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ABSTRACT: X-ray diffraction and IR spectroscopic studies on the proton sponge 2,7-dichloro-1,8-bis(dimethyl-
amino)naphthalene and its adduct with HBr were performed. It was shown that the presence of the chlorine atoms in
positions 2 and 7 leads to some change of conformation with respect to the free molecule. The main factor
determining the conformation remains the repulsion of the nitrogen lone electron pairs. However, the repulsion
between the methyl groups and chlorine atoms causes the dimethylamino groups to be slightly less twisted compared
with unsubstituted dimethylaminonaphthalene. The protonation leads to the formation of a symmetrical cation
(symmetry plane passing through the C9—C10 axis) with the-N distance equal to 2.561(3). Ahis corresponds

to the situation where the barrier to the proton transfer should be very low. As in other short {Nittiges, one
observes the IR absorption band at about 500%mssigned to the transition between the split @ O_ vibrational

levels. A very high frequency isotopic ratia{{vp = 1.8) is observed for this transition. Copyrightl999 John Wiley

& Sons, Ltd.
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INTRODUCTION between the split levels in the double minimum potential
with very low energy barrier.
The proton sponge 1,8-bis(dimethylamino)naphthalene Recently, a number of DMAN derivatives, in parti-
(proton sponge, DMAN) draws continuous attention cular substituted in positions 2 and 7, have been
since the first publications of Aldest al® Particularly synthesized? It seemed justified to choose the dichloro
interesting is the structure of the protonated form of derivative. Owing to their considerable size, the chlorine
DMAN (for reviews see Refs 2 and 3) where extremely atoms should affect the properties of both DMAN and its
short [NHN]" hydrogen bonds are formed. According to protonated form. The chlorine atoms in @rtho position
the studies performed so far, this bonding exhibits do not change markedly the basicity of the DMAN
varying geometry depending on the kind of counteranion. molecule (in acetonitrile the Ky, of DMAN is 18.50
The hydrogen bond length varies within a broad range whereas that of the 2,7-dichloro derivative is 17'83.
from 2.522(1) to 2.644(2) A In this paper we report the results of x-ray diffraction
Crystallographically symmetric [NHN]bridges were  studies on the 2,7-dichloro derivative of DMAN
found only in a few cases, namely in ionic adducts (DMANCI,) and its protonated form DMANGIHBr.
containing BF-H,O.* tetrazolateH,0° (OTeR) .° The main IR characteristics are also reported.
SCN",” 4,5-dicyanoimidazolateand BR° anions. It
is of particular interest that the shortest [NHNjridges
are characterized by an IR absorption band of narrow
width located at very low frequencies, 500 ¢ This
band has been ascrib®dto the Q. -~ O_ transition

EXPERIMENTAL

DMANCI, was synthesized as described previotisly
and crystallized from methanol; m.p. 48-%0 The HBr
*Correspondence to.. Sobczyk, Faculty of Chemistry, University of ~ Salt of DMANCI; was crystallized from acetonitrile; m.p.
Wroctaw, Joliot-Curie 14, 50-383 Wréaw, Poland. 230-232C.
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Table 1. Crystal data and structure refinement for DMANCI,

and DMANCI, - HBr

Table 2. Atomic coordinates and equivalent isotropic
displacement parameters for DMANCI,

