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Abstract: The lithium salt of carbazole, LiCb, is monomeric in THF in the concentration rangg)(x 103

M.
solvent separated ion pairs (SSIP) are 22.90 (per hy
and dimer withK, = 300 M~1. The monomer forms a
pair pK of monomeric CsCb is 19.24.

Introduction

The anion of carbazole has been the subject of various
experimental and theoretical investigations over the past two
It is well-known that in ethereal solvents the status

decades.
of carbanions and nitranions can be generally described in term
of an equilibrium between contact ion pairs (CIP) and solvent-

separated ion pairs (SSIP), the actual position of the equilibrium
depending on many factors such as the anion structure, the

counterion, solvent, concentration, and temperatu@ptical

absorption and emission experiments have shown that the
potassium, sodium, and lithium salts of carbazole, indole, and

4,5-iminophenanthrene exist entirely as CIP in tetrahydrofuran
(THF) and 1,2-dimethoxyethane (DME), whereas more polar

solvents such as hexamethylphosphoric triamide (HMPT) are

needed to observe SStPBy comparison, the lithium salt of
the carbon analogue of carbazole, fluorene, was reported in 196
by Hogen-Esch and Smid to be a mixture of CIP and SSIP in
THF solution? In contrast, the large cesium ion always prefers
the formation of CIP.

1H, 13C, and’Li NMR spectroscopy have also been used to
gain information concerning the ion pairing and structure of
the carbazide salf&:5 In particular,’Li NMR spectroscopy has
proven to be a useful method to determine dhiike or n-like

interaction between the cation and the anionic substrate in theIit
CIP. The results showed that the nitranions of carbazole and

indole are associated with the cation through their nitrogen

lone pairs, whereas fluorenyl anion involves several carbon sites

in coordination with lithium, thus forming a-like complex.
Recently, the Schleyer group found that lithium carbazide

crystallizes as a dimer from a THF solution whe#BuLi is

used as a badeyhereas a monomeric species is obtained from
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It is a contact ion pair (CIP) with an effective ion paiKpf 13.48 on a scale where fluorenyllithium

drogen). The cesium salt, CsCb, is a mixture of monomer
1:1 complex, C3CbH, withK. = 62 M~L. The ion

t-BuOLi/t-BUOH in THF8 The X-ray structures of cesium and

potassium carbazide in the presence of a donating ligand were

also obtained; in both cases a dimeric aggregate was found.
Finally, the acidity of carbazole has been reported in several

media: DMSO (i = 19.91° 19.6'%), DME (pK = 14.6 (Li),
518.6 (Cs))i2 and HO (pK = 21.113 17.0614 15.169).

The crystal structures do not relate to the state of aggregation
of the carbazole salts in solution and, in fact, information
relevant to the possible aggregation of carbazide ion pairs in
solution is lacking. We recently showed that the cesium salt
of diphenylamine has a greater tendency to aggregate than the
lithium salt and that the monomer and dimer of the cesium salt
have measurably different absorption spettrdn the present
study, we compare these properties for carbazole, a closely
related but more acidic amine. The aggregation states of the
éithium and cesium salts of carbazole (LiCb and CsCb,
respectively) have been studied in THF and the equilibrium
constants have been determined. We also report the corre-
sponding ion pair acidities of carbazole (CbH) for comparison
with previous results. These data further expand the litHidfn
and cesiurn16.170.18jgn pair acidity scales.

Results

UV —Visible Absorption Spectra of the Anions. The
hium and cesium salts of carbazole were obtained in THF
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1.5 Table 1. Aggregation Equilibria of Cesium Carbazide CsCb
K
2(CsCb)1== (CsCb)
[(CsCh)] [(CsChby)] Ka?
1o (104 M) (104M) (1MY
¥ 25.2 19.1 3.0
5 21.1 13.3 3.0
T 17.5 9.14 3.0
2 15.4 7.13 3.0
< 14.2 6.08 3.0
0.5 12.9 4.99 3.0
12.2 4.45 3.0
11.0 3.61 3.0
9.8 2.85 3.0
aK, = [(CsCh))/[(CsCb)]2
0.0 present in solution. These spectra are obtained from a linear
T T T transformation of the basis spectra as described previdtisly.
400 420 leneth 440 460 The resulting spectra and extinction coefficients of the two
Wavelength (nm) species in solution provide their concentrations at each deter-

