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It is shown that dipolar solid stateéN NMR spectroscopy can be employed in order to estimate the positions

of hydrogen bond deuterons in polycrystallif®N labeled proton sponges containing an intramolecular

N...H...N hydrogen bond. For singly°N labeled 1,8-bis(dimethylamino)naphtalene: LREh: L=H, 1-d:

L=D), an asymmetric hydrogen bond with cubic average distances between the two nitrogen atoms and the

hydrogen bond deuteron of 1.19@nd 1.47 Aare obtained. These values are in accordance with the N...H
distances of 1.19(7) And 1.43(6) A obtained previously by x-ray diffraction at 150 K.

1. Introduction this problem [6-8, 10], but unfortunately, the chemical

The areat basicity of proton sponges containin twghielding of the spnitrogen atoms in solid protonated
9 y b pong 9 onges are not very sensitive to the proton locatibiG;

close nitrogen atoms has been rationalized in terms Ofi%em'cal shifts 6. 8. 111 and in SPONGES containind phos-
low-barrier [N--H--NJ-hydrogen bond in the conjugate '31 ! .[ L ] N spong aning p
acid [1-10]. The symmetry and geometry of the hydro eRhor, P chemical shifts [7] exhibit larger variations but

: y y 9 y yarog may not easily be related to the hydrogen bond geome-

bond depend greatly on the molecular environment, F(gries. RecentlyH chemical shifts of solid sponges were

the most prominent system, i.e. 1,8-bis(dimethylamino), -~ . ; . :
) + o obtained using MAS techniques which revealed typical
naphthalene-H (DMANH", Scheme 1) two non-equiva roton chemical shifts around 17 ppm and indicated a

!ent nitrogen atoms were.observed by I_ESCA-spectrosco Yrong hydrogen bond [6h]. On the other hand, some of
in the gas phase [2]. This asymmetry is supportecaby pis have proposed to use dipofaN-D interactions intSN

initio guantum chemical calculations [3]. A discussion of_ . hed ds i d h e hvd
scalar’J(*>N ... H) coupling constants determined by nat- - c'co COMPOUNAS In orger to characterize hydrogen
bond geometries by solid staf8N NMR [12]. As this

ural abundancé®N NMR is compatible with a fast equi-
S . method appeared to be also very useful for the study of
librium between two asymmetric forms [4]. On the other '

roton sponges, we have prepared sin labeled

h_and, x-ray dlffrac_tlon (XRD) of various .salts indicate MANH*PF; (1) whose x-ray crystal structure was deter-
either proton ordering as expected for a single asymmetric. X .

. ) : . niined recently [8]. Both, the synthesis of this compound
form or a dynamic or static proton disorder, depending on

the counteranion [5-8]. Due to the known problems o§s well as the determination of the dipofaN-D interac-

XRD to localize protons [9], several neutron diffractiontlon is reported in this paper.

structures have been reported [6]. This method can, how-
ever, not always be applied as relatively large crystals a
required. Solid state natural abundant®¥ and *°N
CPMAS NMR techniques (CRBcross polarization, 2.1 Synthesis of 1[1*N],8-bis(dimethylamino)
MAS =magic angle spinning) were therefore applied to naphthalene

v Experimental

Naphthalene and the unlabeled materials-1-nitro-
naphthalene, 1,8-dinitronaphthalene, 1,8-diaminonaphtha-
H3C + CH3z lene and 1,8-bis(dimethylamino)naphthalene- employed
"""" "N <CH3z were commercial products purchased from Aldrich, Ger-
many. Potassium nitrateN, 95 atom%"°N was obtained
from Chemotrade, Germany.
DMANH? The 1[1+°N],8-bis(dimethylamino)naphthalene was pre-
pared by a multistep procedure as shown in Scheme 2,
starting from naphthalene.

Schemel

1[1-**N]-Nitronaphthalenel
- 1.94 g (15.14 mmol) of naphthalene, 1.53 g (15.14 mmol)
*) Authors for correspondence. of potassium nitraté>N, 95 atom% **N and 7.5 ml
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(53mmd) of trifluoroacetic anhydrice (TFAA) were
placedinto a 50 ml, singe-necked round bottamed flask
provided with a magneticstirrer and a reflux condeiser
topped with a drying tube. 15 ml of chloroform were
addel and the reaction allowed to procee at room tem-
peratue for 20 hours. The yellow crude product was
poura into 50 ml of water then extractedwith chloro-
form (3x15 ml). The solvent was evaporatd off and the
residie purified via column chromdographyon silicagel
60 (70-230mesh)using hexane-dtyl acetate8:2 as elu-
ent, yielding 1[1-*°N]-nitronaghthalene(1.3 g, 50%). The
purity was checkedby comparsonwith unlakeled 1-nitro-
naphtlalene.

