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Two lithium sulfenamides were prepared by reaction of (CHz)sC—N(H)—S—-CsH4CH3-4 (1) and 4-CH3CgH,—N(H)-
S—CeH4CHs-4 (2) with an alkyllithium. The unsolvated sulfenamide Li[(CH3)sC—NS—C¢H4CHs-4] (3) was soluble
enough for variable-temperature (VT) "Li NMR to provide evidence of a dynamic exchange of oligomers in solution.
The crystal structures of the solvated sulfenamides of [Li(572-(CHs)sC—NS—CeH4CHz-4),(THF),] (4) and of [Lix(17*-
4-CH3CsHs—NS—CgH,4CHs-4),(THF)4] (6) consisted of dimers in which the anions display different hapticities. The
VT “Li NMR spectra of 4 suggest that the two different structures exist in equilibrium in toluene—THF mixtures.
These compounds are easily oxidized to the neutral thioaminyl radicals as identified by EPR spectroscopy.

Introduction sulfenamido anions, with two different-i distances; but
these cannot be distinguished by NMR due to fast exchange
in solution. Moreover, the reaction of sulfenamido anions
with halides of transition elements goes beyond simple
metathesis. It is frequently observed that the suthitrogen
bond is cleaved to form thiolato and imido ligands with
simultaneous oxidation of the metal; oxidation of the
ancillary ligands has also been obserVedlthough the
lithium sulfenamides have been the most frequent starting
point of the reactions with transition elements, the structures
of derivatives of s-block elements have not been examined
in detail until now. Here we present synthetic and structural
studies of lithium sulfenamides in their unsolvated form and
their adducts with THF. The spectroscopic data point to a
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There is currently interest in ligands that contain negatively
charged nitrogen directly bound to softer main-group donor
atoms. Their ambidentate character and the polarity of the
N—E bond often result in fascinating structures and reactiv-
ity. Several studies have examined the chemistry of various
nitrogen-phosphorus anioris’ There is comparatively less
information available on the sulfenamido anion{B—N—

R]~. The chemistry of its transition-metal derivatives is
complicated. The dihapto coordination mode has been
observed in homo- and heteroleptic complexes of Zr(IV),
Ti(IV), Mo(VI), W(VI), and U(IV).8 19 In the crystal
structure of a Ni(ll) derivative there are two nonequivalent

Experimental Section

Materials and Methods. All manipulations were performed
under an atmosphere of dry argon or nitrogen with standard Schlenk
and glovebox techniques. All solvents and reagents were dried and
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purified by standard procedures immediately before each experi- sulfenyl chloride (15.85 g, 100 mmol) was dissolved in 30 mL of

ment. The concentration of commercial solutionsidfutyllithium solvent. This was added dropwise to a stirred solution containing
was established by titration of diphenylmethakolElemental an excess of amine (250 mmol) in 50 mL-at00°C. The mixture

analyses were performed by Guelph Chemical Laboratories Inc. was stirred for 1 h, removed from the cooling bath, and left stirring
(Guelph, Ontario, Canada). overnight. After filtration the solvent was evaporated to yield a

Spectroscopic Instrumentation.IR spectra were recorded using ~ crude product which was subject to further purification.
a Bio-Rad FTS-40 FT-IR spectrometer. Each spectrum was acquired (CH3)sC—N(H)—S—CgH4CH3-4 (1). The pure substance dis-
from KBr pellets with a resolution of 8 cm, and the background, tilled as a colorless oil at 7779 °C (200 mbar). Yield: 75%. The
which was simultaneously subtracted, was recorded prior to a pure material crystallizes upon standinigdi NMR (200 MHz,
spectral acquisition. CsDg): 0 0.99 (s, 9H, (Bl3)3C); 2.09 (s, 3H, El3CeHa); 2.36 (s,
FT Raman spectra were recorded at ambient temperature in1H, NH); 6.96, 7.00, 7.37, 7.41 (q, 4H, ary*C{*H} NMR (50
sealed Pyrex melting point capillaries using a Bruker RFS 100 MHz, CsDe): 6 20.94 (CH53)sC); 29.12 CH3CeHa); 54.60 ((CH):C);

spectrometer equipped with a quartz beam splitter and a liquid 123.24, 129.58, 134.20, 141.68 (aryl). Raman (§m 3331vw,
nitrogen cooled Ge diode detector. The 1064 nm line of a Nd: 3050s, 3036m, 3032s, 3029m, 2972s, 2948m, 2921s, 2907s, 2872m,

