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The o,o-stabilized carbanion complexes [PhSO,CHCNNa-THF], 3, [t-BuSO,CHCNNa], 4, [PhSO,CHCNK], 5,
[t-BuSO,CHCNK], 6, and [MeSO,CHCNLI-TMEDA], 7, have been synthesized via the metalation of the parent
(organo)sulfonylacetonitriles by BuLi, BuNa, or BnK in THF solution (or THF/TMEDA in the case of 7). In addition,
complexes 3 and 7 have been characterized by single-crystal X-ray analyses and have been found to adopt related
structures in the solid state. Complex 7 is a molecular dimer containing a central 12-membered (OSCCNLI), ring
core, with each metal rendered tetracoordinate by binding to a chelating TMEDA molecule. As found in related
complexes, no direct carbanion to lithium contacts are present in the structure of 7. Complex 3 forms a polymeric
cage structure composed of associated “dimeric” (OSCCNNa), rings, similar to those found in 7. The larger sodium
cations, and the presence of only one THF molecule/metal, allow additional contacts with the anions, leading to
hexacoordination at the metal centers. These contacts include long-range transannular Na—N interactions (2.8042(14)
A) across the central dimeric ring and “interdimer” Na—C connections (2.8718(15) A). Dissolution of complexes
3-6 and their lithiated derivatives [PhSO,CHCNLi-TMEDA], 1, and [t-BuSO,CHCNLi-THF], 2, in DMSO-ds results
in almost identical chemical shifts for each type of ligand. This suggests that charge-separated complexes of the
form [RSO,CHCN] [M(DMSO-ds)]* are formed in highly polar solution.

Introduction stabilized carbanions, where a methylene group bridges
between a pair of stabilizing units, such as sulfonyls, nitriles,
or phosphonatesin the course of our studies into the use
of these ligands to form geminated bimetallic complexes,
R>CM,,® we have found that the intermediate monolithiated
complexes may break with the traditional structural patterns
established for thein-stabilized derivative$:® For example,

a-Stabilized carbanions play a central role in modern
chemistry as intermediates in numerous carbcarbon
bond-forming reactions.The utility of these species in
synthesi3® has also led to considerable interest in their
structure and bonding patterh®V/e have recently become
attracted to a specialized class of these compoum@s;
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Aggregation Patterns ino,o’-Stabilized Carbanions

the sulfonyl from one ligand and the nitrogen of the nitrile

1oL .
R~ oLt R4 R from a second ligand. The sheet structure of comglean
R TR >—CEN‘L_stc—< therefore be considered to be composed of chaiidinked
R R Li R
L(L.__Eo R>_R N together.

Figure 1. Dimeric aggregation of lithiated sulfones and nitriles, where L
= Lewis base.

In this study we report the synthesis and characterization
of the sodium and potassium analogued4 ahd?2, [PhSQ-
CHCNNaTHF], 3, [t-BuSGCHCNNa],4, [PhSQCHCNK],

5, and [-BUSOQ,.CHCNK], 6. In particular, the remarkable
polymeric cage structure o8 will be outlined and its
relationship with the previously characterized lithium com-

o c-c=N o\\g_c/caN o\\z_C,CeN Our plexesl and2, as well as new molecular lithium complex
b i i P, [MeSO,CHCNLI-TMEDA], 7, will be discussed.
mN: R .mm R .mm R LI . .
SC-c_g-0 =C-¢.&-0 sC-c.g-0 Experimental Section
J1] I 1]
??N R «Lx?z» R «% All manipulations were carried out under a protective argon
'\o\\é,cfcéN' I\O\\é,C—C’N/ : atmosphere using standard Schlenk techniétiali.glassware was
8 3 flame-dried under vacuum before use. All solvents were distilled
form sodium benzophenone ketyl, degassed, and stored over 4 A
molecular sieved\,N,N',N'-Tetramethylethylenediamine (TMEDA)
sheet scission was distilled from Call and stored owe4 A molecular sieves.
MeSQ,CH,CN, PhSQCH,CN, and t-BuSQ,CH,CN were pur-
chased from Lancaster and recrystallized from either hexane or
Li R L R L R L toluene.n-Butyllithium (BuLi) was purchased from Aldrich as a
“Nsc 10 "Nsgc_c To""Nsc¢ 7.0 1.6 M solution in hexane and was standardized by titration with
S S S 1 . . .
S 5 5 salicylaldehyde phenylhydrazone directly before ¥dutylsodium

