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Abstract—Superbasic properties of naphthalefygotone spongé&sare determined by the character of
the unshared electron pair on the nitrogen atom of the dialkylamino group and by distortion pfrthe
conjugation.

The superbasic properties of 1,8-bis(dimethyl-due to repulsion of lone electron pairs of nitrogen
amino)naphthalene were reported for the first time irmtoms of the two nearby dimethylamino groups.
1968 by Alder and co-workers [1]. Its basicity con-

stant turned out to be anomalously higKgp+ 12.34) s

as compared. e.g., withN,N-dimethylaniline Me,N" NMe,
(PKgy+ 5.15 [2]) or 1-dimethylaminonaphthalene

(PKgy+ 4.83 [2]). These findings aroused a great Oe

interest, as follows from numerous publications on
this topic (see [36] and references therein) which is A

now considered to be an important field of modern . +
organic chemistry [7]. However, the decisive role of th&l—H---N

... hydrogen bonding in superbasic properties of proton
New compounds structurally refated to 1,8-bis(di-gonges does not follow unambiguously from detailed
methylamino)naphthalene have been synthesiz

. alysis of their basicity constants and hydrogen bond
(some structures are shown in Scheme 1), and the daig ameters, as well as from comparison with basicities

on their reactivity and physical properties have beegt some amino- and methylamino-substituted naphtha-
thoroughly reviewed [36]. The most attention Was |ene derivatives. The data given in table for com-
given to superbasic properties of such compounds. Boundsl—lv suggest that successive replacement of

was shown that they are characterized by high basicityydrogen in theperi-amino groups by methyl groups
and low rate of deprotonation of conjugate ammoniunin going from | to Ill leads to gradual rise in their

cations (<16 Imol™ s; see table). The low rate pasicity, in keeping with the generally accepted views
of deprotonation was explained by formation ofon the electron-donor effect of methyl group. When
a strong hydrogen bond between the proton attacheg| hydrogens in the amino groups are replaced by
to one nitrogen atom and the other nitrogen. Thenethyl groups (compountV), the basicity increases
formation of such bond is favored by spatially closevery sharply, by more than 7 log units.
arrangement of the dimethylamino groups, and its Ngatyrally, a question arises: if the formation of
strength originates from the appearance of & Sixyydrogen bond is indeed crucial for the high basicity
membered H-chelate ring (see structukebelow). — of compoundiV, why its effect is observed only on
The existence of monoprotonated proton sponges @ghaustive replacement of hydrogen by methyl groups
structures likeA is now considered to be the main i, poth amino groups? There is no doubt that hydro-
factor responsible for their superbasic properties. Thgen pond is also formed in protonated moleculés
protonation and H-bonding\N(—H---N) reduces steric which exhibit normal acidbase properties like the
deformation intrinsic to the neutral diamine moleculeother arylamines.
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Scheme 1.
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The hydrogen bond in 1,8-diaminonaphthalenes camonoprotonated forms. Unfortunately, the available
be characterized on a quantitative level by the distanagata do not allow us to select a series of compounds
between the nitrogen atoms. Depending on that dister which the basicity constants and deprotonation
ance, the H bond may be linear or may deviate frommates were measured under similar conditions. The
linearity (/\NHN 140-178; see [3, 5] and references values of k for 1,8-bis(dimethylamino)naphthalene
therein); correspondingly, such H bonds should diffe(lV), measured in different solvents (see table), are
in strength. No correlation was found [5] betweenof the same order of magnitude; therefore, they are
pPKgy+ values and N-N distances in neutral and comparable at least on a qualitative level.
protonated forms of 1,8-bis(dimethylamino)naphtha- The Kgy+ and k values for compoundsV —XI
lene and its analogs. The lack of a relation betweeghange in the opposite directions. On the other hand,
these parameters for protonated forms of protofhe same parameters for compourifs and XII , as
sponges was also noted in [21]. well as for X and XI, change in paralleli.e., lower

Another quantitative parameter of a hydrogen bondleprotonation rate constants correspond to lower
may be deprotonation rate constant in the series dfasicity constants. In going fronXl to XIII , the
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CONCEPT OF SUPERBASICITY OF 1,8-BIS(DIALKYLAMINO)NAPHTHALENES 1605

