N, 0°C, 12 h 71 0
11° t-BUOK  THF, N, -20°C, 12 h 65 0
12°  t-BuOK THF, N5, 0°C, 24 h 95 (91) 0
13° t-BUOK THF, N, 0°C., 36 h 91 0
14%%  t-BuOK THF, N, 0°C, 24 h 20 38
15%  t-BuOK THF, N, 0°C, 24 h 40 18
16°' - THF, N, 0°C, 24 h 0 0
17%%  t-BuOK THF, Ny, 1t, 6 h 48 48

%Yields were determined by HPLG € 232 nm, methanol/water = 90:10 (v/v)) using
2a and3a as external standards, respectivély. tr = 4.47 min3a: tr = 9.97 min (%

means the retention time)). ® Reaction conditions: TMSGH (0.4 mmol) was
6/27



added to a mixture ofa (0.2 mmol) and base (0.4 mmol) in solvent (2 mL)¢
Reaction conditions: To a solution d& (0.2 mmol) and TMSC/HH (0.4 mmol) in
THF (1 mL) was added a solution ®BuOK (0.4 mmol) in THF (1 mL). “1a (0.2
mmol), TMSCKRH (0.3 mmol), andt-BuOK (0.3 mmol). € l1a (0.2 mmol),
TMSCRH (0.2 mmol), and-BuOK (0.4 mmol). ' No CsF ort-BuOK was used.

93a (0.2 mmol) was used insteadlaf as starting material.

With the optimized (or standard) reaction condisi@am hand (entry 12, Table 1), the
substrate scope of the transformation was testedufmarized in Table 2, numerous
electron-rich arylselenocyanate$b{i) reacted with TMSCH/t-BuOK under the
standard conditions to give the corresponding diftmethylselenolated products
(2a-1) in 54-94% yields. The indol derivatives such as
1-benzyl-5-selenocyanatoindoling ), 1-methyl-3-selenocyanato-1H-indolkk{, and
1-benzyl-3-selenocyanato-1H-indolél)( treated similarly in the reaction provided
2j-1 in 90-93% vyield. It is noteworthy that reaction #selenocyanatophendln)
with 2 equivalents of TMSGH and 3.5 equivalents dfBuOK furnished 70% of
4-((difluoromethyl)selanyl)phenoR(n). Since the acidic hydroxy group im would
expend equal equivalent 6BBuOK, the use of a large excesst-®BuOK was helpful
for the high conversion of the starting materiaheTresults also implied that the
hydroxy substituent on the aryl ring without prdiee hardly affected the
difluoromethylation reaction. Furthermore, arylseleyanates 1h-p) bearing
electron-withdrawing groups such as nitro, cyamal ester functionalities on the aryl
rings reacted under the standard conditions to theeexpected product2n-p) in
62-65% vyields. It seemed that the electron-richlsatgnocyanates were more

efficiently transformed than the electron-deficiemnes in these reactions.
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Additionally, if the above reactions were perfornadoom temperature for 6 h (entry
8, Table 1), comparable yields of the desired pctslwere achieved in some cases
(e.g.2a, 2e, 2q, 2i, 2), while for others much lower yields of productsres observed
(e.g.2h, 2n). The nature of the substituents on the aryl meseatf arylselenocyanates
might be responsible for these changes.

Encouragingly, the reaction was also applicablalkglselenocyanates. The primary
alkylselenocyanate, such as (3-selenocyanatoptogrytene 19),
1-selenocyanatooctanérf and 1-selenocyanatohexadecahs), (and the secondary
alkylselenocyanate like (3-selenocyanatobutyl)beazg@t) reacted readily under the
standard conditions to furnish the difluoromethi@eselated products2g-t) in
excellent yields, demonstrating good availability tbis method. To our surprise,
treatment of (selenocyanatomethyl)benzeing (ith TMSCRH andt-BuOK at 0°C
for 24 h or at room temperature for 6 h affordedzyfdifluoromethyl)selane2(1)
only in 13% or 10%°F NMR vyield, respectively (33%F NMR yield was obtained
in the literature using TMSGR/CsF mixture)>* The reason for these low yields
remains unclear. Because compoudsand2r were volatile and easily evaporated
during the workup and the drying processes, the NMRIs were reasonably higher
than the isolated ones. Moreover, it should be moeetl that all selenocyanates used
in this reaction could be simply synthesized fréma televant aromatic amines, arenes
and alkyl halides according to the literatuteshich guaranteed easy accessibility of

diverse starting materials for the difluoromethiglat

Table 2 Synthesis of difluoromethyl selenoethers from different types of aryl- and

alkylselenocyanates.?
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t-BuOK (2 equiv)

R-SeCN + TMSCF;H 5 R—-SeCF,H
1 (2equiv) THF.0°C,Np, 24h A
/©/SGCF2H /©/88CF2H /©/\SeCF2H SeCFzH
~o [ j
2a, 91%, 87%" 2b, 75%, 63%" 2c, 76% 2d, 54% (83%°)
SeCF;H
2 /@/SeCFZH oj©/5ec|=2|-| /©/SeCF2H
Ph o PhO
2. 78% 78%b 2f, 86%, 64%" 29, 94%, 92%" 2h, 91%, 31%", 79%*
/©/SeCF2H - i _SeCF,H S{ eCF,H SeCF,H
n 0,
2i, 87% 87%" 2j, 93% N
2k, 90/0, 77% 2, 92%’ 4%b
SeCF;H SeCF,H
HO O2N NC , /©/
BuO,C
2m, 70%° 2n, 62%, 26%" 20, 64%, 55%" 2 o, 65%
SeCFzH
©/\/\SeCF2H /\%\SGCFZH ©/\SGCF2H
2r,n =5, 60% (84%°)
2q, 83% 2s,n =13, 88% 2t, 92% 2u, 13%° (10%>°)

@ Reaction conditions: To a solution of selenocyariat®.2 mmol) and TMSCH
(0.4 mmol) in THF (1 mL) was added a solutiont&uOK (0.4 mmol) in THF (1
mL), and the mixture was reacted at@® under a N atmosphere for 24 h. Isolated
yields. ° Room temperature for 6 h. °The yields were determined BSF NMR
using PhOCEas an internal standard. 9 0 °C for 6 h.  °t-BuOK (0.7 mmol) was

used.

