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The acidity constants ) of 11 bases (amines, anilines, pyridines, pyrrolidines, and iminophosphoranes)
have been determined in tetrahydrofuran by potentiometry, complemented by conductometric measure-

ments. The [, values of the studied bases cover a

wide absolute pH range of acidity in tetrahydrofuran,

from 7.4 to 21.7. From thelf, values obtained, a scale of absolute acidity in tetrahydrofuran has been
established, which has allowed calculation of the absollte/plues of 77 bases from literature relative

pK, data.

Introduction

Tetrahydrofuran (THF) is a saturated cyclic ether belonging
to the class of aprotic dipolar protophilic solvehtsis a widely
used solvent in synthetic organic chemistry, chemical analysis,
and technology and also in industry, as it dissolves organome-
tallic compounds, ionic species, and many polymetric matérials.
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From an analytical point of view, mixtures of THF with water
are used as mobile phases in liquid chromatography.

There are some data on ieion and ion-solvent interactions
in THF. Several of them have been obtained by means of
conductometri* and ultrasonic relaxation methotfsi®whereas
other data were based on potentiometry combined with
conductometry#=16 |t is well-known that in solvents of low
permittivity, especially if the solvent is also aprotic, such as
THF (¢ = 7.39)17 all chemical reactions involving ionogens or
ionophores, including proton-transfer reactions, are greatly
complicated by ion association leading to ion pairs and even
larger aggregates.

(10) Meyer V. R.Practical High Performance Liquid Chromatography
4th ed.; Wiley-VCH: Weinheim, Germany, 2004.

(11) Werblan, L.; Suzdorf, A.; Lesinski, 8ull. Acad. Pol. Sci198Q
28, 627642,

(12) Delsignore, M.; Maaser, H. E.; Petrucci, B.Phys. Chem1984
88, 2405-2411.

(13) Farber, H.; Petrucci, S. Phys. Cheml976 80, 327—335.

(14) Barbosa, J.; Barm D.; Bosch, E.; Rose M. Anal. Chim. Acta
1992 264, 229-239.

(15) Barbosa, J.; Barm D.; Bosch, E.; Rose M. Anal. Chim. Acta
1992 265 157-165.

(16) Barrm, D.; Barbosa, JAnal. Chim. Acta200Q 403 339-347.

(17) Metz, D. J.; Glines, Phys. Chem1967, 71, 1158-1159.

10.1021/jo061432g CCC: $33.50 © 2006 American Chemical Society
Published on Web 10/31/2006



Acid—Base Equilibria in Nonpolar Media

In any case, studies on basicity in THF are scarce. However,

a relative acidity scale of cationic acids (basic compounds),
anchored to the acidity constant of triethylamine in THF, has
been recently publishéd-2! To build this scale, relative
dissociation constants were determined experimentally from
NMR and UV-vis spectrophotometric measurements, and
triethylamine was used as the reference comp&uindorder
to obtain the K, value for the conjugate acids of the studied
bases.

In this work, the acidity constants in THF of some bases

included in the mentioned scale are determined by potentiom-

JOC Article

Information, eq 1}32% By way of example, the Fuos¥raus
equation for perchlorate of pyrrolidine has been plotted in Figure
1. It shows a straight line which deviates downward with the
increase of the concentration because of the triple ion formation.
Data were interpreted by means of the ternary ion Fusaus
theory427the dissociation constant of the pyrrolidine salsg,

and the limiting molar conductivity)\,, were evaluated in the
range of concentration from 4 1075to 1.5 x 1074 M, where

the plot fits a straight line since there is no significant ternary
ion formation, while the ternary ion formation constatsern),

was evaluated at a concentration higher thand 3+ M when

etry, complemented by conductometric measurements, to es-the plot deviates downward.

tablish the relationship between the acidity constant value
relative to the triethylamine and the absolute acidity constant.
This correlation should provide an equation capable of trans-
forming a large amount of relative basicity data that have been
accumulated to absolute valués??

