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Abstract. The deprotonation of 2-phenylpropionitrile group in the anion undergoes multiple H-bonding with the
Ph(CH;)CHCN @) by (n-Bu),N*(OH)~ results in the corre-  a-methylene units of theax{Bu),N* cations as a consequence
sponding tetrabutylammonium s&lj (n excellent yield. An  of CH---N interactions. A cryoscopic study of the compound
X-ray structural analysis shows that the compound is not & benzene indicates the existence of tetramers, which means
genuine carbanion (“naked anion”). Instead, a dimeric fornthat in solution supramolecular ions pairs are involved.

is found in the crystal in which the nitrogen of the cyano

The term “carbanion” has been applied by synthetic orpounds have also been used as metal-free carbon nu-
ganic chemists for decades to denote carbon-based atleophiles in Pd-catalyzed allylic substitution reactions
ionic species [1]. In doing so, structural aspects ar§l0].
knowingly ignored. The basis of traditional and mod-
ern carbanion chemistry is formed by the many differ-
ent types of organolithium reagents, including alkyl- (n-Bu),N*(OH)
lithium compounds, lithiated heterocycles, and deproEtCH(COzR)2
tonated forms of carbonyl compounds (enolates), ni-
triles, nitroalkanes, sulfoxides, sulfones, and other CH—1aﬁ R = Et
acidic precursors [1, 2]. In addition to purely synthetic 1o:R =i-Pr
aspects, considerable effort has gone into the study of
the structural properties of these reagents [3]. Indeed, it
has long been accepted that carbanions are not involved However, detailed structural studies in the solid phase
at all; rather, lithium is intimately bonded to the nucleo-and in solution of compounds of the typshowed that
philic species which occur as monomers, dimers or highthe concept of naked anions does not apply at all [11].
er aggregates. Indeed, these and other tetraalkylammonium salts of
In contrast to these and other organometallic reagent§H-acidic compoundse.g., those of 2-nitropropane
the scientific community took a different view of met- [12], phenylacetic acid ester [13] or phenylpropionic
al-free anionic systems. Specifically, the tetraalkylam-acid ester [13], are not true carbanions. The tetrabutyl-
monium salts of CH-acidic compounds such as estergmmonium units are not isolated cations, but are in fact
ketones, nitriles, nitroalkanes, and sulfones were bentimately associated with the carbon nucleophiles. This
lieved to be naked anions and therefore true carbaniommovel phenomenon is based on strong hydrogen bonds
[4]. Their existence was first postulated in phase transeriginating from thex-methylene units of the tetrabutyl-
fer catalyzed alkylations and Michael additions [5]. ammonium cations as H-donors and the negatively char-
Later, RN*F-promoted alkylation [6] and aldol addi- ged oxygen atoms in the enolafg®r in nitronates) as
tion [7] reactions of enolsilanes derived from ketonesH-acceptors (CH---O interactions) [14]. Relevant are MO
were hypothesized to occua the intermediate forma- calculations on (CEj,N*, which show that the positive
tion of genuine enolates. The successful use of prezharge is not localized on nitrogen as traditionally drawn
formed isolable tetraalkylammonium salts of malonatesy organic chemists, but delocalized evenly over the
as initiators in the metal-free polymerization of acrylatesour methyl groups [9]. This also means that the methyl
also seemed to indicate that true carbanions displagroups (ora-methylene groups in RI*) are somewhat
unusual reactivity and selectivity quite different from acidic. Interestingly, in the case of enolaZesight of
the lithium or sodium counterparts [8, 9]. Such com-the CH---O interactions occur in such a way that a dimer-
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ic form results, as shown by X-ray structural analyses
[11]. Two U-shaped enolates lie opposite one another,
held together by two tetrabutylammonium cations. Al-
though dimethylsulfoxide (DMSO) might be expected
to break up the hydrogen bonds, the dimeric nature of
the enolates is in fact maintained upon recrystallization
in this solvent, DMSO simply participating as a solvate