Parameter DMANCI, DMANCI,-HBr X y z U(eqy
Formulaweight 283.19 364.11 Cl(12) —0.68535(11)—0.27568(10)0.95115(9) 0.0944(4)
TemperaturdK) 293(2) 293(2) Cl(21) —0.19029(9) 0.21118(8) 0.42103(8) 0.0760(3)
Wavelength(A) 1.5418 0.71073 Cl(22) 0.34233(9) 0.60003(8) 0.25617(9) 0.0837(3)
Crystalsystem Triclinic Orthorhombic N(11) —0.2092(2) —0.1081(2) 0.8909(2) 0.0528(6)
Spacegroup P1 Cmca N(12) —0.3960(3) —0.2392(2) 0.95905(19)0.0512(6)
a(Ah) 9.679(2) 15.894(3) N(21) —0.1483(2) 0.4480(2) 0.3468(2) 0.0504(6)
b (A) 12.229(2) 11.489(2) N(22) 0.0404(2) 0.5780(2) 0.2725(2) 0.0534(6)
c(A) 13.102(3) 16.732(3) C(11) —0.3149(3) -—0.0374(2) 0.8167(2) 0.0446(6)
o (°) 76.48(3) C(12) —0.2925(3) 0.0568(3) 0.7432(3) 0.0532(7)
B () 82.04(3) C(13) —0.3980(3) 0.1364(3) 0.6729(3) 0.0604(8)
7 (%) 68.72(3) C(14) —-0.5270(3) 0.1174(3) 0.6713(2) 0.0567(8)
V (A3 1402.6(5) 3054.6(10) C(15) —0.6887(3) 0.0005(3) 0.7277(2) 0.0555(8)
z 4 8 C(16) —0.7211(3) 0.0923(3) 0.7907(3) 0.0633(9)
Dc (Mg m~3) 1.341 1.583 C(17) —0.6240(3) —0.1681(3) 0.8666(2) 0.0542(7)
uw(mm- 1) 4.020 3.029 C(18) —0.4894(3) —0.1585(2) 0.8814(2) 0.0437(6)
F(000) 592 1472 C(19) —0.4514(2) -—0.0609(2) 0.8134(2) 0.0410(6)
Crystalsize/(mm)  0.12x 0.15x 0.25 0.15x 0.15x 0.20 C(110) —0.5545(2)  0.0186(3) 0.7386(2) 0.0447(6)
Diffractometer KumaKM4 KumaKM4CCD C(111) —0.1017(3) —0.2163(3) 0.8658(3) 0.0674(9)
20 range(®) 6.6—-160.7 6.5-57.5 C(112) —0.1611(4) —0.0521(4) 0.9585(3) 0.0827(11)
Rangesh —12to0 12 —211t0 20 C(113) —0.3466(4) —0.3668(3) 0.9624(3) 0.0803(11)
k —14t0 15 —15to0 14 C(114) —0.4100(4) —0.2054(3) 1.0580(3) 0.0722(9)

1 0to24 —22t0 21 C(21) —0.0177(2) 0.3499(2) 0.3728(2) 0.0400(6)
Reflectionscollected 4958 8926 C(22) —0.0225(3) 0.2369(3) 0.4138(2) 0.0498(7)
Reflectionsunique 4958 1983 C(23) 0.1000(3) 0.1368(3) 0.4476(2) 0.0582(8)
R (int) 0.0487 C(24) 0.2356(3) 0.1474(3) 0.4349(2) 0.0534(7)
Data[l >20(1))/ 2582/158 1882/127 C(25) 0.3992(3) 0.2627(3) 0.3734(2) 0.0532(7)
parameters C(26) 0.4229(3) 0.3658(3) 0.3300(3) 0.0584(8)
Goodness-of-fibn  0.928 1.174 C(27) 0.3009(3) 0.4693(3) 0.3015(2) 0.0494(7)
F2 C(28) 0.1558(3) 0.4720(2) 0.3098(2) 0.0397(6)
R1, WRy [ >20(1)] 0.0428,0.1113 0.0483,0.1205 C(29) 0.1280(2) 0.3619(2) 0.3568(2) 0.0369(6)
R;, wR; indices 0.0928,0.1288 0.0514,0.1255 C(210) 0.2525(2) 0.2589(2) 0.3880(2) 0.0409(6)
(all data) C(211) —0.1945(3)  0.4749(3) 0.2422(3) 0.0763(10)
Extinction 0.0102(6) 0.0011(2) C(212) —0.2651(3)  0.4791(3) 0.4274(3) 0.0772(11)
coefficient C(213) 0.0488(4) 0.6394(3) 0.1648(3) 0.0851(12)
A ple (A73) 0.236and—0.365 0.605and—0.626 C(214) —0.0409(3)  0.6518(3) 0.3460(3) 0.0755(11)

The IR spectrawererecordedfor pelletsin KBr on a
Bruker FT-IR IFS 113v spectrophotometer.

