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The tH NMR spectra of protonated 1,8-bis(dimethylamino)naphthalene cations ("pro- 
ton sponges") containing substituents of various types in positions 2(7) and 4(5) were 
measured. To estimate the degree of asymmetry of the intramolecular hydrogen bridge in the 
cations studied, the spin-spin coupling constants of the NH proton with protons of 
nonequivalent Me2N groups were suggested to be used. Bromination of the "proton sponge" 
into positions 2 and 7 by N-bromosuccinimide was carried out for the first time. 

Key words: tH NMR spectra; 1,8-bis(dimethylamino)naphthalenes, "proton sponge", 
cations, intramolecular hydrogen bond, bromination. 

It is known that one of the most important factors 
determining the unusually high basicity of 1,8-bis(di- 
methylamino)naphthalene  (1), the "proton sponge", 
whose pK a in water ~ and acetonitrile 3 is equal to 12.1 
and 18.5, respectively, is the formation of a very strong 
intramolecular hydrogen bond (IHB) in the protonated 
form I-H+. a,5 In particular, an appreciable low-field 
shift of the signal of the chelated NH proton (i5 18 to 19) 
can serve as an indicator of this strength, a - s  Numerous 
studies, mostly performed by X-ray analysis, s IR spec- 
troscopy, 7,s and N M R  spectroscopy, 6'9 were dedicated 
to studying the nature and geometry of the hydrogen 
bridge in cation I - H  +. The crucial problem was the 
problem of the degree of symmetry of this bridge. 

Theoretical calculations of the H3N...H+...NH3 sys- 
tem showed that at the N...N distance (R) of approxi- 
mately 2.50 A the potential energy curve has one mini- 
mum (Fig. 1, a), i.e., that the corresponding hydrogen 
bridge is symmetric. 5JI An increase in the N...N distance 
results in a two-well potential and an increase in the 
energy barrier (Fig. 1, b, c). In the range of the R values 
from 2.55 to 2.75 A this barrier is rather low (to 
2.6 kcal tool-l), but its value amounts  to 10.2 kcal mot -z 
at R = 3.00 A. These calculations have been performed 
for the linear [HB; therefore, it is obvious that in the case 
of cation 1-H +, in which the N - - H . . . N  angle lies in the 
range from 140 ~ to 160 ~ , they must  be corrected (which 
will hardly change the main tendency).  It should be noted 
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Fig. 1. Types of the potential energy curves for the IHB in the 
cations of symmetrically (a--c) and asyrnmetricall.y (d) substi- 
tuted "proton sponges" at the R/A = -2.50 (a), 2.55 to 2.75 (b), 
and 3.0 (e). 
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Fig. 2. Examples of spectral regions of Me2N groups and the 
NH proton for the cations of "proton sponges" l-H + (at and 
15-H + (b) in the ~H NMR spectra obtained in DMSO-d 6. 

that the formation of cation 1-H + is accompanied b y  an 

appreciable shortening of the distance between the N 
atoms from 2.79 ,~, in the molecule of base 1 to 2.55 to 
2.62 ~. in the molecules of the salts, s Hence, the poten- 
tial curve with pronounced tendency to symmetrization 
of the hydrogen bridge (Fig. 1, b) must correspond to the 
"proton sponge" cation, which is confirmed by experi- 
mental data. 

Irrespective of  the anion, both Me2N groups in the 
tH N M R  spectra of  solutions of salts 1-H+X - are al- 
ways equivalent and produce one doublet with the 
3JHN_CH 3 constant of  approximately 2.6 Hz (Fig. 2, 
a). 6 We showed for the first t ime that the signal of the 
NH proton consists of  13 lines having the same spin- 
spin coupling constant (Fig. 3) (previously, this signal 
always has been considered as a broadened singlet). This 
points to the fact that the proton is bonded to both N 
atoms. Thus, the IHB is either symmetric and the NH 
proton lies in the symmetry plane of  the cation, which 
passes through the C(9)--C(10)  bond perpendicularly to 
the ring (structure l -H+) ,  or a tautomeric equilibrium 
between two asymmetric  equivalent structures I -H+-a  
and l - H + - b  takes place. The third possibility, fast vibra- 
tional motions of the N H  proton in structure I -H + near 
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Fig. 3. View of the signal of the NH proton in the IH NMR 
spectrum of cation 1-H + obtained with a wide sweep. 

the symmetry plane, is, obviously, an intermediate  one 
between the first two cases. According to the X-ray 
analysis data, 11 the hydrogen bridge can be ei ther sym- 
metric or asymmetric depending on the anion and tem- 
perature, tL13 and the degree of  its asymmetry  can vary. 
in a wide range. Thus, the structure of  cation 1-H + is 
considered as e i thera  tautomeric 1-H+-a  ~. - 1-H+-b 
structure or a structure corresponding to fast motions of 
the NH proton in the vicinity of the symmetry  plane. 