Figure 1. Concentration dependence of the bUs spectrum of CsCb  mination. The assumption that the two species are the monomer
in THF at 25°C showing the equilibrium monomer/dimer. Concentra- (CsCh) and dimer (CsCh)is consistent with the results of
tions range from 6.36% 10°® (top spectrum)&nax = 401.5 nm) © - jhgependent ion pair acidity studies described below.
1.565x 1073 M (bottom spectrum)Amax= 407.0 nm) in a 1-mm cell. The Amax Of the monomer (CsCh)and of the dimer (CsCh)
solution by using fluorenyllithium and diphenylmethylcesium were found to be 408.5 and 401.5 nm, respectively. At 404.5
as the base, respectively. All of the UVisible experiments nm the extinction coefficient for the monomeric species is
were carried out in THF solution at 25400.1°C. The window €op = 2110 Mt cm™1, while the dimeric species has= 2¢qp
of study of the anions was limited at low wavelengths to 390 = 4220 M~ cm™1. By using the actual spectra of the monomer
nm, since neutral carbazole starts absorbing significantly below and the dimer, the nine experimental spectra were deconvoluted
this value. and the concentrations of each species were determined at each
The absorption spectrum of LiCb does not depend on the step. The data are summarized in Table 1. From these data
concentration of the anion in the range of concentrations usedthe equilibrium constani, for reaction 1 was determined to
(1 x 1073) = (5 x 1073 M). TheAmaxwas found to be 392.0 be 3.0x 1® ML
nm (¢ = 28604 20 M~ cm™1). By contrast, the spectrum of
CsCb was found to be dependent on the concentration of the 2(CsCb) = (CsChb}, (1)
anion CsCb as well as the presence of neutral CbH. Because
of the latter dependence the absorption of CsCb was studied Interaction of CsCb with the Neutral CbH: Formation
first in the absence of neutral CbH. Thgax gradually shifted of the Adduct CsCh-CbH. The UV-vis spectrum of CsCb
from 401.5 to 407 nm as the concentration of CsCb was changedwas found to be dependent on the presence of the neutral as
from 6.365x 1073t0 1.565x 1073 M. At 404.5 nm the value well. This result shows that an interaction between the nitranion
of the extinction coefficient was found to be independent of Cb~ and neutral CbH occurs in THF solution with the formation
the formal concentration of CsCb,= 21104+ 4 M~1 cmL. of a complex,C. Our goal was to investigate and determine
These spectra are shown in Figure 1. the stoichiometry of the adduct between the anion and the neutral
The dependence of the shape of the absorption spectrum orand the corresponding complexation constant.
the concentration of CsCb is indicative that more than one To analyze the experimental spectra of the CsCb in the
species (aggregates), each with a different absorption spectrumpresence of the neutral CbH we start by assuming that the
exist in THF solution. To investigate the number and nature complex is an adduct between one molecule of the salt CsCh
of the aggregates we submitted the data for the absorption ofand one molecule of the neutral CbH. This model is obviously
CsChb at nine different concentrations to “singular-value de- the simplest and most likely case. The model was tested for
composition” (SVD) analysis in the same way as applied consistency with results from spectroscopic and ion pair acidity
previously to the cesium salt of diphenylamifeThe experi- studies. By addition of increasing amounts of neutral carbazole
mental data (values of absorbance for each determination at 0.50 a solution of CsCb in THF the absorption spectrum was found
nm intervals over the range 508-890.0 nm) were decomposed to shift toward the blue. A 5< 1072 M solution of CsCb in
leading to nine spectral bases, each associated with a “singulaiTHF treated with a large excess of the neutral (final concentra-
value”,S The singular values constitute the “weighting factors” tion was 0.71 M) gave rise to a spectrum that was almost
by which each basis describes the experimental set of data. Twoinsensitive to further additions of CbH. At this point the
main singular values were foun& = 12.15 andS, = 0.43. spectrum is mostly that of the complex. A set of different
The remaining seven values were found to be between 0.01lexperiments in which the starting concentration of CsCb was
and 0.004 and only describe noise. That is, the linear combina-varied from 1.51x 1073 to 8.59 x 10-3 M and then treated
tion of two basis spectra are able to reproduce the nine original with excess neutral carbazole to the order of the concentrations
experimental spectra, demonstrating that only two distinguish- above showed that each of the final spectra cannot be considered
able species are present in solution whose relative concentrationglue only to the absorption of the complex, but that an unknown
differ in each determination. amount of free CsCb is still present; that is, the conversion to
The two basis spectra have only a linear-algebraic meaningthe complex is not complete. Unfortunately, further addition
and are not the actual UWisible spectra of the two species of CbH is limited by its solubility in THF. A procedure of
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successive interations was therefore used to obtain the spectrum