X-ray measurementsn DMANCI, were madeon a
Kuma KM4 k-axis four-circle diffractometer using a
graphite monochromatedand Cu Ko radiation and for
DMANCI,-HBr crystal on a Kuma KM4CCD k-axis
diffractometerusing graphite monochromatedand Mo
Ko radiation.The DMANCI - HBr crystalwaspositioned
at 65 mm from the KM4CCD diffractometer;612frames
weremeasuredit 0.75 intervalswith a countingtime of
30s each. The data were correctedfor Lorentz and
polarization effects. No absorption correction was
applied. Data reduction and analysiswere carried out
with the Kuma Diffraction (Wroctaw) programs.The
crystallographic data and the refinement procedure
detailsaregivenin Table1.

The structureswere solved by direct methodswith
SHELXS972 andrefinedby thefull-matrix least-squares
methodon all F? datausingthe SHELXL97** program.
Non-hydrogen atoms were refined with anisotropic

Copyrightd 1999JohnWiley & Sons,Ltd.

@ U(eq) is definedas onethird of the traceof the orthogonalizedJ;;
tensor.

thermalparametershydrogenatomswereincludedfrom
the Ap maps and refined with isotropic thermal par-
ametersFiguresweredrawnby usingthe XP programat
the Technical University of Lodz by courtesy of
ProfessoZ. Gadecki.

RESULTS AND DISCUSSION
The structure of DMANCI,

The atomic coordinatesand equivalentisotropic dis-
placementparametersfor two symmetry-independent
DMANCI, moleculesexistingin the crystalasymmetric
unit are collected in Table 2. Non-hydrogenatomic
coordinateswith anisotropic displacementparameters,
hydrogenatom coordinateswith isotropic displacement
parametersand bond lengths and angles have been

J. Phys.Org. Chem.12, 895-900(1999)



STRUCTUREOF 2,7-DICHLORO-1,8-BIS(DIMETHYLAMINO)NAPHTHALENE 897

Figure 1. Structure of DMANCI, showing 50% probability displacement ellipsoids and the atom numbering scheme

Table 3. Selected bond lengths (A) and angles (°) for
DMANCI,

N(11)—N(12)  2.761(4) N(1)—N(22) 2.775(4)
Cl(11)—C(12) 1.735(3) Cl(21)—C(22) 1.747(3)
Cl(12)—C(17) 1.736(3) Cl(22)—C(27) 1.739(3)
N(11)—C(11)  1.406(4) N(21)—C(21)  1.408(3)
N(12)—C(18)  1.402(4) N(22)—C(28)  1.403(3)
C(11)—N(11)—C(111) 117.6(3)
C(11)—N(11)—C(112) 119.9(3)
C(111)—N(11)—C(112) 115.5(3)
C(18)—N(12)—C(114) 117.4(3)
C(18)—N(12)—C(113) 120.5(3)
C(114)—N(12)—C(113) 114.9(3)
C(21)—N(21)—C(211) 118.0(3)
C(21)—N(21)—C(212) 119.0(3)
C(211)—N(21)—C(212) 115.9(3)
C(28)—N(22)—C(214) 118.1(3)
C(28)—N(22)—C(213) 119.6(3)
C(214)—N(22)—C(213) 115.6(3)
C(12)—C(11)—N(11) 121.0(2)
N(11)—C(11)—C(19) 121.8(2)
C(11)—C(12)—Cl(11) 120.1(2)
C(13)—C(12)—Cl(11) 115.9(2)
C(16)—C(17)—Cl(12) 115.2(2)
C(18)—C(17)—Cl(12) 119.9(2)
C(17)—C(18)—N(12) 121.7(3)
N(12)—C(18)—C(19) 121.6(2)
C(22)—C(21)—N(21) 121.1(2)
N(21)—C(21)—C(29) 122.1(2)
C(21)—C(22)—Cl(21) 119.6(2)
C(23)—C(22)—cCl(21) 115.8(2)
C(28)—C(27)—Cl(22) 120.7(2)
C(26)—C(27)—Cl(22) 115.02(19)
C(27)—C(28)—N(22) 120.7(2)
N(22)—C(28)—C(29) 121.6(2)
C(210)—C(29)—C(28) 117.3(2)

depositedatthe CambridgeCrystallographidataCentre
(CCDC No. 136574-5). The molecular structure with
numberingof atomsis shownin Fig. 1. Some bond
lengthsandanglesaregivenin Table 3.

