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Structural (X-ray diffraction), infrared spectroscopic, and theoretical MP2 and DFT studies on the HBr and
DBr adducts of 1,8-bis(dimethylamino)2,7-dimethoxynaphthalene {J+DMAN) were performed. This
particular proton sponge has been chosen for its strong basicity and display of the buttressing effect influencing
the hydrogen bond dynamics and properties. The studies revealed a symmetric, planarHMzstlon

with a short (NHNY hydrogen bond of 2.567(3) A. The X-ray diffraction results suggest that the proton is

in the central position in the bridge, while the calculations show two potential energy minima with the zero
point energy level close to the top of the barrier. The infrared spectra display an (N#Kyl at 488 cm

and an (NDNJ band at 235 cmt, respectively. It gives the isotopic ratio of 2.08, the highest value reported

to date. Such a result suggests a peculiar shape of the potential for the proton motion, characterized by an
extremely high positive anharmonicity. The calculations reproduce this particular potential, yielding an ISR
value displaying a very good agreement with the experimental one. The anharmonic frequencies, however,
show the discrepancy between the observed and calculated transitions.

Introduction in the region of 500 cm'® but the most intriguing is the
anomalous isotope effect: the H/D isotopic ratio (ISR) can reach
very high values, well above/2.X° As the theoretical consid-
erations show, the ISR value can be a sensitive probe for the
potential shape and particularly the barrier hefdi@n the other
hand, the recent intensive studies on NMR spectra, and
particularly the H/D isotope effect, show that the double
minimum potential in (NHNY does exist in solution; the proton

is attached to the one of nitrogen atoms jumping (or tunneling)
With high frequency?-15 Especially important results, related

The (NHN)" hydrogen bond in protonated “classical” proton
sponge, 1,8-bis(dimethylamino)naphthalene (DMAN), has been
a subject of several studie$ concerning its basicity, X-ray
structure, and NMR{, 13C, 15N) and IR spectra. Despite many
studies this problem still remains intriguing, probably due to
the peculiar shape of the potential for the proton motion
displaying the double minimum and low barrier. Several factors
can affect the shape of such a potential. DMAN and its
derivatives protonated by various acids can be used as model,. . ; .
systems as they display the influence of both external and directly tc;ltshe subject of this paper have been reported by Perrin
internal factors. The former are expressed in packing of the and OhIF ) ) ] ]
crystalline lattice whereas the latter act through steric and  1he aim of this paper is the study of protonated (with HBr

chemical effects of substituents in various positions on the OF DBr) 2,7-dimethoxy derivative of DMAN ((CkD)."DMAN)
naphthalene rings. by X-ray diffraction, IR spectra and quantum chemical calcula-

tions. This compound is interesting for two reasons. First, it is
among the strongest bases in the family of DMAN deriva-
tives14~18 Second, the 2,7-substitution causes the buttressing
effect that has recently received growing attenfidit.not only
relates to a steric effect (interaction of the dimethoxy groups
with CH3 groups of dimethylamino moieties), but also to the
charge distribution in the naphthalene ring and to the direct

The crystallographic data (more than 40 structures of proto-
nated DMAN with various counteranions have been repdyted
show that the (NHN) hydrogen bond length varies within a
broad range of 2.542.64 A. These results can be treated as an
evidence of a soft interaction potential. For ca. 25% of DMAN
H* cations, symmetric (at least dynamically) bridges have been
detected in the lattice. It seems obvious, that both the bridge . . . . ) )
length and symmetry of cations are related to the lattice packing. INtéraction via unconventional H-bonding between dimethy-
The short bridges are usually symmetric, but sometimes, as inl@MinN0 moieties with lone electron pairs of oxygen atoms in
the case of the protonation by trimethoxymeth&renger methoxy groups. Such Igrldges'have recently been the subject
bridges can be symmetric if the counteranions are disordered.f considerable interest in the literatife.