of the complex and the equilibrium constaKt, for reaction
2.

&)

When both the salt CsCb and the neutral CbH are present in
solution, from egs 1 and 2 the concentrations of all the species
are as follows:

(CsCb) + CbH=C

[(CsCb)] ={CsCH,— [C] — 2[(CsCh)]  (3a)
[(CsCb)] = K,[(CsCb)]? (3b)
[CbH] = [CbH], — [C] (3c)

where [C] = concentration of the complex, [CbH] concentra-
tion of the uncomplexed neutral carbazd€sCh, = initial
total formal concentration of cesium carbazide, [CpH]initial
concentration of carbazole.

If we know the concentrationSCsCh, and [CbH}, and the
values ofK; andKc, we are therefore able to determine [(Cs{b)
and [(CsChbj] and, by using the actual spectra of the monomer
and of the dimer, to obtain the spectrum of the complex by
subtraction of these components. We call experiment A that
in which the complexation equilibrium is studied and where

Abbotto et al.

Absorbance

T T
420 440
Wavelength (nm)

T
400 460

Figure 3. Separated spectra of the monomer (CsG@bpectrum A,

Amax 408.5 nm), the dimer (CsCbjspectrum BAmax 401.5 nm), and

the complex (CsCRCbH (spectrum C) in THF at 25C ([(CsCb)]
= [(CsCb)-CbH] = [(CsCbh})/2 = 2.522x 102 M in a 1-mm cell).

Table 3. pK, and Extinction Coefficient Measurements of Lithium
Salt Carbazole and of CH Acid Indicators in THF

the concentration§CsCl}, and [CbH], are known quantities.

The difficulty is thatK. is an unknown quantity and cannot be
determined unless the spectrum of the complex is available. The
spectrum obtained by treating a THF solution of CsCb with a
large excess of CbH was taken as a first approximation to the
spectrum of the complex. This spectrum plus the separate
spectra of the cesium carbazide ion pairs and of the indicator
ion pair were used to fit a total of 20 acidity equilibria from

two independent experiments (experiments B and C) (see the

lon Pair Acidity section). The fitting of the 20 acidity equilibria
allows the determination of the concentrations of all of the
species in solution. In particular, we now know the first
approximations to the concentrations of [(CsgH)CbH], and

[C] in 20 different equilibria. By plotting the values of] vs

the values of [(CsCh)-[CbH] a linear correlation was found
(slope = 76.6, intercept= 5.6 x 1076, r2 = 0.996). The
linearity of the correlation is evidence that the hypothesis of
the stoichiometry of the complex is correct. The slope of the
line provides us with a first approximation t§. and, by
applying eqs 3a3c, a first set of values for(], [(CsCb}],

and [(CsChy] is now available for the complexation equilibrium
(experiment A). In particular, the concentrations of the
monomer and the dimer allow determination of their contribu-
tions to the total spectra of their equilibria with the complex.
These contributions are relatively small and by subtraction
provide the next approximation to the spectrum of the complex
itself. This next approximation to the spectrum®fivas used
again to fit the acidity equilibria and a new set of values for
Ke, [C], [(CsCb})], and [(CsCh)] was obtained. The procedure
was repeated until self-consistency was reacttadt is, the
value of K., coming from two consecutive sets differed by less
than 0.1%. Self-consistency was reached after three iterations
The results are summarized in Table S2 (Supporting Informa-
tion). The plot of ] vs [(CsChb}]-[CbH] is shown in Figure