which can be viewed as the beginning of a type of sol-
vent shell [11] (Fig. 1).
c
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Fig. 2 Different types of ion pairs: a) contact (intimate) ion
pair; b) solvent-shared ion pair; c) solvent-separated ion pair;
d) free ion pair; €) penetrated ion pair; f) supramolecular ion

pair.
e since these would have to undergo H-bonding of the
type CH-:-N, if at all. Furthermore, U-shaped forms as
. in the anionic part a or in nitronates are not possible,
which likewise raises the interesting question of struc-
)

ture in the crystal and in solution.

Fig. 1 X-ray crystal structure of enolaga with DMSO as
solvate [11]. Indicated interionic C(-H)---O distances rangesynthesis and Structure
between 3.290(1) — 3.440(2) A.

Of the many different possible precursors for cyano-

As shown by cryoscopic investigations, enola2es stabilized anions, 2-phenylpropionitril@) fvas chosen.

are also dimeric in solution (benzene) [11]. In this me-Upon subjecting this nitrile to a solution @fBu),N*
dium a structure similar to that shown in the crystal iS(OH)- in THF/toluene and removing the water azeo-
likely, since NMR studies at low temperature reveal thetropically according to a previously described proce-
presence of two different types @fmethylene units in  dure [11-13,15], sa#t was obtained in 86% yield as a
the ammonium part of the satsOn the basis of these hygroscopic yellowish-green solid.
and other findings [15] we postulated the concept of
supramolecular ion pairs [11] (Fig. 2f). Theses species

need to be distinguished from traditional structures [16] Ph, H (n-Bu)sN"(OHY Ph _

such as contact (intimate) ion pairs (Fig. 2a), solvent,;|3c><CN —> C-CN  N'(n-Bu),
shared ion pairs (Fig. 2b), solvent-separated ion pairs HsC

(Fig. 2¢) and free ion pairs (Fig. 2d). They are also dif- 3 4

ferent from penetrated ion pairs (Fig. 2e) which have

been postulated recently [17]. Supramolecules of the Recrystallization from toluene afforded crystals suit-

type shown in Fig. 2f are based on reversible hydrogeable for an X-ray structural analysis. The most striking

bond formation and therefore constitute a novel branclfeature is the dimeric nature of the salt (Fig. 3). As in

of supramolecular chemistry [18]. the case of enolat@stwo anions lie in close proximity
We were interested in the structure of tetrabutylamto one another, the two ammonium counterions above

monium salts of nitriles lacking oxygen functionality, and below serving as a clamp holding the anions to-
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gether. In this case hydrogen bonds of the type CH---Bmining its cryoscopic behaviour in benzene. If a dimer-
[14] originate from the interaction of the basic nitrogenic form were to exist in solution, then an apparent mo-
atom of the nitrile function in the anion with the acidic lecular weight of about 746 g mdI(2 x 373) should
a-methylene moieties of the tetrabutylammonium ionsbe found experimentally. Surprisingly, this did not turn
Table 1 summarizes the most important bond lengthsut to be the case. Rather, an aggregation state of ap-

and angles in the anion.

Fig. 3 X-ray crystal structure of tetna-butylammonium-1-

proximately four was detected. This implies that com-

pound4 exists as tetramers in solution. However, since

the precision of the experimental method declines at
such high molecular weights [15], the results need to be
interpreted with a certain degree of caution.

Discussion

The most important conclusion of the present study con-
cerns the supramolecular nature of the structure of the
cyano-stabilized aniof The X-ray structural analysis

of the crystal and a cryoscopic study in solution unam-
biguously show that “naked anions” (real carbanions)
[4] are not involved. This important finding lends fur-
ther support to our previous conclusions regarding the
complex structural characteristics of tetraalkylammo-
nium salts of other CH-acidic compounds [11-13]. Thus
far the only “real carbanion” that we have come across

cyano-1-phenylethanidd), Selected interionic distances (&) is tetrabutylammonium cyclopentadienide; the Cp-ani-
and angles (°): N2:--C1 3.406(2), N2---C5 3.590(2), N2---C%3n s so stable that it undergoes essentially no interac-
3.389(2), N2:--C1* 4.185(2), N2:--C5---N2* 97.4(1).tion with the -Bu),N* cation in the crystal [12].