To further illustrate the practicability of this thed, a difluoromethylselenolated

analogue of sulfadimethoxine (a long-lasting sulimide antimicrobial) was
synthesized in a similar mannegcfieme 1). In the first step of the synthesis,
4-(N-(2,6-dimethoxypyrimidin-4-yl)sulfamoyl)benzenedmmum tetrafluoroboratesf

was derived from the reaction of
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4-aminoN-(2,6-dimethoxypyrimidin-4-yl)benzenesulfonamidd) (with HBF, and
tert-butyl nitrite. Then, a solution d in CH;CN was treated with KSeCN in the
presence of CuCl, Cugl and 1,10-phenanthroline to give
N-(2,6-dimethoxypyrimidin-4-yl)-4-selenocyanatobenesulfonamide 1v) in 45%
yield.*?® Finally, reaction oflv with TMSCRH (2 equiv) and-BuOK (3 equiv) in
THF (1 mL) at 0°C for 24 h provided the difluoromethylselenolatedduct Qv) in
25% vyield. In addition, the scaled-up synthesis2pffrom 1-benzylindoline was
investigated $cheme 2). Treatment of 1-benzylindoline (10 mmol) with K3¢ (2
equiv.) in the presence of NIS, TBHP (70% aquealstion), and acetic acid in
acetonitrile at room temperature for 36 h affordeldenzyl-5-selenocyanatoindoline
(1j) in 45% vyield'® Subsequentlylj reacted with TMSCHH (2 equiv.) and-BuOK

(2 equiv.) in THF (10 mL) under the standard candig to form2j in 75% vyield
(1.148 g). These selected examples hinted at ueefsilof the present reactions for

the synthesis of various difluoromethyl selenoether

Scheme 1 Synthesis o2v from sulfadimethoxine4)
KSeCN (1.5 equiv.)

N /, CuCI/CuCl, (10 mol%)
Y t-BUONO, aq. HBF, Y 1,10-phen (10 mol%)
EtOH,0°Ctort, 1 h N MeCN
2

87% yield -BE -25°C to rt, 40 min
4 45% yield

TMSCF,H (2 equiv.)

H o H o
O _N_ _N_{ O_ _N_ _N_£
- - b
WNT S o”S £BUOK (3 equiv.) e O//S
Z THF, 0°C, Ny, 24 h N~
SeCN SeCF,H
O\ 1v O\ 2v

25% yield

Scheme 2 Scaled-up synthesis 8f from 1-benzylindoline
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KSeCN (2 equiv.) SeCN TMSCF,H (2 equiv.) SeCF,H
NIS (10 mol%) (D/ £-BuOK (2 equiv.) (j@/
N TBHP (1 equiv.) N N

/ . THF,0°C, N5, 24 h
BN 2094 AcOH (3 equiv.)  pgf 1j 2 Bl 2j
(10mmol) ~ MeCN,rt, 36 h 1429 1148 g
45% yield 75% yield

Based on the above results and the previous refous plausible reaction
mechanism was suggested for this difluoromethyha{écheme 3). First, t-BuOK
coordinates with the silicon center of M@CFH to form a pentacoordinate silicate
(6). Reaction of 6 with another equivalent of MSBICRH generates a
K[Me3Si(CRH),] intermediate T), which then undergoes a nucleophilic attack at th
selenium atom of RSeX (X = CN, SeR) to afford tlesiced product RSeGH (2).
However, construction of RSegHF by the direct difluoromethylation of RSeX wiéh
cannot be excluded in the reactions at this stagditionally, minor RSeSeR species
observed in some reactions might be generatettu from RSeCN, which could be
further converted to RSeGHf under the reaction conditions. This hypothesis wa

partially supported by the experimental data descrin Table 1.

Scheme 3 A plausible reaction mechanism for the construction of RSeCF,H from

RSeX and M e;SiCF,H/t-BUOK

MessiCFZH THP Me‘sc':'Ff\;l-l K+ —MesSICFH Me\g'Ff: K+ —RSeX RSeCF,H
- I—vVie Ttk A 1—\Vie 2
- path a N =
£BUOK Me” e Me” Lo 1 (X = CN, SeR) 9
6 7
| RSeX (X = CN, SeR)
path b

3. Conclusions
In summary, we have developed a convenient anditiam metal-free method for

the construction of aryl and alkyl difluoromethydlenides from the corresponding
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selenocyanates (RSeCN) and TMSEHRn the presence afBUOK. The reaction
performed in THF at 6C for 24 h or at room temperature for 6 h suppéieskries of
RSeCFEH in good to high yields. Various functionalitiesch as methoxy, hydroxyl,
ester, nitro, cyano, and amide groups, as well edsrbicyclic moieties, were well
tolerated in the reaction. It was remarkable tihat $econdary alkyl selenocyanate
reacted under the standard conditions to give #saed product without formation of
S-H elimination byproduct even in the presence abrgjly alkaline t-BuOK.
Furthermore, the successful synthesis of difluottbiiselenolated sulfadimethoxine
derivative and the scaled-up preparation2pfsuggested good versatility of the
method. This protocol offered an efficient way tdamily of novel difluoromethyl

selenoethers, which would encourage applicatidghege molecules in life sciences.