S2 (Supporting Information). The separated spectra of the
monomer, dimer, and the complex of cesium carbazide are
shown in Figure 3. The extinction coefficient of the complex
was found to be 845 M cm™! at 404.5 nm. The complexation
constant for reaction 2 K. = 62 M1,

compd pKLimhed Amax (€)
CbH 13.48 392(2860)
Ph-3,4-BF 14.88 394(23900)
418(26000)
9-BpFl 16.98 373(14300)
498(33400)
526(25600)
9-PhFP 17.60 411(25300)

a0n a per hydrogen basisFor a lithium ion pair acidity scale of
other CH acids see ref 17bAbbreviations: CbH, carbazole; Ph-3,4-
BF, 7-phenyl-3,4-benzofluorene; 9-BpFl, 9-biphenylylfluorene; 9-PhFI,
9-phenylfluorened pK, values referenced to the SSIP of fluorene at
22.90.¢ Reference 17b.

lon Pair Acidity. The lithium ion pair acidity of CbH was
measured against the indicator 7-phenyl-3,4-benzofluorene (Ph-
3,4-BF, K. = 14.88%7 Table 3), equilibrium 4:
CbH + LiPh-3,4-BF= LiCb + Ph-3,4-BF (4)
The UV—vis spectra of the lithium salt of the indicator, LiPh-
3,4-BF, and of the lithium salt of carbazole, LiCb, were used
to fit a set of 10 acidity equilibria spectra in the range 650
390 nm. The concentrations of the anions [LiPh-3,4-BF] and
[LiCb] were determined directly, and those of the neutrals, [Ph-
3,4-BF] and [CbH], by difference from the initial concentrations.
The data are collected in Table S4 (Supporting Information).
A small deviation of the observed constag,s for reaction 4
from constancy was attributed to the slight but significant
dissociation of the lithium solvent-separated ion pair of the
indicator to free ions in THF:
LiPh-3,4-BF= Li " + Ph-3,4BF (5)
The dissociation constamdy for equilibrium 5 has not been
determined in THF but can be reasonably assumed to be
comparable to that of similar carbon acids 9-phenylfluorene and
3,4-benzofluorene in THAG = 1.0 x 10> M at 25°C). The
spectra of LiPh-3,4-BF SSIP and the free carbanion are
sufficiently similar that a straightforward correction usikg
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then provides the value of [LiPh-3,4-BF] to be used in eq 4. [(CsChb)][3,4-BF]
The resulting values dfopsare now constant. The dissociation a= [CbH][Cs3,4-BF] (10)
of LiCb to free ions is negligible by analogy to that of lithium !

i i . = 12__ 11 16 i
diphenylamide Kqiss = 10~*—~10""* M),">and as shown by its A|gepraic manipulation relates the observed concentration of

relatively low (K (vide infra). The N-Li association in the {CsCH to the observed quantitfCsCH /Koy through the
CIP is substantially stronger than the ion pair association in following equationt

the indicator SSIP. Moreover, the constancy of the corrected
Kobs confirms that LiCb is present as one species in THF _ 2 2
solutions-that is, aggregation is negligible at these concentra- {CsCl = K{CsC/Kyp) + 2K KA CsC/K )™ (11)

tions. ThusKopsis taken a¥, for equilibrium 4; the resulting . -
mean value oApK (—1.40+ 0.01) gives the lithium ion-pair The plot of {CsCl} vs {CSCH/Kop is shown in Figure S4

pK of carbazole in THF as 13.48 on a scale in which the (Supporting Information). Statistics of the correlations of the

reference is that of fluorenyllithium SSIP whos€ s taken as data repprted in Taple 8.5 are shown in Table SQ (Supporti_ng
22.90 (per H)Y Information). The dimerization constants from acidity experi-