Figure 2. Simplified schematic view of the relationship between the
structures of complexels R = Ph, and2, R = t-Bu. (The donor solvents
and carbanionic hydrogen have been removed for clarity.)

in general monolithiated sulfones form eight-membered{SO
Li), ring dimers, and monolithiated nitriles form four-
membered LN, ring dimers in the solid state (Figure ®)*
However, in the complexes [PhgCHCNLIi-TMEDA], 1,
and f-BuSO,CHCNLI-THF], 2, where the carbanion is

directly connected to both a sulfonyl and a nitrile, neither

ring dimer is retained in the solid state. Instehd; a helical
chain polymer an@ forms a two-dimensional honeycomb

sheet network (Figure 2). The common feature in the two

(BuNa) and benzylpotassium (BnK) were prepared according to
modified literature procedures and stored in an argon-filled glove-
box!* Deuterated solvents for the NMR studies were stored over
4 A molecular sieves under an argon atmosphere. The NMR spectra
were recorded on a Bruker AMX 400 spectrometer at@5and
were calibrated with respect to the deuterated solvent.13l
assignments were determined using HMQC experiments. The IR
spectra were recorded on a Nicolet Avatar 360 FTIR spectropho-
tometer as Nujol mulls, and elemental analyses were carried out
on a Perkin-Elmer 2400 elemental analyzer.

Synthesis of [PhSQCHCNNa-THF], 3. PhSQCH,CN (2
mmol, 0.36 g) was dissolved in THF (20 mL) and cooled-t68
°C. A 1 equiv amount of BuNa (2 mmol, 0.16 g) was added to the
stirred solution via a solid additions tube. The resulting solution

structures is the “head-to-tail” linking of the ligands by the as allowed to stand and warm slowly to ambient temperature. A
lithium centers, i.e. the metals bridge between an oxygen of white microcrystalline solid formed after 12 h. Complete dissolution
of the solid was achieved by strong heating of the mixture. X-ray-

(7) Henderson, K. W.; Kennedy, A. R.; MacDougall, D. J.; Shanks, D.

Organometallics2002 21, 606.
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Angew. Chem., Int. Ed. Endl99Q 29, 100. (d) Gais, H.-J.; Hellmann,
G.; Gunther, H.; Lopez, F.; Lindner, H. J.; Braun,/gew. Chem.,
Int. Ed. Engl.1989 28, 1025. (e) Gais, H.-J.; Vollhardt, J.; Hellmann,
G.; Paulus, H.; Lindner, H. Jetrahedron Lett1988 29, 1259. (f)
Gais, H.-J.; Vollhardt, JTetrahedron Lett1988 29, 1529. (g) Gais,
H.-J.; Vollhardt, J.; Lindner, H. Angew. Chem., Int. Ed. Endl986
25, 939. (h) Gais, H.-J.; Lindner, H. J.; Vollhardt, Angew. Chem.,
Int. Ed. Engl.1985 24, 859.
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G. Angew. Chem., Int. Ed. Endgl991, 30, 1455. (b) Hollstein, W.;
Harms, K.; Marsch, M.; Boche, @ngew. Chem., Int. Ed. Endl988
27, 846. (c) Hollstein, W.; Harms, K.; Marsch, M.; Boche, 8gew.
Chem., Int. Ed. Engl1987 26, 1287. (d) Boche, G.; Marsch, M.;
Harms, K.; Sheldrick, G. MAngew. Chem., Int. Ed. Endl985 24,
573.

quality crystals were obtained on slow cooling of the hot solution
in a water bath. The product was isolated via filtration, dried in
vacuo, and transferred to a glovebox for analysis. The product was
found to lose THF under vacuum; hence, the elemental analyses
and the yield are based upon the relative integrals of the anion and
THF in the'H NMR spectrum, 1:0.86 in this instance. Yield: 0.31

g, 63.5%. (Anal. Found: C, 51.64; H, 4.83; N, 5.22. Calcd for
Ci1.4H148NO,86S: C, 51.84; H, 4.86; N, 2.281)ma)10m71 (CE