No data on the geometry of the hydrogen bridge in 
the cations of  asymmetrically substituted "proton sponges" 
have been reported until recently (see Fig. 1, the poten-  
tial energy curve d). Only a short t ime ago, X-ray and 
spectral  invest igat ions  of  the  ca t ion  and base of 
1 ,8-b is (d imethylamino) -4-n i t ronaphtha lene  (Table 1, 
compound 16) have been carried out at our laboratory. 14 
It has been established that in the corresponding cation 
16-H + the IHB is strongly asymmetric  both in the 
crystalline state and in solution and the proton is mostly 
localized on the 8-N atom. Unequal constants of  the 
spin-spin interaction between the NH proton and the 
Me2N groups have been first observed for the "proton 
sponge" ca t ions  (3Jt_HN_CH a = 1.72 Hz and 
3Js_HN_CH ~ = 3.19 Hz, in DMSO-dr ) .  In this case two 
doublets of the MezN groups with different spin-spin 
coupling constants and a broadened signal of  the NH 
proton are present in the spectrum (see Fig. 2, b). The 
possibility of  the cleavage o f  the hydrogen bridge and a 
partial deprotonation induced by DMSO appeared to be 
interesting properties of  the above cation; because of 
this, we succeeded in observing simultaneously the che- 
lated (16-H +) and nonchelated (16-H+-a)  cations and 
free base 16. 
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To clarify the range of  possible changes in  the asym- 
metry of  the IHB,  the effect of  solvents on the IHB, and 
the dependcnce between the degree of  asymmetry of  the 
IHB and the chemical  shift of the N H  proton,  in this 
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Table 1. Parameters of  the IH NMR spectra for the groups participating in the formation of  
the hydrogen bridge in the cations of  substituted "proton sponges" 1--19 

H 
o ~  

Me2N N M e  2 

7 2 

1 - - 1 9  

CIO 4- 

Cation R Sol- I-NMe~ 8-NMe, NH* A6 J / H z  Degree of  localization 

vent ppm /Hz  3JI_HN_CH 3 3JsoHN_CH 3 of  the proton (%) 

PL- I PL- 8 

I-H + H DMSO-d 6 3.12 3.12 I8.33 0 2.63 2.63 50 50 
CD3CN 3,11 3.1t 18,69 0 2.64 2.64 50 50 

2-t-t + 2,7-CI 2 DMSO-d6 3.37 3.37 19.91 0 2.41 2.41 50 50 
3-H + 4,5-C12 DMSO-d 6 3.10 3.10 19.14 0 2.52 2.52 50 50 
4-H + 2,7-Br 2 DMSO-d 6 3.40 3.40 20.09 0 2.41 2.41 50 50 

CD3CN 3.41 3.41 20.33 0 2.64 2.64 50 50 
5-H + 4,5-Br 2 DMSO-d 6 3.10 3.10 19.12 0 2.41 2,41 50 50 
6-H + 4-NHMe DMSO-d 6 3.11 2.98 18.31 - 3 6  3.40 1.21 74 26 
7-H § 4-NH2 DMSO-d 6 3.09 2.99 18.26 -31 3.23 1.21 73 27 

