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Abstract
The title compound TAS * CF,C(O)N SCF,)NS(CF,) NC(O)CF, (3) was isolated as a
minor product fromthereaction of TASHfluoridewith CF,C(O)NS(CF,)F. The X-ray structure
of 3 isreported and the bonding situation in the anion is discussed.

Resumen

Como producto secundario de la reaccion entre TASfluoruro con CF,C(O)NS(CF,)F
se pudo aislar el compuesto TAS" CF,C(O)NS(CF,)NS(CF,) NC(O)CF, (3) cuya estructura
de rayos X se reporta aqui. Se discuten las caracteristicas de enlace del anion.

Introduction

Acyl-sulfur(IV)imidesRN=SR'R” (R= CIC(O), FC(0O), CF,C(O),; R =R"=Cl, F, CF,,
R'#R"=F, Cl, CF,) arean extraordinary interesting class of compounds, not only because of
spectroscopic reasonsbut al so from asynthetic point of view. Investigationsof the structuresand
conformations of FC(O)NSF, [1], CF,C(O)NSF, [2], and FC(O)NSCI, [3] by gas phase
electron diffraction, IR- and Raman-spectroscopy have been reported. In boththegasandin
theliquid phase dominantly asyn-syn conformation (the acyl group syn-periplanar with respect
to the SF, bisector and the oxygen directed towardsthe sulfur ) isobserved. If one of the sulfur
bonded fluorines is exchanged by a CF,-group, as e.g. in FC(O)N=S(CF,)F [4] and
CF,C(O)NS(CF,)F [5] unexpectedly theanti-syn conformer (acyl groupinan anti-position) is
dominant. Besides these structural differences dueto the F/CF, exchange al so remarkable
differencesinthereactivity result from thisexchange. Whilethe C-N- bond in sulfur difluoride
imidesRC(O)NSF, (R=F, CF,) isreadily cleaved by fluorideionsto give saltswith the sulfur
difluoride imide anion (e.g. Cs'NSF, [6,7] Hg(NSF,), [6-8] TAS'NSF, [9]), with
RC(O)NS(CF,)F no formation of the corresponding NS(CF,)F-saltsis observed. Stable salts
with the RC(O)NS(CF,)F, anion wereisolated [9].
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Experimental, X-Ray Crystallography

Thestarting materials TASF[10] and CF,C(O)NS(CF,)F [11] were prepared according
to theliterature, both compoundswere reacted as described in our earlier paper [9]. Onto the
frozen CH,CN solution of 3 an equal volumeof diethyl ether was condensed at —196°C ona
vacuum line. Thereaction vessel waswarmed to—30°C and kept at thistemperaturefor several
days.

By slow diffusion of theether into the CH_.CN solution single crystals of 3 wereformed.
From the cold solution they weretransferred to cooled KEL -F ail, single crystalswere sel ected
at the sametemperature under amicroscopein an atmosphereof dry nitrogen. Thesinglecrystals
were mounted on athin glassfibre.

Thesingle-crystal X-ray structuredetermination (Table 1) wascarried out onaSiemens
P4 diffractometer using Mo(Ka) radiation (0.71073 A) with a graphite monochromator.
Refinement basedon F% R1=3/ | F] -| F|| /3] FJ ; wR2 = { S[w(F >~ F 27X [w(F 27} ¥
Programs used: SHEL X-97[12] and DIAMOND [13]

Thestructureswere solved by direct methods (SHEL X S[12]). Subsequent |east-squares
refinements (SHEL XL-97-2[12]) located the positions of the remaining atomsin theelectron
density maps. All non-H atomswererefined anisotropicaly.

CCDC-232900 (3) containsthe supplementary crystallographic datafor thispaper. These
datacan be obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the
Cambridge Crystallographic DataCentre, 12, Union Road, CambridgeCB2 1EZ, UK; fax:
+44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk.

Table 1. Crystal data and structure refinement for
TAS'CF,C(O)NS(CF,)NS(CF,)C(O)CF, (3).

Empiricd Formula C,HF.,N.O,S,
M 602.50

T/K 173(2)
Wavelength/ pm 71.073
Cryda system tridinic
Spacegroup P-1
apm 932.0(2)

b/pm 1095.5(2)

c/pm 1199.5(2)

of° 92.560(10)

pre 100.600(10)

v° 93.840(10)

U/nm? 1.1991(4)

z 2

D/Mgm? 1.669

u (MoK ) mmt 0.425
F(000) 608

Crystd sze/mm?

