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ABSTRACT: We report &H, 13C and'®>N NMR investigation of one symmetrically substituted 2,7-dichloro and two
unsymmetrically substituted 2-chloro and 4-bromo DMAN [1,8-bis(dimethylamino)naphthalene] proton sponges and
their protonated salts. From a consideration of the NMR data reported we conclude, that the most sensitive parameters
for investigating compounds of this kind ai&(**N-'H) and**N andH chemical shifts for the nuclei in the [N8—H—

N1]" bridge. A further significant NMR parameteris(*H-"H) for the bridging proton and the N(G)} protons. An

analysis of the values dfJ (**N-'H) for the studied compounds is consistent with the view that in the investigated
system equilibrium between two tautomeric forms occurs. A study at temperatures between-24046d and a

change of solvent, show that the values of tf¢ chemical shifts and couplinds (**N-*H) and3J (*H-'H) for the
[N8—H-N1]" bridge are essentially unchanged. This shows that the bonding arrangements of the bridge atoms are
stable under these experimental conditions. Copyfig2000 John Wiley & Sons, Ltd.

KEYWORDS: substituted DMAN; protonatiortH, *C and**N NMR spectroscopy; proton sponge; [N—H-=N]
bridge; 1J (**N-'H)

INTRODUCTION H3CB\ /1CH3
Previously we have reportétt, **C and*>N NMR data H C/N N\CH
for the symmetrical proton sponge 1,8-bis(dimethylami- 3 8 4 N 3
no)naphthalene (DMAN) (Fig. 1) and the unsymmetrical 7 2
derivatives 4-nitro and 4-picryl, both as free bases and in

their monoprotonated forms? It is the purpose of the 6 10 3
present publication to extend our systematic investigation 5 4

of proton sponges based upon DMAN. To this end we Figure 1. Formula of DMAN

now report *H, **C and **N NMR data on the
symmetrical compound 2,7-dichloro-DMAN and the

unsymmetrically substituted 2-chloro and 4-bromo- studied, and their monoprotonated forms, are reported in
DMAN, together with their monoprotonated forms. Table 1. The'H, 1°C and >N NMR assignments given
are based upon those published previoti§lyogether
with the observation of°C signal intensities'H-*H and
RESULTS AND DISCUSSION 3CH couplings, correlation measurements taken
between'H and*C signals, as well as betweéH and
The H, 3C and ®N NMR data for the three bases N, and INEPT experiments fdfC and®N.
The distinctive features of thtH, 3C and*>N NMR
*Correspondence toM. Pietrzak, Institute of Organic Chemistry, —data given in Table 1 permit a clear differentiation
Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw 42, petween the free bases and their monoprotonated forms.
B st edipl From a consideration of our previously reported results
tWe dedicate this paper to Professor Jalgiero, in connection with ~ and those given in Table 1 we conclude that the most
his 65th birthday, especially beczause he is always interested in protonsensitive NMR chemical shifts for distinguishing be-
sponges, in particular in DMAN. tween a given free DMAN type base and its mono-

Contract/grant sponsor:Polish State Committee for Scientific .
ResearchContract/grant number3 TO9A 096 15. protonated form are thdH signal of the [N8—H-NI]
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Table 1. 'H, '3C and >N NMR data of the DMAN derivatives studied (H = bridging proton)

Compounl Solvent 8 (*H) (ppm) 8 (*C) (ppm) 8 (**N) (ppm) J (H2)
2,7-dicHoro DMAN DMF  H37.45H47.72,H1 2.96 C1146.2,C2135.4,C3129.1,C4128.0,C9135.6,C10 N —361.0
134.4,C1 43.6
. . CDsCN H37.69,H4 8.04,H1 3.36, C1138.6,C2132.9,C3131.5,C4132.2,C9124.5C10 N —349.4  1J (N=H) 33.0,3J (HL-H)

2,7-dictioro DMAN *HBr H 20.1 134.0,C1 431 2.6
4-bromoDMAN CDCl; H26.71,H37.53,H57.73, C1150.4,C2112.3,C3129.3,C4113.9,C5119.9,C6 N1-335.1,