Theory. The acidity constant of a base (B) is expressed as
the dissociation constant of its conjugate acid (HiB

HB'+S=HS +B
33 _ [HS'][B]
Qg+ [HB™]

Nevertheless, in THF, incomplete dissociation of salts should
be taken into accoutit

HB'A"=HB" + A~

[HBA 1y2
[HBTAT]

wherey. is the mean ionic activity coefficient.
At relatively high electrolyte concentrations, ternary ion

formation must also be consider&dThe overall formation
constant of these ion&em), is defined according to

HB'A™+A =HBA, HB'A" +HB = (HB)A"

K. =

a

@)

)

salt —

by
[HBA, ]+ [(HB),A]
[HBTATI(A 1+ [HB )

In this work, a method for the potentiometric determination

of acid dissociation constants that minimizes the effect of
the ternary ion formation is applied to several selected Bases

shown in Scheme 1. This method involves previous conducto-
metric determination of the dissociation constant of the salt
formed.

f(tern)

®)

Results and Discussion

Conductance data for series of solutions of perchlorate salts

in THF were fitted to the FuosKraus equation (see Supporting

(18) Abdur-Rashid, K.; Fong, T. P.; Greaves, B.; Gusev, D. G.; Himman,
J. G.; Landau, S. E.; Lough, A. J.; Morris, R. Bl.Am. Chem. So00Q
122 9155-9171.

(19) Rodima, T.; Kaljurand, I.; Pihl, A.; Mamets, V.; Leito, I.; Koppel,
I. A. J. Org. Chem2002 67, 1873-1881.

(20) Kaljurand, I.; Rodima, T.; Pihl, A.; Mamets, V.; Leito, I|.; Koppel,
I. A.; Mishima, M. J. Org. Chem2003 68, 9988-9993.

(21) Kolomeitsev, A. A.; Koppel, I. A.; Rodima, T.; Barten, J.; Lork,
E.; Rtschenthaler, G. V.; Kaljurand, |; Kuy A.; Koppel, |.; M&mets, V.;
Leito, I. J. Am. Chem. So@005 127, 17656-17666.

(22) Bosch, E.; Rose M. Talanta1989 36, 627—632.

It is also shown that the concentration of salt, from which
ternary ion formation is important, depends on the kind of
substance. Figure 2 shows that the plots of 2<CdH4P:(pyrr)
and DBU deviate clearly downward when the concentration of
salt is higher than 2.5 107> and 4 x 10°% M, respectively.
Meanwhile, for pyrrolidine, the deviation is from a much higher
value (1.5x 107* M).

The slopes of the plots are also very different since they are
1/KKAZ. Pyrrolidine has a lowA, and it shows a high
slope. DBU has & value similar to the one of pyrrolidine, but
a much higher\,, and thus it shows a much lower slope. 2-Cl
CeH4P1(pyrr) has an intermediat&, value, but a much higher
constant, and the combination gives a slope lower than that of
DBU.

Table 1 summarizes the values A&f, Ksar, and Kygerm) for
the perchlorate salts studiefs is the limiting molar conductiv-
ity; Ksaris the dissociation constant, aiGem) is the ternary
ion formation constant of the perchlorate salts. THgpvalues
of the salts range from 5 to 7, and it is observed that perchlorate
salts with a small cation are less dissociated than iminophos-
phorane salts. At the same time, salts with a small cation have
lower A, than iminophosphorane salts. In any casgyvalues
are very high, and this fact is attributable to the low viscosity
of THF.1417.22.28The ternary ion formation constants were about
1000. Ternary ion constants were found to be in the same order
of magnitude than those determined for benzoic acids in a
previous workt®

Also, Table 1 shows the acidity constants of the protonated
bases studied in THF KarHr). Potentiometric assays were
carried out at a concentration of & 104 M. At this
concentration, ternary ion formation is very small and it has
not been taken into consideration in thi€galculation.