0.8x0.7x0.6
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0 range/ ° 2.551027.50
Indexrange —12<h<12, —14<k<14, —-15<1<15
Reflectionscollected 11078
Independent Reflections 5489 [R(int) = 0.0248]
Completenessto theta= 27.50° 99.9%
Refinement Full-matrix least-squareson F?
Data/Restraints/Parameter 5489/0/324
Goodness-of-fit on F 1.021
R1L,wR, [I >205(1)] 0.0358, 0.0933
R1,wR, (al Data) 0.0438, 0.0982
Extinction coefficient 0.0173(15)
Largest difference peak, hole/eA= 0.369/-0.327e A3

Results And Discussion
Recently we reported the reactions of FC(O)NS(CF,)F with TAS-fluoride
((MeN).S'Me SF, (Trig(dimethylamino)sulfonium difluorotrimethylsilicate) [9]:

. )
: : 7
FCON=S + TASF — > TAS' Ne N :ls\o + 2 MesSF
i
1
F
F F4C
CF.CON=S  +TASE — > TAS' Ne_N= 'SO + 2 MeSF
Ner @// [Nk
F 3

2

1 was characterized by NM R spectroscopy and X-ray crystallography, 2 wasasoisolatedin
amogt quantitativeyied and unequivocaly characterised by *FNM R spectroscopy. Compound
2 seemed to the stablein sol ution, cleavage of the CN-bond was not observed. Thereforeit was
rather surprising that from our present attempt to crystallize 2 from CH,CN/diethylether at —30
°C. gnglecrystasof 3wereisolated. Theformation of 3isrationalised by the equation.

TASF + 3CF,C(O)NS(CF)F —  TAS' CF,C(O)NS(CF,)NS(CF,)NC(O)CF;
3
+MeSiF{ + CF,C(O)F + CF,SF}

The bridging nitrogen between the two acylsulfurimide moieties probably resultsfrom the
decomposition of the primarily formed anion of salt 2. CN bond cleavage might bethe next step,
followed by attack of theresulting nucleophileat CF,C(O)NS(CF,)F. Inafurther step SC-bond
cleavage should have occurred. Until now these speculations could not be confirmed by
spectroscopicinvestigations.
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X-ray structure of TAS'CF,C(O)NS(CF,NS(CF,)C(O)CF; (3)

3cryddlizesinthetriclinic spacegroup P-1 with 2 moleculesin theasymmetric unit. The
structure of theanion of 3ispresented in Figure 1, detail sof the structure determination of 3are
giveninTable 1, Table 2 lists sel ected bond lengths and bond angles.

Theuniqueanion of 3isanimino derivative of ahitherto unknown classof compounds,
of thebig(sulfinyl)amides (RS(O)),N-. The corresponding bis(sulfonyl)amides (RS(O),),N-with
various counterions (R=F, perfluoroalkyl) have been previously reported and are presently
investigated in many laboratoriesfor their application aselectrolytesin batteriesand fuel cells
[14]. A mixed fluorosulfinyl —fluorosulfonyl-amide, TAS" FS(O),NS(O)F was preparedin our
laboratory from FS(O),NSO and TASF[15]. Inasimilar way bis(sulfinyl)amides should be
availablefrom N-sulfinyl sulfinamides, . g. CF,S(O)NSO[16], and TASF,

According to the bond distances determined the amideisbest described as superposition
of thetwo resonance structuresB and B’, by C, because all SN distancesare amost of equal
length (163.2 (2)-164.0(2) pm). Compared to CF,-C(=0)-N=S(CF,)F (SN = 155.4(8) pm)
the SN-bondsaresgnificantly lengthened, whilethe CN bondsin 3 are shortened by approximeately
5 pm, the CO distances are stretched by 2.5-2.9 pm. The negative chargeisdelocalised over 9
bonds.

? CF; CFs ?