YAG laser (350 mW maximum output) was used for excitation of 2736vw, 2708w, 1598s, 1491w, 1445w, 1379w, 1210m, 1177w,
the sample with a spot of ca. 0.2 mm at the sample usire300 1083vs, 920w, 809w, 794m, 747w, 637w, 627w, 300w, 253w,
mW of power, and the backscattered radiation was sampled. The165vw. IR (cnmt): 3329w, 3016w, 2970m, 2930w, 2870w, 1599w,
actual usable Stokes range was 43800 cni! with a spectral 1491m, 1472w, 1398w, 1378w, 1362m, 1226m, 1205m, 1178w,
resolution of 2 cm?. The Fourier transformations were carried out 1114w, 1083w, 1016w, 939w, 921w, 835w, 805s, 627w, 488w.
by using a BlackmanHarris four-term apodization and a zero- MS (El): m/z (rel intens) 195 (M, 100), 180 (M" — CHj, 6), 139
filling factor of 4. (40), 107 (20), 91 (14), 57 (18), 41 (6).

EPR spectra were acquired with a Bruker SMX-EPR and  4-CHsCeHs—N(H)—S—CeH4CHs-4 (2). After evaporation a dark
processed with the program WINEPR. The instrument was stan- red-brown viscous oil was obtained. This was stored under nitrogen
dardized with a Bruker strong pitch standard, and the spectra wereat ambient temperature, and in a few days, pale yellow crystals of
referenced to a sample of MgO doped with MnThe samples pure2 grew large enough to be filtered off and washed with cold
were prepared under an argon atmosphere in thoroughly degassefiéxanes. Yield: 70%. Mp: 5760 °C. 'H NMR (200 MHz,
toluene and measured at ambient temperature in quartz tubes seale@eDe): 6 2.00 (s, 3H, G13CeHaN); 2.06 (s, 3H, E13CeH4S); 6.79-
with a rubber septum. 7.09 (m, 8H, aryl).13C{1H} NMR (50 MHz, CGDG)Z 0 20.52

ThelH, 13C{2H} . and’Li NMR spectra in soluton were recorded  (CHaCsHaN); 20.84 CHyCaH,S); 115.10, 123.17, 129.85, 129.93,
on a Bruker Avance AV200 (200.13 MHz) or AV300 (300.13 MHz)  130.02, 135.16, 138.87, 144.88 (aryl). Raman (Gm 3345w,
spectrometer. Chemical shifts are reported in parts per million and 3052s, 3032m, 2973w, 2918s, 2869w, 2732w, 1610s, 1596m,
were referenced to the residual proton peak gbg(d 7.16,*H 1567w, 1509w, 1491w, 1376m, 1302w, 1281w, 1231w, 1211s,
NMR; ¢ 128.06,13C{H} NMR) or an external standard solution ~ 1177m, 1118w, 1082s, 835w, 811m, 793m, 637m, 635m, 620w,
of LiCl in D20 (6 0.0,Li NMR). Variable-temperature (VTILi 442w, 391w, 352w, 328w, 307w, 267w, 192w, 116vs. IR (m
NMR studies were performed using a Bruker DRX500 profing ~ 3346m, 3031w, 2917w, 2862w, 1881w, 1610m, 1508m, 1491m,
Li nuclei operating at 194.37 MHz. The temperature at the position 1437m, 1372m, 1280m, 1229m, 1176w, 1112w, 1080w, 1040w,
of the sample was calibrated using an external thermocouple and1014w, 908m, 833w, 806s, 704w, 617w, 542w, 507m, 492m, 441w.
maintained within+1 °C. The benzenes solvent for NMR MS (El): m'z (rel intens) 228 (M, 100), 213, 180, 123, 106, 77,

