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ABSTRACT: A shelf-stable and easily convertible reagent for

the preparation of diversified fluoroalkylthiolated compounds,

[[(ethoxycarbonyl)difluoromethyl]thio Jphthalimide, was devel- @QN SCF,COzEt —=R—S8CF,COEt == R—SCF,FG
oped. [[(Ethoxycarbonyl)difluoromethyl]thio]phthalimide is an % e

efficient electrophilic fluoroallylthiolating reagent that reacted
with electron-rich heteroarenes/arenes, f-ketoesters, oxindoles,  FG: -CO,H, -CH,0OH, -C(O)R, -C(O)NHR, -Cl, -Ar, -CH,Ns, —%—R
benzofuranones, and thiols. More importantly, the ethoxycar-

bonyl group of the resulting fluoroalkylthiolated compounds could be easily converted into various other functional groups such

as chloride, alkynyl, hydrocarbonyl, carbomoyl, hydromethyl, or heteroaryl groups.

Recently, there has been widespread and rapidly increasing
interest in two fluoroalkyl groups, trlﬂuoromethylthlo SCFZSOzPh /C[ “SCF,P(O)(OEt), N—SCF,CO,Et
(—SCF;) and difluoromethylthio (—SCF,H)," mainly owmg to

their unique properties including the high lipophilicity” and

1c (thls work)
strong electron-withdrawing induction effect, as well as

promising applications in the improvement of the pharmaco- Figure 1. Electrophilic fluoroalkylthiolating reagents.

kinetics of lead compounds for new drug discovery. As a result,

in the past several years, a number of shelf stable, highly efficiently transformed into various other functional groups
reactive electr06ph111c trifluoromethylthiolating™* or difluorome- after the functionalized fluoroalkylthiolating moiety is delivered
thylthiolating™® reagents that allow the efficient incorporation to the target molecule, a promising and practical strategy to
of both groups under mild conditions have been successfully access diversified fluoroalkylthiolated derivatives for SAR
developed. From the viewpoint of medicinal chemists, these studies could be developed. Herein, we report the design and
reagents offer powerful and operationally simple tools to preparation of [[(ethoxycarbonyl)difluoromethyl]thio]-
facilitate the preparation of structural analogues of the target phthalimide (1c), which is an efficient electrophilic fluoroal-
molecule for structure—activity relationship studies (SAR). kylthiolating reagent, as demonstrated by its reactions with
However, the SAR studies could be more effective if electron-rich heteroarenes/arenes, f-ketoesters/oxindoles/ben-
compounds with other valuable fluoroalkylthiolated groups zofuranones, and thiols. More importantly, the ethoxycarbonyl
—SCF,FG (FG = functional group) could be conveniently group of the resulting fluoroalkylated compounds was
available since subtle changes in the structure of the lead successfully further converted into various other functional
compound often allow for fine-tuning of the desired groups such as chloride, alkynyl, hydrocarbonyl, carbomoyl,
pharmacokinetic properties and thus considerably streamline hydromethyl, or heteroaryl.

the search for the drug molecule. In this respect, two [[(Ethoxycarbonyl)difluoromethyl]thio]phthalimide (1c)

electrophilic fluoroalkylthiolating reagents PhNHSCF,SO,Ph can be readily synthesized by treatment of easily available N-
(1a)” and MesNHSCF,PO(OEt), (Mes = mesityl) (1b)* have (chlorosulfenyl) phthalimide” with in situ generatgd
emerged very recently, which provided straightforward access AgCF,CO,Et at —40 °C for 2 h. The reaction can be easily
to compounds with —SCF,SO,Ph or —SCF,PO(OEt), scaled up to 30 mmol, and compound 1c was obtained in 67%
moieties (Figure 1). However, while serving as a proof-of- yield (Figl.lre 2, route 1). A.Iternately, compour}d lc can be
concept, these reagents were inherently limited in a lack of prepared in two steps starting from commercially available
diversity of the functional groups that could be installed reagents benzenemethanethiol, ethyl bromodifluoroacetate, and

because both the sulfonyl and phosphonate groups cannot be potassium phthalimide. Following a literature reported
easily converted to other functional groups. procedure, ethyl 2-(benzylthio)-2,2-difluoroacetate was ob-
To avoid this limitation, we questioned that if an
electrophilic fluoroalkylthiolating reagent with a readily Received: January 3, 2017
convertible group can be invented and if such a group can be Published: February 15, 2017
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Figure 2. Methods for the preparation of [[(ethoxycarbonyl)-
difluoromethyl]thio]phthalimide (1c).