Basicity constants K+ and deprotonation rate constarksof monoprotonated forms of proton sponges

. 1g1 : k, Imorrts?
C(;(Tp PKgyy- (solvent) “ (Isgllslentf_ Cﬁzp PKgyy- (solvent) , (sol\(jentf_
I 4.61 (water) [1], IX 10.27 (water) [17]
10.99 (MeCN) [8] X 13.6 (30% DMSO) |4.7x1C° (30% DMSO)
Il 5.61 (water) [1], [17] [17]
11.95 (MeCN) [8] Xl 13.0 (30% DMSO) |5.2x10* (30% DMSO)
I 6.43 (water) [1], [17] [17]
12.91 (MeCN) [8] Xl 7.49 (water) [18] |1.21x10% (water) [18]
\Y, 12.34 (water) [1], 1.9x 10° (water) [14]) X1l 12.9 (30% DMSO) |6.2x10® (30% DMSO)
12.10 (water) [9], 2.9x10° [18] [18]
12.03 (water) [10], (20% DMSO) [15],| XIV 18.26 (MeCN) [13]
12.00 (water) [11], |[6.1x1CP XV 18.75 (MeCN) [13]
18.18 (MeCN) [12], | (30% DMSO) [15],|| XVI 18.5 (MeCN) [19]
17.28 (MeCN) [13], |4.5x10° XVII 18.7 (MeCN) [19]
11.5 (20% dioxane) [9]] (35% DMSO) [14],| XVIII  |18.7 (MeCN) [19]
7.47 (DMSO) [11] |4.6x1CP XIX 18.9 (MeCN) [19]
(35% dioxane) [14]| XX 10.3 (DMSO) [20]
Y, 12.7 (20% dioxane) [9]] 1.6x 10* XXI 9.0 (DMSO) [20]
18.95 (MeCN) [12] (30% DMSO) XXII 8.0 (DMSO) [20]
VI 16.3 (water) [16] 4.4x10° XXIl [15.33 (MeCN) [12]
(60% DMSO) [16]| XXIV |11.78 (MeCN) [12]
VI 16.6 (water) [16] 3.3 (60% DMSO) XXV |15.50 (MeCN) [12]
[16] XXVl |10.00 (water) [17]
Vil 4.62 (water) [17] 5x 107 (water) [17]

+
deprotonation rate constant decreases by an order ife strength of tha&N—H---N bond. It should also be
magnitude, whereas Kg,,+ changes insignificantly. noted that both mono- and diprotonation constants of
Thus, there are no clear trends in the variation ofliamines XIV and XV can readily be determined.
kinetic and thermodynamic parameters of protorThe difference in their values\pKg,+ ~7 log units)
sponges. is comparable with that typical of common amines
The basicity constantsKg,+ of compoundslV, (ApKgy+ 3-5 log units). Due to formation of a strong
XIV, andXV were found [13] to vary in the opposite hydrogen bond on monoprotonation, _addltlon_ of the
direction to the strength of hydrogen bond formed orfecond proton to proton sponges is considerably
their protonation (which was estimated by IR spechindered, the Mg+ value is very low {9.0 [11]),
troscopy). Compoun&V is the most basic, while the and the difference between the first and the second
hydrogen bond therein is the weakest. On the othdirotonation constants approache20 log units. If
hand, the electron-donor effect of the dimethylaminghe strength of hydrogen bond is estimated by the
group inXV, on (Kgy- and the electron-acceptor effectdifference [Kg+ — pKgp+, the H bond in mono-

of the MgNH group on the diprotonation constantProtonated compoundV: turns out to be much
(PK g2+ 1%46) are stronger than analogous effects iftONger than inXIV and XV, but the latter com-
compoundXIV . Therefore, gy of XV should be POunds are stronger bases. o
greater, and g2+ should be smaller than the corre- Thus the above analysis casts doubt on the existing
sponding parameters MV . However, the diprotona- concept of the determining role of the—H---N
tion constant ofXIV (pKgy2+ 11.43) is reduced, for hydrogen bond in superbasic properties of 1,8-bis(di-
monoprotonation gives rise to a stronger hydrogemethylamino)naphthalene and its analogs. In the
bond. As a result, the diprotonation constantXt§¢  present article we propose a different explanation for
and XV are almost similar. Thus the basic propertieshe high basicity of proton sponges.

