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ABSTRACT: An interrupted Pummerer/palladium-catalyzed
oro-alkylation strategy was developed for alkehyl Goroal- rt__H
kylthiolation. Palladium-catalyzed ring-openimigalkylation via I
aliphatic C S bond cleavage of the vinylsulfonium satismly R* R
a orded uoroalkylthiolated alkengerivatives from readily B Flsoroalkylation via G-
available alkene substrates and CsF. The protocol features broad cleavage
substrate scopes and good functional group tolerance under an am Under air atmosphere
atmosphere. The practicability of the synthetic method was

demonstrated by transforming the multisubstituted alkene products to uliveedkeylthiolatetll-heterocycles.

P
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5 T,0, CHyCly I 39 OTf  14-dioxane 2R3

n=1,2 R® R 100 °C, air

B Using simple fluorinating reagent

B Diverse transformations

Fluorine has been known to exist in many importantvinylsulfonium salts have been paid much less attention due

chemicals. By incorporating auorine atom or a  to the multiple reactivities of alkenyl moieties compared with
uoroalkyl group at a spexiposition in the candidate iheir aryl analogs.

molecules, s posable.irme-tune the pharmgcologlcal and During the ongoing investigation of polar alkenes, we
pharmacokinetic properties of the drug candidates. Among tge . d in th . d lecti
documented uoroalkyl groups,uoroalkylthio groups have ecame interested in the regio- and stereoselective con-
been paid considerable attention due to their tunabl& . .
lipophilicity, binding anity, metabolic stability, and speci >cheme 1. Fluoroalkylation Strategies
electronic propertiéBiologically activaioroalkylthio motifs

can be used as the key structural units for the construction of
pharmaceutical agents such as M2 muscarinic receptor
agonist, 5-HT2c receptdt,and the inhibitor of cartilage
matrix degradationin the early days, harshiorinating
reagents were used to prepareroalkylated compourits.
Because these reagents are potentially explosive, highly
moisture-sensitive, and toxic, continuowstse have been (0) Ths work: Flucroallyliniolaton via vinyiufonium sals

(a) Fluorination via arylsulfonium salts'®
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made to develop simple and greeorination methodsA
few uorination methods have been reported for directly
functionalizing aliphatic €& bonds’ In this regard, benzylic AN

uorinated under relatively mild conditions. Decarboxylative
uorination has also been applied to construct &) Cisp

bond under radical or transition-metal catalysis conditions. I
Recently, the difunctionalization of alkenesubyinating
reagents has been paid much attention to aceeEssalky-
lated compounds.The ring-openinguorination of carbo-
cycles has opened another route for the same pdrpdse.

O NHPh

yel

@ R! ")Q)n

.

T,
Tf,0, CH,Cl, | &
R?""R®

n=1,2

NFSI (2.2 equiv.
@2equv)

SMe CH4CN, rt
H Ar = 4-CICgH,

C H? and those positionedto a carbonyl grotpcan be 1Aa

1Ba, 73%

5 mol % Pd(OAc), ;
CsF (2 equiv) RIS\/\MHAF

oTf dioxane, 100 °C, air 2 3

n=1,2 RT R

fluoroalkylthiolated derivatization

N-heterocycles

Arylsulfonium salts have recently been employed as us€iai .
coupling partners not only in light of their accessibility fronféceived

- June 30, 2021

simple arenes but also due to their versatility for manfyuPlished:July 20, 2021

carbon carbon and carboheteroatom bond formation
reactions’'® Notably, aryl thianthrenium and dibenzothio-
phene sulfonium salts have been successfully used for the site-
selective uorination of arenesS¢heme d);*° however,
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struction of multifunctionalized alkenes. In an attempt t@scheme 2. Scope of Sulfonium Salts of Ketene Dithioacetals
conduct the vinylic CH uorination of -alkenoyl ketene (1)®
N,Sacetal Aawith N- uorobenzenesulfonimide (NFSiyve o o o
found that the vinylic CH bond could be formally R1§Q)n smoi% PaoAd, I s~ Ph)lj:F
di uorinated to formiBa (73%) (Scheme H). The use of I =L e py— JI ' '
L S” TSR =12 R28” “sR? $7s
-aroyl analogs ofAa led to similar results (see the n=h [
Supporting Information (Slfor details), but its di- 1 2
(methylthio)-substitutedSS-acetal analog did not react R
under the same conditions. Thus we envisioned that vinyl NS
C H uorination might be realized via vinylsulfonium salts it < L
a fashion similar to that of arylsulfonium Salteexpectedly, T