By way of example, Table 2 shows the data obtained from
one series of potentiometric measurements in solutions of
pyrrolidine and its perchlorate salts. Table 2 also shows the mean
of the acidity constants computed at any point of the titration
before the equivalence point (where HBoexists with B, eq
1) and the acidity constant in THF Kgirrr) determined from
the intercept of eq 4422

(4)

pKa(comp)= pKa(THF) — Svug
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SCHEME 1. Studied Bases Placed in Increasing Order of i,

A T
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e N\CH3

dimethylaniline pyridine
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Cl

2,6-(NO,),-CH,P,(pyrr)
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triethylamine 4-dimethylaminopyridine
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pyrrolidine

Cl

2,6-Cl,-C4H,P, (pyrr) 2-CI-C,H,P, (pyr)

CH
1,8-diazabicyclo [5.4.0] undec-7-ene t-BuP (3pyrr)
]

where Kacomp) Values are the i, values computed at any  pyrrolidine is—6.44, and thus the effect of water addition can
point of the titration;vs is the volume fraction of titrant  be neglected; it was lower than 0.02% in the neutralization point
added, andg is related to the change iKgcompcaused by the  of the titration. Therefore, the mean oKpcomputed at any
addition of titrant solution that involves the small additions of point of the titration’ before the equiva|ence point’ agrees with

water. N . the Karnr determined from eq 4, and it is taken as th&
The effect of the addition of a small percentage of water with tetrahydrofuran (Karhe).

the titrant was taken into consideration through the slope of eq ) ) )
4, wheres is related to the change ifg, pKsar, and reference The K, valuesf given in Table 1 for the studied bases range
potential,EL + E;, caused by the presence of the water in the from 7.39 (,N-dimethylaniline) to 21.67t{BuPy(pyrr)), and
medium due to the specific solvation of the anion by the water hence, this study covers a wide range K palues. The weak
added*-16 Whensis markedly negative, approximately lower bases studied are aromatic compounds whose nitrogen-associ-
than—20, the effect of water solution is important and affects ated lone electron pair can be easily delocalized. Kigvplues
significantly the computed acidity constant. The slogefor of these aromatic compounds depend on the effects of the

9064 J. Org. Chem.Vol. 71, No. 24, 2006
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0.5 pK,, of triethylamine was used as a reference to anchor the scale
o * by minimizing the sum of squares of differences between
0.4 4 74 * directly measured\pK,, values, and the assigned pralue,
while keeping the K, value of triethylamine constant and equal
< 037 to 12.519-21
§ o2 The K, of triethylamine was also a relative dissociation
<] constant determined by the Morris group using NMR measure-
014 ments and anchored in the aqueol, pf tricyclohexylphos-
‘ phonium tetraphenylborate, [HPgBPh,.18 Morris et al. used
the hypothesis that thekg value of tricyclohexylphosphonium
0.0 ; ; ; ; ; . .
0.0 10 20 3.0 40 5.0 6.0 tetra_phenylborate in THF was the same as _tha_t_ln water.
(CAY,2F(2)) x 10* Obviously, there were some doubts on the suitability of this
relative value as an anchoring point, but before this present
FIGURE 1. Conductance FuossKraus plot in the concentration work, there was no absolute data in THF available in the
range 4 x 10°=3 x 10~* M for the perchlorate salt of pyrrolidine. literature that could be used to anchor the scale better than
triethylamine.
Figure 3 shows the correlation between the absolute acidity
0.25 constants (Ks) and the K, values relative to the triethylamine,
given in refs 19-21, for the bases studied in this work.
Compounds cover a wide range dfpvalues in the tetrahy-
020 - drofuran scale and show a linear fit which provides the
relationship of eq 5 (SB= 0.608,r2 = 0.9814 for 11 points)
P 0.15 1 PKorrp = 1.026:0.04)K ) + 2.146:0.54)  (5)
)
- The slope of eq 5, close to 1, shows that the estimated
0.10 ) . A o .
theoretically ion pair dissociation constants agree with the
'y constants determined by means of conductometric measurements
and shows that the Fuoss equatfois a suitable equation to
005 1 estimate these values. On the other hand, the intercept, which
is related to the anchoring point of the scale, is far from the
0.00 expected value (intercept equal to 0). In fact, tig palue of