of compoundsXIV andXV are determined mainly by  According to Edwards and Pearson [22], basic
the electronic effects of substituents rather than bproperties of organic compounds are determined
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mainly by structural features of the corresponding10.76 [2]), i.e.,~10.7 log units. This value is suf-
neutral molecules. From this viewpoint, replacementiciently high, though it is slightly lower than the
of all hydrogen atoms in amino groups by methylexperimental oneApKg,+ 1.64). The nitrogen LEP of
radicals should lead to drastic changes in the structutemethylamine is characterized by the largest charge
of these groups and of the molecule as a wholajensity, as compared to methylamine and dimethyl-
which are responsible for the anomalously highamine; therefore, triethylamine should be the strongest
basicity of proton sponges. Study of the equilibriumbase. However, the experimental data show the
BH" + OH = B + H,0 [where B is 1,8-bis(di- opposite pattern: trimethylamine is the least basic
methylamino)naphthalene] showed [23] that the ratemong methylamines K+ 9.77 [2]). Furthermore,

of deprotonation of conjugate acid BHs lower than the nitrogen LEP oN,N-dimethylaniline has a charge
the rate of deprotonation of common anilines, whiledensity of 0.6125 (i.e., the largest among those given
the rate of proton addition is comparable with theabove) [38], but its basicity constant is as low as 5.15
corresponding values for less basic compounds (bj2]. Therefore, no correlation exists betweeKgp-

5 log units); i.e., no specific features were observe@nd charge density on the nitrogen LEP.

in the protonation. These data suggest that basic According to [28], a relation between the basicity
properties of 1,8-bis(dimethylamino)naphthalene argonstants and charges on the nitrogen atom is possible
determined by the same factors (inductive, conjugaonly for amines in which hybridization of the nitrogen
tion, and steric effects) as for the othe/N-dialkyl-  atom does not change. Otherwise, i.e., for amine
arylamines. series where rehybridization of the nitrogen AOs

In keeping with the data of [248], the effect of occurs under the influence of various factors, we can
N-alkyl groups on the basicity constants of aliphaticspeak about only on parallelism in the variation of the
and aromatic amines is determined mainly by steri@above quantities. When hybridization of the nitrogen
factor. Sterically (rather than electronically) inducedatom is not fixed, the basicity constants of amines
sp’— spf-rehybridization of atomic orbitals of the correlate better with the-character of the nitrogen
nitrogen atom leads to increase in theharacter of LEP [25, 27].

the lone electron pair and anomalous change of basic The G, NC! and G,NC? bond angles (Eand C
properties. For example, thesp™hybridized nitrogen are the ‘methyl carbon atoms) in 1,8-bis(dimethyl-
atom in aniline [2932] becomessp-like in N,N-di-  amino)naphthalene are 117.1 and 118[38] (the
methylaniline [3234], which favors considerable corresponding values calculateab initio are 117.5
increase of ther-character of its lone electron pair and 119.1), indicating that the hybridization of the
[35]. Such structural variations enhance conjugatiopjtrogen atoms approaches’. This means that the
between the dimethylamino group amdsystem of p.character |f) of their lone electron pairs is fairly
the benzene ring [36, 37]. Nevertheless, the basicitijigh. The calculation according to the procedure
of N,N-dimethylaniline is greater than the baSiCityreported in [25], assuming that the'\iC? angle is
of aniline, for the rehybridization effect prevails over 11 m [28], giveép = 0.907. This value is the largest
delocal_ization [35]. H_ere, as with other alipha_tic a”damong those found [25] for ammonia (0.690), methyl-
aromatic amines having alkyl groups on the nitrogeng mine (0.770), dimethylamine (0.786), and trimethyl-
almost no electron-donor [ effect of the methyl amine (0.728); therefore, the basicity constant of
groups is observed [2@8]. proton sponge should also be the largest. The follow-
In view of the above stated it was important toing correlation was found for the basicity constants
elucidate the role of the state of the nitrogen lone elecand p-characters of the nitrogen LEP for the series
tron pair (LEP) in 1,8-bis(dimethylamino)naphthaleneammonia, methylamine, dimethylamine, trimethyl-
as compared to anilines. Plats al. [38] estimated amine, and 1,8-bis(dimethylamino)naphthalene:
the state of LEP through the charge density thereon.