the reaction of a vinylsulfonium salt with CsF under palladiul i:((i:?)&f?u/;sn/
=2-Me), o

|
2a', ND

catalysis did not form the desired vinyli¢ ®ond through 2 (R = 3-Me), 72% o o
1 i -1 i 2d (R = 4-Me), 75% S
the cleavage of the vinylic Ebond; instead, it underwent a T S0 Ph)ﬁs\/\ﬁF
uoroalkylation process by cleavage of an aliph&ibdnd. 26 (R = 4-F), 83% X e s R R
It has been known th&talkyl tetrahydroH:thiophen-1-ium 29 (R =4C), 82% bl
It d | d : : ti 2h (R = 4-Br), 87% 2m (X=0), 87% 20 (RR = ELE), 75%
salts and analogs can undergo ring-opening reactions W zi=2cr). 8% 2006 S), 84% 28 (RR = CHhCHy, 70%
nucleophiles such as thiolates, azide, halogens, amines, ar 3 ¢2%%2 %0
on??Herein we disclose an interrupted Pummerer/palladiurr o o 0
catalyzed uoroalkylation strategy for vinylic L uoro- (j)k/[sMF RJK/KS\MF ©)‘E[SNF
alkylthiolation via vinylsulfonium safisieme H). A I s
Initially, the reaction of 1-(1,1-bis(methylthio)-3-oxo-3- / /
phenyl-prop-1-en-2-yl)tetrahydrb-thiophen-1-ium truor- 2 (gf;’g’]';—‘);’;% 2v (R = 3-naphthyl), 72% 2¢,45%
. . =2-Cl), 57% 2w (R = Me), 68%
omethanesulfonatéd with CsF was conducted to optimize 2s (R = 4-F), 34%

2t (R = 4-Cl), 67%

the reaction conditions for the formation of 2-({dro- 20 R e 480, 64%

butyl)thio)-3,3-bis(methylit)-1-phenylprop-2-en-1-one -

(29). Vinylsulfonium saltawas conveniently prepared from “Conditions:1 (0.30 mmol), CsF (0.60 mmol), Pd(OAp.015

the readily available alkene by the interrupted Pummer8FM0l), dioxane (2 mL), air, 10€, 12 h. Yields refer to isolated

reactiont® 2° (See theS! for details.) The reaction conditions Products.

were optimized tdldCsF 1:2 (molar ratio), 5 mol %

Pd(OAc) as the catalyst, 1,4-dioxane as the solverfiC 100

12 h under an air atmosphere, giving the desired [2adiuct  reduced the yield @6to 34%. Cycloalkyldithio-substituted

85% isolated yield. The use of pyritiReand NFSI soluble  (2-aphthoyl) (V) and -acetyl {w) vinylsulfonium salts also

in organic solvents could not resulanThe phase-transfer smoothly underwent the reaction with CsF, leadigaod

catalysts TEBAC (triethyl benzyl ammonium chloride) and 18w (68 72%). However, the six-membered cycloalkyldithio-

crowrb remarkably diminished the reactioniency in the  substituted -benzoyl vinylsulfonium sdlk enabled the

absence of the palladium catalyst, suggesting that the reactisnnation of onl2xin 45% yield, exhibiting a lower reactivity

does not merely proceed viauaride-promoted nucleophilic  than its ve-membered cycloalkyldithio-substituted ahalog

ring-opening pathway and the palladium catalysis plays dt should be noted that the molecular structure of compound

crucial role Table S} It is noteworthy that alkenylioride 2l was conrmed by the X-ray single-crystal crystallographic

2a was not detected in the reaction mixturé’ByNMR determination. (See tl& for details.)

analysis. The substituent and sizeeets from the cycloalkyl-
Under the optimal conditions, the scope of vinylsulfoniungulfonium ring irl were then explore&¢heme & c). The

saltsl generated from di(alkylthio)-substituted alkenes, that iseaction of the vinylsulfonium salts derived from 2-methylte-

ketene dithioacetals, was explofth€me )2 They could  trahydro-H-thiophene, that is, vinylsulfonium saltsnd1z,

exhibit diverse reactivity to form theroalkylation products with CsF gave a mixture of two inseparaieoalkylation

of type2 in good to excellent yields. An obvious stegicte  products2y/ 2y (51%, 10:3) and2z/2z (39%, 2:1) via

was observed farrthemethyl-substituted-benzoyl vinyl-  di erent aliphatic CS bond cleavages of the cycloalkylsulfo-