CD3CN 3.10 3.02 18.64 -26  3.41 1.87 65 35 
8-H* 4-NMe 2 DMSO-d 6 3.11 3.06 18.48 -13  2.86 2.20 57 43 

CD3CN 3.10 3.07 18.84 - 1 0  2.97 2.31 56 44 
9-H + 4-NHAc DMSO-d 6 3.12 3.II 18.55 - 4  2.86 2.24 56 44 

CD3CN 3,12 3.11 18.90 - 3  2.75 2.63 51 49 

10-H § 4-CH=CH 2 DMSO-d 6 3. I2 3.13 18.64 2 2.30 2.30 -50 ~50 
I I -H + 4-C1 DMSO-d 6 3.1 t 3.14 18.52 8 2.42 2.64 48 52 
12-H + 4-Br DMSO-d 6 3.11 3.14 18.56 8 2.31 2.53 48 52 
13-H + 4-COMe DMSO-d 6 3.10 3.17 18.58 19 1.97 2.86 41 59 
14-H + 4-CN DMSO-d6 3.09 3.21 18.15 37 1.88 2.97 39 61 
15-H + 4-CHO DMSO-d 6 3.10 3.21 18.43 33 1,75 3,08 36 64 

CD3CN 3.10 3.20 18.75 30 1.98 3.30 38 62 

16-H + 4-NO 2 DMSO-d6 3.17 3.29 [8.50 33 1.72 3.19 35 65 
CD3CN 3.08 3.19 18.72 31 2.13 3.36 39 61 

17-H + 4-COCF 3 DMSO-d 6 3.09 3.23 18.34 42 1.44 3.15 31 69 
CD3CN 3.10 3.22 18.67 37 1.86 3.41 35 65 

18-11 + 2-C1 DMSO-d 6 3.18 3.32 18.02 42 0.77 4.06 16 84 
CD3CN 3.25 3.27 18.80 5 1.54 3.84 29 71 

19-H + 2-Br DMSO-d 6 3.22 3.33 18.09 33 ~0.5 3.95 11 89 
CD3CN 3.27 3.26 18.87 3 1.65 3.84 30 70 

work a widespread investigation of the cations of substi- 
tuted "protonated sponges" (1--19) by the IH NMR 
spectroscopy was carried out. Compounds containing 
both acceptor and donor substituents in position 4 were 
used as subjects of investigation. A number of derivatives 
containing CI and Br atoms in positions 2 and 7 (ortho) 
was also studied. Recently, is we have performed a 
regioselective chlorination of compound 1 into positions 
2 and 7 using 1-chlorobenzotriazole. In this work, we 
synthesized the previously unknown 2-bromo (19) and 
2,7-dibromo derivatives (4) by bromination of base 1 by 
N-bromosuccinimide (NBS) in CHC13 at low tempera- 
ture. Only bromination of the "proton sponge" 1 into 
position 4 has been reported up to the present. I~ In 
addition, symmetrically substituted "proton sponges", 
2,7- and 4,5-dihalo derivatives, were studied. 

M•e 
Me2N NMe 2 2 

- I  I - 
NSS, CHa 3 ~ B r  
_15o C ~ ~ .------Ii. 

1 19 

Me2N N M e  2 
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4 

The  parameters o f  the ]H NMR spectra and proper- 
ties of the cations of substituted "proton sponges" (for all 
salts, the CIO 4- anion was the counterion) are listed in 
Tables 1--3. The degree of localization of the NH proton 
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Table 3. Some properties of "proton sponge" perch]orates 