As follows from the values given for ammonia PKgy+ = —(0.64+0.64) + (14.4@:0.83)p;
(0.5803), methylamine (0.5931), dimethylamine
(0.6021), trimethylamine (0.6083), and 1,8-bis(di- n=25s=014r = 994.

methylamino)naphthalene (0.5996), the latter occupies

an intermediate place between methylamine and di- In terms of the above, some structural features of
methylamine. Had the basicity constant of 1,8-bis(dithe neutral molecule and monoprotonated form of
methylamino)naphthalene depended only on thé&,8-bis(dimethylamino)naphthalene £ can be
charge density, it would be intermediate betweemnderstood more clearly. Considerable flattening of
pKgy+ for methylamine (10.62 [2]) and dimethylamine the nearby dimethylamino groups enhances their
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+
mutual repulsion. The steric repulsion is supplementesgicharacter of theN—H bond (i.e., it becomes shorter
by the Coulomb repulsion due to high charge densitand stronger), the hydrogen atom should be located
on the nitrogen atoms, so that the neutral molecule afloser to one nitrogen atom, i.e., the H bond should
proton sponge is structurally destabilized. Accordinde unsymmetrical.
to the X-ray diffraction data [39], the dimethylamino  The lone electron pair on the nitrogen atom in
groups inlV deviate from coplanarity with the naph- N N-dimethylaniline is characterized by not only
thalene system. The degree of conjugation betweefe |argest (compared to methylamines) charge density
the dimethylamino groups and the aromatisystem (0.6080 [38]) but also the highegtcharacter (0.920
can be estimated froma,,,, values corresponding to [35]). At the same timeN,N-dimethylaniline is the
the n,z*-electron transition X5, 336 nm in hexane). weakest base in this series. The reason is delocaliza-
Better conjugation with dimethylamino group thantion of the nitrogen LEP over the benzene ring due to
with amino is characterized by greatef,,, value: jts high p-character and especially due to coplanar
8600 | mor ™ cm ™ for aniline [37] and 15800 | motx  arrangement of the dimethylamino group with respect
cni for N,N-dimethylaniline [37]. Some distortion of to the benzene ring (see [43] and references therein).
conjugation with diisopropylamino group is accom- e significance of the latter factor for basic
panied by decrease ef,,, 10 9600 | mol™ cm™ [37].  properties of N,N-dialkylanilines can be illustrated
In going from 1,8-diaminonaphthalene,, = 9450) \ith N,N-diisopropylaniline as an example. The pres-
to 1,8-bis(dimethylamino)naphthalene{, = ence of bulky isopropyl radicals makes the amino
8300 Imof~xcm™) the parameterey,, does not group considerably more flattened than those in
increase, as might be expected by analogy witkhmines with unbranched alkyl groups. The hybridiza-
N,N-dialkylanilines [37], but decreases. This faCttion of the nitrogen atom becomes closer 3&
indicates essential loss of conjugation between thgs 37], and thep-character of its LEP increases.
dimethylamino groups and naphthalemesystem. On the other hand, the diisopropylamino group
As a result, the basicity of 1,8-bis(dimethylamino)-insignificantly deviates from the benzene ring plane
naphthalene becomes comparable to that of alky[37, 43] for steric reasons, and the degree of delocali-
amines. For example, steric repulsion of branchedation of the nitrogen LEP over the aromatic ring is
isopropyl groups considerably increases bond anglessmewhat reduced. According to [36], the conjugation
at the nitrogen atom in triisopropylamine (up tobetween therx-system of the benzene ring and diiso-
115.7 [27]); this value is close to the bond angles inpropylamino group % = —0.52) is stronger than for
proton sponges. Correspondingly, tpecharacter of amino group <(:% = -0.47) but weaker than for di-
the nitrogen LEP increases, and the basicity constantethylamino group % = -0.54). The basicity con-
of triisopropylamine (Kg,+ 11.86 [25]) approaches stant of N,N-diisopropylaniline (Kgy+ 8.20 [37]) is
the values typical of proton sponges. Methylamineconsiderably greater than the basicity of aniline
and dimethylamine in acetonitrile Kp,;+ 18.37 and (by 3.6 log units).
18.73, respectively [40]) are even more basic than A conclusion can be drawn that highcharacter of
proton sponges. the nitrogen LEP in combination with even insignif-
Protonation of proton sponges leadssig — sp>-  icant reduction of the degree of its delocalization over
rehybridization of the nitrogen AO (the nitrogen atomti}e behnzenle ri_ng glgar?sidferably incrgases the basicit¥
in protonated amines is alwaygr-hybridized [41]). ©f Such arylamine. Theretore, superbasic properties o
In t%e protonated form only on);mzirgethylamin[o g]zoupl!8-b|s(d|methylamlno)naphthalene originate from the
can be planar. Therefore, the repulsion between tHd9h p-character of the lone electron pair on the

