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MN-[(Diethoxyphosphoryl)difluoromethylthio]lphthalimide:
A New Electrophilic Fluoroalkylthiolating Reagent

Shen, Feng” Lu, Long*” Shen, Qilong™**“
(“ Key Laboratory of Organofluorine Chemistry, Center for Excellence in Molecular Synthesis, Shanghai Institute of Organic
Chemistry, University of Chinese Academy of Sciences, Chinese Academy of Sciences, Shanghai 200032, China)
(® Shanghai Institute of Organic Chemistry, Shanghai 200032, China)

Abstract A shelf-stable reagent for the preparation of fluoroalkylthiolated compounds, [(diethylphosphonate)difluoro-
methylthio]phthalimide 1, was successfully developed, which reacted with a variety of nucleophiles such as electron-rich
heteroarenes, f-ketoesters, oxindoles, benzofuranones in high yield, thus providing a new and efficient approach for the in-
troduction of fluoroalkylthiolated phosphonate moiety. General procedure for the preparation of [(diethylphospho-
nate)difluoromethylthio]phthalimide 1: to a suspension of silver fluoride (7.6 g, 60 mmol) in anhydrous acetonitrile (100 mL)
was added diethyl (difluoro(trimethylsilyl)methyl)phosphonate (13.0 g, 50.0 mmol) at —40 “C. The mixture was allowed to
stir at 0 C until a dark brown solution was formed (approximately 15 min). N-(Chlorosulfenyl)phalimide (16.0 g, 75.0
mmol) was then added at —40 °C, and the resulting mixture was stirred at —40 ‘C for 2 h. The mixture was filtered, and
the solvent was evaporated in vacuo. The residue was recrystallized using the mixed solvent (petroleum ether/dichlor-
omethane) three times to give [(diethylphosphonate)difluoromethylthio]phthalimide 1 as a white solid (5.5 g, 30%). General
procedure for reaction of indoles with 1: to a 25 mL Schlenk tube charged with indole (35.1 mg, 0.3 mmol) and reagent 1
(132 mg, 0.36 mmol) and magnesium bromide (82 mg, 0.45 mmol) was added 1,2-dichloroethane (2.0 mL). The mixture was
stirred at room temperature for 15 min. The mixture was filtered and the solvent was evaporated in vacuo. The residue was
purified by flash chromatography on silica gel to give diethyl (((1H-indol-3-yl)thio)difluoromethyl)phosphonate 3a (93 mg,
93%) as a brown oil. General procedure for reaction of soft carbon nucleophile with reagent 1: to a 25 mL Schlenk tube
charged with carbon nucleophiles (153 mg, 0.750 mmol), K,CO; (103 mg, 0.75 mmol) and reagent 1 (182 mg, 0.50 mmol)
was added dichloromethane (3.0 mL). The mixture was stirred at room temperature for 12 h. The reaction mixture was fil-
tered and the solvent was evaporated in vacuo. The residue was purified by flash chromatography on silica gel to give
ethyl-2-(((diethoxyphosphoryl)difluoromethyl)thio)-1-oxo-2,3-dihydro-1H-indene-2-carboxylate Sb (160 mg, 76%) as a yel-
low oil.

Keywords fluorine; electrophilic; fluoroalkylthio
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Figure 1 Electrophilic fluoroalkylthiolating reagents
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Figure 2 Preparation of electrophilic fluoroalkylthiolating reagents 1
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NTEFINE, R BEK(ER 1, Entries 10~14). 43RA 1K
SOV Z R, ROV 15 min J&5, TLC Wi, A& 300w
RN 5E4E, FREICRIEE R 93% (3 1, Entry 15). Al
WRTH R, SRS i, T B PRI,
Bt J5 FRAT T R A B ) Sk AT % 5%, RIBE A IR EE A
HITFRAR, R RE 2 B, FLR SIS [A] 48 75 B AR B
fAEK(F 1, Entries 16~19). FIt, FATHE T %N
AR 251 MIREERY(1.0 equiv.), 3% FEARUGERT SR A7) 1
(1.2 equiv.), BALEE(L.S equiv.), 1,2- G LA N,
I N 15 min.