' ‘ ' triethylamine used as the anchoring point is lower than the
0 20 40 60 80 100 120 140 absolute [, determined in this work.
(CA%IF(2)) x 10* Thus, eq 5 provides an expression capable of transforming
the large amount of literature relative basicity data to absolute

FIGURE 2. Conductance Fuos¥raus plots for perchlorate salts of values. Table 3 showsp of base® 2! and their absolutet,

(#) pyrrolidine, (a) DBU, and @) 2-CI—CgH4Pi(pyrr) in the concentra-

tion range 5x 107—6 x 1075 M. according to eq 5. Some bases had similar structure to the
compounds studied in this work, while others were very
different.

substituents in the ring (inductive, electrostatics, and resonancecgnclusions
effects)?9-31

In a previous work, a relative acidity scale of basic com-
pounds, which includes all bases studied in this work, was
published®-21 The K, was used to denote the acidity constant
in THF, instead of K, because it was considered an estimate
of the K, of the bases in THF. In that work, a relative ion pair
acidity constantApKip, was determined using the UWis and/ o chiorate salts have been also determined at high concentra-
or *C NMR methods to measure the concentration ratio between tions The values are about 1000, which are similar to those of
the studied protonated base and a reference one. Thosginer saltds
experimental results were corrected for ion pairing effects, which  The apsolute acid dissociation constarkdpof the bases
were theoretically calculated by means of the Fuoss equétion, stydied has been determined by potentiometric titration of the
from the estimated molecule volurfigand a relative ion acidity — pase by perchloric acid. A low working concentration{(3.04

The analysis of the conductance data of the perchlorate salts
of the 11 bases studied has allowed determination of the
dissociation constants of these salts in THF by means of the
Fuoss-Kraus method. Dissociation constants are in the range
10°5-1077, similar to those obtained for other compounds in
previous studie$*16 The triple ions formation constants of the

constant was obtained pKy). To obtain K, values fromApK,, M) has been selected to avoid triple ion formation. Thus,

the Ky has been computed from the titration data taking

(29) Perrin, D. D.; Dempsey, B.; Serjeant, E. X, Prediction for into account the partial dissociation of the perchlorate salt
Organic Acids and BaseChapman and Hall: New York, 1981. formed.

(30) Perrin, D. DDissociation Constants of Organic Bases in Aqueous Finally, the determined absolut&pvalues in THF have been

fg:ﬁioon”(fgggsr‘ed as a supplement Bure Appl. Chen); Butterworths: used as 11 new points to anchor the relatiu, palues

(31) Kaljurand, I.; Rodima, T.; Leito, I.; Koppel, I. A.; Schwesinger, R.
J. Org. Chem200Q 65, 6202-6208. (32) Fuoss, R. MJ. Am. Chem. Sod.958 80, 5059-5061.
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TABLE 1. Dissociation Constants of the Studied Bases and their Perchlorate Salts in THF