Cation M.p./~ Fqulnd (,%) 
(decomp., Calculated 

from EtOH) C H N Hal 

l-H + 296--298 a 53.40 6.12 8.87 
53.42 6.09 8.90 

2-H § 260--261 43.86 4.46 7.27 
43.83 4.47 7.30 

4-H + 260--261 35.64 3-59 5-p2 
35.58 3.63 5.93 

5-H + 233--234 35.47 360 5.90 
35.58 3.63 5.93 

9-H + 268--271 b 5[.73 5-92 1128 
51.69 5.96 11.30 

12-H + 242--243 b 42,68 4,64 7.13 
42.71 4.61 7.12 

13-H + 195--196 b,c 53.81 5.88 7.86 
53.86 5.93 7.85 

14-H + 240--241 53.10 5.31 12.40 
53.02 5.34 12.37 

15-H* 238--239 b 52.57 5.64 8.14 
52.56 5.59 8.17 

17-H + t76--178 c 46.85 4.39 6.80 
46.78 4.42 6.82 

18-H + 275--276 48.11 5,;23 8.02 
48.t5 5.20 8.02 

19-H + 263--264 42.64 4.65 7.11 
42.71 4.61 7.12 

Empirical 
formula 

11.82 CI,tH 19CIN204 
11.86 

27 64 Ct4H 17C13N204 
27.72 

.4.1 ~27 CI4HITBr2CIN204 
41.32 

41.26 Ct4HITBr2CIN204 
41.32 

9.46 CI6H22CIN305 
9.53 

2!9.25 CI4HIsBrC1N~_O4 
29.3O 

9.91 Ct6H21CIN205 
9.94 

10.38 CIsHIsCIN304 
10.43 

10.31 CIsHtgCIN205 
10.34 

22.47 Ct6HIgCIF3N205 
22.51 

20.2,3 C14HlsCI2N204 
20.30 

29.30 CI4HI8BrCIN204 
29.3O 

a Cf. Ref. 7: m.p. 292--294 ~ 
b From water. 
c Without decomposition. 

on each of the N atoms (indicated in Table 1) is in fact a 
characteristic of the asymmetry of the IHB. The following 
fact was taken into account in these calculations. It is 
known that the 3JHN_CFI3 spin-spin coupling constant 
observed in the tH N M R  spectra of N-protonated 
d imethylaminoarenes  (for instance, in that of the 
N,N-dimethylanilinium cation) is approximately equal to 
5.2 Hz. 17 As in the case of cation I -H +, its value is 
approximately halved by chelation, likely due to the dis- 
tribution of the proton between the N atoms and, hence, 
to the increase in the statistical mean value of the N - - H  
distance (of. IH N M R  spectra of 15N-labeled porphy- 
rins), ts The same regularity also persists for the cations of 
as~'mmetric "proton sponges". In this case, the mean value 
of the sum of the 3Jt.uN_C~ 3 and 3Js_HN_CH 3 spin-spin 
coupling constants is equal to 4.83 and 5.34 Hz in 
DMSO-d6 and MeCN-d 3, respectively, which is close to 
the above value. On this basis the degree of localization of 
the NH proton on the I -N  and 8-N atoms (or the PL- 1 
and PL-8 indices, respectively) can be calculated using 
the following formula: 

3'JH N--CH~ �9 100/%, 
PL = 3jI_HN_CH3 + 3jS.HN_CH3 

The J values obtained for each concrete measure- 
ment were used in calculations of the PL indices, i.e., in 
each case the sum of the spin-spin coupling constants 
differs from its mean value. Data for symmetric (PL = 
50%) and asymmetric cations in descending order of the 
PL-1 value (in DMSO) are listed in Table I. If the J 
values are rounded off to the first decimal place, the 
calculation error is +_0.4%, which is in fact the accuracy 
of determination of the PL indices 

Asymmetry of the hydrogen bridge. In estimating the 
asymmetry of the IHB the question arises first as to 
which of the two peri nitrogen atoms the NH proton is 
shifted. It is logical to assume that in the cations con- 
taining electron-acceptor groups including halogens hav- 
ing, as is known, positive Hammer cr constants, the NH 
proton is shifted toward the 8-N atom, which is the 
most distant from the above groups and, hence, has the 
highest basicity. This is confirmed by the X-ray data 14 
for cation 16-H +. As can be seen in Table 1, the degree 
of asymmetry  of the IHB in ca t ions  with the 
-M-subst i tuents  in position 4 changes in the following 
sequence (the PL-8 index is given in parentheses): 
COCF 3 (69) > NO 2 (65) > CHO (64) > CN (61) > 
COMe (59) (all data for DMSO-d6). The fact that these 
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values do not change rigorously in parallel with the 
values of the •p constants of the substituents equal to 
0.80, 0.81, 0.47, 0.70 and 0.47, respectively, 19 is not 
surprising, since the known steric interaction between 
these groups and the H(5) atom z~ orients them differ- 
ently with respect to the mean plane of the ring, which 
should also affect the change in the geometry, of the 
whole molecule including the hydrogen bridge. Note- 
worthy also is the increased degree of  asymmetry of the 
IHB in cation 15-H + despite the fact that the cr constant 
of the CHO substituent is appreciably smaller than, for 
instance, that of  CN group. 