spectroscopic measurements was degassed by successive-“freezed>-
pump-thaw” cycles and dried over freshly washed and activated ~ Li[(CH 3)sC—NS—CeH4CH3-4] (3). A solution of 1 (0.336 g,
4 A molecular sieves. Solid-state NMR experiments were performed 1.720 mmol) in 5 mL of hexanes was cooled +d00 °C, and
on a Bruker Avance 300 spectrometer,iwit 4 mmmagic angle ~ n-butyllithium (0.86 mL of 2.0 M in pentane, 1.720 mmol) was
spinning (MAS) probe tuned to%.i frequency of 116.59 MHz. A carefully added. The mixture was stirred in the cooling bath for 30
maximum MAS rotor frequency of 9 kHz was chosen. A Sing|e min and then allowed to warm to room temperature. A white solid
30° pulse, of 3us, was used to obtain the spectra, with 8192 slowly formed and settled after 2 h. The liquid was removed by
transients acquired. This large number of transients provided a goodcannula; the precipitate was washed with hexanes £mL) and
signal-to-noise ratio in the broad sideband manifold. A recycle delay dried gently under vacuum. Yield: 0.187 g (54%). Anal. Calcd
of 2 s was used. All shifts were referenced to solid LiCl. The for CuiHieliINS: C, 65.65; H, 8.01; N, 6.95. Found: C, 65.02; H,
maximum available spectral width of 150 kHz was selected. 8.31; N, 6.50. The material is sparingly soluble in aliphatic
Together with the spinning frequency, this allowed for acquisition hydrocarbons and dissolves slowly in aromatic solvetitsNMR
of the entire spinning-sideband manifold, with sidebands outside (200 MHz, GDe): 0 1.13 (s, 9H, (€15)sC); 2.06 (s, 3H, EisCeHa);
the 150 kHz sweep width folding back between the lower order 6.93-7.21 (br m, 4H, ary)**C{*H} NMR (75 MHz, GDg): 0
sidebands. In this paper we discuss exclusively the relative isotropic 20.86 CHs)sC); 32.38 CH3CeHa); 55.48 (CH):C); 122.26, 130.33,
shifts. A full description of the quadrupolar tensors, based on 133.67, 148.40 (arylJLi (116 MHz, CsDg): 6 0.88. Raman (cmt):
simulation of the sideband pattern, will be published elsewhere. 3046m, 2958m, 2919m, 2902w, 2860w, 2734vw, 2688vw, 1597m,
The sulfenamides (C%C—N(H)—S—C6H4CH3-4 (1) and 1564w, 1488w, 1454w, 1440w, 1379w, 1299w, 1275w, 1234w,
4'C|‘bC6H4_N(H)_S_C6H4CH3-4 (2) were prepared with modi- 1211m, 1187w, 1176w, 1075s, 1015vw, 1011vw, 938vw, 932vw,
fications to Miura’s proceduf@by reaction of 4-CHCgHSCI with 910vw, 899vw, 795m, 728w, 702w, 637m, 624m, 535w, 499w,
the corresponding amine in diethyl ether. In a typical reaction, the 440W, 412vw, 399vw, 376vw, 338vw, 304w, 266vw, 225m, 184w,
158w, 116s, 100sh. The reaction provided a clear solution when
(12) Juaristi, E.; Martinez-Richa, A.; Garcia-Rivera, A.; Cruz-Sanchez, J. perfo'rmed with an e?(cess of alkyllithium; NMR spectra yvere
S.J. Org. Chem1983 48, 2603. acquired from the residue of solvent evaporation of a 1:2 mixture.
(13) Miura, Y.; Tomimura, T.; Teki, YJ. Org. Chem200Q 65, 7889. IH NMR (200 MHz, GDe): 6 —0.94 (br s, 2H, E1,CH,CH,CHy),
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0.95 (br s, 3H, CHCH,CH,CHz); 1.20 (s, 9H, (€13)sC); 1.37 (br
m, 4H, CH,CH,CH,CHj3), 2.11 (s, 3H, Ei3CsH,); 6.93-7.15 (m,
4H, aryl)."Li (116 MHz, GDg): ¢ 2.11.

[Li 2(7?>(CH3)sC—NS—CgH4CH3-4)2(THF) 7] (4). The lithium
sulfenamide8 was dissolved in a mixture of hexanes and THF (20:
0.5). After one night of standing at room temperature, colorless
crystals of4 were formed in quantitative yield. The crystals were
stored in the mother liquor until transferred for characterization.