R GHREERY AL
Table 1 Optimization of reaction conditions for fluoroalkthiolation of
indoles with reagent 1

o] SCF,P(0)(OEt),
AN conditions
©\/N> + ©i‘<l<NSCF2P(O)(OEt)2 —— ©\/\S
2a i O 1 i 3a

Entry Additive equiv. Solvent Temp/°C Time/h Yield/%
1 TMSCI 15 CICH,CH,CI 80 12
2 TsOH 15 CICH,CH,CI 80 12
3 TfOH 15 CICH,CH,CI 80 12
4 BF3OEt, 15 CICH,CH,CI 80 12
5 CSA 15 CICH,CH,CI 80 12
6 MgBr; 15 CICH,CH,CI 80 0.25 54
7 Licl 15 CICH,CH,CI 80 6 3
8 LiBr 15 CICH,CH,CI 80 1 33
9 MgCl, 15 CICH,CH,CI 80 2 42
10 MgBr;y 1.5 DMF 80 0.25
1 MgBr, 15 CH3CN 80 0.25 9
12 MgBr, 1.5 Toluene 80 0.25 15
13 MgBr;, 1.5 THF 80 0.25 6
14 MgBr, 15 CH,Cl, 80 0.25 47
15 MgBr, 15 CICH,CH,CI rt. 0.25 93
16 MgBr, 1.0 CICH,CH,CI rt. 0.25 84
17 MgBr, 0.8 CICH,CH,CI rt. 05 68
18 MgBr, 0.5 CICH,CH,CI rt. 4 56
19 MgBr, 0.2 CICH,CH,CI rt. 12 29

“ Reaction conditions: indole 2a (0.1 mmol), reagent 1 (0.12 mmol), Lewis
acid or Brensted acid (0.02~0.15 mmol) in solvent (1.0 mL) at rt. —80 C
for 0.25~12 h; yields were determined by 'F NMR spectroscopy using
PhCF; as an internal standard.
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B R, 80 C M 3 h tHAETS LA R AT IR 52 H
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AR DL R A U215 2 B AR (3K).
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Table 2 Scope for the fluoroalkthiolation of indoles with reagent 1

MgBr; (1.5 equiv.
‘ N-SCF,P(0)(OEt), —2or2(1-5 eui) @
CICHZCHZCI

rt.,025h

SCF,P(0)(OEt),

Q

2a~3k 3a~3k
SCF,P(0)(OEt), SCF,P(0)(OEt), SCF,P(0)(OEt),
H
CE% @b Bos
N
H
3a, 93% 3b 87% 3c, 82%
SCF,P(0)(OEt), SCF,P(O)(OEt), SCF,P(0)(OEt),
E
CE@ o)
N
H
3d, 64% 3e, 67% 3f, 68%
SCF,PO(OE), SCF,PO(OE), SCF,PO(OE),
N \
H Me
3g, 68%" 3h, 61%" 3i, 72%"
Me  SCF,PO(OEt), OBN  SCF,PO(OE), H
N
N USCFZPO(OEt)Z
N
H
3j, 77% 3k, 77% ND

“Reaction conditions: indloles 2 (0.3 mmol), reagent 1 (0.36 mmol), MgBr,
(0.45 mmol) in 2.0 mL of 1,2-dichloroethane at room temperature for 15
min; ngClz (0.6 mmol) was used, and the reaction was conducted at 80 ‘C
for 3 h; Isolated yield.

IIRATE— 20 Fh % N E s SRR RS, R AR
F e, ELIEBAE W B R R e i A B AR =Y AR
JK.
23 5 sp’ BERRTIR R

NT DR R AR 1 RN,
AR T ]G sp’ BEEZRAFIW p-FEREG . AL
WG| W . 2R TR IR () S 0. X T e e v, FRAITEAT T
ARG AEAL S (WL Supporting Information 3 1), FA7]
RIE R RGEm AL 1 78 1.5 equiv. BRERERIE 9,
TRMGERNER, ST, RN 12 h 5, BIRsEi—
R sp’ BEERA, R p-FRERES . S, IR
PR R ) 13 JES 420 ) e R S50 S BT, B T ARG T 5 3
Brim S 2= 0. A R B AL, X T A R R
R p-FRERES, Wl L. RAN. SRk, 1
RE LA F5 (ISR A5 B AH B IG H AR =4 (Sa, Sb, Sc, 5d).
XTI TCIRAR BT R et 66 LA b &5 R A5 21 H bR e
YI(Sh). 1% BT A B F 2 5% B RO U, T
RIE A4 i BRI R LT € & (5d), H2
YT FA R TEER, . B, RBCREE
R, AN EE DL 30% 70 A3 R JR i e 2 I 21 b P 0 110 A ol
(5e, 5f). X TAEIORE) p-HAEREE, KIS 44(50).

RN 206 TSR A Wi . 24 POk e T <52 JER 470 S L
R R AP (5j~5m). [RIES H TR0 1R s B 264, T AR
FU(5F, 5)) TR(5e) ZilE(5i). FIE(SK)ZEE A
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Table 3 Scope for the reaction of sp® carbon nucleophiles with reagent 1

o
K;COj3 (1.5 equiv.)
Nu o+ NSCF,PO(OEt), —————————  Nu—SCF,PO(OEY),
CH,Cly, rt., 12h
4 o 1 5a~5n
o} o} o}
MeO SCF,PO(OEY), SCF,PO(OEY), Meomjcapowa)z
CO,Me COR MeO CO,Ad
5a, 90% R = Et, 5b, 76% 5d, 94%
'Pr, 5¢, 89%
o o} 2
Br SCF,PO(OEt), SCF,PO(OEt), SCF,PO(OEt),
COMe o CO,Me CO,Me
5e, 36%° 5¢, 28%"° 5g, 82%
cl
$ com 9
MeO Me (Et0),0PF,CS,
SCF,PO(OEt), OEt
F,PO(OEt
oo SCF,PO(OE), O o
5h, 52% 5i, messy Boc