The IR spectra showed that for short bridges one observes ©One should stress here that little is known to date regarding

the va{NHN) absorption bands at extremely low frequencies the structure and vibrational spectra of protonated DMAN
derivatives. Only structures of 2,7-dichldtand 2,7-dibromo

- - - derivatived? protonated by HBr have been published. These
* Corresponding author. E-mail: sobczyk@chem.uni.wroc.pl. . . . —
* University of Rostov. display symmetric NHN bridges, while in the case of 4-rfitro
* University of Wroctaw. and 4-amino DMANH'7 the bridges are asymmetric with
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unexpectedly low values of ISR. A detailed study on the TABLE 1: Crystal Data and Structure Refinement for HBr
potential shape has been performed for the 2,7-dibromo deriva-and DBr _Sa”?] ﬂf _ et il
tive using MP2 and DFT calculatioR3.This confirmed the  L:8-Bis(dimethylamino)-2,7-dimethoxynaphthalene

existence of a double minimum potential with a low barrier and empirical formula GeH2oNoOHBr  CiH22N0.DBr
showed an unusual H/D isotope effect in IR spectra. The very W 355.27 356.28
short bridge and low ISR value obtained for 4-amino derivative €MP (K) 100(2) 100(2)
X ; avelength (A) 0.71073 0.71073
seems to be of great importance, as this suggests that the '5ngst syst monoclinic monoclinic
value can yield important information about the shape of the space group c2lc c2/c
potential. a(h) 9.080(1) 9.027(1)
b (A) 20.077(2) 19.991(2)
Experimental and Computational Methods g((}éég) 1101'4151536((11)) 1101'2?37((11))
2,7-(CH:0)DMAN was synthesized via a modification of V(A9 1681.9(3) 1656.2(3)
the procedure described recerithfhe salt of (CHO),»DMAN - D = 4 4
. ] ) . D¢(Mg-m3) 1.403 1.429
HBr was prepared by adding 1 equiv of acid to an acetonitrile " (mm-) 2.450 2488
solution of the base, yielding colorless plates with mp 240  F(0o0) 736 736
241 °C (dec, from MeCN). To obtain the deuterated salt crystsize (mm) 0.26< 0.21x 0.11 0.60x 0.40x 0.20
(CH30)2:DMAN -DBr, 0.2 mmol of 46% HBr was added to 2 0 range for data collcn (deg) 3.928.43 2.04-23.04
mL of CDsOD followed by 0.2 mmol of the dimethoxy DMAN. '”dﬁx ranges Cot11 0109
After the solvent was removed in vacuo, the residue was Yy :g 26 0:8 29
recrystallized from CBOD to give the deuterated complex as I —12t013 —10to0 10
colorless plates. The estimated degree of deuteration was cano. of reflcns collcd/unique  5478/1956 1191/1134
90%. R(int) 0.0257 0.0206
The X-ray diffraction studies were performed on a Kuma 2aPscor . analytical empirical
KM4 CCD and- KM4 four circle diffractomeger equipped with g]a?; f[’}Qg (Tglg];gzr:;mfs'on 1?'12?11 4a3nd 0.569 95?'/71%% and 0.343
an Oxford Cryosystem Cooler using graphite monochromated goodness-of-fit on ¥ 1.056 1.073
MoK, radiation. The data were corrected for Lorentz and R;, wR.[l > 20(1)] 0.0266, 0.0566 0.0273,0.0720
polarization effects, as well as for absorption. In the case of Ry, WReindices (all data) ~ 0.0367, 0.0595 0.0423, 0.0797
(CH:0),*DMAN -DBr the correction for absorption was per- e (€A™) 0.274f-0.375 0.310/0.334
formed by using the empirical method included in the SHELXA ) ) )
program from the SHELXL-97 packageFor (CHO),"DMAN - particularly in the case of proton stretch mode due to its strong
HBr the analytical correction for absorption was appRéd. anharmonicity as well as its coupling with the hydrogen stretch

The structures were solved by direct methods with SHELXS- mode, we used the anharmonic approach to model the NH
9727 and refined by the full-matrix least-squares methods using s?retch mode. Flrst,_ the ab initio energies were fltted with a
the SHELXL-97 program® Non-hydrogen atoms were refined sixth order polynomial \/(r(HX)) ant_:l then_the V|b_rat|o_nal Iev_els
with anisotropic thermal parameters. The H atoms in the Were calculated by solvmgaqne-dlmer)3|or?al,V|brat|onal,tlme-
(CH:0)»DMAN -HBr molecule were found from difference ~ independent Schidinger equatiod® The vibrational Sctirdinger
synthesis and were refined isotropically. All H atoms in the €guation was solved by variational principle using shifted
crystal (CHO),»DMAN -DBr also were found in the difference Gaussian basis set consisting of 82 primitive Gaussians spanning
synthesis and were included as fixed atoms in the final from 0.3 t0 2.3 A.
refinement, except for the D atom, which was refined.