H6 7.36,H7 6.94,H1' 2.74, 126.6,C7 112.9,C8 150.7,C9 120.9,C10135.1,C1 N8 —335.4

H8 2.76 43.8,C8 43.9

4-bromoDMAN *HCIO,4 CDsCN H27.80,H38.05,H58.39, C1145.7,C2123.5,C3132.3,C4123.8,C5129.5,C6 N1-346.2,
H6 7.84,H7 8.01,H1' 3.09, 129.7,C7 123.7,C8 145.6,C9 121.7,C10 134.3,CT N8 —345.9

H8 3.12,H 18.8 46.7,C8 46.8

2-chloroDMAN DMF H3 7.39,H4 7.55,H5 7.49, C1145.1,C2129.6,C3128.0,C4125.1,C5122.7,C6 N1 -354.0,
H6 7.36,H7 7.15,H1' 2.99, 126.0,C7 115.4,C8 151.6,C9 125.8,C10 136.7,C1 N8 —338.1
H8 2.76 43.4,C8 45.2

2-chloroDMAN *HBr DMF H37.76,H4 8.21,H5 8.25, C1141.1,C2132.5,C3130.6,C4131.0,C5130.8,C6 N1 —-353.5,
H6 7.83,H7 8.45,H1' 3.34, 127.9,C7 123.5,C8 143.1,C9 122.4,C10 134.8,CY N8 —343.8
H8 3.60,H 18.4 41.9,C8 47.0

13 (N1-H) 29.4,%J (N8-H)
34.6, 3 (HI-H) 2.4, 3
(H8—-H) 2.7

13 (N1-H) 9.1, 1J (N8-H)
53.7, 3 (HI-H) 1.2, 3
(H8-H) 4.0
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Figure 2. Experimental values of the one-bond coupling
constant 'J (N-H) vs the second one-coupling constant J
(N'-=H) for protonated DMAN and its;arotonated derivatives
studied at present and previously.”® (m) 'J (N8-H) vs
'J(N1=H); (O0) "J (N1=H) vs 'J (N8-H). Parameters of the
fitted line: y=Ax+ B, A=—-0.99 4+ 0.04, B=62.8 + 1.3 Hz,
R=-0.994

bridging proton 18—20ppm and the **N amino NMR
signals which are changedby about 10ppm upon
protonation. More sensitive probesto protonationare
providedby theJ (**N-'H) and>J (*H-'H) couplingsof
the bridging protonto its bondednitrogenatomsandthe
N(CHs), protonsrespectively.

In the caseof the 2,7-dichloro-DMANwe observeone
value for each of the couplings *J (**N-'H) and 3J
(*H-'H): 33.0Hz and 2.6Hz, respectively. This is
consistentwith the view that the hydrogenatomin the
[N8—H-N1]" bridge is equally bonded to the two
nitrogenatoms.

The two protonated unsymmetrically substituted
DMAN compounds both show two values for *J
(**N-'H) and two for 3J (*H-'H). In the caseof the
protonated 4-bromo-DMAN the two values of *J
(**N-'H) are very similar to eachother,asare the two
valuesof 3J (*H-'H). Thisis consistentith theview that
the 4-bromosubstituenis not a strongelectrondonating
or withdrawing group. From the pairs of valuesfor *J
(**N-'H) andfor 3J (*H-H) for this compoundgivenin
Tablel, it is apparenthatthe protonin the [N8—H-N1]*
bridgeis slightly morestronglybondedo N8 thanit is to
N1. This observatiorsuggestghat the overall influence
of the 4-bromo substituentis a small electron with-
drawingeffectfrom DMAN.®

Thedatagivenin Tablel for theprotonatedorm of 2-
chloro-DMAN revealthatthe protonin the [N8—H-N1]*
bridge is very unequally bondedto N1 and N8. The