N): 2169 (Nujol).'H NMR (400 MHz, DMSO#s, 25°C): 6 7.67

(d, 2H,0-H, Ph), 7.38 (m, 3Hm-+, p-H, Ph), 3.60 (m, 3.4H, ©CH,,

THF) 2.57 (s, 1H, S@.CH), 1.76 (m, 3.4H, Ckl THF).13C NMR

(100 MHz, DMSO¢s, 25 °C): ¢ 151.49 {-C, Ph), 128.91¢-C,

Ph), 128.10, (+C, Ph), 126.33 (CN), 124.2D4C, Ph), 67.00 (&

CH,, THF), 37.46 (S@.CH), 25.10 (CH, THF).

(12) Shriver, D. F.; Drezdzon, M. AThe Manipulation of Air-Sensite
CompoundsWiley: New York, 1986.

(13) Love, B. E.; Jones, E. G. Org. Chem1999 64, 3755.

(14) Schlosser, M. IrDrganometallics in SynthesiSchlosser, M., Ed.;
Wiley: New York, 2002; Chapter 1.
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Synthesis of -BuSO,CHCNNa], 4. t-BuSG,CH,CN (1 mmol,
0.16 g) was dissolved in THF (30 mL) and cooled+@8°C. A 1

equiv amount of BuNa (1 mmol, 0.08 g) was added to the stirred
solution via a solid additions tube. The resulting mixture was then
allowed to stand and warm slowly to ambient temperature. A white
microcrystalline solid formed after 2 h. The product was isolated
by filtration, dried under vacuum, and transferred to a glovebox
for analysis. Yield: 0.12 g, 65.6%. (Anal. Found: C, 37.26; H,

5.21; N, 7.07. Calcd for gH:0NaNG,S: C, 39.33; H, 5.50; N, 7.65.)
vmadCm™t (C=N): 2160 (Nujol).'H NMR (400 MHz, DMSO#ls,
25°C): 6 2.02 (s, 1H, S@.CH), 1.17 (s, 9H, CH} t-Bu). 13C NMR
(100 MHz, DMSOdg, 25 °C): 6 128.01 (CN), 58.57 (Ct-Bu),
26.37 (SQ-C), 24.34 (CH, t-Bu).

Synthesis of [PhSQCHCNK], 5. PhSQCH,CN (2 mmol, 0.36
g) in THF (5 mL) was added dropwise to a mixture of BnK (2
mmol, 0.26 g) in THF (10 mL), resulting in the formation of an
off-white precipitate. The solid was isolated via filtration, dried

under vacuum, and transferred to a glovebox for analysis. Yield:
0.30 g, 68.5%. (Anal. Found: C, 42.80; H, 2.65; N, 6.39. Calcd

for CgHgKNO,S: C, 43.81; H, 2.76; N, 6.39)ma/cm (C=N):
2157 (Nujol).?H NMR (400 MHz, DMSQOds, 25°C): ¢ 7.67 (d,
2H, o-H, Ph), 7.39 (m, 3Hm-, p-H, Ph), 2.55 (s, 1H, SQCH).
13C NMR (100 MHz, DMSO#dg, 25°C): 6 151.45 (-C, Ph), 128.92
(p-C, Ph), 128.11r+C, Ph), 126.29 (CN), 124.2@C, Ph), 37.45
(SO,-CH).

Synthesis of f-BuSO,CHCNK], 6. t-BuSQ,CH,CN (1 mmol,

0.16 g) in THF (5 mL) was added dropwise to a solution of BnK

(2 mmol, 0.13 g) in THF (20 mL). An insoluble white precipitate

rapidly formed. The product was isolated via filtration, dried under
vacuum, and transferred to a glovebox for analysis. Yield: 0.15g

75.4%. (Anal. Found: C, 36.32; H, 5.03; N, 6.74. Calcd feHG-
KNO,S: C, 36.16; H, 5.06; N, 7.03)mafcmt (C=N): 2150
(Nujol). *H NMR (400 MHz, DMSO¢dg, 25 °C): 6 2.02 (s, 1H,
SO,-CH), 1.17 (CH, t-Bu). 13C NMR (100 MHz, DMSO€s, 25
°C): ¢ 128.01 (CN), 58.57 (QrBu), 26.35 (SQ@_C), 24.33 (CH,
t-Bu).