N2.--C1---N2* 86.8(1).

Table 1 Important bond lengths and bond angles of4alt

Bond lengths Angles [°]

[A]

C(18)-C(17) 1.504(2) C(17)-C(18)-C(19) 121.7(2)

C(18)-C(19) 1.418(2) C(17)-C(18)-C(25) 117.9(2)

C(18)-C(25) 1.391(2) C(19)-C(18)-C(25) 120.5(2)

C(25)-N(2) 1.165(2) C(18)-C(25)-N(2) 179.2(2)
C(18)-C(19)-C(20) 121.9(2)
C(18)-C(19)-C(24) 123.0(1)

The dimeric structure @fin the crystal reveals some
remarkable features. As delineated above, it is the ni-
trogen of the cyano function which participates in
several H-bonding interactions with tleemethylene
entities of therg-Bu),N* cations, whereas no such bond-
ing occurs with the formally negatively charged C-atom
in the anion, which would imply CH---C interactions.
This might be construed as evidence for resonance sta-
bilization of carbon-centered negative charge by a cy-
ano group, as symbolized by the hypothetical resonance
forms5 « 6. However, the traditional view of resonance
stabilization of negative charge by cyano groups has
been contested recently by Boche [19], Pagani [21] and

The anion ind4 is essentially planar, which is also others [22]. These authors consider inductive effects as

found ina-lithiated forms of related nitrileg@., lithio-

the true mechanism of stabilization. More work is nec-

phenylacetonitrile) [19]. The C(18)—C(25)-N(2) unitis essary concerning this interesting question, specifical-
linear and contains a strongly shortened C(18)-C(25ly in the case of ammonium salts.

bond and a slightly elongated C(25)-N(2) bond rela-

tive to those of typical neutral nitriles. These trends have

also been found io-lithiated nitriles [19]. The neutral
precursor3 and the dimeric aniof were also studied

by IR-spectroscopy. Accordingly, compouBdshows

an absorption peak at 2240 dgnwhich shifts to 2080
cnr! upon going tat. Thus, the nitrile absorption band

R\ - ? R\
IC"CN - IC=C=N-
R R
5 6

of the anion appears close to the absorption band of

neutral ketene-imines R=C=NR (1995-2040 cm)
[20].

In solution the saHt is neither monomeric nor dimer-
ic. Rather, a cryoscopic study in benzene indicates a

Finally, the question as to whether the dimeric naturesignificantly higher order of aggregation, possibly a te-
of anion4 is retained in solution was addressed by extrameric form. In this case ion pairs similar to the type

J. Prakt. Chenml999 341, No. 3

299



FULL PAPER M. T. Reetzet al

shown in Fig. 2f are relevant. Specifically, giant su-crystal size 0.35x0.32x 0.15 mar: 10.479(5)b = 9.734(4),
pramolecules composed of four interconne€ted] --- € = 23.380(10) AB = 100.32(5)°U = 2346.2(18) A T =

units each made up of Ph(QB-CN and (-Bu),N+ 100K, monoclinicP2,/n [No. 14],Z = 4,d., = 1.06 g e,
ions, appear to exist in solution. Whatever their exacg 7‘1

0.06 mm?, Enraf-Nonius CAD4 diffracto_metev\ =
nature may be, upon crystallization they break down t%Gsfg%sﬁé,xsg[s:azr&|4)1]85[(18irr?;l)?§]tlons, 4724 independent,
dimers (Fig. 3). :

max = 0.65 AL, direct
methods (SHELXS-97, Sheldrick, G. Mcta Cryst 1990
A46, 467), least-squares refinement (@, SHELXL-97,