4. Experimental Section

All reactions were carried out under a nitrogen agphere. Unless otherwise
specified, the NMR spectra were recorded in Gx®la 500 MHz (fofH), 471 MHz
(for *F), and 126 MHz (fol°C) spectrometer. All chemical shifts were reporired
ppm relative to TMS fotH NMR (0 ppm) and PhGFor *°F NMR (-63.0 ppm) as an
internal or external standard. The coupling constarmre reported in Hertz (Hz). The
following abbreviations were used to explain theltiplicities: s = singlet, d =
doublet, t = triplet, g = quartet, m = multipletr b broad. Melting points were
measured and uncorrected. MS experiments wererpetbon a TOF-Q ESI or El
instrument. Solvents (such as THF, {Ml, DMF, DMSO) were dried before use
according to the literaturé. TMSCRH was prepared according to the literattire.
Substrates such aka-i,*** 1j-m,**® 1n-p,**® 1g-u,**® and 1v**® were synthesized

according to the literatures. Other reagents usditie reactions were all purchased
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from the commercial sources and used without funplification.

4.1. Proceduresfor the synthesis of organic selenocyanates.

Procedure:**® Under a N atmosphere, an oven-dried round-bottom flask (@0
was charged with CuCl (50 mg, 0.5 mmol), Cu@8 mg, 0.5 mmol), 1,10-
phenanthroline (90 mg, 0.5 mmol), KSeCN (1.08 §,mol), and CKCN (10 mL)
with stirring. The mixture was cooled to -2& and a solution of aryldiazonium
tetrafluoroborate (5 mmol) in GE&N (10 mL) was dropwise added (within 10 min).
The reaction mixture was maintained at -25 °C fomiin, and then warmed to room
temperature for about 30 min. The resulting sluvas filtered through a short pad of
silica and washed with GAEN (3 x 10 mL). The collected solutions were
concentrated under reduced pressure. The residug puaified by column
chromatography on silica gel using a mixture of@eum ether and ethyl acetate as
eluents to give the desired product.

Note: all aryldiazonium tetrafluoroborates were pregafem the reactions of the
relevant aryl amines with an aqueous HBBIlution and NaN@or tert-butyl nitrite

according to the literaturg.

5-Selenocyanatobenzo[d][1,3]dioxolelgf. White solid (780 mg, 69% yield),
petroleum ether/ethyl acetate = 10:1 (v/v) as @ki@ar column chromatography. M.p.:
55-57°C. *H NMR (500 MHz, CDC}) 6 7.16 (dd,J = 8.0, 1.7 Hz, 1H), 7.15 (d,=
1.7 Hz, 1H), 6.83 (dJ = 8.0 Hz, 1H), 6.04 (s, 2H}*C NMR (126 MHz, CDGJ) &
149.9, 149.0, 128.8, 114.5, 111.9, 109.9, 102.2,810R (KBr): 3098, 3044, 3008,
2913, 2148, 1593, 1498, 1475, 1438, 1416, 14007,1B2450, 1236, 1164, 1106, 1032,

928, 875, 850, 816, 722, 669 TmHRMS-EI (m/z) calcd. for gHsNO,"*Se:
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220.9545, found: 220.9548.

1-Phenoxy-4-selenocyanatobenzengh)( White solid (718 mg, 52% yield),
petroleum ether/ethyl acetate = 20:1 (v/v) as @ki@ar column chromatography. M.p.:
60-62°C. *H NMR (500 MHz, CDC}) § 7.62 (d,J = 8.8 Hz, 2H), 7.40 (i = 7.9 Hz,
2H), 7.20 (t,J = 7.4 Hz, 1H), 7.05 (d] = 8.6 Hz, 2H), 7.00 (d] = 8.8 Hz, 2H)*°C
NMR (126 MHz, CDC}) ¢ 159.8, 155.7, 135.8, 130.1, 124.6, 119.9, 11918,71
101.8. IR (KBr): 3080, 3052, 2150, 1593, 1572, 148464, 1404, 1300, 1283, 1240,
1196, 1169, 1154, 1102, 1069, 1019, 1005, 918, 888, 816, 800, 757, 700 ch

HRMS-EI (m/z) calcd. for GHoNO™*Se: 268.9909, found: 268.9915.

N-(2,6-Dimethoxypyrimidin-4-yl)-4-selenocyanatobenegsulfonamide 1v). White
solid (898 mg, 45% yield), petroleum ether/ethyétate = 2:1 (v/v) as eluents for
column chromatography. M.p.: 173-196. *H NMR (500 MHz, DMSO-g) & 11.80
(brs, 1H), 7.98 (dJ = 7.9 Hz, 2H), 7.94 (d] = 8.2 Hz, 2H), 5.97 (s, 1H), 3.81 (s, 3H),
3.75 (s, 3H).*C NMR (126 MHz, DMSO-¢) § 172.2, 164.5, 160.2, 141.1, 133.6,
131.5, 128.8, 105.3, 85.3, 55.1, 54.4. IR (KBr)4323096, 2987, 2952, 2156, 1583,
1493, 1473, 1446, 1376, 1352, 1328, 1279, 12619,1P108, 1159, 1102, 1070, 1008,
985, 884, 825, 816, 740, 716, 659, 631 'cnHRMS-ESI (m/z) calcd. for

[C13H13N4O4SSGI (M + H]+)Z 400.9783, found: 400.9782.