IH NMR (300 MHz, GDe): ¢ 1.23 (THF); 1.37(s, 9H, (83)sC); JJk

+8

o

+7

o

+6

o

2.18 (s, 3H, G13CeH,); 3.74 (THF); 6.95, 6.97, 7.46, 7.49 (q, 4H,
aryl). 13C{1H} NMR (75 MHz, GDg): ¢ 21.04 CH3)3C); 25.49
(THF), 32.52 (G3C¢H,); 55.81 (CH)3C); 69.05 (THF), 123.16,
129.04, 132.03, 150.96 (arylLi (116 MHz, CD¢): 6 1.05.7Li
MAS: ¢ 1.40. Raman (cmi): 3049m, 3031m, 3014w, 2960m,
2954m, 2918m, 2883m, 1597s, 1565w, 1488w, 1463w, 1448w, +3

1439w, 1376m, 1299w, 1276w, 1229w, 1209m, 1178w, 1072vs,
1036w, 1014w, 919w, 900w, 793m, 740w, 637w, 620w, 360w, A
0

+5

o

+4

o

o

337w, 305w, 266w, 239w, 192w, 122m.

LI[4-CH 3CGH4_NS_C6H4CH3-4] (5) and [Liz(i]l-4-CH3C6H4_
NS—CeH4CH3-4),(THF) 4] (6). The unsolvated lithium sa was 20
prepared from the reaction & and n-butyllithium as described
for its analogue3. The washed precipitate was dissolved in THF
and hexanes (1:4). The solv&t@appeared as colorless crystals after -40
several daystH NMR (300 MHz, GDg): 6 1.21 (THF), 2.09 (s,
3H, CH3CeH4N); 2.21 (s, 3H, Ei3CsH,4S); 3.39 (THF); 6.89, 6.92,

7.05, 7.07, 7.30, 7.33, 7.48, 7.51 (m, 8H, ar{{C{*H} NMR (50 50

MHz, CsDe): & 20.68 CH3CeHaN); 20.97 CH3CeH4S); 25.50

(THF); 68.25 (THF); 116.93, 122.93, 124.61, 129.42, 130.22, -80

132.49, 144.91, 157.24 (aryfLi (116 MHz, CsDg): 6 0.86.7Li YIRS

MAS: ¢ 0.60. Both5 and 6 are strongly fluorescent, and their “S(ppm)

Raman spectra could not be obtained. Figure 1. VT 7Li NMR spectra of Li[(CH)sC—NS—CeHsCHs-4] (3) in

X-ray Crystallography. Crystals of4 and 6 were handled toluene.
immersed in a low-viscosity perfluoropolyether oil using the
cryotechnique described by Hakans&b8uitable crystals of (0.12 Database (CSD), updated in April 2002, with a total of 257162
x 0.10 x 0.08 mn¥) and 6 (0.40 x 0.25 x 0.20 mn¥) were entries!® Molecular graphics were produced using ORTEPa®d
mounted in nylon loops (Hampton, CA) using a perfluoropolyether PovRay.
glass. Mounted samples were stored in liquid nitrogen until installed ) )
in the diffractometer. Data were collected on a P4 Bruker Results and Discussion
diffractometer upgraded with a Bruker SMART 1000 CCD detector The unsolvated sulfenamid@sand5 were produced by

and a rotating anode Ut'"z'ng. Mo‘Krf’id'at'on ¢ = 071073 A low-temperature treatment of the parent sulfenamidasd
graphite monochromator) equipped with an Oxford cryosystem. For 2 with butvllithi d initated h c
each compound, a full sphere of reciprocal lattice was scanned by wi u_y ithium an preC|p| ated from hexanes. L.om-
0.36° steps inw with a crystal-to-detector distance of 4.97 cm. pound3 dissolves slowly in benzene and toluene. Although

Preliminary orientation matrixes were obtained from the first frames it_s 'H and 1_30 NMR spectra are simple and suggest that a
using SMART!S The collected frames were integrated using the Single species is present in solution, observationsiiNMR
preliminary orientation matrixes, which were updated every 100 (Figure 1) portray a completely different situation. At
frames. Final cell parameters were obtained by refinement on the ambient temperature th&i spectrum of a dilute sample in
positions of reflections with > 100(l) after integration of all the toluene reveals three signals@tl.90, 1.57, and 0.61 ppm
frames using SAINT?> The data were empirically corrected for  \ith approximate ratio 1:2:8, respectively. Upon warming,
absorption and other effects using SADABS he structures were the two lower field peaks appear to coalesce at@@vhile
solved by direct methods and refined by full-matrix least squares the other signal becomes narrower and shifts downfield
2 i 17 - i ) o X

on_aII F* data using SHELXTL The non-H atoms were _refm(_ed progressively. At 80C the remaining two signals are located
anisotropically, while H atoms were constrained to idealized . .