neutral and protonated dimethylamino groups becomddfogen atom, on the one hand, and distortion of
considerably weaker, and the<W distance shortens coplanarity between the protonated dimethylamino

from 2.79 A in the neutral molecule to 2.68.55 A  9roup and naphthalene core, on the other. This state-
[3]. An attractive interaction thus appears, which isTent is supported by the high basicity of compounds
favored by formation of thél—H---N hydrogen bond XIV: and XV in which the dimethylamino  groups

: o h ' hyl
due to highp-character of LEP of the nonprotonatedand the aromatic system are separated by methylene

. 201, | . | 5 nits which hamper effective conjugation. As a result,
nitrogen atom [42]. It remains unclear (see [6] an he hybridization of the nitrogen AOs and its LEP

references therein) whether thé—H---N hydrogen should be similar to that typical of aliphatic amines.
bridge in proton sponges is symmetrical or notTherefore, the basicities of these compounds should
Assuming thaisp” — sp-rehybridization of the nitro- also be similar, as is the real case (cKgp-+ values
gen AO, occurring on protonation, increases thdor compoundIV andXV and methylamines).
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The effect of the above two factors on the basicitysuch ortho-substituents as halogens are capable of
of proton sponges is also obvious from comparisomotably hindering conjugation.
of pKgy+ values of compound¥lll -XI. The nitrogen  As shown above withN,N-diisopropylaniline as
atoms in moleculeVlll are separated by two GH an example, the basicity considerably increases due
units whose position with respect to the naphthaleng, insignificant loss of conjugatuion with the diiso-
ring plane is rigidly fixed. The conjugation betweenpropylaminogroup in which the lone electron pair on
the amino groups and the naphthalensystem is not the nitrogen has a higip-character. Insofar as the
broken, and the basicity constant of compodAil  p-character of the nitrogen LEP in proton sponges is
is relatively low and is comparable with the basicitya|so high, a stronger disruption of conjugation with
constant of 1-dimethylaminonaphthalen&lgp+ 4.83  the dimethylamino groups, caused bytho-substit-
[2]) in which the conjugation with the dimethylamino yents, should increase the basicity to a greater extent.
group is also retained. As the number of methylen@ssuming that the effect ofortho-substituents in
units in the N(CH),N bridge rises (compounds proton sponges has an inductive origin, the higher
IX-XI), rotation of the methylamino group due to pasicity of ortho-amino derivativeXX, as compared
steric repulsm_n becomes possible. As a result, thgy ortho-dimethylamino-substituted protonpsnge
conjugation with the naphthalenesystem weakens, xX| can readily be explained: the inductive electron-
and the basicity increases. acceptor effect of the amino group?(= 0.09 [44])