The crystal data and structure refinements are summarize
in Table 1. The XP packagewas used to generate the molecular  X-ray Structure. The scheme presenting the structure of the
drawings. HBr (DBr) adduct with (CHO),*DMAN is shown in Figure 1.

The infrared spectra were recorded in Fluorolube (high- The details related to the atom coordinates, bond lengths, bond
frequency region) or Nujol (low-frequency region) suspensions angles, and other crystallographic data are deposited at the
(Csl windows) using a Bruker IFS 113v FTIR spectrophotom- Cambridge Crystallographic Data Center (CCDC Nos. 2574424
eter. and 257423). Here we would like to discuss some selected data

The full geometry optimization for the studied protonated connected with the main subject of this paper related to the
sponge has been carried out at B3LYP and MP2 levels using (NHN)* hydrogen bond and its surroundings.
double{ 6-31G(d,p) basis set with the Gaussian 98 program  Taking into account the nitrogen and oxygen atoms as well
package?® After the optimization, the harmonic vibrational as the Br anion as a base of construction, the system is almost
frequency calculations were performed to confirm the nature perfectly planar; the corresponding torsion angles are in the
of the stationary point on the potential energy surface (PES) aslimits 179-18C. Table 2 gathers data related to all hydrogen
a minimum. The potential energy curves were subsequently bonds including nonconventional bridges involving §2joups.
calculated allowing only the proton position in the hydrogen Selected geometry parameters for DMAN cations along with
bridge to vary, while all the remaining geometry parameters the theoretical results are presented in Table 3.
were kept fixed at the corresponding theoretical equilibrium  The (NHN)" hydrogen bond length (2.567(3) A) is rather
values. The potential energy curve has been obtained bytypical for the symmetric DMANH™T cations’ No geometrical
scanning the potential energy surface along the NH coordinate,isotope effect is observed within the experimental error.
with NHN angle optimization at each point. Such an approach Compared to the 2,7-dibromo derivati¥Fewhich shows a
allowed us to take into account the NH stretch and NHN bend particularly short hydrogen bridge, this bond is longer by 0.02
coupling to model the adiabatic process of the proton transfer. A. In both cases, one is dealing with the buttressing substituents,

As the harmonic approximation proved to be poor in albeit of different activity. In the dibromo derivative, relatively
predicting vibrational frequencies related to hydrogen bond, strong repulsion of the dimethylamino groups was shown to

dResuIts and Discussion
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Figure 1. X-ray structure of the HBr salt of (C40),DMAN showing

the 40% probability displacement ellipsoid with atom-numbering S e e B S S
scheme. Symmetry code: (ax + 1,y, —z+ 0.5. 100 300 500 ] 700
cm”
TABLE 2: Hydrogen Bonds in HBr (A) and DBr (B) Salts Figure 2. Separated infrared (NHN)a) and (NDN} (b) bands fitted
of 1,8-Bis(dimethylamino)-2,7-dimethoxynaphthalene to Gaussian profiles (dotted curves).
d(D—H---A) d(D—H) d(H:--A) d(D---A) O(DHA)

TABLE 4: Positions (v, Half-widths ((Avy;,) and

A N(1)---H(1)---N(1)* 1.303(7) 1.303(7) 2.567(3) 160(3) |ntegrated Intensities (A) of NHN* and NDN¥ Bands in
C(11)}-H(7)--O(1) 0.99(2)  2.42(2) 2.991(2) 115(2)  Protonated (deuterated) (CHO)*DMAN
C(12-H(10y--0(1) 0.97(2) 2.43(2) 2.966(2) 115(2)

C(11-H(5)-Br ~ 0.96(2) 2.99(2) 3.805(2) 144(2) v(NHN)* v(NDN)*
C(12)-H(8)+Br  0.96(2) 2.96(2) 3.780(2) 144(2) e 488+ 5 235+ 4
B N(1)-+D---N(1)? 1.302(11) 1.302(11) 2.561(5) 159(5) Avylemt 357+ 6 214+ 5
C(11)-H(7)--O(1) 0.96 2.40 2.971(4) 118 ISR ((NHN)*/v(NDN)™) 2.08+ 0.06
C(12)-H(10)---O(1) 0.89 2.45 2.950(4) 116 Av1(NHN)*/Avy(NDN)* 1.67+ 0.07
C(11)-H()+Br ~ 0.95 2.98 3.790(3) 144 A(NHN)*/ANDN) * 135+ 0.15
C(12-H(8)+-Br  0.965 2.962 3.760(3) 141
aSymmetry code: (ayx + 1,y, —z+ 0.5. obtained previously for the dibromo derivative of DMAN, where

two equivalent positions are occupied with the same prob-
TABLE 3: Selected Parameters for Protonated

o A . . . ! .
1,8-Bis(dimethylamino)-2,7-dimethoxynaphthalene Calculated ability ** As is explained in the discussion of the results, this
at B3LYP and MP2 Level with the 6—31G(d,p) Basis Sét arises from the zero point energy level being positioned close

to the top of the barrier, and regardless of the temperature, there
is only one maximum in the center of the (NHNbridge.