It is evident that in the cations of  4-amino deriva- 
tives 6 - H + - - 8 - H  ~" the proton is to a greater extent 
shifted toward the I - N  atom. Among these three, the 
cation containing the 4-methylamino group has the 
most asymmetric hydrogen bridge (PL-1 = 74%); it is 
followed by the cations of 4 -NH 2 and 4-NMe 2 deriva- 
tives (the PL-1 values of  73 and 57%, respectively, data 
for solutions in DMSO-d6) .  This sequence exactly cor- 
responds to the effect of  the same groups on the increase 
in the basicity of  the "proton sponge". 1 The weakened 
+M-effect  of the Me2N group is explained by its in- 
creased noncoplanari ty with the ring as compared to the 
N H  2 and N H M e  groups. 

Cat ions  o f  2 - c h l o r o -  ( 1 8 - H  +) and 2 -b romo-  
1,8-bis(dimethylamino)naphthalenes (19-H ~') are char- 
acterized by the most asymmetric  IHBs. Since the ortho- 
Hal substituents decrease the basicity of aromatic amines 
by -2  orders of  magnitude, zl it is likely that the NH 
proton must be located in the vicinity of the 8-N atom. 
The degree of  asymmetry of the hydrogen bridge in 
cations 18-H § and 19-H + is so high (PL-8 = 84 and 
89%, respectively) that even the possibility of existence 
of an H-bridge in such a proton-acceptor  solvent as 
DMSO seems to be surprising. Nevertheless, this fact 
was unambiguously proved, since the signal of the NH 
proton in the LH N M R  spectra of  both cations is ob- 
served in the region of  ~ 18. 

The problem of localization of  the NH proton in 
cations characterized by a low degree of asymmetry of  
the hydrogen bridge and containing such substituents as 
4 - N H C O M e  (9 -H+) ,  4 - C H = C H  2 (10-H+),  4-C1 
( l l - H + ) ,  and 4-Br (12-H +) is more complicated. A 
priori, it is logical to assume that in cations with asym- 
metric IHB the ortho-proton adjacent to the Me2N 
group, toward which the NH proton is shifted and on 
which, hence, the largest portion of  the positive charge 
is localized, will be more deshielded. In all above men- 
t ioned salts the signals of  the H(7) protons are observed 
in a lower field as compared  to those of the H(2) 
protons (see Table 2). This difference is most pro- 
nounced for the 4-halogen derivatives. Positive values of 
~p constants of  the CI and Br atoms show beyond a 
doubt that in salts l l - H  + and 12-H + the chelated 
proton is actually shifted toward the 8-N atom, though 
the asymmetry of  the IHB is insignificant. The issue of  
the asymmetry of  the IHB in salts 9-H + and 10-H + calls 

for further investigation since the cr constants of  the 
acetamide and vinyl groups are close to zero. 19 More-  
over, not for all studied salts the degree of  deshielding of 
the ortho-proton changes in parallel  with the direction 
of the shift of  the signal of  the NH proton in the 
IH NMR spectra. Thus, in the case of  cations 6 -H  ~ -  
8-H +, where the largest port ion of  positive charge must 
be localized on the I -N atom, the signal of the H(7) 
proton appears to be the low-field one rather than that 
of  the H(2) proton. This is likely due to the shielding of 
the latter because of the strong +M-effect  of  the amino 
groups. A similar picture is also observed for the cations 
containing the 4-CHO and 4 - C O M e  groups, in which 
the H(2) proton is deshielded more strongly than the 
H(7) proton. 

In the cations of the "proton sponge" itself and its 
formally symmetric 2,7-dihalo- (Z-H + and 4 -H +) and 
4,5-dihalosubstituted derivatives (3-H ~ and 5-H*) ,  the 
hydrogen bridge is strictly symmetr ic  in solution (the 
spectrum of type a in Fig. 2). However, there are sev- 
eral essential differences between these cations and they 
will be discussed below. 

There is an approximately parallel  dependence be- 
tween the degree of asymmetry of  the IHB and the 
difference between the chemical  shifts of the protons of 
the Me2N groups: 45 = 5 (8 -NMe 2) - 8(I -NMe2) .  The 
larger this difference, the more asymmetric  the hydro- 
gen bridge. For instance, the ~8 values (in Hz) for 
cations 6 - H §  + change as follows: - 3 6  (4 -NHMe) ,  
-31  (4-NH2), and -13  (4-NMe2),  which is in agree- 
ment with decreasing the PL-1 index in this series. 