As shown in [28, 35, 37], ethyl groups on theis weaker than that of the dimethylamino group
nitrogen make the amino group more flattened (a$c|° = 0.19 [44]).
compared to methyl groups) and provide greater According to [44], the sameM-substituents in the
increase in thep-character of the nitrogen LEP; para-position give rise to a strong polar conjugation
naturally, this is reflected in the basicity constantsyith the reaction center. The difference kg,
(cf. pKgy+ of aniline, 4.60 [2],N,N-dimethylaniline, petween compoundV and para-substituted analog
5.15 [2], andN,N-diethylaniline, 6.57 [2]). Therefore, XxXIl is as small as 0.5 log unit, i.e., it is much
in going from 1,8-bis(dimethylamino)naphthalenesmaller than could be expected. A possible reason
(IV) to 1,8-bis(diethylamino)naphthalen€)( as well js that the interaction between two dimethylamino
as on successive replacement of methyl groupl/in  groups in thepara- and peri-positions is weakened
by ethyl (compoundsXVI-XIX) increase of Kgy+ due to loss of coplanarity between the dimethylamino
must be expected. group and the naphthalene system in compoxXiKtl .

Comparison of the basicity constants of compound®bviously, the same factor is responsible for the weak
IV-VII and also ofXX and XXl shows that M-sub- effect of the para-nitro group in 1,8-bis(diethyl-
stituents (such as MeO, NHand NMe) in theortho-  amino)-4-nitronaphthalenexXKlll ), ApKg,+ = 3.62.
position considerably increase basic properties ofhe effect of the secongara-nitro group (compound
proton sponges. This was explained [20] by theXXIV) is almost the same\pKgy+ = 3.55 log units.
“boosting effect which has an electrostatic rather thanFor comparison, in going fromN,N-diethylaniline
steric origin. We believe that the influence oftho-  (pKg,+ 6.57 [2]) to itspara-nitro analog (Kgy+ 1.75
substituents can be rationalized in a different way2]), the basicity decreases by 4.82 log units.
without resorting to“new effects: The effect of a nitro group in thertho-position

It has long been known [44] that in some reactionlcompoundXXV) seems to be even more surprising;
series there is no polar conjugation witiM4substit- the basicity constant oKXV is slightly greater than
uents located in theortho-position with respect to that of p-nitro analogXXIIl (see table). Presumably,
the reaction center, but logarithms of the equilibriumin this case factors responsible for anomalous basic
and rate constants are linearly related to the inductivproperties of proton sponges (such as flattening of the
constants of those substituents. This is the result afiethylamino group, increaseg-character of the
steric hindrance to conjugation owing to distortion ofnitrogen LEP due to steric effect of alkyl radicals
coplanarity of ortho-substituted phenyl group with and electron-acceptor effect of the nitro group, and
the reaction center [44]. In this respect, naphthalengtronger distortion of conjugation with the diethyl-
proton sponges are unique models: the conjugatioamino group due to steric effect of th@tho-nitro
between the dimethylamino groups and the naphth#group) are more powerful than the effect of the second
lene system is broken even in unsubstituted molecul@Itro group.
Therefore, these compounds are more sensitive to In going from N-phenylmorpholine (Kg,+ 3.20
ortho-substitution which leads to further disruption[2]) to 1,8-dimorpholinonaphthalen&i ) the basicity
of coplanarity. According to the data of [44], evenincreases to a lesser extehpKg,+ 4.3). Unlike
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the proton sponges considered above, the nitrogery.

atoms in N-phenylmorpholine and compounill

have sp® configuration [45] which is fixed by their 8.

cyclic structure. Taking into account the lack of
delocalization of the lone electron pairs over the
naphthalene ring, the basicity of 1,8-dimorpholino-

naphthalene should be comparable with the basicity9.

of N-alkylmorpholines. In fact, the g+ values of

N-methyl- and N-ethylmorpholines are 7.38 and 10.

7.67 [2], respectively.

The same is also true of the other naphthalengl.

proton sponges in which the nitrogen atoms of the

peri-substituents are incorporated in a cyclic fragmenti12.

For instance, the basicity constant of 1,8-bis(1-pyrroli-
dinyl)naphthalene XXV1) is close to that found for
N-methylpyrrolidine (fKgy+ 10.36 [2]).

Unlike 1,8-dimorpholinonaphthalene, the state ofl3.

the nitrogen atom in compoundlll is not fixed by

a cyclic structure. As in the other proton sponges,
the nitrogen hybridization inXIll
therefore, thep-character of the nitrogen LEP is suf-

ficiently high, and the basicity oXIIl is also high. 15.