Aoa szaIfa |09 Kfa'b pKaC
dimethylaniline 79 6.71 0.14 3.44+ 0.43 7.39+ 0.10
pyridine 73 6.21+ 0.17 3.55+0.19 8.25+ 0.19
2,6-(NQ)2—CsH3P4(pyrr) 107 5.314+ 0.07 2.37+0.42 9.79+ 0.07
4-Cl—2-NO,—CgH3zPa(pyrr) 101 5.98+ 0.07 2.95+ 0.80 12.75+ 0.08
triethylamine 120 7.0%0.18 3.98+ 0.16 13.66+ 0.05
4-dimethylaminopyridine 144 6.35 0.06 2.68+ 0.40 1404 0.11
2,6-Cb—CgH3Py(pyrr) 106 5.30+ 0.08 3.57+0.74 14.21+ 0.05
pyrrolidine 88 6.88+ 0.19 3.81+ 0.20 15.56+ 0.05
2-Cl—CgH4P1(pyrr) 151 5.84+ 0.03 3.62+ 0.36 15.62+ 0.11
DBU 224 6.81+ 0.07 3.56+ 0.59 19.97+ 0.10
t-BuPy(pyrr) 173 6.18+ 0.04 3.33+0.14 21.67£0.11

a Conductometric results for THF mediu#aSD (0 = 3). P Formation constants of ternary iorfsPotentiometric results for THF mediugaSD (n = 3).

TABLE 2. Dissociation Constant of Pyrrolidine Based on Measurements on Mixtures of the Base and its Perchlorate SalgKarrr Obtained
as Average of fKacomp) @and Calculated with eq 4

V (mL) E (mV) PHcomp) Us Co (M) Csart(M) PKa(comp)
0.10 —751.72 18.40 5.0 108 4.85x 108 5.26x 10* 15.63
0.20 —740.35 18.24 1.0 102 4.30x 10° 1.05x 108 15.67
0.30 —728.50 18.07 1.5 102 3.76x 10° 1.56x 108 15.65
0.40 —718.40 17.93 2.0& 1% 3.22x 10° 2.07x 1063 15.65
0.50 —708.87 17.80 2.4 10? 2.69x 10° 2.58x 10° 15.64
0.60 —699.63 17.67 2.9 10? 2.16x 103 3.08x 103 15.63
0.70 —675.85 17.52 3.4 107 1.64x 108 3.58x 10® 15.64
0.80 —655.63 17.33 3.8 107 1.12x 108 4.07x 108 15.64
0.90 —564.72 17.02 4.3 107 6.13x 10 456x 10° 15.62
mean 15.64t 0.01
eq4 S=—6.44 Karhe) 15.64+ 0.01

aELrHR) + Ejnr = 332.9 mV; Viniiar = 20 mL; Veq = 1.02; Ciirant = 0.1058 M; Ksaitrr) = 6.88.

25.00 the potentiometric assembly was automatically controlled with the
pay DUy computer program VALORA, specially designed for titrations in
nonaqueous medfé.

Reagents.Tetrahydrofuran with a water contes0.03% and a
conductivity of 0.011tQ~* cm* was used as solvent everywhere.
a  Pyrrolidine Picric acid was vacuum dried. Tetrabutylammonium hydroxide

triethylamine solution, 0.1 M ByNOH, in propan-2-ol and perchloric acid were
‘é’;:;ﬁ,;?;‘sfr’) used as titrant solutions. Tetrabutylammonium perchlorate and silver
26- nitrate were used to prepare the salt bridge solutions.

5.00 - dimethylaniine  (NO22CeHsP1(pyrr) The substances tested are shown in Scheme 1. The phenyl-
substituted iminophosphoranes 2-GJHgPi(pyrr), 2,6-(NQ)-
CeHsPa(pyrr), 2,6-Ch-CeHsPi(pyrr), and 4-Cl-2-NGQ-CgH3Pi(pyrr)
‘ where pyrr denotes 1-pyrrolidinyl (N(GEH.),) radical and
0.00 5.00 10.00 15.00 20.00 gpyrr) thrt)eystructure R\I=plg,(pyrr)3) ?/,ve(re( synth?agized according to
PK, literature®34All other substances were commercial products with
] a purity higher than 98%.
FIGURE 3. Correlation betweenlfy values from Table 1 andKy Procedure. For conductometric measurements, solutions of
relative to the triethylamine for the studied bases. 1075—10-3 M of perchlorate salts were prepared by dissolving the
base in THF and neutralizing it with 0.1 M HCJGthe HCIQ
solution was prepared by diluting aqueous 70% HC@/w) in