Synthesis of [MeSQCHCNLIi - TMEDA], 7. MeSG,CH,CN (1
mmol, 0.12 g) was dissolved in TMEDA (5 mL) and treated with
a 1 equiv amount of BuLi (1 mmol of a 1.6 M solution in hexane)

Henderson et al.

Table 1. Crystallographic Parameters férand 7

param 3 7
chem formula @H1ANNaG;S GoH20LiN 3028
fw 275.29 241.28
cryst size (mm) 0.7 0.20x 0.20 0.35x 0.20x 0.10
cryst syst monoclinic triclinic
space group P2:/n P1
a(A) 5.8700(1) 8.3970(4)
b (A) 21.7690(5) 8.7020(4)
c(A) 10.1300(2) 11.0240(6)
a (deg) 90 85.483(2)
B (deg) 90.949(1) 69.939(2)
y (deg) 90 64.124(3)
V (A3) 1294.27(4) 678.39(6)
z 4 2
no. of reflcns collcd 5498 5562
no. of indepndt reflcns 2916 3064
Rint 0.0141 0.0507
Deaic (g cm3) 1.413 1.181
wu (mm) 0.282 0.228
Ra 0.0307 0.0508
Ry ? 0.0799 0.1172

aConventionaR = Y ||Fo| — |Fc||/Y |Fol for “observed” reflections having
Fo? > 20(F). PRy = [IW(F? — FA)Z 3 W(FA)?Y2 for all data.

program®® Specific crystallographic data and refinement parameters
are given in Table 1.

Results and Discussion

Solid-State Studies.All of the sodium and potassium
complexes prepared were found to have very limited solubil-
ity in organic solvents, resulting in their characterization by

' single-crystal X-ray diffraction being rather problematic.
Nevertheless, in the case of comp&suitable crystals were
successfully prepared and its structure was subsequently
determined. As shown in Figure 3, compl&forms a
polymeric cage structure. Each sodium bridges between four
separate anions by binding to a pair of sulfonyl and nitrile
groups, one carbanionic carbon, and a single THF molecule,
giving a distorted octahedral geometry at the metal centers.

A detailed examination of the structure®proves useful

causing the formation of an oil. Complete dissolution was achieved jn ynderstanding its formation and rationalizing its highly
on vigorous heating and the addition of THF (2 mL). Storage at \,nusual structure. The core of the polymer cage can

—20 °C produced X-ray-quality crystals. (The crystals are readily
soluble and will redissolve at room temperature.) Yield: 0.09 g

37.3%. Mp: 76°C. (Anal. Found: C, 44.81; H, 8.66; N, 17.01.
Calcd for GHoLiN30,S: C, 44.76; H, 8.35; N, 17.42u)/cmt
(C=N): 2146 (Nujol).'H NMR (400 MHz, DMSO¢, 25°C): o
2.68 (s, 3H, Me), 2.37 (s, 1H, SCCH), 2.26 (s, 4H, CH
TMEDA), 2.10 (s, 6H, CH, TMEDA). 13C NMR (100 MHz,
DMSO-dg, 25°C): ¢ 127.02 (CN), 57.25 (CH TMEDA), 47.554
(CHs, SO:-Me), 45.57 (CH, TMEDA), 37.13 (SQ-C).

Computational Details. The Gaussian 98 series of programs

were used for the calculatioA3No symmetry constraints were

imposed, and the molecules were allowed to freely optimize initially
at the HF/6-31G* level and then reoptimized at the higher B3LYP/

6-31++G** level of theory16-18 Frequency analysis using both

conveniently be broken down into “dimeric” (OSCCNNa)
' 12-membered ring building blocks. Formation of the polymer

(15) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone,
V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.;
Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;
Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.;
Liashenko, A.; Piskorz, P.; Komaromi, |.; Gomperts, R.; Martin, R.
L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,
A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B. G.;
Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.; Replogle,
E. S.; Pople, J. A.Gaussian 98 revision A.6; Gaussian, Inc.:
Pittsburgh, PA, 1998.