calculated B3LYP calculated MP2 experimental

C-0 1.359 1.367 1.368(2) Infrared Spectrum. As our interest focuses mostly on the
m_gl 1'3?2 1'32411 i'igg(z) proton dynamics and properties of the (NHNJridge we will

—Cu . . .490(2) . I ) .
N—H 1.120 1.139 1.303(7) not d|s_cuss the vibrational spectrum in detail he_re. Such an
Ny-N, 2.600 2567 2.567(3) analysis, based on IR and Raman spectra along with theoretical
Cu—H7++0Oy 2.344 2.320 2.42(2) calculations, has been performed for several DMAN salts (see,
Cio—Hip+:O1 2.344 2.320 2.43(2) for example, ref 31). In symmetrical DMAINI* cations one
ON:HN, 160.3 160.8 160(3) observes an intense band assignedtiNHN)* vibration at

aBond lengths in angstroms, angles in degrees. extremely low frequencies, in the region around 5600 cnt ™.

The assignment of the broad intense IR band around 500 cm

cause shortening of the (NHN)bridge owing to internal in protonated proton sponges to thg{NHN) stretching mode
pressure. Analysis of the geometrical parameters fors(@ is based on the fact that the bending vibrations (usually coupled

DMAN -H* shows that the O(1)C(2)C(1) angle is smaller than with the motion of other atoms) are located at much higher
0O(1)C(2)C(3) (116.0(2) and 123.2¢3)yespectively). The factor ~ frequencies with rather small half-widths. Moreover it was
causing this decrease is attraction betweeriNimeethyl groups showr? that, due to the Fermi resonance, one observes in many
and the lone electron pairs of the oxygen atoms. This is well cases the Evans holes corresponding exactly to the frequencies
represented by the results in Table 2 related to the distancesof the deformatiord(NR3) mode. Our experimental results for
between the hydrogen atoms on the methyl groups and thel,8-bis(dimethylamino)-2,7-dimethoxynaphthalene are presented
oxygen atoms, which are significantly shorter than the sum of in Figure 2.

van der Waals radii. In contrast, the contacts between the methyl The experimental results relating to the infrared protonic
groups and Br are nearly equal to the sum of van der Waals NHN* and deuterated NDNbands are also gathered in Table
radii. The most important result, however, is connected with 4.

the position of the hydrogen atom in the (NHNDridge. The As the maximum level of deuteration attainable during
structure refinement implies the central localization of this atom, preparation of the Nujol suspensions was ca. 75%, the infrared
at least in a dynamic meaning. This result differs from the data spectrum of this sample was that of a mixture of isotopomers
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TABLE 5: Geometrical and Spectroscopic Characteristics of HBr Adducts with 2,7-% Derivatives of DMAN

0C1C2X/deg 0C3C2X/deg D(N--N)/A »(NHN)*/cm? ISR ref
2,7-Bn, 124.7(2) 113.4(2) 2.547(3) 560 1.65 22
2,7-Ch 122.8(2) 115.4(2) 2.561(3) 530 1.80 21
2,7-(OCH), 116.0(2) 123.2(3) 2.567(3) 488 2.08 this paper

and so the separation of broad bands was accomplished by usinggreement with the experimental results. We have not applied
the GRAMS prograni? fitting to Gaussian profiles. The the Hartree-Fock method here as it showed inaccurate descrip-
determination of the integrated intensities with sufficient ac- tion for the previous calculations and proved to be inadequate
curacy was also not possible, therefore the analysis is limited for such systems due to the electron correlation neglection.
to the intensity ratio of both bands. The calculations predict the length of-N\N bridge in perfect
The isotope effects presented in Table 4 proves that we areagreement with the experimental bond length. Experimental
dealing with a peculiar potential for the proton motion. The results show that the hydrogen bond deviates from linearity,
most characteristic parameter is the ISR value, which is the and this effect is well reproduced by theoretical calculations.
highest obtained to date for short hydrogen bonds. Anomalously This proves that nonlinearity is not caused by the lattice effects.
high values have been already reported for several protonatedAs we have shown before, the best accuracy for the geometrical
proton sponges, but only in one case it did reach a value overstructure was obtained for the MP2 results as compared to the