Procedure*®*® An oven-dried round-bottom flask (50 mL) was cleargwith
(3-iodobutyl)benzene (0.52 g, 2.0 mmol), KSeCN (846, 2.4 mmol), and ethanol
(10 mL) with vigorous stirring. The mixture was cézd at 80C for 3 h, quenched by

aqueous saturated NaCl solution (20 mL), and etddawith ethyl acetate (3 x 20
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mL). The combined organic layers were dried ovehydmous NaSQO, and
concentrated under reduced pressure. The residgepwafied by flash column
chromatography on silica gel using petroleum eétlyl acetate = 20:1 (v/v) as
eluents to give (3-selenocyanatobutyl)benzetg 4s a light yellow liquid (404 mg,
85%)."H NMR (500 MHz, CDCY) § 7.32 (t,J = 7.5 Hz, 2H), 7.24 (d] = 7.3 Hz, 1H),
7.20 (d,J = 7.6 Hz, 2H), 3.45 (m, 1H), 2.79 (m, 2H), 2.15 @hl), 1.73 (d,) = 6.8 Hz,
3H). °C NMR (126 MHz, CDG) 6 140.1, 128.7, 128.5, 126.5, 101.1, 43.4, 39.6,
34.0, 23.5. IR (KBr): 3085, 3062, 3027, 2960, 292861, 2148, 1603, 1584, 1496,
1454, 1381, 1357, 1285, 1255, 1231, 1211, 11633,11091, 1060, 1031, 1003, 915,
816, 749, 700, 621 cth HRMS-EI (m/z) calcd. for GH:1aN"*Se: 233.0273, found:

233.0278.

4.2. General proceduresfor difluoromethylation of selenocyanates by TM SCF,H.
Procedure A: Under a N atmosphere, an oven-dried tube was charged vkt ai
aryl selenocyanatd (0.2 mmol), TMSCEH (0.4 mmol), and THF (1 mL) with
stirring. Then, a solution dfBuOK (0.4 mmol) in THF (1 mL) was added dropwise
at 0°C. The mixture was reacted af’O for 24 hours, quenched by® (2 drops),
and concentrated to dryness. The residue was guifify column chromatography on
silica gel using petroleum ether or a mixture ofrgeum ether and ethyl acetate as
eluents to give the difluoromethylated product.

Procedure B: Under a N atmosphere, an oven-dried tube was charged with ar
selenocyanaté (0.2 mmol), TMSCEH (0.4 mmol), and THF (1 mL) with stirring.
Then, a solution oft-BuOK (0.4 mmol) in THF (1 mL) was added at room
temperature. The mixture was reacted at room teayner for 6 hours, quenched by

H,O (2 drops), and concentrated to dryness. The uesidas purified by column
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chromatography on silica gel using petroleum etivea mixture of petroleum ether

and ethyl acetate as eluents to give the difluotbyt&ted product.

(Difluoromethyl)(4-methoxyphenyl)selangd). Light yellow oil (43.2 mg, 91% vyield
from procedure A; 41.2 mg, 87% yield fronprocedure B), petroleum ether/ethyl
acetate = 40:1 (v/v) as eluents for column chrograjehy.'H NMR (500 MHz,
CDCl) § 7.60 (d,J = 8.2 Hz, 2H), 7.10 () = 55.6 Hz, 1H), 6.89 (d} = 8.2 Hz, 2H),
3.83 (s, 3H)*F NMR (471 MHz, CDGCJ) § -91.1 (d,J = 55.6 Hz, 2F)**C NMR (126
MHz, CDCk) 6 160.9, 138.4, 117.1 (ff = 289.7 Hz), 115.2, 113.5 @,= 2.8 Hz),
55.3. IR (KBr): 3069, 3007, 2964, 2942, 2908, 284802, 1572, 1493, 1462, 1441,
1404, 1290, 1271, 1251, 1176, 1104, 1079, 10629,10305, 827, 811, 793, 712, 691,
670, 631, 602 cit. HRMS-EI (m/z) calcd. for §HsOR Se: 231.9768, found:

231.9769.

(Difluoromethyl)(4-tolyl)selane 2b). Light yellow oil (33.2 mg, 75% vyield from
procedure A; 27.9 mg, 63% yield fronprocedure B), petroleum ether as eluent for
column chromatographyH NMR (500 MHz, CDCJ) § 7.57 (d,J = 8.1 Hz, 2H), 7.18
(d, J = 7.9 Hz, 2H), 7.13 (tJ = 55.5 Hz, 1H), 2.38 (s, 3H}°F NMR (471 MHz,
CDCl) 6 -90.5 (d,J = 55.5 Hz, 2F)!*C NMR (126 MHz, CDGJ) § 139.8, 136.5,
130.3, 119.8 (t) = 2.7 Hz), 117.2 (t) = 289.0 Hz), 21.3. IR (KBr): 3025, 2965, 2924,
2868, 1491, 1448, 1397, 1292, 1271, 1211, 11838,10063, 1016, 805, 706, 690,

669 cm™*. HRMS-EI (m/z) calcd. for gHgF,"Se: 215.9819, found: 215.9817.

(Difluoromethyl)(2,4-dimethylphenyl)selan€d). Yellow oil (35.7 mg, 76% yield

from procedure A), petroleum ether as eluent for column chromatograpthyNMR
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(500 MHz, CDC}) & 7.57 (d,J = 7.8 Hz, 1H), 7.15 (s, 1H), 7.09 {t= 55.4 Hz, 1H),
6.98 (d,J = 7.8 Hz, 1H), 2.49 (s, 3H), 2.34 (s, 3H}F NMR (471 MHz, CDGJ) &
-90.0 (d,J = 55.4 Hz, 2F)=*C NMR (126 MHz, CDGJ) § 142.7, 140.3, 138.0, 131.5,
127.7,121.1 () = 2.7 Hz), 117.4 (t) = 289.1 Hz), 23.4, 21.1. IR (KBr): 3010, 2965,
2924, 2862, 1600, 1475, 1446, 1379, 1291, 12704,12867, 1031, 877, 812, 722,
709, 689, 669 cil. HRMS-EI (m/z) calcd. for §H:oF>'"Se: 229.9975, found:

229.9969.