The geometryof the two free DMANCI, moleculess
similar to thatfoundfor DMAN itself.*®> Owingto strong
repulsionbetweenthe lone electronpairs, the dimethy-
lamino groupsare twisted with respectto eachotherin
oppositedirections, with correspondingtorsion angles
given in Table 4. Comparisonwith correspondinglata
for unsubstituteMAN showsthatchlorineatomscause
thetwistingto beweakerandthemoleculebecomesnore
rigid.

Thedeviationof the nitrogenatomsfrom the naphtha-
leneringis0.059(3)and0.048(3)A. TheN - - - Ndistances,
2.761(4)and2.775(4)A, arevery closeto thatin DMAN
itself (2.792 A). This meansthat the chlorine atomsin
positions2 and7, i.e. in thedirectneighbourhoof the
(CH3)N groups, do not affect substantiallythe main
structuralcharacteristicof DMAN, and the interaction
betweerthenitrogenatomsis moreimportant.

Table 4. Selected torsion angles (°) for DMANCI,

C(111)—N(11)—C(11)—C(19) 84.7(4)
C(112)—N(11)—C(11)—C(19) ~126.0(4)
C(114)—N(12)—C(18)—C(19) 85.1(4)
C(113)—N(12)—C(18)—C(19) ~125.9(3)
C(211)—N(21)—C(21)—C(29) 88.4(4)
C(212)—N(21)—C(21)—C(29) ~122.2(3)
C(214)—N(22)—C(28)—C(29) 86.1(4)
C(213)—N(22)—C(28)—C(29) ~123.9(4)

CopyrightO 1999JohnWiley & Sons,Ltd.
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Table 5. Atomic coordinates and equivalent isotropic
displacement parameters for DMANCI, - HBr

X y z U(eqy
Br(1)  0.0000 0.12369(4) 0.34943(3) 0.0538(2)
Cl(1) —0.25260(5) 0.66690(10)0.37551(7) 0.0682(3)

N(1) —0.08056(15) 0.7972(2)
C(1) —0.08000(17) 0.6711(2)
C(2) —0.15285(19) 0.6058(3)

0.37059(13) 0.0354(5)
0.38010(14) 0.0335(5)
0.38399(18) 0.0441(6)

C(3) -0.1510(2) 0.4845(3) 0.3942(2) 0.0519(8)
C(4) -0.0767(2) 0.4287(3) 0.40019(18) 0.0498(8)
C(5)  0.0000 0.6138(3) 0.3856(2) ~0.0322(7)
C(6)  0.0000 0.4902(3) 0.3958(2) 0.0394(8)
C(7) -0.1136(2) 0.8623(3) 0.44079(19) 0.0461(7)
C(8) -0.1149(2) 0.8394(3) 0.29316(18) 0.0466(7)

& U(eq) is definedasonethird of the traceof the orthogonalizedJ;;
tensor.

The structure of DMANCI, - HBr

The atomic coordinatesand equivalentisotropic dis-
placemenparametergor this saltarecollectedin Table
5. The molecularstructurewith numberingof atomsis
presentedn Fig. 2 andselectedbondlengthsandangles
aregivenin Table6.

TheDMANCI,-H" cationsin thecrystallinelatticeare
characterizedy the symmetryplanepassinghroughthe
C5—C6axisof thenaphthaleneing. The nitrogenatoms
are located in the_naphthaleneplane with a standard
deviationof 0.004A. Therefore we aredealingwith the

Figure 2. Structure of DMANCI, -HBr showing 50% prob-
ability displacement ellipsoids and the atom numbering
scheme

CopyrightO 1999JohnWiley & Sons,Ltd.