Copyrightd 2000JohnWiley & Sons,Ltd.
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Figure 3. Equilibrium between two tautomeric forms of
protonated DMAN and its protonated derivatives

valuesobtainedor *J (**N-'H) andJ (*H-'H) indicatea

much strongerN8—H bond than that for N1-H. This

situation probably arises from the steric interaction
betweenthe 2-chloro substituentand the N1-(CHs),

methyl groups,andin somepartfrom I-inductive effect

of the ortho-chlorine atom. Such an interaction could

resultin theN1 lone pair electrondbecomingrotatedinto

anunfavourableositionfor theformationof abondwith

the [N8—H-N1]" bridging proton. A further considera-
tion of the'J (**N-'H) datagivenin Table1 revealsthat

thesumof *J (**N8-*H) and*J (**N1-'H) for boththe 4-

bromo and 2-chloro unsymmetricallysubstitutedproto-

natedDMAN derivativesis approximatelythe sameas
twice the value observed for X3 (**N-'H) in the

symmetrically substituted 2,7-dichloro compound,
namely about 63Hz. Similar commentsapply to the

relevantvaluesof 3J (*H-"H) for thesecompoundsThis

shows a consistency between the three compounds
studiedin the total bond arrangemenin the bridging

[N8—H-N1]" group and to previous investigation by

someof us?

In Fig. 2 we have plotted values of the one-bond
couplingconstantJ (**N-'H) asa functionof thesecond
one-bondcoupling constant*J (**N-'H) for protonated
DMAN and its protonatedderivativesinvestigatedat
presentandpreviously’®

We observe a linear relation, which satisfies the
equation:

LN =H) = “LI(N--1H) 4 Jp, Jo ~ 63Hz (1)

This equationis a special case of the other one
presentedreviouslyby Golubevet al.’° for theseof a
protontransferequilibriumof thetype A-H...B = A" ...
H-B*. Thefinding of thevalidity of Eqn.(1) is consistent
with the view of a tautomericequilibrium betweentwo
forms of protonspongesi.e. onewith afully protonated
N1 atomandthe otherwith a fully protonated\8 atom,
asillustratedin Fig. 3.

We havedecidedto furtherinvestigatethe bondingin
this group as a function of temperatureand solvent.In
Table 2 we report the resultsof *J (**N1-*H) and *J
(**N8-*H) measurementsor the protonated4-bromo-
DMAN in CDsCN at temperaturesanging from 27 to
—40°C, andin DMSO assolventat 27°C.

The valuesobservedfor thesetwo coupling interac-
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Table 2. "°N NMR data for protonated 4-bromo DMAN at different temperatures and with different solvents

Solvent Temperature 8 (N1) (ppm) 6 (N8) (ppm) 13 (N1-H) (Hz) 13 (N8—H) (Hz)

CDsCN 27°C —346.2 —-345.9 29.4 34.6
—-20°C —346.2 —345.9 30.2 35.0
—40°C —346.2 —-345.9 30.3 34.9

DMSO 27°C —345.4 —345.2 29.9 345

tions are essentiallyunchangedboth as a function of
temperatureand a changeof solvent. This suggestghat
the bonding arrangementn the [N8—H-N1]" groupis
fairly stableunderthe studiedconditions.This view is
supportedy thealmostconstantaluesreportedn Table
2 for the N1 andN8 chemicalshifts.

In conclusion we note the power of N NMR
measurementi the study of [N-H-N]* bridges.This
is particularlythe casefor the 'J (**N-'H) dataasshown
both in the presentinvestigationand in our previous
reports>'’®

EXPERIMENTAL

The compoundsstudied were preparedby previously
published procedures(4-bromo!* 2,7-dichloro and 2-
chlora*? substituents).The *H, *C and >N NMR
measurementseretakenon aBrukerDRX spectrometer
operatingat 500MHz for H, 125MHz for °C and
50MHz for *N. Standardoperating conditions were
employedto obtainthe reportedNMR data.The *H and
3C NMR chemicalshifts are reportedwith respectto
TMS andthe®®N chemicalshiftsaregivenwith respecto
externalneatnitromethaneThesolventsusedweredried
over molecular sieves. The protonatedform of the
DMAN derivativesstudiedwaspreparedy the addition
of 1 mol of acidto 1 mol of the DMAN base.
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