at 1.78 and 0.93 ppm. Upon cooling, all the signals broaden

positions using appropriate riding models. Analysis of the molecular . . .
structures determined by X-ray diffraction was assisted by com- and split further into multiple peaks that could not be fully

parison to related structures compiled in the Cambridge Structural Fésolved at-80 °C. These changes are fully reversible and
suggest the existence of a complex equilibrium between

(14) Hakansson, Minorg. Synth.1998 32, 222. several oligomeric structures. In the absence of other donor
(15) SMART & SAINT: Area Detector Control and Integration Software  groups to complete the coordination sphere of the metal,

Siemens, AXS: Madison, WI, 1995. ; ; ; ;
(16) Sheldrick, G. M.SADABS: Programm for Empirical Absorption formation of an extended network in the solid state is

Correction of Area DetectordJniversity of Goettingen: Goettingen,

Germany, 1996. (18) Allen, F. H.; Kennard, OChem. Des. Autom. New993 8, 31.

(17) SHELXTL 5.10 ed.; Bruker AXS Inc.: Madison, WI, 1997. (19) Farrugia, L. JJ. Appl. Crystallogr.1997, 30, 565.
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Table 1. Crystallographic and Refinement Data #&and 6
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Table 2. Selected Bond Distances and Angles (A, deg)4@nd6

4 6 4 6 4 6

empirical formula GsH24LINOS CooH30LINOLS Li---Li® 2.47(2) 2.68(2) LS 3.185(11)
cryst syst monoclinic monoclinic N---N2 3.134(7) 3.24(2) LS 2.609(10) 3.034(11)
space group P2;/n (No. 14) P2;/c (No. 14) Li—N 1.974(11) 2.044(9) SN 1.687(5) 1.686(6)
a(A) 10.535(3) 9.25(2) Li—Na2 2.018(10) 2.165(9) €N 1.507(7) 1.414(6)
b (A) 8.343(2) 15.28(4) Li—O 1.984(11) 2.010(8) €S 1.788(6) 1.766(6)
c(A) 18.352(5) 15.00(4) Li—O 2.034(9)
7p (de 99.25(1 100.94(6 ) ) .
Vﬁ()g\s') g) 1592(§(7)) 2082(9)( ) LI—’\.I—LIa 765(5) 792(4) GLI—Sa 988(4)
Z, p(calcd) [gcm—3] 4,1.140 4,1.211 N—L!—Na 103.5(5) 100.8(4) N’L.I*Sﬂ 40.3(2)
T (K) 173(1) 173(1) O—L! -0 94.0(4) N-Li—S*  120.7(5)
o (mmY) 0.194 0.171 O—Li—N 131.9(5) 119.1(4) SN-C1 114.1(4) 115.8(3)
0 range 2.1623.25 1.92-25.00 . 118.6(4) N-S-C8 110.2(3) 106.9(2)
limiting indices —11=<h=+11 -10=<h=+10 O-Li-N*  124.6(6) 115.0(4)

-9<k=+9 ~17<k=<+18 110.1(4)
no. of refins collected/unique 10070/2287 13842/3655
R(int) 0.183 0.139 aSymmetry code:—x, -y, —z + 1.
no. of params 173 247
RIHWR22 (1 > 20(1)) 0.085/0.169 0.072/0.166
R1%wR2? for all data 0.170/0.175 0.160/0.209
GOF onF? 1.026 1.024
largest diff peak/hole (A —3)  0.394/-0.302 0.47740.488

ARL = 3||Fo| — IFll/Z|Fol, WR2 = {J[W(Fo? — FA?/ 3 W(F?)Z 12

expected. Aromatic rings can solvate lithium cations, as has
been observed in phenyl hydrazides such as Lif3ileN—
NPh]2° but the interaction is weak and oligomers form easily
in toluene solution. Detailed studies for the aggregation of
LDA and E&tNLi have been published recentiy??