tained in 38% vyield by reaction of sodium benzenemethane-
thiolate with ethyl bromodifluoroacetate in DMSO."” Upon
treatment with a saturated solution of chlorine in CHCl; at 0
°C for 1.0 h, ethyl 2-(benzylthio)-2,2-difluoroacetate was
quantitatively converted into [(ethoxycarbonyl)difluorometh-
yl]sulfenyl chloride. Without isolation, the in situ formed
[ (ethoxycarbonyl)difluoromethyl Jsulfenyl chloride was allowed
to react with potassium phthalimide at room temperature for
12 h to generate the desired compound 1c in 82% yield (Figure
2, route 2). Even though the yield of the first step of the
preparation was slightly low, the chemicals involved in this
synthetic route are cheap, thus allowing for scale up. As a
matter of fact, 24.6 g of compound 1c can be produced when
the reaction was conducted on a 100 mmol scale. Compound
Ic was fully characterized by 'H, “C, and ""F NMR
spectroscopies, and the structure of compound 1lc was
unambiguously confirmed by X-ray analysis of its single crystals
(see the Supporting Information for details). Compound 1c, a
white solid with a melting point 88—89 °C, is not air, moisture,
or light sensitive. No detectable decomposition was observed
after more than one month of shelf storage at ambient
temperature.

With this new reagent in hand, we first examined its
electrophilicity by reactions of reagent 1c¢ with indole under the
conditions for Friedel—Crafts-type trifluoromethylthiolation/
difluoromethylthiolation of electron-rich arenes. It was found
that reactions of indole with reagent 1c in the presence of 1.5
equiv of Lewis acids*® such as Me;SiCl or BF;-Et,O occurred in
less than 11% yields after 8 h at 80 °C. Likewise, reactions in
the presence of Bronsted acids'' such as triflic acid, p-
toluenesulfonic acid, or camphorsulfonic acid occurred in low
yields as well. Interestingly, the reactions underwent effective
Friedel—Crafts-type fluoroalkylthiolation when Lewis acids
such as LiBr, nBu,NBr, or MgBr, were used as activators."”
Further optimization of the conditions showed that reaction in
the presence of 1.5 equiv of MgBr, in 1,2-dichloroethane or
THE occurred to full conversion after 1.0 h at 80 °C to give the
desired 3-[[(ethoxycarbonyl)difluoromethyl]thioJindole in
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84% and 83% yield, respectively (see Table Sl in the
Supporting Information for details). Elongating the reaction
time resulted in lower yields of the products due to slow
decomposition of the products in the reaction mixture.
Although details of the role of MgBr, are not yet clear, we
postulate that MgBr, may activate as Lewis acid to interact with
both carbonyl groups of the phthalimide moiety and the
[(ethoxycarbonyl)difluoromethyl]thio moiety. The Lewis
acid—Lewis base interaction may enhance the electrophilicity
of the [(ethoxycarbonyl)difluoromethyl]thio moiety, thus
promoting the Friedel—Crafts-type fluoroalkylthiolation.

In general, reactions of a variety of indoles with electron-
donating or -withdrawing groups occurred in good to excellent
yields under the optimized conditions (Scheme 1, 2a—f).

