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Abstract : The solution of sodium trifluoromethanesulfinate (sodium “triflinate”) and
phosphoryl chloride (2/1), in AcOEt, behaves like an equivalent of the CF;S(O)"
cation. it can be used in sirtu to prepare trifluoromethanesuifinates (CF:S(O)OR) or
PRV ¥ oSV QrMARITTITY P

trifluoromethanesulfinamides (CF:S(O)NHR) at room temperature from alcohols or
amines, respectively. © 1999 Elsevier Science Ltd. All rights reserved.

Since a few years, many compounds bearing a trifiluoromethanesuifinyi moiety [CF;S(O)] have been
described and seem to present interesting biological activities." For example, Fipronil®, a new powerful

incacticide hac heen recentlyv develo
INSeClICIqe, nNas oeen recenliy aeveio

Fipronil®
Usually, the introduction of a triﬂuoromethanesulﬁnyl group into organic compounds is not carried
out directly but generally involves either substitutive trifluoromethylation of sulfinyl chlorides with
CF.SiMe+/F * or electrophilic reaction of substrates with CF,SCl, a very toxic reagent,” both reactions being

followed by oxidation. Thus, it would be interesting to elaborate a new efficient reagent which could
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introduce directly the trifluoromethanesulfinyl moiety in order to avoid the use of toxic CF;SCI or expensive
CF;SiMe
To our knowledge, only two examples have been reported by Hendrickson concerning the direct

introduction of the CF;S(0) group.“"5 In the first one, potassium « triflinate » (CF;SO,'K") was reacted with

an acyl chloride to yield an 1

unstable intermediate which has been opposed to anilin schv___g! However,

this process is not completely chemoselective.
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In the second way, CF;S(O)Cl has been prepared from CF;SO;K and a hindered sulfonyl chloride

(scheme II), then opposed to an amine to deliver the corresponding trifluoromethanesulfinamide.’
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Trifluoromethanesuifinyi chioride has been aiso prepared from irifiuoromethanesuifinic acid and
thionyl chloride, phosphorus trichloride or phosphorus pentachloride® but CF;S(O)OH is rather unstable, as
CF;S(0)Cl, which, on the other hand, is very volatile (Ebs = 41 °C). Trifluoromethanesulfinyl fluoride,
which is more siable than the corresponding chioride, has been aiready isolated and opposed to
nucleophiles.””'” But this gaseous reagent is not easily available and does not seem to be very reactive.

In this paper, we describe a new, simpler and more reactive system which reacts readily like a
trifluoromethanesuifinyl cation and can be conveniently used for the synthesis of trifluoromethanesulfinates

and trifluoromethanesulfinamides.
Resulis and discussion

- 10
As chlorophosphates are known as useful coupling agents, ™ we first put them in reaction with sodium

dielity,
+

trifiinaie (CF3SO,Na') io obiain a trifluoromethanesuifinyiating reagent. In a first experiment, diphenyi

chlorophosphate was reacted with two equivalents of sodium triflinate in ethyl acetate. F and *'P NMR
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Ow us to determine accurately the composition of the crude mixture but after addition of
aniline, the corresponding sulfinamide 1 was obtained in a good yield (Scheme 111). However, the needed
24 h to proceed completely

T opn AcOEt [ 01 PoNHy( i
CF380; Na” + CI—P/ orsZ | o(teq) | (".F-.QNHPh
OPh LV¥e | 24h
(2eq) (1eq) 1(77%)
Scheme 111

The replacement of diphenylchlorophosphate by phosphoryl chloride resulted in a much faster reaction
(85 % after 2 hours - scheme V).
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Scheme 1V

As previously, analysis of the mixture, before addition of aniline. did

1 Griiuv,

L

e s aan

O Getermiiie

precisely the reactive species. However, in accordance with spectral data, four reactive species could be

considered (scheme V), all of them being potential equivalents of the CF 2SO" cation.
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Nevertheless, the best results were obtained with two equivalents of CF;SO,Na vs. POCI; and aniline

(yield 1 = 85%) : yields were far lower with one e

significantly improved with three equivalents of this reagent (yield 1 = 90%). Thus, in our opinion,
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(CF;80,),0 could be the most efficient component of the reactive system, concerning
trifluoromethanesulfinylation of aniline.