Thus, the anomalously high basicity of 1,8-bis(di-

methylamino)naphthalene and its analogs is detel6.

mined by two main factors: (19p*-like hybridization
of the nitrogen atoms of the dimethylamino groups

and hence higlp-character of the lone electron pairs17.

and (2) rupture of conjugation between the dimethyl-

amino group and the naphthalemesystem. We 18.

believe that the role of intramolecular hydrogen bond

is secondary. 19.

The authors are grateful to Prof. O.P. Shvaika and
Prof. I.LA. Opeida for helpful discussion.

20.

REFERENCES

21.

1. Alder, R.W., Bowman, P.S., Steele, W.R.S., and
Winterman, D.R.,J. Chem. Soc., Chem. Commun.,

1968, pp. 723724. 22

2. Tablitsy konstant skorosti i ravnovesiya geterolitiche-

skikh organicheskikh reaktsi{Tables of Rate and 23,

Equilibrium Constants of Heterolytic Organic Reac-

tions), Pal'm, V.A., Ed., Moscow: VINITI, 1976, 24.

vol. 2 (1), pp. 26116.

3. Staab, H.A. and Saupe, TAngew. Chem., Int. Ed. 55

Engl., 1988, vol. 27, no. 7, pp. 863008.
4. Alder, RW., Chem. Rev.,1989, vol. 89, no. 5,

pp. 12151223 26

5. Llamas-Saiz, A.L., Foces-Foces, S., and Elguero, J.,

J. Mol. Struct., 1994, vol. 328, pp. 29B23. 27.

6. Pozharskii, A.F.,Usp. Khim., 1998, vol. 67, no. 1,
pp. 3-27.

approachessp; 14

1609

Buchachenko, A.LUsp. Khim.,1999, vol. 68, no. 2,
pp. 99-117.

Pozharskii, A.F., Suslov, A.N., Starshikov, N.M.,
Popova, L.L., Klyuev, N.A., and Adanin, V.A,
Zh. Org. Khim.,1980, vol. 16, no. 10, pp. 2216
2228.

Hibbert, F.,J. Chem. Soc., Perkin Trans. 2974,
pp. 18621866.

Chiang, Y., Kresge, A.J., and O’Ferrall, R.A.M.,
J. Chem. Soc., Perkin Trans. 2980, pp. 18321838.

Benoit, R.L., Lefebvre, D., and Frechette, Man.
J. Chem., 1987, vol. 65, no. 5, pp. 994001.

Kurasov, L.A., Pozharskii, A.F., Kuz’'menko, V.V.,
Klyuev, N.A., Chernyshev, A.l.,, Goryaev, S.S., and
Chikina, N.L.,Zh. Org. Khim.,1983, vol. 19, no. 3,
pp. 590-597.

Brzezinski, V., Schroeder, G., Grech, E., Malar-
ski, Z., and Sobchyk, L.J. Mol. Struct., 1992,
vol. 274, pp. 7582.

Hibbert, F. and Hunte, K.P.Rl, Chem. Soc., Perkin
Trans. 2, 1983, pp. 18951899.

Awwal, A. and Hibbert, F.J. Chem. Soc., Perkin
Trans. 2, 1977, pp. 15891592.

Alder, R.W., Coode, N.C., Miller, N., Hibbert, F.,
Hunte, K.P.P., and Robins, H.JJ. Chem. Soc.,
Chem. Commun.1978, no. 3, pp. 890.

Hibbert, F. and Simpson, G.R.,Chem. Soc., Perkin
Trans. 2, 1987, no. 5, pp. 613515.

Hibbert, F. and Hunte, R.P.B., Chem. Soc., Perkin
Trans. 2, 1981, pp. 15621565.

Pozharskii, A.F., Kurasov, L.A., Kuz’'menko, V.V.,
and Popova, L.L.Zh. Org. Khim.,1981, vol. 17,
no. 5, pp. 10051013.

Ozeryanskii, V.A. and Pozharskii, A.Flzv. Ross.
Akad. Nauk, Ser. Khim2000, no. 8, pp. 1412414,
Saupe, T., Krieger, S., and Staab, R.Angew.
Chem., Int. Ed. Engl.1986, vol. 25, no. 5, pp. 451
453.