The limited solubility of lithium sulfenamides in aliphatic
hydrocarbons facilitates their isolation. Howeveiis solu-
bilized in the presence of an excess of organolithium. The
possible formation of a mixed sulfenamidalkyllithium
cluster was investigated wittH NMR by mixing 1 with 2
equiv of n-butyllithium. After the solvents were removed
and the precipitate was redissolved in benzene, a remarkabI))(:Ti(i?l_'UFf)e 21-1 I’S/!C"Fi‘culaf SIIUC”t_ure _gf [ld'(nzr-](CHs)stCt;Ng&/CeHﬁHg;I{l)z-l |
simple spectrum was obtained in which the protons of the 3, h%rgéefzgﬁ?gpe %riﬁftghsf;ri;m%/\l\.ma © 30% probability level.
sulfenamide and the alkyl group were easily identified and ) _
were only slightly shifted since most of those nuclei are far Solvated sulfenamides [i(iy*-(CHz)sC—NS—CeHiCHs-4)-
from the metal. The largest shift corresponds to the signal (THF)2] (4) and [Lix(17-4-CHsCeHa—NS—CeHiCHg-4)>-
of the n-butyl a protons at—0.94 ppm from—0.85 ppm (THF)4] (6). The corresponding crystallographic and refine-
observed forn-BuLi in the same conditions. ThéLi ment data are summarized in Table 1; a comparison of
resonance (2.11 ppm) is also shifted with respect to that of Sélected bond distances and anglest@ind 6 is given in
n-BuLi (2.63). Similar shifts are known for mixed complexes Table 2. The crystalline structures #fand6 are presented
of alkyllithiums 23 Such species also provide explanation for i Figures 2 and 3, respectively.
the slow formation of the precipitate Gfeven at tempera- [N both crystals the unit cell contains two molecules; each
tures close to 0C. On the other handis virtually insoluble is a dimer sitting in a screw axis. Thus, the asymmetric unit
in all hydrocarbons and could not be characterized by consigts of only one solvated lithium sulfenamide. F?gure 4
spectroscopic methods in solution: it precipitates immediately contains a comparison of the cores of the two different
during the synthesis and cannot be dissolved with an excessStructures. Both molecular structures have a centréllLi
of organolithium. square ring, wh|gh is the characterlstlc feature of most

Both sufenamides are soluble in ethers, including diethyl dimeric lithium amides. The kN, rings of4 and6 are planar,

ether, THF, and dioxane. Colorless single crystals suitable as i_s commonly observed in structures without any special
for X-ray diffraction were obtained from THFhexanes steric demands.

mixtures. The crystalline products were identified as the In the m_olec_ular structure of there IS one molecule of
THF coordinating each metal atom, while@rthere are two.

In the latter case the sulfur atoms are located out of the ring

(20) Gemuend, B.; Noeth, H.; Sachdev, H.; Schmidt@iem. Ber1996

129 1335.

(21) Rutherford, J. L.; Collum, D. BJ. Am. Chem. So2001, 123 199.
(22) Rutherford, J. L.; Collum, D. Bl. Am. Chem. Sod999 121, 10198.

(23) Arvidsson, P. I.; Ahlberg, P.; Hilmersson, Ghem—Eur. J.1999 5,
1348.
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plane; their distances to each of the lithium atoms, 3.034-
(11) and 3.092(11) A, are nearly identical and too long to
consider any bonding interaction. Thus, the lithium atoms
have a coordination number of 4 and an approximately
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Figure 3. Molecular structure of [Li(1-4-CHsCeHs—NS—CgH4CHz-4),-
(THF)4] (6). Displacement ellipsoids are shown at the 30% probability level.
The hydrogen atoms are omitted for clarity.

Figure 4. Comparison of the cores of the crystal structured @bp) and
6 (bottom).

tetrahedral geometry. The dimensions of thg\kiring in 6

are comparable to those of other solvated dimers with a
similar structure*-2?” However, the G-Li—O angle of 94.0-
(4)° is significantly smaller than the 100.7804.06 angle
observed in the other cases.

(24) Hacker, R.; Kaufmann, E.; Schleyer, P. v. R.; Mahdi, W.; Dietrich,
H. Chem. Ber1987 120, 1533.

(25) von Buelow, R.; Gornitzka, H.; Kottke, T.; Stalke, Ohem. Commun.
1996 1639.