Table 6. Selected bond lengths (A) and angles (°) for
DMANCI, -HBr

cl(1)—C(2) 1.739(3)
N(1)—C(1) 1.458(3)
N(1)—C(8) 1.487(4)
N(1)—C(7) 1.488(3)
N(1)—H(1) 1.292(8)
C(1)—N(1)—C(8) 114.9(2)
C(1)—N(1)—C(7) 114.5(2)
C(8)—N(1)—C(7) 113.3(2)
C(2)—C(1)—N(1) 122.6(3)
C(5)—C(1)—N(1) 117.9(2)
C(1)—Cc(2)—cl(1) 122.8(2)
C(3)—C(2)—Cl(1) 115.4(2)
C(1)—N(1)—H(1) 96(3)
C(8)—N(1)—H(1) 112(2)
C(7)—N(1)—H(1) 104(2)
N(1)—C(7)—H(4) 108(2)
N(1)—C(7)—H(5) 109(2)
N(1)—C(7)—H(6) 103(2)
N(1)—C(8)—H(7) 114(3)
N(1)—C(8)—H(8) 105(2)
N(1)—C(8)—H(9) 108(2)

seventhexample of a symmetrical[NHN]" hydrogen
bridgein which the protonis mostprobablydisorderedn
a double minimum potential similarly to the situation
reportedelsewheré.***8 .

The [NHN]* hydrogenbond length of 2.561A is
comparableo thosefoundfor othercrystallographicdy
symmetrical DMAN -H™ cations. The NHN bridge is
only slightly bentwith anangleof 164.7(2), similarly as
in all othersymmetricaDMAN -H™ cationsreportedso
far. Therefore, one can conclude that also in the
DMANCI,-H™ cationtheinfluenceof thechlorineatoms
on the bridge geometryis negligibly small.

The packing of the DMANCI,-HBr adductin the
crystalline lattice is of some interest. According to
symmetryrequirementsthe Br~ anionis locatedin the
symmetryplane of the cation. It is locatedin cavities
formedby 10 hydrogenatomsfrom the CH3 groupsand
C—H bondsin positions4 and 4a of the naphthalene
rings asshownin Fig 3. The contactdistancesbetween
the bromineanionand hydrogenatomsarein the range
2.88-3.0%A and are comparableto the sumof van der
Waalsradii. It is interestinghatBr~ anionsarein contact
with H atomsand not with carbonatomsor with the 7-
electronsystem.The DMAN rings are antiparalleland
tilted by 27.6°.

IR spectra of DMANCI, - HBr

A characteristideatureof theshortesfNHN] ™ bridgesin
protonatedDMAN is the IR absorptionband of NHN
stretchingvibrationslocatedat extremlylow frequencyin
the regionof 500cm™*. We ascribedt to the O, — O_

J. Phys.Org. Chem.12, 895-900(1999)
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Figure 3. Arrangement of DMANCI,-H* and Br~ ions in the crystalline lattice

transition, i.e. betweenthe split levels in the double
minimum potential*®

In Fig. 4, thelow-frequencypartof the IR spectrunof
DMANCI,-HBr is shown. The position of the intense,
relatively narrow band with a maximum at 494cm*
(centreof gravity at 530cm™ ) is comparableo thoseof
othersymmetricaDMAN -H™" cationsandparticularlyin
the symmetrical 4,5-dicyanoimidazalte adduct:® The
only differenceis that exceptfor the weakly marked
windowat565cm ™t we do notobservedeepEvansholes

characteristicof other DMAN -H™ cations.The forma-
tion of Evans holes was ascribedto the coupling of

protonic with CNC bendingvibrationswhich modulate
the potentialfor the protonmotion® The presencef the
chlorineatomsin positions2 and7 probablyrendershe
molecule more rigid and changesthe dynamicsof the
dimethylaminogroups. Deuterationshifts the v(NHN)

bandto 290cm™* andthe frequencyisotopicratiois 1.8,
in agreementith the correlationfor very short NHN

hydrogenbondsreportedpreviously?®

2
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| S = l > & |
e - | = 3
s 2 > =
1 ] 1 [ ] (] ] (] ;\ | ] 1 |
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Figure 4. IR spectrum below 1800 cm™" (KBr pellets) for DMANCI, - HBr

CopyrightO 1999JohnWiley & Sons,Ltd.
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Thespectrumshowsin additionsomebroadabsorption
of lower intensity in the range 1400-170&m . The
explanationof the origin of this absorptiomeeddurther
studies.No absorptionwas detectedabove 1800cm*
apartfrom the C—H bands.
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