(Difluoromethyl)(phenyl)selane 2d).° Yellow oil (22.5 mg, 54% vyield from
procedure A), petroleum ether as eluent for column chromagigyaH NMR (500
MHz, CDCh) & 7.68 (d,J = 7.5 Hz, 2H), 7.43 (t) = 7.5 Hz, 1H), 7.37 (t) = 7.5 Hz,
2H), 7.17 (tJ = 55.0 Hz, 1H)*F NMR (471 MHz, CDGJ) & -90.3 (d,J = 55.0 Hz,
2F).*C NMR (126 MHz, CDG)) 6 136.4, 129.5, 129.5, 123.5 §t= 2.6 Hz), 117.1 (t,

J=289.4 Hz).

(Difluoromethyl)(naphthalen-1-yl)selan@d). Light yellow oil (40.1 mg, 78% vyield
from procedure A; 40.3 mg, 78% vyield fronprocedure B), petroleum ether/ethyl
acetate = 40:1 (v/v) as eluents for column chrograjehy.'H NMR (500 MHz,
CDCls) & 8.49 (d,J = 8.4 Hz, 1H), 8.01 (ddl= 7.1, 0.7 Hz, 1H), 7.96 (d,= 8.2 Hz,
1H), 7.89 (d,J = 8.1 Hz, 1H), 7.63 (tm] = 7.5 Hz, 1H), 7.57 (tm] = 7.4 Hz, 1H),
7.46 (t,J = 7.6 Hz, 1H), 7.15 (t) = 55.3 Hz, 1H)*F NMR (471 MHz, CDG)) §
-89.5 (d,J = 55.3 Hz, 2F)*C NMR (126 MHz, CDGJ) § 137.2, 135.4, 134.2, 131.0,
128.7, 128.1, 127.4, 126.6, 125.9, 123.20@ 2.7 Hz), 117.4 () = 289.7 Hz). IR
(KBr): 3055, 2968, 2917, 2848, 1589, 1561, 150279131337, 1290, 1271, 1253,

1201, 1135, 1060, 958, 862, 797, 770, 736, 694, 638, 620 cit. HRMS-EI (m/z)
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calcd. for GiHgF, *Se: 251.9819, found: 251.9825.

[1,1'-Biphenyl]-4-yl(difluoromethyl)selane2(). Light yellow oil (48.9 mg, 86% yield
from procedure A; 36.1 mg, 64% vyield frormprocedure B), petroleum ether as eluent
for column chromatographjH NMR (500 MHz, CDCJ) & 7.76 (d,J = 8.2 Hz, 2H),
7.62-7.59 (m, 4H), 7.48 (§,= 7.4 Hz, 2H), 7.41 (t) = 7.3 Hz, 1H), 7.22 () = 55.3
Hz, 1H).'*F NMR (471 MHz, CDGJ) & -90.2 (d,J = 55.3 Hz, 2F)*C NMR (126
MHz, CDCk) 6 142.5, 140.0, 136.8, 129.0, 128.2, 128.0, 12722,31L(t,J = 2.8 Hz),
117.1 (t,J = 289.3 Hz). IR (KBr): 3061, 3024, 3009, 2967, 292252, 1589, 1553,
1476, 1446, 1392, 1318, 1289, 1107, 1080, 10605,10431, 1007, 968, 950, 920,
831, 765, 718, 700, 670, 645 CrHRMS-EI (m/z) calcd. for GH1oF,"Se: 277.9975,

found: 277.9984.

5-((Difluoromethyl)selanyl)benzo[d][1,3]dioxole2d). Colorless oil (47.2 mg, 94%
yield from procedure A; 46.2 mg, 92% vyield fromprocedure B), petroleum
ether/ethyl acetate = 40:1 (v/v) as eluents fourm chromatographyH NMR (500
MHz, CDCk) & 7.18 (dd,J = 8.0, 1.6 Hz, 1H), 7.14 (d,= 1.6 Hz, 1H), 7.11 (J =
55.5 Hz, 1H), 6.81 (d] = 8.0 Hz, 1H), 6.01 (s, 2H}°F NMR (471 MHz, CDG)) 5
-91.1 (d,J = 55.3 Hz, 2F).13C NMR (126 MHz, CDGJ) 6 149.2, 148.3, 131.2, 117.0
(t, J = 289.6 Hz), 116.8, 114.3 (1,= 2.9 Hz), 109.4, 101.6. IR (KBr): 3074, 3012,
2976, 2901, 2781, 1598, 1502, 1476, 1453, 1416),14886, 1291, 1271, 1255, 1236,
1161, 1109, 1065, 1038, 935, 878, 861, 808, 726, 693 cm'. HRMS-EI (m/z)

calcd. for GHgO.F,"*Se: 245.9561, found: 245.9568.