(26) Paasch, K.; Nieger, M.; Niecke, Engew. Chem., Int. Ed. Endl995
34, 2369.

(27) Frenzel, A.; Herbst-Irmer, R.; Klingebiel, U.; Noltemeyer, M.;
Schaefer, MZ. Naturforsch. B1995 50, 1658.
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(L)n (L)n
1 11

A more significant difference in the structure #4fs the
position of the sulfur atoms. These are located 1.430(2) A
above and below the annular plane and are leaning toward
one metal atom each. The,N,_LINS interplanar angle is
58.0(5Y, and the molecular conformation resembles a chair.
The shortest L+S distance is 2.609(10) A. This is longer
than the average HSanoncbond length, 2.481(8) A, obtained
from 212 CSD records. However, the distance is comparable
to the average calculated for +8,eura bonds, 2.55(3) A,
from 19 structures deposited in the CSD. Therefore, coor-
dination of the sulfenamido anion #is best described as
n?, toward one lithium, and between the two metal atoms.

Although there are some published examples of unsolvated
dimeric lithium amide$83? in most cases the metals are
coordinated by other donor groups, most commonly ethers,
amines, nitriles, or phosphoramides. Coordination numbers
as large asB have been observed when the additional donors
are part of a chelating amide. A ligand that contains the
additional donor atom (X) directly bound to nitrogen could
be considered as the shortest case of a chelating amide; the
proximity to the metal favors thg? binding mode (Chart 1,

I) over thenp! mode (Chart 1)1). Such coordination has
been observed in [kf(CH3)sSi—N—N(Si(CHg)s))2] (7),%*
[Li2((CH3)2((CHz)sC)Si—N—N(H)Si(C(CHs)s)(CHs)2)2-
(THF)] (8),% [Li o((CHs)sSi=N—N(H)C(CH)s)o(THF) ] (9),*
[Li 2((CH3)3Si—N—N(CH,CsHs)Si(CHg)z),]  (10),° [Lip-
(CGHs_N—N(H)SI(CHg)g)z(Etzo)z)] (11),20 and [le(F-
((CH3)3C)28|—N_N(CH3)2)2(THF)2] (12)36 Softer X atoms
are less effective in coordinating a hard cation; the only other
structure of an amide featuring a third-period donor ahd
coordination is that of [Li{(PhN—PPh),(OEt),] (13)%” with

a Li—P distance of 2.684(3) A.

The Li—O and Li—N bond distances i are slightly
longer than in4, but do not deviate from the average bond

(28) Antolini, F.; Hitchcock, P. B.; Lappert, M. F.; Merle, Ehem.
Commun200Q 1301.

(29) Kennepohl, D. K.; Brooker, S.; Sheldrick, G. M.; Roesky, H.Gttem.
Ber. 1991, 124, 2223.
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(31) Westerhausen, M.; Schwarz, \&. Anorg. Allg. Chem1993 619,
1053.
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Chem.1998 624, 1369.
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(37) Ashby, M. T.; Li, Z.Inorg. Chem.1992 31, 1321.

Inorganic Chemistry, Vol. 42, No. 12, 2003 3853



Mahmoudkhani et al.

lengths and angles of typical AN, squares. The difference

in C—S—N—C torsion angles betweehand 6, —95.0(4y
and—76.5(3Y}, respectively, is the only structural difference
between these two structures that can be unequivocally
attributed to sulfur coordination. The sum of bond angles
subtending at Li, N, Ri(at —x, —y, —z+ 1), and O is 360
thus, these atoms are coplanar. This trigonal unit is not
symmetrical; the ©Li—N and O-Li—N2 angles differ by
7.3(6Y. This is not only the result of the side-on coordination
by the sulfur atom; the dimers of other asymmetric lithium
amides can display even larger-Qi —N angle differences,
e.g., 2% in [LI 2(C6H5CH2_N—CeHs)z(Etzo)z].38 One last
noteworthy feature in the structure ®fs the N-Li—S bond
angle of 40.3(2), slightly smaller than the 41.8(2jneasured

for the analogous NLi—N angle in the structures—12 but

not as acute as the 38.47{Ipr the N—L—P angle of13.