previously obtained for a host of bases and, thus, to obtain the THF). Increasing amounts of salt were added to 50 mL of THF in
absolute [, values of these bases. These new anchoring pointsthe conductivity cell, and the conductivity was measured after each
provide a better option than theKp values determined in addition. The values obtained were the mean of at least three

mediums different from THE which wer d in previ different determinations at different concentrations.
ediums ere o N ere use previous For potentiometric measurements, 20 mL of ax5103 M

works. By using them, 77 new absolut&pvalues of bases  gqytion of the base was titrated with a 0.1 M perchloric acid
have been calculated from their relativijpdata reported in  solution (prepared in the same way as that for conductometry). The

20.00 2-Cl-CgH.P1 (pyrr)

2,6-
Cl2CeH3P4(pyrr)

15.00 - DMAP

©
s
10.00 - pyridine

the literature. potential was measured at various titration points. The stabilization
criterion for the electromotive force was0.2 mV, controlled by
Experimental Section the VALORA progrant® The values obtained were the mean of at

least three different determinations. The glass electrode was stored
Apparatus. A conductometer and a cell with a constant of 1.037 in water when not in use and soaked for 20 min in THF before
cm~1 were used for conductivity measurements. For potentiometric potentiometric measurements. The potentiometric system was
measurements, a pH meter (accuragy.1 mV) equipped with a
glass electrode and a saturated silver nitrate solution in THF/AQ  (33) Roge, M. Anal. Chim. Actal993 276 223-234.
reference electrode was used. A 0.1 M tetrabutylammonium  (34) Rodima, T.; Mamets, V.; Koppel, IJ. Chem. Soc., Perkin Trans.
perchlorate solution in THF was used as a double salt britigé. 1200Q 2637-2644.
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TABLE 3. pK, Values Relative to the Triethylamine, Given in refs 19-21 and Absolute [K, Values Calculated with eq 3P