Even if we were not able to precise the exact structure of this sulfinylating reagent, it seemed to be
very efficient and was then opposed to some other amines and alcohois. The corresponding

trifluoromethane- sulfinamides and sulfinates were obtained as well (Table I).

- + IA\ OL.L O_‘ NUH ”
2 CF350, Na™ + POCl3 -—--_————> F ————» CF3SNu
PO 1
Entry Nubi Product Yield (%) °
0
1 SN\ _SCF,
i Oy \(L_JV_N;H 84 (80)
1
i
SCF:
2 e e (N 80 (70)
N “me N’ “Me
2
/\/\/\u/ic"s 41 (38)
NSNS
3 N 3 80 (75)"
Ph\ H ~NEg ~ 1
Ph H CFiS_ 2521
4 o Py o 66 (60) "
4 2 diastereomers (46/54)
N\ 1
5 {(Oy—on (D) ~oser, 76 (73)
5
pu— oH >- O CF 90 (83)
/WV . ~3 3
6 ' —\/Y 3 2 diastereomers (57/43)
6
i
7 Jf“ _/'{SCFJ 90 (85)
- / -/ 2 diastereomers (55/45)
./ N\ N/ N\
-_7‘
O
9 oM = 70 (67)
- 8

a) cr'ude vields determined by NMR “F Igolated mplde in narpmhecec

€G DY (NiVaih 7. 2501ai00 YICIUs 110 PGttt

™ with one equivalent of added Diisopropyl l:thyl Amine.
Table I

It can be noticed that chiral substrates, like citronellol (entry 6), menthol (entry 7) and
I-phenylethylamine (entry 4) led to two diastereomers because of the chiral character of the sulfinyl group.

These diastereomers can be probably separated by chromatography (work in progress).
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The lower yields obtained with primary amines, like hexylamine (entry 3) and 1-phenylethylamine
(entry 4), were consistent with the fact that these substrates behave as bases and were neutralized by acidic
phosphornic species resulting fi
substrates was repeated in the presence of one equivalent of diisopropylethylamine (DIEA) : as expected,

yields increased dramatically (up to 80% for 3 and 66% for 4) as shown in Table L.

is compatible with aromatic nuclei (even activated ones), alkenes and alkynes. The wider scope and
limitations of this technique is, nevertheless, under study in our laboratory.
We aiso used it towards N-methyi pyrroic and obiained the corresponding a-suifoxyde regioseiectiveiy

and in a fair yield (scheme VI).

CFiS0, Ne' AcOEt // /\}\
) POCI3 S scF,
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Trifluoromethanesulfinylation of other carbon nucleophiles is also under study.

In conclusion, the system CF;SO,Na / POCl; can be considered as an efficient and cheap equivalent
of the CF38(0)" cation which can be used in situ and reacts rapidly at room temperature with amines and
aicohois, as weil as wiih carbon nucieophiies, io provide irifluoromethanesuifinamides,
trifluoromethanesulfinates or trifluoromethyl sulfoxides.

s I
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Experimental section

All reagents were used as received. 'H, ""F and ""C NMR spectra were recorded in CDC; at 300, 188
and 75 MHz respectively, unless stated otherwise.
13 19
Chemical shifts are given in ppm relative to TMS ( 'H, C) or CFCl; ('°F), used as internal references
MNnviombion o Consiants ar cnan i1 havie AMaco amnntra suara rannrdad ot 7N oYU Blach_nhramataoranhiac wors
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Reaction of aniline with sodium triflinate and diphenyl chlorephosphate.

To a solution of 0.33g (2 mmol) of sodium triflinate (purity 95%) in 2 mL of ethyl acetate was added, at
room temperature, 220puL. (1 mmol) of diphenyl chlorophosphate. The resulted mixture was stirred for 5
min, then 1 mmol of aniline was dropped on it. The reaction mixture was stirred for 24 h, then deposited on

the top of a chromatography column and eluted with a mixture of petroleum ether and ether (4/1).

Reaction of amines and alcohols with sodium triflinate and phosphoryl chloride. General procedure.