\/5.10 We are convinced that this is a Strong evidence of an eXperimental values. This is consistent with preViOUSIy drawn
existing double minimum and low barrier potential. The conclusions about the necessity of the electron correlation for

potential shape resembles to some extent a rectangular charactdhe correct description of the anharmonic profiles in the
under these conditions. hydrogen bonded complex&sThus, we concentrate only on
We have managed to obtain relatively precise data for the MP2 results in_order to discuss the potentia_l energy curve
protonated DMAN with buttressing substituents in positions 2 @nd the anharmonic frequencies for proton motion in NH(D)-
and 7, namely di-G di-Br,, and di-(CHO),. The buttressing N* bridge. For that purpose, E|gure 3 shows the PES for
strain in the above compounds is characterized by the angles’(NHN)™ normal mode calculations at the MP2/6-31G(d,p)

between the bonds formed by the substituent and th€ Bonds level. The curve has been obtained by scanning the potential
in the naphthalene ring. In all three cases we deal with a planar€nergy surface along NH coordinate with NHN angle optimiza-
system ofC, symmetry and the same counteraniorn Ricated tion at each point. It allows consideration of coupling of the

in the symmetry plane. The highest strain is observed for the NH stretch and NHN bend to model the adiabatic process of
di-Br, derivative. It is reduced for the di-€tompound while ~ the proton transfer. The anharmonic vibrational energy levels
in the case of di-(CkD), derivative the opposite effect is found. have__ bgen subseqyently obtained by solving thg one-dimensional
The OCH and dimethylamino groups move closer together and Schralinger equatiod® The energy Iev_els obtained for proton
the nonconventional €H+--O hydrogen bonds are observed. V(NHN)™ and deuteronv(NDN)™ motions are presented in
This is also reflected in the changes of the-N bond lengths. ~ Figure 3. The double minimum curve with a low barrier
As the symmetry is the same for all three derivatives and the €xPected by experimental results has been confirmed by both
same counteranion is used, we collected some data in Table 5°FT and MP2 calculations, which both showed the zero point
to compare the most important features for these systems. ~ €nergy to be slightly higher than the top of the barrier (17.1
Analysis of the data in Table 5 leads to the conclusion that 21d 10.1 cmt in the case of B3LYP and MP2, respectively).
we are dealing with hydrogen bonds in the critical region where The results' for both DFT and Mp2 mgthods showed a S|m|'lar
small changes in geometry cause significant changes in thetendency with a low barrier double minimum curve and a barrier

isotope effect represented by the ISR value. of similar height.

The problem of other isotope effects on IR spectra of 6000 ] ,
hydrogen bonded systems is still not completely solved in terms
of the exact quantitative interpretation. This is particularly the 5000 -
case in relation to the half-width and intensity of protonic bands.
As follows from the critical revie®? a number of different __ 4000
contributions should be taken into account. It seems that in our R T
case the anomalous ISR effect is due to a “positive” anharmo- S, 3000 -
nicity as shown in ref 22, while less clear is the situation with w 2000 I _\ ____________ ;[ e
respect to the isotope effects reflectedAin;, andA values. = | \__ _ _ _ _ _ ______ __d
The isotopicA ratio equal to 1.35 may testify a lack of electrical 1000 -
anharmonicity?* The increase of the isotopiédwvy, ratio C——— E\— o= 7/: -
compared to/2 is due to the coupling phenomena, connected 0 . W
with the mechanical anharmonicity but one cannot exclude 0.8 1 1.2 14 1.6 1.8
the role of the Zundel polarizabili#which should be very large r(N-H)
in our case.

. . Figure 3. MP2 anharmonic potential energy levels igNHN)* and
Calculations. In our previous papef; we performed DFT v(NDN)*, with solid lines for protonic and dashed ones for deuteronic

(B3LYP) and MP2 calculations on the potential energy surface mqtion. Energy is given in cr.