levels of theory was used to ensure that true minima were located.(16) (a) Dill, J. D.; Pople, J. AJ. Chem. Phys1975 62, 2921. (b)

X-ray Crystallography. Single-crystal diffraction data were

recorded on a Nonius Kappa CCD diffractometer at 123 K using

graphite-monochromated ModKradiation ¢ = 0.710 73 A). All
non-H atoms were refined anisotropically. The H atomg afere

refined isotropically as was H1 (the H atom of the C(H)CN group) 18)

of compound3. The structures were refined by full-matrix least
squares and again$? to convergence using the SHELXL-97

2738 Inorganic Chemistry, Vol. 42, No. 8, 2003

Hariharan, P. C.; Pople, J. Aheor. Chim. Actal973 28, 213. (c)
Hehre, W. J.; Ditchfield, R.; Pople, J. A. Chem. Phys1972 56,
2257.

(17) (a) Becke, A. DJ. Chem. Phys1993 98, 5648. (b) Lee, C.; Yang,

W.; Parr, R. GPhys. Re. B 198§ 37, 785.

Hehre, W. J.; Radom, L.; Schleyer, P. v. R.; Pople, JAB.Initio

Molecular Orbital Theory Wiley: New York, 1986.

(19) Sheldrick, G. MSHELXL-97, program for crystal structure refinement
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Figure 3. Section of the polymeric structure (50% probability ORTEP)
of 3 with the hydrogen atoms omitted for clarity.

Scheme 1. Assembly of3 through Slip-Stacking of Dimeric
Fragments (THF Solvation Omitted for Clarity)
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é 1o g 1o
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Table 2. Key Bond Lengths (A) and Angles (deg) f8rand 72

Compound3

Na(1)-0(3) 2.3236(11) Na(ByN(1)* 2.4532(13)

Na(1)-0(1) 2.3449(11) Na(BN(1)* 2.8042(14)

Na(1)-0(2)* 2.3513(11) Na(1yC(1y 2.8718(15)

O(1)-S(1) 1.4545(10) C(HS(2) 1.6832(14)

0(2)-S(1) 1.4549(10) C(3)S(1) 1.7800(13)

N(1)—C(2) 1.1598(18) C(HC(2) 1.3958(19)
0O(3)-Na(1)-0(1) 115.11(4) O(3yNa(1}-O(2)*  85.22(4)

O(1)-Na(1)-0(2)* 97.58(4) O(3FNa(l)-N(1)*  91.32(4)
O(1)-Na(1)-N(1)*  87.38(4) O(2)-Na(l}-N(1)* 174.73(4)
O(3)-Na(1)-N(1)*  164.95(4) O(1}Na(l}-N(1)*  77.11(4)
O(2)-Na(L)-N(1)* 84.37(4) N(1)*Na(1)-N(1)** 98.24(4)
O(3)-Na(1)-C(1y 85.79(4) O(1yNa(l}-C(ly  157.76(4)
O(2)*—Na(l)-C(1y 91.28(4) N(1)*=Na(l)-C(ly  84.49(4)
N(1)*—Na(1}-C(1y 83.61(4) C(2FN(1)-Na(l)  88.92(9)

C(2)-N(1)—Na(1)*  158.20(11) N(1}C(2)-C(1) 176.46(14)
Na(1)*—N(1)-Na(1)’ 81.76(4) C(2)-C(1)—H(1) 121.1(12)
C(2)-C(1)-S(1) 116.42(10) O(BHS(1)-0(2) 118.13(6)
S(1)-C(1)~H(1) 117.3(12) O(2)S(1)}-C(1) 108.99(6)
O(1)-S(1y-C(1) 109.51(6) O(2yS(1)-C(3) 105.48(6)
O(1)-S(1-C@3) 104.26(6) C(2rN(1)—Na(1)' 88.92(9)
C(1)-S(1)-C(3) 110.17(6)
Compound?