sulfonium saltslp 1d), and their reaction with CsFaaded nium ring, which reveals that the sterically hindere®) C¥sp

products2b 2d (56 75%). Somehow, the(4-methoxy)- bond is much easier to cleave. The vinylsulfonium salt of

benzoy-substituted substrate did not react to form the desirédetane1z1 was decomposed quickly under the standard

product?e Halogens (F, CI, and Br) and as@Foup on the  conditions. To our delight, the vinylsulfonium salts of
-benzoyl moiety did not show an obvious substituect e  tetrahydro-B-thiopyran 1z2 1z4 e ciently reacted with

and the reaction formed produits2k in 81 87% yields.- CsF to produce the target produ2ix2 2z4 (57 78%)

(2-Naphthoyl) and -heteroaroyl (2-furoyl or 2-thienoyl)- bearing a & uoroalkylthio functionality, whereas products

substituted vinylsulfonium salts also reacted well to produ@a 2z contain a & uoroalkylthio chain. Unfortunately,

21 2n in 82 87% vyields. Di(ethylthio)-substituted vinyl- further extension of thaioroalkylthio chain failed because

sulfonium salt10) reacted with CsF less @ently than its  the vinylsulfonium salts corresponding to large aliphatic cyclic

di(methylthio) analogjg yieldingroin 75% yield. In a similar  sulfoxides #,,S O (n  6) could not be successfully

fashion, cyclic ve-membered alkyldithio-substituted vinyl-prepared by the known methods. It is noteworthy that

sulfonium saltslp 1r, 1t, and 1u reacted to give the dibenzothiophene sulfonium salts of ketene dithioatetals

corresponding produ@p 2r, 2t, and2u (57 70%), whereas were not successfully prepared either due to the increased

the 4-F substituent on thebenzoyl moiety dfs obviously steric interaction in the interrupted Pummerer reaction.
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Scheme 3. Diversity of the Fluoroalkylation bonds in3b/3c, no uoroalkylation occurred through the
@ o cleavage of these long-chain akyonds, and the P8
©)‘IS\AXF bond is much easier to cleave than the Svieond in3d
0 b  sandard condon _ rs ‘ without the occurrence afioroarylation. In the case of using
©)\/‘[S%Tf * GsF other counteranions such ag Bfe chemoselectivities were
Rs” sk ©)‘I S not obviously acted, but the yields & 4c and1A were
e 0 w2 slightly decreased. ' .
o 29129 51% (10:3) Next, the protocol generality was explored by performing the
o 22022, 39% (2:1) reaction of styryl sulfonium s&ltwith CsF Scheme )} In
(o} o
diﬂ L st ot QJES\/\/F Scheme 4. Scope of Styryl Sulfonium Salt§ (5)
S S SIS
I [ @Q)n 5 mol % Pd(OAC), S
1z1 2z1,ND Al o+ CF —————— Al

1,4-dioxane
5 n=1,2 6

o]
standard condition
1 S~ Ff
+ CsF — = R ‘ s
)OTf SN
R2s” “SR? \ | |
R'=Ph, R? = Me (122) 222, 78%
R' = 4-MeCgH,, R? = Me (123) 223,57%

R' = Ph, R%R? = CH,CH, (124) 224, 64%

(d)
O  Me o o

£ é standard M H s Sei~
Ph)j\/‘[ Me csF conditions ph)i e . ph)i v CHyF A Br ‘ NN E ‘ F
a R Me
s s oTf MeSMe s s s s f N i \_R
| | I | | | Me L P>
3a 4a, 91% 1A, 6% 6f (R = 4-Me), 60%

© 6d, 64% 6e, 72% (9:5)° 6g (R = 4-Cl), 66%
° 6h (R = 3-CF3), 53% (61%)°

@.’Yle standard
S-r __conditions _ SMe SR
Ph I e + s Ph__S s F
"OTf CH F ROTf NN N~ N N
$7s \ | |
M X
) s o
3b (R =nCyoHa) 4a, 16% 4b, 34% 1A, 31% Z

3¢ (R = nC1Has) 4a, 18% 4c, 28% 1A, 35% 6 ND 6] (R = H), 24% (47%)P
o ’ 6k (R = 4-Cl), 37% (45%)°

g
.
=
@
g
-

6a, 12% (35%)° 6b, 79% 6¢c, 61% (1:1)°

61, 55%

F’hjleh  condtons _ )tsm.e Ph)otH 2Conditions:5 (0.30 mmol), CsF (0. 60 mmol), Pd(OA¢D.015

I eom * PhOTS | mmol), dioxane (2 mL), air, 160G, 12 hPPd(OAc), (0.03 mmol),

o “PnShe T 24 h.9somer ratio was determlnedllflyNMR analysis. Yields refer
3d 4a, 41% 1A, 52% to isolated products.