To a solution of 0.33g (2 mmol) of sodium triflinate (purity 95%) in 2 mL of ethyl acetate was added, at
room temperature, 95uL. (1 mmol) of phosphoryl chloride. The resulted mixture was stirred for 5 min, then
1 mmol of nucleophile (dissolved in ethyl acetate, if necessary) was added. The reaction mixture was stirred
for 2 h, then treated in the usual way (vide infra) or directly deposited on chromatography column and

eluted.

N-Phenyl trifluoromethanesulfinamide (1).

Yellow liquid after purification by flash chromatography with petroleum ether/ether (9/1) as eluent.
'H NMR : 7.35-7.42 (massif ; 2H) ; 7.17-7.26 (massif ; 3H); 3.25 (q ; 3H ; “Jur = 1.5 Hz). "C NMR :

(\{ , l.l(_'.F (q ., 4.}(:‘_[? = !ll HZ} I9F lk‘l'll\ -
-74.02. Mass spectrum : m/z = 223 (M+') 2154 ;106 ;77 ;69 :51 ;39 HRMS (CI+) calcd for CgHoFiNOS :

MH*=224.03569 : Found : MH"= 224.03573.

N-n-Hexyl trifluoromethanesulfinamide (3).

Yellow liquid after extraction of the crude mixture with water and ether and drying on CaCl,.

A& fle~and ¢ T 294 40 - 2HIY . 1 A& {anint - DL I=7H2Y-172fmaccif - A1V - N QR ¢+ - 21
I1INIVIN (4.3 (010aQ S | 1j, J.24 (M | 211) ; 1.0 (Uil | 211 5 9 /iy, 1.5 (UNasSsii | O1i) , V.66 (1, Sii
J=6.7 Hz). BCNMR : 123.6 (q; Jer=3345Hz);433;31.2;309;26.1;2245;139. "FNMR:-779

Mass spectrum : m/z = 148 (M™-CF;); 85 69 57 43: 29. HRMS (CI"y caled for C,H,sF:NOS
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Yellow liquid (two diastercomers mixture : 46/54) after extraction with ether and brine and drying on CaCl,.
'H NMR (200 MHz) : 7.26-7.42 (massif ; SH) ; 4.75 (broad s ; 1H) ; 4.71 (broad q; 1H, J=6.5 Hz); 1.62

1 I"\C ’)‘).
i i

170 N0 - 17Q Q& - 17Q 70 .
170U ) | 0, 1£0.20 20.33 ]

’

V4 &7 -
0.6/ ]

12368 (q: Jer =333 Hz); 54.57 ;5428 ; 24.19 ; 23.79. ""F NMR : -78.24 (46%) and -78.29 (54%). Mass
(M"-CF;); 105 ;79 ; 77 ; 69. HRMS (CI") calcd for CoH,F3NOS : MH'=238.05134 :

'H NMR (200 MHz) : 7.2-7.45 (massif). *C NMR (50 MHz) : 152.03 ; 130.46 ; 127.29 ; 122.79 (q ; Jc-»
335.7 Hz) ; 120.83. ""F NMR : -79.7. Mass spectrum : m/z =210 (M™") ; 141 ;93 ; 77 : 65 ; 39. HRMS (CI")
calcd for C;HsF;30,S : MH'=210.99624 : Found : MH "= 210.99698.

3,7-dimethyl-6-octenyl trifluoromethanesulfinate (6).

petroleum ether as eluent.

H NMR :5.06 (m ; IH); 4.1-4.4 (m ; 2H) ; 0.8-2.0 (massif ; 7H) ; 1.66 (broad s ; 3H) ; 1.58 (broad s ; 3H) ;

»

€ Iz -
D I1Z)

67.40 ; 36.68 ; 36.54 ; 28.86 ;25.5;25.21 . 1899 ; 17.43. Min. : 131.45; 124.18; 12288 (q ; 'Jop = 338.5
Hz): 67.44 ; 36.77 ; 36.50 ; 28.86 ; 25.50 ; 25.22 ; 19.05 ; 17.43. "’F NMR : -79.04 (57%) and -79.1 (43%).

c A -
INAVLIN . 1VIG). .