Scheme 1. MgBr,-Mediated Fluoroalkylthiolation of
Heteroarenes or Arenes with Reagent 1c”

MgBr, SCF,CO,Et
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“Reaction conditions: arene (0.3 mmol), reagent lc (0.36 mmol),
MgBr, (045 mmol) in 2.0 mL of 1,2-dichloroethane at 80 °C for 1 h;
isolated yields. “THF was used as the solvent. “Reaction conducted
with arene (0.5 mmol), reagent lc (0.6 mmol), and MgBr, (0.7S
mmol) in 3.0 mL of 1,2-dichloroethane at 80 °C for 1 h; isolated
yields. THF = tetrahydrofuran.

Reactions of 2-substituted indoles also underwent efficient
[ (ethoxycarbonyl)difluoromethyl]thiolation (Scheme 1, 2g—i).
Likewise, indole with a substituent at 3-position also reacted to
give the corresponding products in high yield (Scheme 1, 2j).
Not only indoles but also other electron-rich heteroarenes such
as pyrroles or thiophenes underwent efficient [(ethoxycarbon-
yl)difluoromethyl]thiolation in high yields under mild con-
ditions (Scheme 1, 2k—m). Furthermore, electron-rich arenes
such as 1,3,5-trimethoxybenzene or resorcinol reacted with
reagent lc under slightly modified conditions to give the
corresponding [(ethoxycarbonyl)difluoromethyl]thiolated are-
nes in high yields (Scheme 1, 2n,0). Importantly, functional
groups such as fluoride, chloride, bromide, ester, carboxylic
acid, or nitro were compatible with the reaction conditions
(Scheme 1, 2b—e,g—h,j,1). Moreover, the gram-scale reactions
were also effective (Scheme 1, 2d,n).
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To expand the scope of the reactions of the electrophilic
reagent lc, we studied its reaction with thiols. It was discovered
that reactions of thiols with reagent lc in toluene occurred
smoothly after 12 h at 80 °C to give the unsymmetric
fluoroalkylated disulfides in high yields when MgBr, was used
as activator. Not only aryl thiols but also alkyl thiols reacted
effectively to provide the corresponding fluoroalylated disul-
fides in good to excellent yields (Scheme 2, 3a—f).

Scheme 2. MgBr,-Mediated Fluoroalkylthiolation of Thiols
with Reagent 1c¢*”

o)

MgBr; (1.0 equiv)
R-SH + N-SCF,CO,Et —————— > RS—SCF,CO,Et
toluene
1c 3a-f
O

80°C,12h

/©/sscr=2c025t /©/SSCFZCOZEQ /©/SSCF2COZEt
Bu MeO Br
85%, 3a 91%, 3b 74%, 3¢
/@ASSCFZCOZE, gSSCFZCOZEt SSCF,CO,Et
cl
81%, 3d 85%, 3e 75%, 3f

“Reaction conditions: thiol or thiophenol (0.5 mmol), reagent 1c (0.6
mmol), MgBr, (0.5 mmol) in 3.0 mL of toluene at 80 °C for 12 h.
bIsolated yields.

To further extend the synthetic utility of reagent lc, we
studied its reaction with other nucleophiles such as p-
ketoesters, oxindoles, and benzofuranones. A brief screening
of the bases and solvents revealed that the use of a combination
of K,COj; as the base and CH,Cl, as the solvent was suitable
for this system. The method was successfully applied to the
[ (ethoxycarbonyl)difluoromethyl]thiolation of f-ketoesters,
oxindoles, and benzofuranones to furnish the corresponding
[ (ethoxycarbonyl)difluoromethyl]thiolated compounds in good
yields (4a—1), as summarized in Scheme 3. For example,
reactions of f-ketoesters derived from S-chloro or $-

Scheme 3. Scope for the Reaction of f-Ketoesters,
Oxindoles, and Benzofuranones with Reagent 1c™”
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“Reaction conditions: nucleophile (0.5 mmol), reagent 1c (0.6 mmol),
K,CO; (0.75 mmol) in 3.0 mL of dichloromethane at room
temperature for 12 h; “Isolated yields “Twenty-four h.

bromoindanones with [ethoxycarbonyl(difluoromethyl)]-
thiolated products in 94% and 82% yield, respectively (Scheme
3, 4ab). Likewise, reaction of 3-(4-cyanophenyl)-2-benzofur-
anone with reagent lc occurred smoothly to give the desired
product in 91% yield (Scheme 3, 4j). Notably, the resulting
products from these reactions bear a quaternary carbon center,
which would be otherwise difficult to access.