(Difluoromethyl)(4-phenoxyphenyl)selanh(. Colorless oil (54.6 mg, 91% yield
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from procedure A; 18.5 mg, 31% vyield frorprocedure B; 47.2 mg, 79% vyield from
reaction at ®C for 6 h), petroleum ether as eluent for columroofatographyH
NMR (500 MHz, CDC}) § 7.63 (d,J = 8.7 Hz, 2H), 7.39 (] = 8.0 Hz, 2H), 7.18 (8

= 7.5 Hz, 1H), 7.14 (t) = 55.4 Hz, 1H), 7.06 (ddl = 8.5, 1.0 Hz, 2H), 6.97 (d,=
8.7 Hz, 2H).®F NMR (471 MHz, CDGQ) 5 -90.8 (d,J = 55.4 Hz, 2F)*C NMR (126
MHz, CDCk) 6 159.2, 156.1, 138.5, 130.0, 124.2, 119.8, 11916,9(t,J = 289.8
Hz), 116.1 (tJ = 2.9 Hz). IR (KBr): 3065, 3040, 2966, 1591, 157885, 1456, 1401,
1331, 1275, 1241, 1198, 1168, 1077, 1063, 1011, 962, 869, 832, 795, 754, 711,
693, 669 cr. HRMS-EI (m/z) calcd. for GH:00R"*Se: 293.9924, found:

293.9919.

4-((Difluoromethyl)selanylN,N-dimethylaniline 2i). Light yellow oil (43.6 mg, 87%
yield from procedure A; 43.5 mg, 87% vyield fromprocedure B), petroleum
ether/ethyl acetate = 40:1 (v/v) as eluents fourwm chromatographyH NMR (500
MHz, CDCE) & 7.53 (d,J = 5.9 Hz, 2H), 7.06 (t] = 55.9 Hz, 1H), 6.67 (d} = 6.7 Hz,
2H), 3.00 (s, 6H)'F NMR (471 MHz, CDGJ) § -91.4 (d,J = 55.9 Hz, 2F)**C NMR
(126 MHz, CDC}) 6 151.2, 138.2, 117.4 (@,= 289.6 Hz). 112.9, 107.8 (= 2.8 Hz),
40.2. IR (KBr): 3087, 3030, 2891, 2858, 2813, 158851, 1506, 1482, 1444, 1361,
1316, 1289, 1268, 1226, 1195, 1170, 1126, 10842,198/, 946, 811, 711, 691, 667

cm L. HRMS-EI (m/z) calcd. for gH1:NF,"*Se: 245.0084, found: 245.0088.

1-Benzyl-5-((difluoromethyl)selanyl)indoline?j(). Yellow oil (62.8 mg, 93% yield
from procedure A; 1.148 g, 75% yield on a large scalg, (4.53 mmol))petroleum
ether/ethyl acetate = 40:1 (v/v) as eluents fouwm chromatographyH NMR (500

MHz, CDCE) § 7.39-7.35 (m, 6H), 7.31 (m, 1H), 7.08Jt= 55.8 Hz, 1H), 6.45 (d]
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= 8.6 Hz, 1H), 4.32 (s, 2H), 3.44 (,= 8.5 Hz, 2H), 3.03 (tJ = 8.5 Hz, 2H).*°F
NMR (471 MHz, CDCJ) § -91.3 (d,J = 55.8 Hz, 2F)**C NMR (126 MHz, CDGJ) &
153.7, 137.8, 137.1, 133.2, 131.4, 128.7, 127.8,412117.6 (tJ = 289.3 Hz), 108.8
(t, J=2.8 Hz), 107.1, 53.1, 52.7, 28.1. IR (KBr): 318085, 3062, 3029, 2958, 2923,
2844, 2705, 2582, 1596, 1495, 1471, 1454, 143%,1B856, 1315, 1269, 1202, 1178,
1155, 1107, 1065, 980, 943, 888, 804, 763, 734, 690 cm'. HRMS-ESI (m/z)

calcd. for [GeH1gNF>"*Se] ([M + H]"), 334.0470; found, 334.0472.

3-((Difluoromethyl)selanyl)-1-methylH-indole @k). Light yellow solid (46.9 mg,
90% vyield fromprocedure A; 40.1 mg, 77% yield fronprocedure B), petroleum
ether/ethyl acetate = 40:1 (v/v) as eluents foumwl chromatography. M.p.: 53-56.
'H NMR (500 MHz, CDCJ) § 7.77 (d,J = 7.9 Hz, 1H), 7.39 (d] = 8.2 Hz, 1H), 7.34
(td,J = 6.9, 1.1 Hz, 1H), 7.32 (s, 1H), 7.28 (i 7.8, 1.0 Hz, 1H), 6.98 (§,= 55.8
Hz, 1H), 3.84 (s, 3H)'°F NMR (471 MHz, CDGJ) & -90.8 (d,J = 55.8 Hz, 2F)**C
NMR (126 MHz, CDC}) 6 137.3, 136.4, 131.0, 122.7, 120.8, 120.2, 117.2 &
290.3 Hz), 109.7, 91.1 #,= 3.5 Hz), 33.1. IR (KBr): 3116, 3070, 3053, 292912,
2872, 2823, 1636, 1612, 1588, 1570, 1510, 14819,18&24, 1372, 1355, 1334, 1296,
1240, 1169, 1151, 1129, 1111, 1063, 1038, 102781962, 929, 821, 763, 739, 668
cmt. HRMS-ESI (m/z) calcd. for [GH1oNF'*Se] (IM + H]), 256.0001; found,

256.0001.

1-Benzyl-3-((difluoromethyl)selanyl)H-indole @I). White solid (61.8 mg, 92%
yield from procedure A; 63.1 mg, 94% vyield fromprocedure B), petroleum
ether/ethyl acetate = 40:1 (v/v) as eluents foumwl chromatography. M.p.: 51-5G.