(PES) of Be-DMAN-H™. The existence of a double minimum

potential with low barrier was confirmed along with an unusual ~ The theoretically predicted wavenumbers for the anharmonic
isotopic ratio (ISR). In this paper, we present the results for fundamental band and four overtones are also presented in Table
1,8-bis(dimethylamino)-2,7-dimethoxynaphthalene [(QfH 6 along with B3LYP and MP2 results for comparison. The
DMAN H*] at both B3LYP and MP2 levels. As can be seen overtone wavenumbers show increasing energy differences
from Table 3, the geometry optimization shows a good confirming that we are dealing with unusual anharmonicity. This
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TABLE 6: Calculated Energy Levels (in cm™?) for
Protonated and Deuterated
1,8-Bis(dimethylamino)-2,7-dimethoxynaphthalene

(OCHs);,DMAN -H* (OCHz);,DMAN -D*

transition B3LYP MP2 B3LYP MP2
0—1 665 692 331 352
0—2 1982 2014 1133 1156
0—3 3520 3568 2045 2079
0—4 5289 5349 3109 3152

TABLE 7: Theoretically Predicted Anharmonic v(NHN™)

and v(NDN™) Frequencies (cn1?) for
1,8-bis(dimethylamino)-2,7-dimethoxynaphthalene Compared
to the Experimental Results, along with the ISR and Barrier
Height Values

barrier
v(N—H—=N)anh »(N—D-N)anh v(H)/»(D) height cn1!
DFT 665 331 2.01 475
MP2 692 352 1.97 462
expt 488 235 2.08

phenomenon was shown in our previous papand is well
reproduced by both levels of calculations used in this work. A
comparison of theoretically predictedNHN)™ andv(NDN)™
frequencies (at B3LYP and MP2 levels) with experimental
results along with isotopic ratio (ISR) and barrier height values
are presented in Table 7. The fundamental me@H(D)N)*

is predicted by the DFT method at 663 thifor (CH30),-
DMANH™ and at 331 cm! for its deuterated form. This gives

J. Phys. Chem. A, Vol. 109, No. 8, 2005641

shows the absorption below 2000 chsimilar to numerous
analogues of symmetric and close to symmetric [OHO]
bridges?! For ISR values higher tha2, however, such high
wavenumbers have never been recorded for [OHaRjsorption

as compared to those for [NHN] The difference can possibly

be explained based on the theoretical analysis performed by
Scheine¥ 4243 who has shown substantial differences in the
charge distribution for [OHO] and [NHN]". Thus, the proton
located in the midpoint along the-©O axis is more deshielded
than that along the corresponding-NN one (N--N is about

0.1 A longer). As a consequence the oxygen atoms lose less
electron density than do the nitrogen atoms. This is also well
reflected in thetH NMR chemical shift for strongest [OHO]

and [NHNJ" bridges. The highesi H value for protonated
proton sponge reported so far reached 20.33 ppm (just for 2,7-
dibromo derivative), while in the case of homoconjugated
(OHO) ions the'H chemical shift can exceed 25 pgth.

The conclusions formulated in this paper seem to be in a full
agreement with recently published data related to the shortest
intramolecular OH-O hydrogen bonding in 4-cyano-2,2,6,6-
tetramethyl-3,5-heptanediofie Although neutron diffraction
measurements show a central localization of the bridge proton
(with elongated thermal ellipsoid) dynamical features of the
system reflected in inelastic neutron scattering indicate a double
minimum potential with very low barrier. Simultaneously, which
seems to be very important, the mode assigned to the proton
vibrations along the bridge is characterized by a frequency of
371 cntl. The analogy with the system studied in this paper is

the ISR ratio in an excellent agreement with experimental results we|| visible. Therefore, it is not peculiar that the X-ray

(theoretical value= 2.01, experimental value= 2.08), and

therefore confirms the unusually high ISR value, obtained for
the first time experimentally. The MP2 method showed less
accurate result for ISR but still the agreement with the

experimental results is very good. The fundamental mode is

slightly overestimated for both levels.

diffraction results in our case show a central position for the
hydrogen atom while the IR data and calculations univocally
show a double minimum potential for the proton motion.
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Conclusions

The results of spectroscopic studies presented in this paper,

particularly these related to the isotope effect, fit very well to

the correlation proposed initially for OHO hydrogen bonds by ., ,
Novak38 This correlation has been subsequently developed for

NHN bridges!© It suggests that toward to the critical range of

charge assisted hydrogen bonds, a sharp increase of the ISR

value takes place, to significantly more thef®. One should
expect particularly high values of ISR when th@&HN)* band
appears around 500 crhas in the case of (C4#0),DMANH *.

It is difficult to conclude whether further shortening of the
NHN bridge is possible in the case of DMAN derivatives. Such
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