1[1-*°N],8-Dinitronaphthaler 2

Compaind 1 (1 g, 5.74 mmd) was dissolvedin 5 ml
of concentréed sulphuric acid (d 1.84) and under vigor-
ous stirring, a mixture of sulphuricacid (1 ml, d 1.84)
and nitric acid (0.26 ml, d 1.52), 4:1 in volume, was
addel dropwise while maintaining the temperatureat
0°C. After the addition the reactionmixture was stirred
contiruously for 2 hous at room temperature,then
poural on ice and the formed precpitate collected,
washel with water anddried for 24 hou at 55°C.

The crude product, containirg manly 1[1-*°N],8- and
1[1-**N],5-dinitronaplthalene was chromaographed on
an alumina columm (Aluminium oxide 90, 70—230mesh)
using benzne as an eluent. The final eluted fractions
wereof 1[1-**N],8-dinitronaghthalene2 (0.63 g, 48%).

1[1-**N],8-Diaminonaphthéene 3

0.613 g (2.8 mmol) of 1[1-*°N],8-dinitronaphthalae 2
were dissolvedin 250 ml of ethanoland hydrogenated
under pressureon a Parr 3911 hydrogenato in the pres-
enceof 0.3 g of palladiumon activaed carba (Pd 10%).
After 3 hours,the catdyst was separad by filtration and
the ethanol removedto obtain the 1[1-°N],8-diamino-
naphttalene3 (0.42 g, 95%).

1[1-'°N],8-Bis(diméhylamiro)naphthaéne DMAN and
its lonic Conplexwith HexafluorophosphoricAcid
DMANH" PFg 1

The 1[1-'°N],8-diaminonaplthalene was finally per
methytated with dimethyl sulphate [16]. The ionic com-

plex of the singly labelled DMAN with hexafluorgpho-
sphort acid was preparé in a similar way as for the un-
labeledDMAN [8].

2.1 NMR Spectroscopy

All 15N CP NMR measuementswere performed at
9.12 MHz (2.1 T cryomaget) using a Bruker CXP 100
spectometer equpped with a Doty 7 mm standard
CPMAS proke. A standad CP pulse sequencevas em-
ployed 6 ms*H 90° pulse width, 4-12 ms CP time and
5s recyck delay, 20000 Hz spectra width. All specta
were recordedunder high-power'H decaipling and are
referemedto externalsolid **NH,CI (95%).

For the simulatios of the statc powder>N CP NMR
specta of 1, a compter program descriled prevously
[12] was employed The spectrawere analyzedand simu-
lated as follows. As 1 was singly *>N labeled and the
spin label statistcally distributed betwea the two nitro-
gen sitesN1 and N2, the spectraconsi$ of a superpos
tion of two compmentsarising from N1 and N2 located
in different molecules.As a result of the *H decoupliry,
dipola *H->N interactions are removed Therebre, the-
subspetra of a given nitrogensite depend in the caseof
the protonated systen only on the values of the three
compaents oy, 025, 033 Of the nitrogen chemcial shift
tensor Thesecommnentsare relaed to the isotropic ni-
trogen chemtal shift obtainedunder MAS-corditions by

(1)

The nitrogenspectraof the deuteradd compmpund 1-d de-
pend addtionally on the dipolar **N...D couwling con-
stants[12]

Giso = (011 + 022 + 033)/3.

Ja("N...D)/Hz = 1868 ry’ (2)
where ry . p repregnts the cukic averag N...D dis-
tance.The Euler andes o and §§ relatethe N....D vector
to the principal axis systemof the chemicalshift tensoras
illustraied in Fig. 1.

3. Results

The supeposedexperimatal and calculated*>N-solid
state NMR specta of polycrystlline powders of singy
>N labeled 1-h and 1-d obtaired under various condi-
tions are depictedin Figs. 2a and 2d. Single peals are
obsened underMAS corditions for 1-h (Fig. 2a) and for
1-d (Fig. 2c), where the line is slightly broacr and
shifted to high field of around1 ppm. This result does
not necessarilyindicate that the nitrogen atom sites N1
and N2 are equivdent becaise chemcal shift differences
betweam protonaéd and nonprotonaéd sp*-nitrogen
atoms are gererally small, i.e. only of the order of
10ppm [14c].

By contrastthe spectraobtaired for the staticpowdered
sample are very different. In the caseof 1-h (Fig. 2b)
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Orientationof the N-L bond vector in the principal axis systemof
the tensorfor the chemicalshift anisotropy(CSA)

the chamical shift anisotroy leadsto a somewhatasym-
metiic line broadning. As isotope effects on chemcal
shifts are minimal the cortribution of the chemia@l shift
anisotroy shoud be similar in the caseof 1-d. Howe\er,
becausef the dominane of the additiona dipolar *>N-D
couplings,the spectrumis compktely different(Fig. 2d).
The seach for a corsistentsetof parametes capableof
satisfyingall the spectrain Fig. 2 was difficult. The re-
sults are asserled in Table 1. Firsty, the chemial shift
anisotrofes of N1 and N2 were determined by calcula-
tion of the static powde spectum of 1-h leadirg to the
calculdaed subsgctraof Fig. 1b. The chemial shift pa-
rametes o411, 022 andags for N1 and N2 were chosenas-
suming that the latter are not chemicaly equvalent, but
that giso (N1) and giso(N2) so similar that they arenot re-
solvedin the MAS spectrum(Fig. 1a). This assumption
wasrequred in orderto calailate the static powde spec-
tra of 1-d in Fig. 2d asthey camot be simulatedin terns
of two equvalent nitrogen atoms exhibiting similar dis-
tances, i.e. N1...D and N2...D. Moreover, isotope
effects on the ®N chemial shifts of sp>-nitrogen sites
should be minimal. During the first stageof the simula-