The difference in lithium coordination environments in the
two characterized structures was reflected in the solid-state
isotropic’Li NMR chemical shifts, 1.40 ppm fot and 0.60
ppm for 6. In solution, the ambient-temperature spectrum
of 6 displayed a singl€Li resonance whose position is 50
solvent dependent. It was observed at 0.86 ppm in toluene
and at 0.69 ppm in THF; intermediate values were observed
in mixtures of the two solvents. The difference in chemical
shifts, 0.17 ppm, is small and can be attributed to the change

+3

o

+1

o

F>

w
a

A
o

LT

in the polarity of the medium but not to a change in the -70
coordination sphere; thus, the molecular structures a$ YT RERE
maintained throughout. T s(ppm)

In contrast, more complicated changes were observed inFigure 5. VT 7Li NMR spectra of4 in toluene-THF, 1:0.3 (V/v).
the solution’Li NMR spectrum of4. At ambient temperature,

a single peak was observed at 1.00 ppm in benzene or toluen&®"eM®

) . . o
and at 0.36 ppm in pure THF. The large difference in ?. S— I T_
chemical shifts suggests a change in the coordination sphere ~ \,_—"U \ THF NSO 5

. . . . N\ N \'~O/N\
and is comparable to the difference observed in the solid- \/Li/ AN | -
state spectra of and6. Moreover, up to two peaks can be —s (lD -S o

observed in solvent mixtures; their positions and relative

intensities depend on temperature and THF concentration.solution spectrum o4 corresponds to thg? structure found
This phenomenon is best exemplified with the observations in the crystal structure. If these structures actually exist in
made in a 1:0.3 toluer€THF mixture (Figure 5). The two  equilibrium in the THF-toluene mixture (Scheme 1), the
signals exhibit a thermal drift of ca. 0.005 pg@/ At 30 exchange rate constant would be less than I30bslow

°C a single peak is observed at 0.92 ppm. Upon cooling, —30 °C since the two resonances are observed instead of
this peak shifts to high field and broadens. ABO °C the the average peak. The equilibrium is strongly dependent on
second peak is clearly distinguishable at higher field. As the temperature, with estimated values/fl = —68 kJ mot?
temperature decreases, the new signal grows at the expensgndAS = —250 J mot* K~%. While in this case the typk

of the first and becomes predominant-a50 °C. At —70 structure is enthalpically favored by the preference of lithium
°C only the second peak is visible-a0.23 ppm; this position  for the hard THF donor, the typestructure is entropically
approximates that of the signal observed in pure THF once favored because of the loss of two THF molecules facilitated
the thermal drift is considered. These temperature-inducedby the bulk of thetert-butyl group. The equilibrium observed
changes are fully reversible, and the higher field speciesin the solutions o4 must be present under the conditions
becomes predominant as the proportion of THF increases.used for crystallization; thus, the? structure was isolated
The large difference in chemical shifts of the two species is due to its lower solubility.

close to that observed between the spectra of the crystalline Solvated and unsolvated sulfenamides are very sensitive,
lithium sulfenamidest and 6. These observations suggest and a satisfactory elemental analysis was obtained only for
that the higher field species has the structure observed in3, These materials are very reactive, not only toward
the crystal of6, with »* coordination and four coordinated  hydrolysis by adventitious moisture but also to oxidation by
THF molecules, and the other species observed in theair as well. Upon exposure to an atmosphere containing less

(38) Bezombes, J. P.; Hitchcock, P. B.; Lappert, M. F.; Merle, PJ.G. than 20 ppm oxygen, solid and solution sampleg af.]dG
Chem. Soc., Dalton Trang001, 816. undergo color changes from colorless to blue and finally to
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orange-red. EPR of samples in solution treated with dry as bridging ligands between two metals. Simultaneously,
oxygen displayed a poorly resolved spectrum of a free these structures are examples of two different hapticities of
radical. Samples o8 and 5 are more tolerant of small the sulfenamido ligand toward one metal atom. The dynamic
amounts of oxygen, but under an atmosphere of the pureexchange of these structures is a plausible explanation for
gas their EPR spectra consisted of the three-line signalthe observed behavior in the VLi NMR of 4 in toluene-
characteristic of the nitrogen-centered thioaminyl neutral THF mixtures.

radical [(CH)sC—NS—CgH4CHz-4]e (g = 2.0070,ay = 11.7 )
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