The cesium ion pair acidity of carbazole was measured againstmg'ftS B and_C were found to b = 2.9 10.2 and 2.5x 1C¢
the indicator 3,4-benzofluorene (3,4BFKq = 19.47)5.17018 M~ respectively, in excellent agreement with the results from
equilibrium 6: ' ' ’ ' the spectroscopic data, where a monomer/dimer equilibrium was

assumed. The ion pair acidity constant with respect to the
CbH + Cs3,4BF= CsCb+ 3,4BF (6) indicator 3,4-BF was found to b€, = 0.86, from which the
ion pair Kcsrur Of carbazole was calculated to be, after
The separated spectra of the cesium salt of the indicator, Cs3,4-statistical correction, 19.24.
BF, and of the monomer (CsGbylimer (CsChy, and complex . _ .
of the cesium salt of carbazole were used to fit a total of 26 Discussion and Conclusions
acidity equilibria recorded in two independent experiments. The  This UV—vis study has shown some important and unex-
concentrations of the ion pair species were determined directly. pected differences between the lithium and the cesium salts of
The concentration of the neutral indicator [3,4-BF] was obtained carbazole in THF solution at 25C. LiCb was found to be
by difference of the concentration of the corresponding anion, entirely monomeric whereas CsCb exists as a mixture of three
while the value of the neutral uncomplexed carbazole [CbH] distinguishable ionic species, each with distinct absorption shape,
was calculated from eq 7: the monomer (CsCh) dimer (CsCh), and an adduct (or
complex) CsCECbH. All of the equilibrium constants among
[CbH] = [CbH], — {CsCl — 2[C] (7) these species were determined. The dimerization constant (eq
1) isK; = 3.0 x 10* M1 and the complexation constant for
where reaction 2 ik, = 62 M~L. The comparison of acidity equilibria
with SVD analysis of spectra as a function of concentration
{CsCl} =[(CsCb)] + 2[(CsCb}] (8) shows that the two distinctive species identified by SVD are
the ion pair monomer and dimer; this result is a further
is the total concentration of the uncomplexed ion-pair cesium examplé® that demonstrates the power of this combination in
carbazide. The acidity data are summarized in Table S5 determining both the extent of aggregation and the stoichiometry
(Supporting Information). of the aggregates even in highly dilute solution. A comparison
The basis spectra of the monomer (CsGh)d of the dimer  with the analogous salts of diphenylamine DPA, LiDPA and
(CsCb) were obtained as linear combinations of the chemically CsDPAL® is instructive. In both cases the lithium salt is
meaningless basis spectra derived directly from the SVD output monomeric whereas the cesium salt consists of monomers and
(U; and U).*8 The assumption that the two distinct species dimers in the concentration region £6-104M. DPAis less
that describe the behavior of the uncomplexed cesium carbazideacidic than CbH but its cesium salt is less prone to dimerize
in solution are actually the monomer and the dimer implies a (K, = 1.6 x 10? compared to 3.6« 1(? for CsCb); usually, the
stoichiometry. The advantage of using the two derived spectramore basic anions tend to form the more aggregated ion pairs.
is that the concentrations of the monomer and the dimer can beln the present case, the enforced planarity of the carbazole ring
calculated and therefore the extinction coefficient of each system undoubtedly results in lower steric congestion in the
aggregate and the equilibrium constants of dimerizatik) ( dimer and leads to a higher dimerization constant although an
and complexationK,) can be determined. Alternatively, the alternative explanation is implied below.
deconvolution of the experimental UWis spectra using the One striking difference between the two cesium salts, CsCb
“direct” componentdJ; andU; do not make use of any further and CsDPA, is the ability of the former to form an adduct with
assumptions but have the limitation that only the total formal the neutral species, which was shown to be formed from one
concentration of the cesium carbazide ion pEsCh can be molecule of CsCb and one molecule of CbH. A structural
determined. That is, both the derived spectra assuming thehypothesis can be forwarded to account for this different
stoichiometry of (CsCh)and (CsChy and the direct use df; behavior. lon pairs of nitranions usually coordinate to the
andU, lead to the same values §EsCl. Next, we use only  nitrogen lone pair. For CsCb, however, we can postulate that
the values of CsCl}, as reported in Table 5, to determine the z-coordination between the pyrrole anion moiety and the large
relative acidityK, and the dimerization constakg. cesium cation is competitive; in such an ion pair, the nitrogen
The observed constakts of equilibrium 6 is given by lone pairs are now available for hydrogen bonding to a free
carbazole molecule. For the smaller lithium cation, #heo-
_ {CsChi}[3,4-BF] 9 ordinated structure presumably cannot compete wtivordi-
%" [CbH][Cs3,4-BF] ©) nation particularly since the-coordinated structure has fewer
coordination sites for solvation of lithium cation; in the favored
while the true ion pair acidity equilibrium constald, is o-coordination structure such hydrogen bonding is now blocked.
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Table 7. Comparison of K, of Carbazole (CbH) and Diphenylamine (DPA) in Various Solvents