H3C. + CH3
ch1 N2<c|-|3

L
L

Hsc + CH3

NZVCH;:,

PF&

N2 N2
b d
N1 (NL.D=119 A N1
N2 rnz..p=147 A N2
200 0 —200 200 0 -200
5/ppm 8/ppm
Fig. 2

Superposegxperimentahnd calculatedsolid state’H decoupled®N
CP NMR spectra(9.12 MHz, CP='H-*N cross polarization) of
polycrystalline singly *°N labeled 1,8-bis(dimethylamino)-naphtha-
line-LPR 1 obtainedunder various conditions. (a) Sampleof 1-h
rotatingat the magicangle(MAS); (b) 1-h, staticsample;(c) sample
of 1-d, rotating at the magic angle (MAS); (d) 1-d, static sample.
MAS spectrumof 1-d. The calculatedcontributionsof the two nitro-
gen sites are included. Reference2®NH,CI [13]. The **N chemical
shifts can be convertedinto the nitromethanescale using the equa-
tion [6(CH3NO,) =3(NH,4CI)-352.9ppm] [14]

tion of the spectraof 1-d the setof chemcal shift parame-
tersof 1-h were employed and only the two dipolar cou-
pling constats and the Euler andes werevaried.In a re-

finemen we allowed for very small variations of the
chemcal shift paramegrs of the order of a few ppm. The
contibution of N1 exhibiting the smdler N...D distane

leadsto a larger signal compaent as compared to N2

(Fig. 2d). The dipolar coupling corstantsobtaired arein-

cludedin Table 1.

4. Discussim

We have estimatedfor the first time the dipolar *°N-D
coupling corstantsof a **N labeledproton sporge in the
solid stateby line shapeanalyss of the >N spectreof sta-

Tablel
Parametersf calculatedsubspectraf the individual nitrogenatomsN1 and N2 for protonatedand deuteratedubstanceél-h and 1-d)
o1 022 033 Tiso a B IN...D y...D Wo
[ppm] [ppm] [ppm] [ppm] [] [ [Hz] [A] [Hz]
N1...H 8 -12 —47 -17 - - - - 200
N2...N 40 -23 -48 -10 - - - - 200
N1...D 2 -18 -53 -23 -87.14 11.39 1110450 1.19+0.01 300
N2...D 35 -30 -55 =17 -12.92 51.49 590450 1.47+0.01 300

rn...p: cubic averagedistancedN...D obtainedfrom the dipolar coupling constantsly ..

b Using Eq. (2). oiso. isotropic >N chemicalshifts;

acsa Pcsa Euleranglesrelatingthe CSA anddipolar ND couplingtensorsaccordingto Fig. 1. The magins of error do not include possible

systematierrors
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XRD 150 K RT dipolar NMR
NT..H 119(7)A  N1..D 1.19A
N2..H 143(6)A N2.D 147A

Fig. 3
Comparisonof the x-ray crystal structureof 1-h at 150 K adapted
from Ref. [8] with NMR resultsobtainedin this study

tic powderedprotonaed and deuteragéd samples. Assum-
ing a harmone deuteronmotion we calculatethe averag
cubic distanes rvi.. . p=119 A and o, p=147 A,
from the dipolar cowling constardg obtained,using Eq.
(2). Thesevaluesare consistetiwith the crystalographt
values.1.19() A and 1.43(6 A of 1 determned at 150
K [12]. This agreenent is visualized in Fig. 3 which
shows the crystd structureof the spongestuded. The re-
sults are consigent with an interpley of intermolealar
andintramoleailar interactionsleadingto a localization of
the hydrogenbond protonsand deuteros close to the ni-
trogen site N1. On the other hand, the agreemat shoud
not be overestimatd, because(i) severalparametrs of
the line shapecould not yet be determinedpreciselyand
had to be estimated, (i) 1-h was studiedat 150 K by
XRD and 1-d at room temgeratureby NMR; (iii) the
problens of localizing protonsby XRD are well known
[9] and (iv) for a stronghydrogen bornd the assurption of
a harnonic deuteronmotion may not be a goad appoxi-
matia.

5. Conclusions

It hasbeenshownthat dipolar >N solid stateNMR is
a usefd methal for the determinationof deueron loca-
tionsin protonspongesin the caseof the DMANH™ con-
sitency is obtaned with X-ray diffracion. NMR will,
therefoe, be espedally useful for future appliations
where the proton locationsare still unknown due to ap-
parentstaticor dynanic proton disorder
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