) Sheldrick, G. M., University of Géttingen, 1997), H riding,
The early part of this work was supported by the Deutsch@44 refined parameter® = 0.046 (obs. datajy, = 0.128
Forschungsgesellschaft (Gottfried Wilhelm Leibniz-Pro- (Chebyshev weights), final shift/error 0.001, residual elec-
gramm). tron density +0.211 e& Atomic coordinates and e.s.d.’s have

been deposited at the Cambridge Crystallographic Data Cen-
tre, CCDC-1133209.

Experimental

The NMR spectra were recorded on Bruker AC-260 200 References
MHz) and Bruker AC-300fC: 75 MHz) instruments using
DMSO-d; as solvent and (CHi,Si as internal reference. A [1] a) D. J. Cram, Fundamentals of Carbanion Chemistry, Aca-

Perkin-Elmer FT 1600 instrument was used to record the IR-
spectrum. The X-ray structural analysis was performed using
an Enraf-Nonius-CAD4-Diffractometer. The cryoscopic mea-
surements were performed in dry benzene by the Mikroana-
lytisches Laboratorium Dornis and Kolbe (Milheim an der
Ruhr, Germany).

2
Tetra-n-butylammonium-1-cyano-1-phenylethar(ile 14
A 250 ml three-necked flask, equipped with two 100 ml drop-
ping funnels and connected to a vacuum puiaj cold trap
(cooled by liquid N), was charged with commercially avail-
able HON(@-Bu), (Aldrich) in methanol (20 mmol of avi
solution) and 50 ml of dry toluene. An additional 20 ml of [3]
toluene were added and vacuum was then applied at room
temperature until the total volume was reduced to 70 ml (not
less!). This operation was repeated 5 more times. More tolu-
ene (50 ml) was added and then freshly distie(®.9 g;
22 mmol) in 40 ml of toluene was added dropwise (2 h) to [5]
the flask. Thereafter, the solution was carefully concentrated
to about 20 ml and transferred to a Schlenk tube, which wasjg
then pumped to dryness overnight using an oil diffusion pump,
affording 6.4 g (86%) of saft as a yellowish-green hygros-
copic solid in essentially pure form. — IR (KBr): 2080#¢m
(CN). —=IH NMR: d/ppm = 0.93 (t;3J = 7.0 Hz; 12H;
NCH,CH,CH,CHy); 1.30 (sexteJ = 7.3 Hz; 8H; NCHCH,
CH,CH,); 1.43-1.63 (m; 11H; NC}CH,CH,CH, and CH
of anion); 3.14 (m; 8H; NB,CH,CH,CH,); 5.68-6.00, 6.40—
6.78, 7.08—-7.30 (multiplets, 5H; aromatic H}}3¢ NMR:
d/ppm = 13.4 (NCECH,CH,CH,); 15.0 (CH of anion); 19.1
(NCH,CH,CH,CHy,); 23.0 (NCHCH,CH,CH,); 35.9 (cen-
tral C-atom of anion); 57.5 @H,CH,CH,CH,); 107.3 (aro-
matic); 111.7 (aromatic); 116.8 (aromatic); 125.2-128.8 (aro{13]
matic); 136.9 CN); 149.1 (aromatic).

[7]
[8]
(9]

[10]
[11]

[12]

[14]

X-ray Analysis of Tetra-n-butylammonium-1-cyano-1-

phenylethanide (4) [15]

[16]
A portion of the above sample of compouhdas dissolved

in toluene. As a consequence of slow removal of the solvent
in vacuoat room temperature, yellowish-green plate-like crys-
tals of4 suitable for an X-ray structure analysis were obtained.
Crystal data fod: [C, ;H;N]*[CoHgN]~, M,=372.62 g mot,
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