Edwards, D.O. and Pearson, R.Dsp. Khim.,1963,
vol. 32, no. 2, pp. 24862.

Hibbert, F.,J. Chem. Soc., Chem. Commuh9,73,
pp. 463-464.

Korzhenevskaya, N.G.Ukr. Khim. Zh., 1989,
vol. 55, no. 12, pp. 1311315.

Korzhenevskaya, N.G., Mestechkin, M.M., and Mat-
veev, A.A.,Zh. Obshch. Khim.1992, vol. 62, no. 3,
pp. 626-628.
Korzhenevskaya, N.G.Ukr.
vol. 60, no. 2, pp. 193198.
Korzhenevskaya, N.G., Mestechkin, M.M., and
Lyashchuk, S.N.Russ. J. Org. Chem1996, vol. 32,
no. 4, pp. 474479.

Khim. Zh., 1994,

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 11 2001



1610

28.

29.

30.

31.

32.

33.

34.

35.

36.

KORZHENEVSKAYA et al.

Korzhenevskaya, N.G. and Kovalenko, V.\RRuss. 37.

J. Org. Chem. 1999, vol. 35, no. 4, pp. 25255.

Lumbroso, M.,Bull. Soc. Chim. Fr.1963, vol. 11, 38.

pp. 25152518.

Marsten, R.J.B. and Sutton, L.E], Chem. Soc., 39

1936, no. 1, pp. 59%06.

Fickling, M.M., Fischer, A., Mann, B.R., Packer, J.,
and Vaughan, JJ. Am. Chem. Soc1959, vol. 81,
no. 16, pp. 42264230.

Aroney, M.J. and Le Fevre, R.J.W., Chem. Soc.,
1956, no. 8, pp. 27HR778.

Vilkov, L.V. and Timasheva, T.PDokl. Akad. Nauk

SSSR,1965, vol. 161, no. 2, pp. 36365. 43.

Mazet, D., Wilke, M.M., Weringa, D., and Lum-
broso, M.,C.R. Acad. Sci., Ser. 1,970, vol. 270,
no. 19, pp. 15371540.

Korzhenevskaya, N.G., Mestechkin,
tii, K.Yu., Abdusalamov, A.B., Ulanenko, K.B., and
Rybachenko, V.I.Zh. Obshch. Khim.1992, vol. 62,
no. 5, pp. 11481150.

Korzhenevskaya, N.G., Titov, E.V., Chotii, K.Yu., 45.

and Chekhuta, V.GZh. Org. Khim.,1987, vol. 23,
no. 6, pp. 12281230.

41.

M.M., Cho-44,

Korzhenevskaya, N.G.,Reakts. Sposobn.
Soedin., 1988, vol. 25, no. 2(90), pp. 15964.

Platts, J.A., Howard, S.T., and Wozniak, K.,Org.
Chem., 1994, vol. 59, pp. 4644651.

Einspahr, H., Robert, J.B., Marsh, R.E., and
Roberts, J.D.,Acta Crystallogr., Sec. B,1973,
vol. 29, pp. 16131615.

Coetzee, J.F. and Padmanabhan, CJRAmM. Chem.
Soc., 1965, vol. 87, no. 22, pp. 5085010.

Freuer, W.Z. Chem. 1981, no. 2, pp. 448.

Korzhenevskaya, N.GDokl. Akad. Nauk Ukrainy,
1993, no. 9, pp. 12326.

Korzhenevskaya, N.G. and Kal'nitskii, N.RMole-
kulyarnye vzaimodeistviya, struktura i reaktsionnaya
sposobnost’ organicheskikh soediner{iolecular
Interactions, Structure, and Reactivity of Organic
Compounds), Kiev: Naukova Dumka, pp. £2@9.

Pal'm, V.A., Osnovy kolichestvennoi teorii organi-
cheskikh reaktsii (Principles of the Quantitative
Theory of Organic Reactions), Leningrad: Khimiya,
1977, pp. 243, 29807.

Wong-Ng, W., Nyburg, S.C., Awwal, A., Jankie, R.,
and Kresge, A.J.Acta Crystallogr., Sec. B1982,
vol. 38, pp. 559564.

Org.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 11 2001