compd LiITHR Cs/THR Li/DMEa® Cs/IDMEP Li,crypt/ THF© DMSO H.0O
CbH 13.48 19.24 14.6 18.6 20.0 19.919.6 15.169 17.06" 21.1
DPA 19.0% 24.20 19.9 23.9 24.95 22.44,23.39

2 The reported acidities are referred to the DMSO value of fluorene (22@8)ference 12 THF with lithium cation as the [2.1.1]cryptate: ref
24.9This work. ¢ Reference 10.Reference 119 Reference 15" Reference 14.Reference 13.Reference 16¢ Bordwell, F. G.; Algrim, D. JJ.
Am. Chem. Sod988 110, 2964.' Cox, R. A.; Stewart, RJ. Am. Chem. S0d.976 98, 488.

0.8

This hypothesis is supported by theoretical studiasd by some

X-ray structures. The central-electron ring of the carbazide
anion is understandably better atcoordination than the
extendedr-system of diphenylamide anion. Moreover, the fact 0.6
that theAdmax Of LiCb is at a shorter wavelength than that of
monomeric (CsCh)shows that both LiCb and CsCb are CIP
in THF solution?®:20

The X-ray structure of a cesium carbazide crystal has been
reported® From a 0.2 M solution of carbazole in ether in the
presence oft-BuOCs and PMDTA N,N,N,N",N"-penta- 0.2
methyldiethylenetriamine), crystals of the cesium nitranion were
obtained having a dimeriC; structure in which the cation is in
an apical position with respect to thesystem of the heterocycle -0 . , , |
and simultaneously facing tlenitrogen lone pair of the second 350 370 390 410 430 450
molecule. Thus, ar-like and a o-like interaction occurs Amax
simultaneously between cesium and the carbazide in thisFigure 5. Effect of HMPA on the spectrum of LiCb in THF: (a) in
structure. The formation of the dimer (Cs@b) THF solution pure THF; (b) in 2 mol % HMPA; (c) in 17 mol % HMPA.
can be seen as an alternative to complexation but using similar
structural motifs. Furthermore, neutral carbazole itself has beenion are clearly decisive in promoting such higher coordination.
reported to form strongly hydrogen-bonded dimeric structures Nevertheless, the lithium coordination within these aggregates
in which the two molecules assume an antiparallel stack is that of a tight CIP. In LiCb, the lithium is tightly coordinated
geometry, both theoretically (AM1) and experimentally (fluo- to the nitrogen and the second nitrogen lone pair is conjugated
rescence excitation and emission spectra) ascertéinkdfact, within the carbazoler-system and less available for aggregation.
one can expect that the deprotonation of one carbazole can lead he strong N-Li interaction in the LiCb CIP is also indicated
to an even more stable hydrogen-bonded structure, with theby its lower basicity relative to CsCb and to the ionic acidity
atoms of nitrogen of the two carbazole moieties facing one in DMSO (see Table 7). When the lithium cation is cryptated,
another in the same plane and sharing an atom of hydrogen.the ion pair is now effectively an SSIP and the corresponding
Lithium carbazide crystallizes from THF as a dinfeAlthough acidity is lower by more than 6K units®* (see Table 7).
even in this case simultaneousand iz interactions between These results may be compared with a limited study of the
the cations and the nitranions occurs, unlike other lithium effect of hexamethylphosphoramide (HMPA) on the LiCb in
amides, the lithium cation does not occupy the same apical THF as shown in Figure 5. Addition of 2 mol % HMPA results
position as was found for cesium, but instead a planar rhomboid in a modest change in spectrum; thg.y increases to 397 nm
N—Li—N—Li configuration is preferred, where each lithium is and may reflect peripheral solvation of lithium in the CIP by