Li(1)—O(1) 1.893(4) Li(1}N(L)# 2.001(4)

Li(1)—N(2) 2.118(4) Li(1)}-N(3) 2.106(4)

O(1)-S(1) 1.4547(17) C(HS(1) 1.660(3)

0(2)-S(1) 1.4377(16) C(3)S(1) 1.769(2)

c(1)-Cc(2) 1.384(3) N(1)>-C(2) 1.155(3)

O(1)-Li(1)—N(1)¥  118.91(19)  N(2)Li(1)—N(3) 87.70(15)
C(2)—-N(1)—Li(1)* 158.4(2) C(2-C(1)-S(1) 120.72(19)
N(1)—C(2)-C(1) 178.4(3) C(1yS(1)y-C(3) 110.33(13)
S(1}-C(1)-H(11) 117.3(16) O(2rS(1)-0(1) 117.56(11)
O(2)-S(1}-C(1) 110.07(12)  O(3S(1)-C(1) 108.95(11)
O(2)-S(1-C(3) 105.57(12) O(BHS(1)-C(3) 104.04(12)

aSymmetry operations: (*) #+ x,vy,z (*)1 —x, -y, 1—-z ()2 -

X =Y1-z()x—-1,y,zMH1l-x1-y,2—2

association is unique and merits comment. In the classical
examples of stacked structures, such as the hexatiBu{(
(Ph)G=NLi)¢?*?and the dodecamet{BuC=CLi)1»4THF] >

the stacked rings are eclipsed and rotated with respect to
one another (by 60 and 90respectively, for the above
compounds) to maximize the metal to anion interactions. In
contrast, although the dimeric (OSCCNBWahgs in 3 are
approximately parallel, they are not eclipsed or rotated with
respect to each other; rather they are slipped or off-set. This
mode of aggregation allows the formation of two strong
sodium to oxygen contacts (Na@®(1) 2.3449(11) A) and
two weaker secondary sodium to carbon contacts (Na(1)
C(1)y 2.8718(15) A) between a pair of neighboring dimers;
see Table 2 for a list of key bond lengths and angles. This

can then be considered to occur by the stacking (face-to-(21) (a) Barr, D.; Clegg, W.; Mulvey, R. E.; Snaith, R.; Wade JKChem.

face) association of the dimeric units through-N& and
Na—O bonding (Scheme 1). A valid alternative description
of 3 is a stepladder polymé?.

Soc., Chem. Commui986 295. (b) Armstrong, D. R.; Barr, D;
Clegg, W.; Mulvey, R. E.; Reed, D.; Snaith, R.; Wade,JKXChem.
Soc., Chem. Commui986 869. (c) Armstrong, D. R.; Barr, D.;
Clegg, W.; Hodgson, S. M.; Mulvey, R. E.; Reed, D.; Snaith, R;
Wright, D. S.J. Am. Chem. S0d.989 111, 4719.

The notion of stacking dimers in the assembly of larger (22) (a) Downard, A.; Chivers, TEur. J. Inorg. Chem2001, 2193. (b)

oligomers or polymers has clear precedent from the ring-
laddering and ring-stacking principles developed by Snaith

and co-workerg! These structural principles have found use

in numerous areas of main group chemistry, and they have 3

been extensively reviewed and elaborated wi3éfin 3, the

(20) Rutherford, J. L.; Collum, D. Bl. Am. Chem. Sod999 121, 10198.

Mulvey, R. E.Chem. Soc. Re1998 339. (c) Weiss, EAngew. Chem.,

Int Ed. Engl.1993 32, 1501. (d) Mulvey, R. EChem. Soc. Re1991

20, 167. (e) Gregory, K.; P. v. R., Schleyer; Snaith, Rl. Inorg.

Chem.1988 27, 1624. (f) Seeback, DAngew. Chem., Int. Ed. Engl.

1988 27, 1624.

For a review on theoretical studies of lithium compounds &&bium

Chemistry, A Theoretical and Experimentaléview, Sapse, A. M.,

Schleyer, P. v. R., Eds.; John Wiley & Sons: New York, 1995.

(24) Geissler, M.; Kopf, J.; Schubert, B.; Weiss, E.; Neugebauer, W.;
Schleyer, P. v. RAngew. Chem., Int. Ed. Engl987, 26, 587.
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than in the lithium complex (with the difference between
the distances being 0.336 and 0.644 A, respectively). Hence,
the Na(1)}-N(1)* interaction is retained ir8 but no such
interaction is found in the solvated lithium compléxvhere

the distance is>3.5 A.