PKa PKa PKe PKa
N-EtPy(tmg) 29.7 32.6 4-MgN—CgH4Pi(pyrr) 17.1 19.7
t-BuPy(tmg) 29.1 32.0 DBU 16.6 19.1
4-MeO—CgH4Ps(pyrr) 28.9 31.7 4-Me© CgH4P1(pyrr) 16.6 19.1
HPy(tmg) 28.6 31.4 2-CtCsH4P2(dma) 16.3 18.8
PhR(pyrr) 28.1 30.9 PhRpyrr) 15.9 18.4
4-MeO—CgH4P3(dma) 27.7 30.5 Phidma)Me 15.5 18.0
PhR(dma) 27.0 29.8 TMG 15.3 17.8
4-Br—CgH4P4 (pyrr) 26.9 29.7 4-BrCgHaP1(pyrr) 15.3 17.8
t-BuPi(tmgy(NEt) 26.8 29.6 PhRdma) 15.3 17.8
2-Cl—CgH4P4(pyrr) 26.6 29.4 4-CE—CgH4P1(pyrr) 14.6 171
EtPx(pyrr) 26.6 29.4 1-naphtipyrr) 14.2 16.7
4-MeO—CgH4Ps(pyrr) 25.7 28.5 PhTMG 14.0 16.5
EtP,(dma) 25.3 28.1 pyrrolidine 135 16.0
PhR(tmg) 24.3 27.0 4-N@-CgH4P1(pyrr) 13.3 15.8
PhR(pyrr) 24.1 26.8 2-C+CgHaP1(pyrr) 13.2 15.7
4-MeO—CgHsP3(dma) 235 26.2 triethylamine 125 14.9
PhR(dma) 23.5 26.2 2-CtCgH4P1(dma) 125 14.9
4-CR—CgHaP3(pyrr) 23.1 25.8 2,5-GHCgH3sPi(pyrr) 11.9 143
2-Cl—CgH4Ps(pyrr)sNEt 22.0 24.7 2,6-GHCgH3P1(pyrr) 11.8 14.2
4-CR—CgHaP3(dma) 21.7 24.4 4-M&N—pyridine 11.2 13.6
EtPi(pyrr) 215 24.2 DMAN 111 135
PhR(tmg)(dma) 215 24.2 4-Ct2-NO,—CgH3P4(pyrr) 10.8 13.2
4-MeO—CgH4P2(pyrr) 21.3 24.0 5-Ct2-NO,—CgHsPy(pyrr) 10.1 125
HP,(pyrr) 20.8 23.4 2-N@-4-CR—CgH3Py(pyrr) 9.6 12.0
2-Cl—CgH4Ps(dmajNEt, 20.8 23.4 2,4,6-Me-pyridine 8.1 10.4
HoNPy(pyrr) 20.8 23.4 2,4-(N@)2—CgH3zPa(pyrr) 8.0 10.3
MePi(dma) 20.7 23.3 2,6-Gt+4-NO,—CgHoPa(pyrr) 7.8 101
PhR(pyrr) 20.5 231 2,6-(N@2—CsHzPa(pyrr) 7.5 9.8
2,5-Cb—CgH3Ps(pyrr)sNEt, 20.2 22.8 4-MeG-pyridine 7.3 9.6
t-BuPy(pyrr) 20.2 22.8 2,6-Me-pyridine 7.2 9.5
4-Br—CgH4P2(pyrr) 20.0 22.6 4-MeG-aniline 6.5 8.8
HPy(dma) 19.7 22.3 2-Mepyridine 6.3 8.6
PhR(dma) 19.6 22.2 pyridine 5.5 7.8
TBD® 19.4 22.0 aniline 5.2 7.5
t-BuPy(dma) 18.8 21.4 2-Meaniline 51 7.4
PhR(dma)(tmg) 18.4 21.0 N,N-Me,—aniline 4.9 7.2
MTBDY 17.9 20.5 4-Bf-aniline 4.0 6.2
2-Cl-CgH4Po(pyrr) 175 20.1 2-Me@pyridine 2.6 4.8
2-Cl—CgHaPo(pyrr) 17.3 19.9

adma denotes the dimethylamino (N(@b radical; pyrr denotes the 1-pyrrolidinyl (N(GBH,)2) radical, and tmg denotes thi,N,N',N'-
tetramethylguanadine radic&lP; denotes the structure R=PRs; P, denotes the structure R=P(R;)N=P(Rs); Ps denotes BP=NP(=NR')R"N=PRs; P4
denotes BP=N—P(=NR’)(=NR3)N=PRs. ¢ TBD denotes 1,3,4,6,7,8-hexahydrb-pyrimido[1,2-a]pyrimidined MTBD denotes 1,3,4,6,7,8-hexahydro-1-
methyl-2H-pyrimidol[1,2-a]pyrimidine. DMAN denotes 1,8-bisdimethylaminonaphthalene.

standardized by titration of picric acid with tetrabutylammonium de Desarrollo Regional of the European Union (Project CTQ2004-
hydroxide, according to the method described in ref 14. 00633/BQU) and the Grants 5508 and 5800 from the Estonian
In all experiments, there was a little percentage of water due to Scientific Foundation for financial support. The work of E.K.
the solution of perchloric acid used. In any case, the percentage ofwas supported by a grant form the Kristjan Jaak foundation.
water in both potentiometric and conductometric assays was
negligible since the added water was lower than 0.02% (v/v). Supporting Information Available: Detailed computation
All data were obtained at 2% 0.1 °C. methods used in this work for conductometric and potentiometric
calculations from experimental data. This material is available free
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