at the same position with respect to the two molecules of HMPA. Addition of more HMPA to a mole fraction of 0.17
nitranions. Furthermore, wheBuOLi is used as base, a causes appearance of a new peakmak 424 nm that could
monomeric crystal was obtained from THF, in which the lithium now be the solvent separated ion pair. At this point 3,4-
coordinates the nitrogenlone pair® In this case, the additional ~ benzfluorene (Li K 19.3)}7 is completely deprotonated; thus,
coordination ta-BuOH andt-BuO~ competes effectively with LiCb with HMPA is effectively much more basic than in THF
another LiCb ion pair. These results support the hypothesis alone. A more precise comparison is inappropriate since the
that at low concentrations in THF the lithium is bonded to the solvent has been changed significantly from that of pure THF.
o-nitrogen lone pair, and blocks the formation of a hydrogen  The [K value for CsCb compares well with the free ion value
bond complex with a molecule of CbH. in DMSO, confirming a trend already observed for CsBPA

The absence of aggregation recorded for LiCb and LiDPA, and for cesium salts generally of carbon aciéf!’>'® The
at least at the typical concentrations used in our studies, pointsdifference in acidity between diphenylamine and carbazole in
up a dramatic difference from the situation occurring in many DMSO (5 [K units) is also found for the cesium and lithium
enolate lithium salts of comparable steric bulk for which much ion pair acidities in THF and DME, showing that the relative
higher aggregation numbers are fodd@® The additional stabilization of carbazide anion is about the same in all of these
coordination site provided by the three lone pairs of an oxide ™ (35)a) Jackman, L. M.; Lange, B. Cetrahedrorl977, 33, 2737-69.

(b) Bauer, W.; Seebach, Blelv. Chim. Actal984 67, 1972-88. (c) Arnett,
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cases. The slightly higher difference in acidity observed in the the initial carbazole had been converted completely to CsCb. Known
case of LiCh, with respect to LIDPA, can be interpreted in terms amounts of THF were added (about 0.3 g each time) and the absorption
of a somewhat stronger interaction of the lithium cation with Spectrum was recorded after each addition. CsCb does not absorb in

the nitrogen atom of the anionic substrate in the former case, the region 455700 nm. This region of the spectrum was used to
perhaps for steric reasons. evaluate the component due to the absorption of ttBSFI in the nine

original spectra. After subtraction of the absorbance band oftCs9-
Experimental Section BuFl, nine spectra of CsCb at differen.t concentrations (from 1665
102 M to 6.365 x 103 M) were obtained and processed by SVD.

General. lon pair acidity and spectral studies were carried outin a The same set of spectra was used to calculate the extinction coefficient
Vacuum Atmospheres glovebox under an argon atmosphere. The UV at 404.5 nm according to Beer's law (at this wavelength the extinction
vis spectra were recorded at 254 0.1 °C on a computer-driven  coefficient was found to be concentration-independent). SVD analysis
Shimadzu UV-2101PC spectrometer unit. Details of the apparatus haveand the extinction coefficient for the lithium salt LiCb were obtained
been previously describél.Parameters for U¥vis measurements  analogously using fluorenyllithium as a base and its spectrum as end-
were as follows: scan speed 200 nm mjrslit width 2.0 nm, sampling point indicator of complete deprotonation of CbH.
interval 0.5 nm, and cell path length 0.1 cm.