The reactivity of open-chain vinylsulfonium salts oBtype contrast with the multisubstituted vinylsulfonium salts of type
was comparatively investigatecheme @& f). Treatment of 1, the sulfonium salt of styrene, thaBgs1{styryl-tetrahydro-
vinylsulfonium salBa derived from -benzoyl ketene 1H-thiophen-1-ium truoromethanesulfonatéd, reacted
di(methylthio)acetal 1A) and dimethylsulfoxide (DMSO) with CsF less eciently, giving the target prod6etin 12%
with CsF under the standard conditions gave methylthiolatgdeld. The yield was enhanced to 35% by increasing the catalyst
alkenetain 91% isolated yield with methybride formed as  loading to 10 mol % and extending the reaction time to 24 h.
the major byproduct. The parent alkéAavas generated in  1,1-Diaryl-substituted vinylsulfonium $#its5h underwent
6% yield from the decomposition of the starting vinylsulfoniurthe reaction smoothly, eiently yielding producb 6h
salt, which might be promoted by moisture in air or by wate61l 79%). In the cases of vinylsulfonium &altand 5e
present in the sulfonium salt during its preparation. In the caderived from 4-Me- and 3,4-Mabstituted 1,1-diaryl alkenes,
of the vinylsulfonium salt of methyl decyl thioe®igr {wo isomeric productsc (61%, E/Z = 1:1) ande (72%, E/Z =
kinds of C(sp S bond cleavages occurred to #aufi6%) 9:5) were obtained, respectively. The use of 2-bromo-
and 4b (34%) by cleavage of the de&land methylS substituted 1,1-diaryl vinylsulfonium sBJt(%d) led to
bonds, respectively, as welllas(31%). Notably, decyl (E)-6d (64%), showing only one cguration. It is note-

uoride was not detected in the reaction mixtut&ByMR worthy that the sulfonium salt of 2-methylstyrghelid not
analysis, but MeF and methyl decyl thioether (RSMe) in bothndergo the same type ofioroalkylation reaction. The
the gas and liquid phases were detected by GC-MS analysidfonium salts of 1,2-stilbenes also reacted well with CsF,
(See thesl for details.) Decyl trate was presumably formed resulting in6j and 6k (45 47%), exhibiting an obvious
during the reaction because the corresponding molecular inagative steric impact on the reactiotiency. The reactivity
peak of decanal generated from theat&ibyproduct was di erence is rationalized as follows. Styrylsulfonilawak
detected by GC-MS analysis. CompdBmdbehaved in a  readily decomposed under the standard conditions, which led
fashion similar to that 8b. Interestingly, the vinylsulfonium to 6ain a low yield. An additional aryl at the one-position gives
salt of methyl phenyl thioeth8d) predominantly underwent extra stabilization to 1,1-diarylvinylsulfonium5al&h due
the decomposition reaction to fot# (52%) andda (41%) to the conjugation ect, which reacted with CsF to the
with the release of PhSMe and PhOTf without pheasitle target products in decent yields. However, a negative steric
formed in the reaction mixture. These results have suggesiagbact exists in the sulfonium salts of 1,2-stilldgrsewibk),
that the Me S bond is easier to cleave than decyl/dodgcyl deteriorating the reaction @ency. Interestingly, the 1,1-
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diphenyl vinylsulfonium sall) of tetrahydro-&-thiopyran ASSOCIATED CONTENT
underwent ring-openingioroalkylation to @rd the desired  * Supporting Information
product6l (55%) bearing a £ uoroalkylthio chain. i L .

The gram-scale preparation of comp@anwehs performed The Supporting Information is available free of charge at
on a 5 mmol scale bato give2ain 79% yield (1.3 g). In the https://pubs.acs.org/doi/10.1021/acs.orglett.1c02172

presence of the,BO; base, the condensation 2af with Experimental materials and procedures, NMR of
guanidine nitrate formed 5-((derobutyl)thio)-4-(methyl- compounds, and X-ray crystallographic analysis for
thio)-6-phe-nylpyrimidin-2-amin@) (n 75% yield $cheme compound4dBg 2I, and7 9 (PDP

5a). The treatment &fawith an excess of hydrazine hydrate .

Accession Codes
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