The high electrophilicity and general reactivity of reagent 1c
render the [(ethoxycarbonyl)difluoromethyl]thiolation devel-
oped herein a general platform to explore the functional group
versatility. As outlined in Figure 3, hydrolysis of the ester group

o)
PhNH
ArSCE,CNHPh = o;2< ArSCF,C(0)Bu
U
11 THF, it 1n |ArSCFaCOEt 12
75% 2n
Ar=2,46-tri
ArSCF,CO,H <9 ArSCF,CH,OH
5 THF/H,0 THF 5
t1h 0°C, 10 min
>09% 72% TsCl
EtsN
DMAP | 87%
BI TIPs rt. 12 h
AgNO3 ’
K250, ArSCF,———TIP
DMSOH,0 rSCF,—=—TIPs ArSCF,CH,0Ts
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NaNj
ArNC TBAI
AgNO; DMF | 48%
(NH4)2820¢ ~ 120 °C
| NaHCO; O 24h
~ omso N7 “CF,SAr
50°C. 12 h ArSCF,CH,N;
7.67% 10

Figure 3. Functional group transformation of the [(ethoxycarbonyl)-
difluoromethyl]thio group in compound 2n.

of compound 2n under alkaline conditions generated
compound S, which can be easily converted into compound
6 and 7 via silver-catalyzed Hunsdiecker type-decarboxylative
coupling w1th 1-[(triisopropylsilyl )ethynyl]-1,2- benmodoxol—
3(1H)-one" or 3,5-difluoro-2-isocyano-1,1"-biphenyl."* Like-
wise, a Boc-protected derivative of compound 2d underwent
decarboxylative chlorination in the presence of 5.0 mol % of
Ag(Phen),OTf and 2.0 equiv of BuOCI to give chlorodi-
fluoromethylthiolated indole 14 in good yield (eq 1).'°

1) (Boc),0, NEts SCF,COoH SCF,CI

DMAP, CH,Cl, gy BuOCI Br
rt,2h Ag{phen),OTf
2) LiOH, THF/H,0 N CH3CN N
i, 1h Boc 50°C,12h Boc
66% 13 79% 14

Furthermore, compound 2n can be easily converted into
amide 11 and ketone 12 in good vyields (Figure 3).
Alternatively, the ester group of compound § can be readily
reduced into alcohol 8. Compound 8 could be further
converted into alkyl azide 10, which is an important
intermediate that allows for further transformation including
the Click reaction.'® Thus, the current method provides a
general approach for the preparation of fluoroalkylthiolated
alkylazide, which may have potential applications in the field of
chemical biology.

In summary, a new, easily scalable, shelf-stable reagent
[[(ethoxycarbonyl)difluoromethyl]thio | phthalimide (1c) was
successfully developed. Reagent 1c is an efficient electrophilic
fluoroalkylthiolating reagent, as demonstrated by its reactions

DOI: 10.1021/acs.orglett.7b00010
Org. Lett. 2017, 19, 1032—-1035



Organic Letters

with electron-rich heteroarenes/arenes, f-ketoesters/oxin-
doles/benzofuranones, and thiols. More importantly, the
ethoxycarbonyl group of resulting fluoroalkylated compounds
was successfully further converted into various other functional
groups such as chloride, alkynyl, hydrocarbonyl, carbomoyl,
hydromethyl, or heteroaryl. The versatility of functional
transformations from the ethoxycarbonyl group of the resulting
fluoroalkylated compounds clearly highlights the unique
capabilities of reagent lc in enabling a broad range of
functional groups availability for SAR studies. The studies for
further applications of reagent lc are undergoing currently in
our laboratory.
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