Materials. Anhydrous THF® and (diphenylmethyl)cesium (Cs-
DPM)¢ were prepared as described previously. Anhydrous hexane
was obtained by distillation over CaH The hydrocarbon indicator
acids used in this work either were available from our previous studies
or were synthesized by published procedures. All of the indicators
were carefully purified prior to use by repeated recrystallization
followed by vacuum sublimation.

Absorption Spectra and Extinction Coefficient of the Complex
(CsCh)-CbH (C). The spectra were obtained over the wavelength
range of 396-600 nm. A solution of CbH (0.957 mg, 5.723 1032
mmol) and of 9%BuFl (ca. 0.5 mg) in THF (1.115 g, 1.267 mL) was
prepared in a UV cell, and the baseline spectrum was taken. A solution
of CsDPM in THF was added via microsyringe until the absorption of
Cs94-BuFl persisted (complete conversion of CbH to CsCb). From

Carbazole (CbH). Commercial material (99%, Aldrich) was this spectrum the concentration of CsBuFl was determined as

recrystallized twice from absolute EtOH and sublimed three times under described above (_9'752 10 M_)' Then excess CbH (0.159 g, 0'9_5
vacuum (2x 1072 Torr) at 70°C, mp 245-247 °C (lit.2 mp 240 mmol) was added in order to shift the equilibrium toward the formation

243 °C). Further evidence of purity was provided by satisfactory of the complex, and the spectrum recorded (this spectrum is constituted
elemental analysis. by the absorption bands of the complex (Cs@®hH and of the
Lithium Diisopropylamide (LDA). A 2.16 M solution ofn-BuLi unreacted CsCb). From the concentration of €82+, the fraction

in hexane (2.3 mL, 5.0 mmol) was added to a solution of freshly distilled ©f the latest added CbH which was converted to its cesium salt by
diisopropylamine (0.570 g, 5.6 mmol) in anhydrous hexane (5 mL) at reaction with Cs3-BuFI| was calculated, _and the initial concentrations
5 °C under nitrogen. After the mixture was stirrec fb h atroom of CbH and CsCb were exactly determind€¢Cljo = 5.49 x 10°3
temperature, the solvent and the excess diisopropylamine were carefullyM. [CbH]o = 0.750 M). Using the value df. as obtained from the
removed under vacuum to leave a yellow residue, which was then takenanalysis of the ion-pair acidity data (see the Results section), the
into the glovebox and transferred to a sublimation apparatus. After concentrations of the monomer (Csghf the dimer (CsCh)and of

two sublimations (96-95 °C at 2 x 102 mmHg for 48 h, and 7580 the complex were obtained. This treatment allowed to subtract the
°C at 103—10"4 mmHg for 24 h) a white crystalline solid (0.10 g)  absorbance band of CsCb to be subtracted from the original spectrum,
was obtained. leaving only the absorbance band of the complex, which was used to

Fluorenyllithium. Commercial fluorene (Aldrich) was recrystallized ~ determine its extinction coefficient and to deconvolute the spectra of
twice from absolute EtOH, sublimed twice under vacuum, and taken the ion pair acidity studies.
into the glovebox. In the glovebox, freshly sublimed LDA (25 mg, lon Pair Acidity Studies. The procedures used in the acidity
0.23 mmol) was added to a solution of fluorene (55 mg, 0.33 mmol) determinations have been previously described in dEtailhe
in THF (2 mL). The resulting orange mixture was allowed to stand |ithium™ and cesiurt® ion pair indicator |K’s used are those of the
overnight. The solvent and the formed diisopropylamine were removed revised scales.
under vacuum, and the residue was taken into the glovebox. THF (2
mL) was finally added to the yellow solid, giving rise to a bright orange
solution (ca. 0.1 M solution of fluorenyllithium in THF). The solution,
which was kept in the glovebox at’€, was stable for at least 1 week.
After this period, it started to turn slightly darker and was discarded.
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