5j, 82%

o™, R
(Et0),0PF,CS cN
(E10),0PF,CS (EtO),0PF,CS
(L=
N (Lo
o

Me

5,

R = CO;Me, 63%, 5m

5k, 87%" 51, 66%”
Cl, 50%®, 5n

“ Reaction conditions: nucleophiles 4 (0.45 mmol), reagent 1 (0.3 mmol),
K,COj5 (0.45 mmol) in 3.0 mL of CH,Cl, at room tempreature for 12 h; bog h;
isolated yields; © Yields were determined by 'F NMR spectroscopy using
PhCF; as an internal standard.

3 g

FATRRI I JE 1 — Bl R 28 R S e AR A k7). V-
I P IR — SRR IR 1, izt T A
FERRAPI AT T, b S BR AL Bt & 5]
18 50 A o U RUGE  BEAL SR, LR T sp ik
SEAZBGR, R p-BAEREE . ARG 2 R 25
PooR SO B SO, ) B e Bt [ 70 2B 5T
B — 98 R TR — 2 R AR 1.

4 SCIGERSY

SCIG IR

'H NMR 1# ] 400, 500 MHz ¥ i3RI 52, TMS
YEFR(S 0.00); "F NMR /% *'P NMR { f] 400 MHz #%
FEAEHRACM ;. °C NMR £ 400, 500 MHz A% R L4
1 %E, CDCly YEAR(S 77.0). BR4FHIUIA AL, AT
NEITE A B AR T AT, B R R A
AR, BT A A s R 47 5 1) el sl s 2R AT
O PSR IR RS, SO A6 T SR T IS A
BN
LI AR

PR SR U L TR SR 11| B ST =N L S i | N T
TR T 4 7 A FH Rl 2 WA 50 Al A 1) b v D R 3R AT A PR 4
b, BTG Wi bR e g Ak 5 a4 B /K BR 4

N-Ti 50 BE B R — Z R 40 R — WP Bk I fc iR 1
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A A, B 100 mL FX0 i, I AgF (7.6 g, 60 mmol,
1.2 equiv.), R A=K IATAKZHE (100 mL). &
F—40 C¥A# 10 min 5, I TMSCF,P(O)(OEt), (13
g, 50 mmol, 1.0 equiv.), FRMNARET 0 CxrM, H
R REUEAR NI — B (L) 15 min). SRR N
R —40 C, IINAI R — FF I I ik I 4
(16.1 g, 75.0 mmol, 1.50 equiv.), HHFA R H KEKA
PR, TEZEE T RN 2 h 5, L, =&
FRepkisk. D IRAE, FITASREL & A A v il — S P e =
gh i =k, AR (5.5 g, 30%).

N-BR 9 2R R — Z B 40 2k — F BRI k7 1
S5wREYRMN.  Hik— B— REHHRETH
25 mL MUEE, KRN K (0.30 mmol, 1.0
equiv.), iR 1 (132 mg, 0.360 mmol, 1.20 equiv.), Jo/K
RALEE(82 mg, 0.45 mmol, 1.5 equiv.), B =X,
B FIONTIRR 1,2- 58 2582.0 mL), Fifx
R 15 min, TLC Wil Z= W5\ WRJER A I B 56 58, 980 4,
REREFERE, POEAEENT S

Tk W AT 25.0 mL MEE, K
VOMAMERY) (030 mmol, 1.0 equiv.), i&5f 1 (132
mg, 0.360 mmol, 1.20 equiv.), TL/KFEMEE (57 mg, 0.60
mmol, 2.0 equiv.). HERZIR, BALF FTIAT R
1 1,2- 5 4% (2.0mL), 80 C < 3 h, TLC W=
W) IR N SEEE, IR IR AR, RERSPERE, PROE AR E AT 4
12y

N-BR 90 2 R — Z B 4 2K — FA BRI k7 1
5 sp’ BEEBRAFIK R, B— R HEETH 25 mL
M, RUTIMN B-BREE S8 M| R Bl 2 5 P I I JES 4
(0.75 mmol, 1.2 equiv.), 5] 1 (182 mg, 0.500 mmol,
1.00 equiv.), BXEREF (103 mg, 0.750 mmol, 1.50 equiv.),
TN & F e (3.0 mL). =i|R$iFE 12 h, TLC W% &
PETERE. JREIRYE, FERCHERE, PR R .
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