In a similar vein, although the Na(®)C(1) distances of
2.8718(15) A in3 are significantly longer than those
normally found for direct sodium to carbon contacts (ap-
proximately 2.6 A), they appear to contribute to the stabiliza-
tion of the structuré&® In particular, the carbanionic carbons
protrude out of the mean plane of the (OSCCNLipgs
Figure 4. Molecular structure (50% probability ORTEP) @fwith the and they are also distinctly pyramidalized. This can be seen
hydrogens removed for clarity. from the sum of the angles around C(1) being only 354.8

the pyramidalization anglg; (which is defined for this
purpose as the difference between the improper torsion angle
S(1)y-C(1)—-C(2)--H(1) and 180) being 26.2, and finally

the deviationA; of C(1) from the S(1)C(2)—H(1) plane
being 0.162 A In addition, the C(13-S(1) and C(1)-C(2)
bonds are noticeably longer 8yat 1.6832(14) and 1.3958(19)

A, respectively, than in the lithiated complexes2, and7,

at 1.664 A (mean) and 1.384 A (mean), respectively,
consistent with the additional bonding interaction with the
sodium.

Moving on to consider compleX, this compound was
prepared as a direct analogue to the previously reported chain
polymer 1; however, in this instance a molecular dimer

_ o . composed of a 12-membered (OSCCNLiizg was produced
e angcommres e mn e ey o om0 e (FIGUrE 4 I fact the structures of and7 are closely
angles (deg, in italics) are shown. related. Both complexes display head-to-tail linking of the

ligands by bridging lithium centers. Moreover, the helix in
association takes place on both faces of each dimer leadingl utilizes two monomeric units per turn and scission of the
to the polymeric structure observed. Furthermore, the forma- extending Li-O bonds at these points, and rotation of the
tion of 3 through the association of (OSCCNN&hg dimers  appropriate groups would result in a dimer akin7toThe
is given substantial credence by the structural characterizationsimilarity betweenl and 7 is also seen in bond lengths in
of the dimeric complex [MeSEZHCNLi-TMEDA], 7 (Fig- the two complexes; for example, LIEN(L)* is 1.976(6)
ure 4). A more detailed discussion of the structur wfill and 2.001(4) A and Li(BYO(1) is 1.889(6) and 1.893(4) A,
follow this section. respectively. The main differences are the more acute angles

An analysis of the bond lengths withiindicates that  at the nitrile nitrogen and the bridging oxygen of the sulfonyl
there are four strong bonding interactions to each metal: two group in1 to accommodate the twisting of the helix, where
sulfonyl oxygens; a nitrogen from a nitrile; and an oxygen C(2)—N(1)—Li(1)* is 152.2(2) and 158.4 (2)and Li(1)—
from a THF molecule. The bond lengths between the metals O(1)—S(1) is 136.7(2) and 148.84(TF6yespectively, forl
and these groups are within the expected ranges for suchand7 (whereas the N(BLi(1)—O(1) angles remain similar
interactions (see Table 1)The coordination sphere of the at 118.9(3) and 118.90(19)espectively). Hence, consider-
metals is completed by two relatively long interactions, the ing the relatively small structural changes required to
transannular Na(£)N(1)* at 2.8042(14) A and the sodium  transform between a dimer and a polymer the energetic
to carbanion interaction, Na(tC(1), at 2.8718(15) A. First,  difference between the two is probably very small in these
the long Na(1)}-N(1)* interactions are consistent with our instances.
previous calculations (B3LYP/6-31+G**) on the related In contrast to the pyramidalized carbanions 3n the

Li2N2 ring dimer { MeSQ,CHCNLI}2], which on optimiza-  geometry about C(1) if is close to planarity, with the sum
tion displayed long transannular+N distances (2.567 A, ¢ the angles being 359.24y; being 10.3, andA; being
compared with 1.923 A for the remaining+N bond). A 060 A. Nonetheless, the overall geometries of the anionic
similar calculation on{{MeSOQ,CHCNNg ;] gave the struc-  |igands in3 and 7 are similar and are also consistent with

ture shown in Figure 5, again with long transannulariNa.  those previously characterized farand 2.7 In particular,
distances (2.604 A). In both cases it appears that strong

chelation of the metal is precluded due to the limited (25) alien, F. H.; Kennard, OChem. Des. Autom. Newt993 8, 31.
flexibility of the anion. Nevertheless, the larger size of the (26) They value for a perfectly planar carbanion would B¢ @hereas a
sodium cation does result in the difference between the n x value of 60 would be found for a perfectly tetrahedral center.