'H NMR (500 MHz, CDCY) 5 7.81 (m, 1H), 7.40 (s, 1H), 7.37-7.33 (m, 4H),
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7.31-7.27 (m, 2H), 7.18 (d, = 6.7 Hz, 2H), 7.01 (t) = 55.7 Hz, 1H), 5.35 (s, 2H).
»F NMR (471 MHz, CDGJ) 5 -90.6 (d,J = 55.7 Hz, 2F)!°C NMR (126 MHz,
CDCly) 6 136.9, 136.5, 135.8, 131.3, 129.0, 128.1, 1222,9, 121.1, 120.4, 117.2 (t,
J = 290.3 Hz), 110.2, 92.1 (§,= 3.6 Hz), 50.5. IR (KBr): 3106, 3060, 3028, 2963,
1651, 1603, 1508, 1495, 1479, 1458, 1442 1387, 13389, 1314, 1285, 1255, 1199,
1165, 1054, 1039, 759, 741, 731, 698, 667, 632" .cHIRMS-ESI (m/z) calcd. for

[C1eH1NF>"*Se] (M + H]"), 332.0314; found, 332.0317.

4-((Difluoromethyl)selanyl)phenol2n). Light yellow oil (31.1 mg, 70% yield from
procedure A (note: t-BuOK (0.7 mmol) was used); petroleum ether/etlodtate =
5:1 (v/v) as eluents for column chromatograpity.NMR (500 MHz, CDC}) § 7.56
(d, J = 8.6 Hz, 2H), 7.09 () = 55.6 Hz, 1H), 6.83 (d] = 8.6 Hz, 2H), 5.16 (s, 1H).
% NMR (471 MHz, CDGCJ) 5 -91.1 (d,J = 55.4 Hz, 2F)!*C NMR (126 MHz,
CDCl) § 157.0, 138.7, 117.0 (3,= 289.0 Hz), 116.6, 113.7 (= 3.0 Hz). IR (KBr):
3398, 2931, 2855, 1622, 1596, 1584, 1510, 14930144633, 1336, 1268, 1190, 1172,
1150, 1077, 1062, 828, 758, 711, 686, 671, 606'.cHRMS-EI (m/z) calcd. for

C/HsOF,'*Se: 217.9611, found: 217.9607.

(Difluoromethyl)(4-nitrophenyl)selane2it). Yellow oil (31.9 mg, 62% yield from
procedure A; 13.2 mg, 26% yield fronprocedure B), petroleum ether/ethyl acetate
= 20:1 (v/v) as eluents for column chromatographiyNMR (500 MHz, CDC}) &
8.20 (d,J = 8.7 Hz, 2H), 7.82 (d] = 8.7 Hz, 2H), 7.27 (] = 54.6 Hz, 1H)*°F NMR
(471 MHz, CDCH4) 5 -89.8 (d,J = 54.6 Hz, 2F)**C NMR (126 MHz, CDCJ) 5 148.4,
136.0, 132.3 (t) = 2.7 Hz), 124.2, 116.1 (§ = 290.7 Hz). IR (KBr): 3055, 2974,

1589, 1561, 1502, 1379, 1337, 1290, 1271, 1253110064, 958, 797, 770, 736, 694,
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676, 652, 620 cit. HRMS-EI (m/z) calcd. for @HsNO,F,"“Se: 246.9513, found:

246.9506.

4-((Difluoromethyl)selanyl)benzonitrile2¢). Light yellow oil (29.6 mg, 64% vyield
from procedure A; 25.5 mg, 55% vyield fronprocedure B), petroleum ether/ethyl
acetate = 10:1 (v/v) as eluents for column chrograjehy.'H NMR (500 MHz,
CDCl) & 7.77 (d,J = 8.3 Hz, 2H), 7.64 (d] = 8.3 Hz, 2H), 7.24 () = 54.7 Hz, 1H).
% NMR (471 MHz, CDGJ) 5 -89.9 (d,J = 54.6 Hz, 2F)!°*C NMR (126 MHz,
CDCl) 6 136.0, 132.7, 130.0 #,= 2.7 Hz), 118.1, 116.2 (#,= 290.8 Hz), 113.2. IR
(KBr): 3088, 3035, 2922, 2849, 2232, 1586, 148198131390, 1322, 1303, 1283,
1051, 1030, 1016, 961, 830, 717, 678, 664 'cnHRMS-ESI (m/z) calcd. for

[CeHeNF, *Se] ([M + H]*), 227.9688; found, 227.9688.

Tert-butyl 4-((difluoromethyl)selanyl)benzoat2p). White solid (40.2 mg, 65% vyield
from procedure A), petroleum ether/ethyl acetate = 20:1 (v/v) asels for column
chromatography. M.p.: 30-3Z. *H NMR (500 MHz, CDC}) & 7.95 (d,J = 8.0 Hz,
2H), 7.69 (dJ = 8.0 Hz, 2H), 7.20 (t) = 55.0 Hz, 1H), 1.60 (s, 9H)°F NMR (471
MHz, CDCk) & -90.0 (d,J = 55.0 Hz, 2F)}*C NMR (126 MHz, CDGJ) 5 165.0,
135.4,132.8, 130.3, 128.8 JtF 2.7 Hz), 116.7 (t) = 289.3 Hz). 81.6, 28.2. IR (KBr):
2978, 2933, 1714, 1591, 1565, 1478, 1456, 13949 1B86, 1274, 1258, 1165, 1121,
1077, 1062, 1015, 881, 849, 761, 694, 685, 667,0630. HRMS-E| (m/z) calcd. for

C1oH140,F,"*Se: 302.0187, found: 302.0178.