‘ 7/ <9\
FsC—C-N—S‘N>S—N-C—CF;

A

0o CFs  CFs \CH>\ \cH>\ CFs  CFs \97 ©
<«—>FC-—C=N-S=N-S=N-C-CF3 <« » Fs:C-—C-N=S-N-=S5-N=C-CF3

w

Figure 1. X-ray Structure of TAS" CF,C(O)NSCF,)NSCF,)NC(O)CF, (3)
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Table 2 Selected bond distances and bond angles in 3

N(1)-S(1) 163.29(15)
N(1)-S(2) 164.01(15)
S(1)-N(2) 163.64(15)
S(1)-C(3) 183.7(2)
N(2)-C(1) 134.5(2)
C(1)-0(2) 122.9(2)
C(1)-C(4) 153.2(3)
S(2)-N(3) 163.18(16)
S(2)-C(5) 183.8(2)
N(3)-C(2) 133.7(2)
C(2)-0(2) 122.6(2)
C(2)-C(6) 153.7(3)
S(3)-N(5) 160.42(16)
S(3)-N(6) 161.70(16)
S(3)-N(4) 168.37(15)
S(1)-N(1)-S(2) 108.05(9)
N(1)-S(1)-N(2) 109.58(8)
N(1)-S(1)-C(3) 98.29(9)
N(2)-S(1)-C(3) 94.68(8)
C(1)-N(2)-S(1) 107.82(13)
O(1)-C(1)-N(2) 128.58(19)
O(1)-C(1)-C(4) 119.44(17)
N(2)-C(1)-C(4) 111.97(16)
N(3)-S(2)-N(1) 110.38(9)
N(3)-S(2)-C(5) 94.82(8)
N(1)-S(2)-C(5) 98.04(9)
C(2)-N(3)-S(2) 109.62(13)
0(2)-C(2)-N(3) 130.00(18)
0(2)-C(2)-C(6) 118.81(17)
N(3)-C(2)-C(6) 111.19(16)
N(5)-S(3)-N(6) 115.26(9)
N(5)-S(3)-N(4) 100.64(8)
N(6)-S(3)-N(4) 98.83(8)

Asmentioned intheintroduction, of specia interest isthe conformation of the RC(O)-groups
with respect to the-N=SRR’ -group. The structure of theanion of 3 correspondsto the structure
of CF,C(O)N=S(CF,)F [5], two CF,C(O)NSCF,-units are connected by N1. As observed
for CF,C(O)NS(CF,)F both CF,C(O)-units adopt the anti- syn conformation: the CO-group
isinananti-position to the NSC bisector, the oxygen pointstowardsthe sulfur (Figure 2). The
atoms CSNCO are coplanar (Figure 3), thedistances S101 (268.1 pm) and S202 (274.5 pm)
areconsiderably shorter than the sum of thev.d. Waalsradii of sulfur and oxygen (330 pm) [17].
These distances are slightly shorter thanin the neutral CF,C(O)NS(CF,)F, probably dueto
increased el ectrostatic interaction between O and Sinthe anion. Thiselectrostatic interaction
might bethe reason for the unexpected conformation in acyl-S-rifluoromethyl sulphurimides. In
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both structures sulphur adoptsnearly aE-trigonal bipyramidal coordinationwiththe O-S-C atoms
inaxia pogtions. TheanglesO1-S1-C3and 02-S2-C5in3are 151.6° and 153.8°, respectively.

C3

N1

o1
02

Figure 2. Conformation of the CF,C(O)NS(CF,)NSCF,)NC(O)CF, -anion (for clarity the
F-atoms of the CF_-groups are omitted)

c4
N1 c5

Figure 3. \iew showing the coplanarity of the atoms CSNCO and C and the E-trigonal
bipyramidal environment of the sulphur atoms

Conclusions

From the reaction of TASF with CF,C(O)NS(CF,)F, unexpectedly
TAS'CF,C(O)NS(CF,NS

(CF)NC(O)CF; (3) wasisolated and characterized by X-ray crystallography. Theanion
of 3isthefirst member of ahitherto unknown class of compounds, of the bis(sulfinyl)amides
[RS(NR’)],N- and [RS(O)],N-, respectively. Possible direct pathwaysto these compounds,
thereactions of RS(NR)F or RS(O)F with LIN(SiMe,), or related amides or the addition of
“naked” anions (nucleophiles) [18] to RS(O)NSO will befollowed inthefuture.
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