The signal of  the NH proton.  The chemical  shift of 
the NH proton in the tH N M R  spectra of  the studied 
salts is dependent  on the nature, number,  and positions 
of the substituents (see Table 1). The strong deshielding 
of  chelated protons is known to be due to the totality of 
a number of  electrostatic interactions, zz At the same 

f ' ,  

2 0 - H  + 

t ime, the anisotropic effect of 
the n-electron fragment of  the 
molecule can also make an ap- 
preciable  contr ibut ion to the 
desh ie ld ing .  The ' c a t i o n  of  
1,14-diaza[5]helicene (20-H +) 
can serve as the most dramatic 
example .  23 In the  ~H N M R  
spectrum of  this cation obtained 
in D M S O - d  6 the signal of  the 

NH proton is observed in the unusually low field at ~ 24. 
This is explained by a helical arrangement of  benzene 
rings; as a result, the chelated proton experiences an 
increased effect of the diamagnetic component  of  the 
magnetic field produced by the circular electron current. 

It can be assumed that in the case of  cations of 
"proton sponges" a similar effect can occur due to 
deviation of  the NH proton out of  the ring plane. First 
of  all this must be favored by steric factors disturbing the 
optimal orientation of the Me2N groups upon the for- 
mation of  IHB, for instance, in the case of  2,7-dihalo 
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derivatives 2-H + and 4-H +. In fact, they are character- 
ized by record values of the chemical shifts of the NH 
proton among the cations of naphthalene "proton 
sponges" (5 19.9 to 20.3). The increased volumes of the 
substituents in position 4 (or 5) also favor the deshielding 
of the NH proton. For instance, the 5(NH) values 
increase in the sequence 4 -NH 2 < 4-NHMe < 4-NMe 2 
< 4-NHCOMe for the donor substituents and in the 
sequence 4-CN < 4-CHO < 4-NO 2 < 4-COMe for the 
acceptor substituents. This tendency is most clearly seen 
in the spectra of the cations of 4,5-dihalo derivatives 
3-H ~- and 5-H +, where the 5(NH) value exceeds 19 ppm. 
It is likely that the peri-interaction between the substitu- 
ents in positions 4 and 5 produces additional distortions 
of the ring in the cation and deviation of the N atoms 
out of the mean plane (according to X-ray analysis data, 
for some salts of composition 1-H+X - such deviations 
amount to 0.25 A). 13 This can result in a change in the 
geometry of the hydrogen bridge and increase in the 
deshielding of the NH proton. 

At the same time, unexpectedly low values of~5(NH) 
are observed in the IH NMR spectra of 2-chloro- and 
2-bromo- 1,8-bis(dimethylamino)naphthalene perchlor- 
ates obtained in DMSO-d 6 (18.02 and 18.09 ppm, re- 
spectively). This can be due to the strong weakening of 
the IHB characterized by a marked asymmetry. A more 
accurate conclusion will be drawn after performing an 
X-ray study of these salts. 

It is of interest that there is no explicit relationship 
between the basicity of the "proton sponges" and the 
5(NH) value. For instance, despite the fact that the pK a 
values of compound 1 and its 4-trifluoroacetyt derivative 
17 obtained in MeCN differ by more than three orders 
of magnitude, 24 the 6(NH) values for their cations are 
nearly equal. 

Effect of the solvent. The IH NMR spectra of most 
of the cations were measured in both DMSO-d 6 and 
CD3CN. The latter solvent has a much lower proton- 
acceptor power than DMSO: the pK a value for DMSO 
and MeCN is equal to 0 and -10.1 ,  respectively. 25 

The major conclusion is that acetonitrile favors sym- 
metrization of the hydrogen bridge in all asymmetric 
cations. This effect is most clearly seen for the 2-halo 
and 4-amino derivatives, while for the cations contain- 
ing -M-subst i tuents  in para-position it manifests itself 
to a lesser extent. For instance, a rather symmetrical 
IHB in cation 9-H + becomes so symmetrized on going 
from DMSO (PL-1 = 56%) to MeCN (PL-I = 51%) 
that the signal of the NH proton appears as a complex 
multiplet (see Fig. 3); however, the Me2N groups are 
still nonequivalent (see Fig. 2, b, the Me2N region). In 
parallel, an increase in the (3/I_HN_CH 3 + 3Js.HN_._CH3) 
sum and 6(NH) is observed on going from DMSO to 
MeCN. It is likely that the NH proton in DMSO enters 
into a bifurcate interaction with the solvent resulting in 
the stretch of the N - - H  bond, weakening of the IHB, 
and a decrease in the ~(NH) value. The greater the 
asymmetry of the corresponding cation, the more pro- 