(Difluoromethyl)(3-phenylpropyl)selane€d). Yellow oil (41.2 mg, 83% yield from
procedure A), petroleum ether as eluent for column chromagigyaH NMR (500

MHz, CDCk) § 7.32 (t,J = 7.4 Hz, 2H), 7.24-7.20 (m, 3H), 7.17Jt= 55.1 Hz, 1H),
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2.88 (t,J = 7.3 Hz, 2H), 2.76 (t) = 7.4 Hz, 2H), 2.12 (m, 2H}’F NMR (471 MHz,
CDCl) 6 -91.2 (d,J = 55.1 Hz, 2F)!*C NMR (126 MHz, CDGJ) § 140.9, 128.5,
128.5, 126.2, 115.5 (§,= 285.8 Hz), 35.7, 32.4, 22.2 {t= 2.6 Hz). IR (KBr): 3085,
3063, 3027, 2937, 2855, 1603, 1496, 1454, 14229,1P879, 1239, 1195, 1179, 1060,
1033, 909, 795, 745, 699 cHRMS-EI (m/z) calcd. for GH1.F. *Se: 244.0132,

found: 244.0135.

(Difluoromethyl)(octyl)selane 2f). Colorless oil (29.1 mg, 60% vyield from
procedure A), petroleum ether as eluent for column chromaiyyaH NMR (500
MHz, CDCk) & 7.17 (t,J = 55.2 Hz, 1H), 2.86 (1] = 7.5 Hz, 2H), 1.76 (m, 2H), 1.40
(m, 2H), 1.34-1.27 (m, 8H), 0.89 @t,= 6.8 Hz, 3H)X°F NMR (471 MHz, CDG)) 5
-91.5 (d,J = 55.2 Hz, 2F)*C NMR (126 MHz, CDGCJ) 5 115.5 (t,J = 286.2 Hz),
31.8, 30.8, 29.8, 29.1, 29.0, 22.9Jt 2.5 Hz), 22.6, 14.1; IR (KBr): 2957, 2927,
2855, 1465, 1378, 1297, 1279, 1235, 1060, 1041, 892 cm®. HRMS-EI (m/z)

calcd. for GHygF,'*Se: 238.0601, found: 238.0593.

(Difluoromethyl)(hexadecyl)selane2d). Colorless oil (62.8 mg, 88% vyield from
procedure A), petroleum ether as eluent for column chromaiyyaH NMR (500
MHz, CDCk) & 7.17 (t,J = 55.1 Hz, 1H), 2.86 (1] = 7.5 Hz, 2H), 1.76 (m, 2H), 1.39
(m, 2H), 1.32-1.26 (m, 24H), 0.89 (= 6.8 Hz, 3H)°F NMR (471 MHz, CDGJ) 5
-91.5 (d,J = 55.0 Hz, 2F)*C NMR (126 MHz, CDGCJ) 5 115.5 (t,J = 286.3 Hz),
32.0, 30.8, 29.8, 29.7, 29.7 (overlap), 29.7, 28976, 29.5, 29.4, 29.0, 22.9JtF 2.4
Hz), 22.7, 14.1. IR (KBr): 2924, 2853, 1465, 131897, 1278, 1058, 1042, 721, 691

cm L. HRMS-EI (m/z) calcd. for GHa4F> *Se: 350.1853, found: 350.1857.

(Difluoromethyl)(4-phenylbutan-2-yl)selan&t]. Yellow oil (48.3 mg, 92% yield
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from procedure A), petroleum ether as eluent for column chromatoiyaH NMR
(500 MHz, CDC}) & 7.31 (t,J = 8.2 Hz, 2H), 7.24-7.21 (m, 3H), 7.22Jt= 55.1 Hz,
1H), 3.43 (m, 1H), 2.79 (m, 2H), 2.04 (m, 2H), 1@2J = 7.0 Hz, 3H).®F NMR
(471 MHz, CDC}) § -90.5 (ddJ = 55.1, 13.5 Hz, 2F}>C NMR (126 MHz, CDGJ) &
141.2, 128.5, 128.4, 126.1, 116.0& 286.2 Hz), 39.8, 36.5 (§ = 1.7 Hz), 33.8,
23.5. IR (KBr): 3085, 3063, 3027, 2958, 2925, 286803, 1496, 1454, 1380, 1296,
1280, 1230, 1211, 1166, 1059, 1034, 747, 698, &80. HRMS-EI (m/z) calcd. for

CpiH14F"*Se: 258.0288, found: 258.0293.

4-((Difluoromethyl)selanylN-(2,6-dimethoxypyrimidin-4-yl)benzenesulfonamide
(2v). White solid (21.2 mg, 25% vyield froprocedure A (note: t-BuOK (0.6 mmol)
was used)),petroleum ether/ethyl acetate = 2:1 (v/v) as ehliefdr column
chromatography. M.p.: 140-14Z. 'H NMR (500 MHz, CDC}) § 8.14 (brs, 1H),
7.92 (d,J = 7.6 Hz, 2H), 7.78 (d] = 7.7 Hz, 2H), 7.23 (t) = 54.7 Hz, 1H), 6.24 (s,
1H), 3.93 (s, 3H), 3.89 (s, 3HYF NMR (471 MHz, CDG)) & -89.7 (d,J = 54.9 Hz,
2F). °C NMR (126 MHz, CDGJ) § 172.8, 164.5, 158.4, 140.2, 135.9, 130.9 &,
3.0 Hz), 128.1, 116.3 (§,= 290.3 Hz), 85.9, 54.9, 54.3. IR (KBr): 3216, 308996,
2954, 2897, 2864, 1600, 1585, 1476, 1458, 14404 18861, 1326, 1287, 1208, 1181,
1153, 1108, 1088, 1075 1062, 1042, 1011, 998, 888, 825, 786, 743, 667, 624
cm . HRMS-ESI (m/z) calcd. for [GH14F2N30,S"*Se] ([M + H]*): 419.9892, found:

419.9898.
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