- . ] For a related dimeric structure see: Boche, G.; Langlotz, I.; Marsch,
transannular and “linear” NaN distances being much closer M.; Harms, K.Chem. Ber1994 127, 2059.
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Aggregation Patterns ino,o’-Stabilized Carbanions

Table 3. H NMR Data ¢n, ppm) for Compound4—6 in DMSO-ds
at 25°C

1 2 3 4 5 6
S—CH 2.57 2.02 2.57 2.02 2.55 2.02
o-H 7.68 7.67 7.67
m-H 7.38 7.38 7.39
p-H 7.38 7.38 7.39
CHs 1.16 1.17 1.17

Table 4. 13C NMR Data fc, ppm) for Compound4—6 in DMSO-ds
at 25°C

1 2 3 4 5 6

C=N 126.47 128.13 126.33 128.01 126.29 128.01
S—CH 37.57 26.44 37.46 26.37 37.45 26.35
S—C,t-Bu 58.63 58.57 58.57
CHjs, t-Bu 24.37 24.34 24.33
i-C, Ph 151.53 151.49 151.45

o-C, Ph 124.29 124.21 124.20

m-C, Ph 128.17 128.10 128.11

p-C, Ph 129.00 128.91 128.92

all of the metalated complexes have the “lone pair” of the
carbanion gauche with respect to the pair of sulfonyl
oxygens, and the nitrile unit lies antiperiplanar to the organic
unit attached to the sulfonyl (with the torsion an¢f3)—
S(1)-C(1)—C(2)| in the narrow range between 83.0(3) and
91.3(2Y for the four complexes).

Spectroscopic AnalysesAlthough we have been unable
to grow suitable single crystals of complexes6 for X-ray
analysis, their identities have been established by NMR
spectroscopy. Tables 3 and 4 detail fiveand 3C NMR
spectroscopic data for metalated compoute®. Rather
surprisingly, although all the complexes were prepared in
THF solution, only 3 was found to contain significant
quantities of the Lewis base. However, trace quantities
(<5%) of THF were discernible in theliH NMR spectra,
suggesting that the donor is present initially but is easily
lost under vacuum for the powdered (noncrystalline) samples.

We have previously detailed the bonding information
obtained from the NMR data of and 2.7 Of particular
interest here is the similarity of the chemical shifts for each
type of metalated ligand, i.e., independent of the cation
present. Since significant differences in the electronic
structure of the compounds would be expected on changing
the cation, it is likely that dissolution in the highly polar
solvent DMSQd; leads to formation of charge separated

species of the type [RSGHCN] [M-nDMSO-dg] © (where
R = Ph ort-Bu and M= Li, Na, or K).28

Conclusions

Although the macromolecular structures of the complexes
1, 2, 3, and7 are substantially different from one another
(molecular dimer7, chain polymerl, cage polymeB, and
sheet polymeR), they possess common features. The two
main similarities are the strong directional head-to-tail linking
of the anionic ligands by the group 1 metals and the fixed
localized geometry of the anions. Increasing the size of the
cation from lithium to sodium allows further coordination
contacts to be made with the ligands, and in the cas® of
this results in the aggregation of dimeric units, similar to
those of7, to furnish the cage polymer. The presence of
sodium to carbon contacts #is notable since these are not
normally present for lithiated.-stabilized carbanion¥:11.2°

We are now beginning to understand and rationalize the
novel structural and bonding patterns emerging from this
class ofa,a'-stabilized carbanions. However, we are still at
an early stage of our ultimate goal of being able to predict
their solid-state structures on the basis of the nature of ligand,
the metal present, and the solvent system used.
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