Mace enartrim - iz — 77 (AT M2 12 - 1272 - 1INOQ - Q& - Q1 - 40 - &% Al LIDRAMC (1Y ~anlad e
IVEADD ngbllulll BN L el L \IVI Vi FAVE ) 100, 2o, 1VT7 , 7)) - oir , V7, JJ 1 T1ENVEID \\./l ] vaivldl 11Ul
C11HyoF20,S : MH™=273.11361 ; Found : MH™=273.11234

(1D YCEDY YV toanmemnnul & _mathulavalnbhave:] 4 ﬂ...-...nmnll-p'nnn..lﬁ_nl-n VirAY

\ll\,&ﬂ,Jﬂ""lSUlll pyl-.)-ulctu_yu,ytluucx_yl LT INUUVIVHICULIIANITOUIIIRIAiC { / ).

Colorless liquid (two diastereomers mixture : 55/45) after purification by flash chromatography with

Hz and }ax—eq =4,
-2.2 (massif ; 9H) ; 0.92 (m ; 6H); 0.78 and 0.75 (2d ; 3H ; J = 7 Hz). "C NMR: Muj. :
35.6 Hz):; 85.24 ; 47.98 ; 42.76 ; 33.60 ; 31.82; 25.20; 22.96 ; 21.69 ; 20.59 ; 15.29.

47. F NMR: Maj. : -80.42(55%) and -81.05 (45%). GC-

5
(M'"*-CF:S0,): 97 ;83 ;69575543 : 41. Second diastercomer : 139

<
W

- m/e = First diastereomer : 139

M™-CF,S0,): 97 :83:69:57:

LI
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2-Hexynyl trifluoromethanesulfinate (8)

T. Billard et al. / Tetrahedron 55 (1999) 7243-7250

Yellow liquid after extraction with ether and brine and drying on CaCl,.

H .

2 1.25

'"HNMR : 49 (dt:

H NMR IH;2J=15.1Hz =21 S48 (dt:

1 A By

2H; J=7.1Hz;J=2.1Hz); 1.56 (sext; 2H ;T =71

2'_

51Hz:;’J=21Hz): 225

)

'C NMR :

(tt
g4}

v i

(t:3H:=71Hz) '

123.1

(q;'Jer=337.1Hz);92.7:72.34:57.42;21.73 ; 20.85 ; 13.42. "F NMR : -79.19. Mssspgct Sm/z=

145 (M+ _(‘F . 81: 79, 69 : ; 53 : AI 39 - ’)9_ HRMS ((‘I+ calg
Found : MH "= 215.03620.

1-meathvl.2.{triflnaromethaneeunlfinvil-1 Honvrrale (9)
I-methyl-Z-{{rifucromethanesuinnvi)-1 Z-pyrrete (9]

'HNMR :6.94 (dd:J=16Hz:J=2.7Hz);6.86 (dd ;) =4.08
408Hz):39(s). CNMR :13157:12493(q: 'Jcy =336 Hz): 11
=] \<J = “AM 2 YUAR Iz >
References
1. a)Filler, R ; Kobayashi, Y. ; Yagupolskii, . M. Organofluc

and Biomedical Applications , Elsevier :

J.C. Organofluorine Chemistry : Principles and Commercial Applications ; Plenum Press

York, 1994,

o

Hz;J=16Hz);627(dd:J=27Hz; J=
1943 - 109.77 : 35.4. YF NMR : -73.17.
e (o pou mndds in Medicinal (Chem emistry

Amsterdam, 1993. b) Banks, R.E. ; Smart, B.E. ; Tatlow,

. New-

Movchun, V.N, ; Kolomeitsev A.A. ; Yagupolskii, Y.L. J. IFluorine Chem. 1995, 70), 255.

e, 1974, 96, 2275.

3. Stump, E.C. Chem. and Ind. News ; 16/10/1967.

4. Hendrickson, J.B. ; Giga, A. ; Wareing, J. J. Am. Chem. So

5. Hendrickson, J.B. ; Skipper, P.L. Tetrahedron 1976, 32, 1627.
6. Roesky, H.W. ; Tutkunkardes, S. Chem. Ber. 1974, 107, 508.

7. Ratcliffe C.T.; Shreeve, IM. /). Am. Chem. Sve. 1968 90, 5403,
8. Patel, NR. ; Kirchmeier, R.L. /norg. Chem. 1992, 31,2537,

9. Sauer, D.T. ; Shreeve, J M. Anorg. Allg. Chem. 1971, 385, 113.
10. Mestres, R. ; Palomo, C. Synthesis, 1981, 218.