nounced this tendency. In addit ion,  a similar bifurcation 
predetermines the possibility of a further cleavage of the 
IHB for the cations of relatively low-basic derivatives of 
the "proton sponge". Such a cleavage was mentioned 
above in the case of cation 16-H § In this work, the 
cleavage of the IHB was also observed in the case of 
1 ,8 -b i s (d imethy lamino) -4- t r i f luoroace ty tnaphtha lene  
perchlorate 17-H + in DMSO. It should be noted that 
symmetrization of the 1H B on going from one solvent to 
another is accompanied by a decrease in the difference 
of the chemical shifts of the protons of Me2N groups 
(see Table 1). 

Noteworthy is that the sum of the spin-spin coupling 
constants (3JI.HN_CH 3 + 3Js_HN_CH3) in CD3CN is 
nearly constant and for most cations is equal to 5.28 Hz. 
Only in a few cases does its value increase by no more 
than 0.2 Hz. This indicates the absence of a noticeable 
interaction between acetonitrile and the NH proton. 
The scatter of this value observed in DMSO points to 
appreciable interaction between the solvent and the NH 
proton, which varies over a wide range on going from 
one cation to another. This interaction is the least 
observed in the cation of the "proton sponge" itself. 

Thus, the analysis of the constants of the spin-spin 
coupling between the NH proton and the Me2N groups 
in the IH N M R  spectra of the cations of asymmetrically 
substituted "proton sponges" is a convenient method for 
estimating the asymmetry of the I HB. The latter changes 
over a wide range: from strictly symmetric bonds to such 
bonds in which the proton belongs to one of the N 
atoms by more than 80%. Going  from DMSO to a less 
proton-acceptor solvent, acetonitrile, favors symmetri- 
zation of the hydrogen bridge, which is most pronounced 
in the case of the cations of 2-halo- and 4-amino- 
1,8-bis(dimethylamino)naphthalenes. Judging by the ex- 
tremely large values of the chemical shifts of the NH 
protons for the cations of 2,7-dihalo derivatives, the 
retention of the symmetry of the  IHB in these cations is 
accompanied by considerable changes in the geometry. 
of the hydrogen bridge. For this reason, an X-ray struc- 
tural investigation of these salts would seem to be timely. 

Experimental 

IH NMR spectra were recorded on a Unity-300 spectrom- 
eter (300 MHz) at 20 ~ with SiMe 4 as the internal standard. 
The concentrations of the samples were 4 �9 10 -2 tool L -t. The 
signal of the NH proton of the I-H + perehlorate was recorded 
at a concentration of 0.12 mol L -1 using an integrator. 

2-Bromo-l,8-bis(dimethylamino)naphthalene (19). A solu- 
tion of NBS (0.14 g, 0.79 retool) in CHC13 (I0 mL) was 
added dropwise over a period of 30 rain with intense stirring 
to a solution of compound 1 (0.16 g, 0.75 mmol) in CHCI 3 
(7 mL) cooled to -15 ~ The dark-brown reaction mass was 
stirred an additional 30 rain at ~20 ~ concentrated to 2 mL, 
and chromatographed on a column with A1203 (Brockmann 
Ill activity, d--- 1.7 era, l = 25 era, with CHC13 as the 
eluent). Compound 19 was obtained as a colorless fraction 
with R r 0.23. The yield was 80 mg (36%), a thick pale-yellow 
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oil. highly soluble in most organic solvents and water-in- 
soluble. Found (%): C, 57.41; H, 5.90; Br, 27.14. CI4HI7BrN 2. 
Calculated (%): C, 57.35; H, 5.84; Br, 27.25. 1H NMR 
(CDCI3), & 2.75 (s, 6 H, 8-NMe2); 3.02 (s, 6 H, 1-NMe2); 
7.07 (dd, 1 H, H(7), JH(5)--8(7)= 1.34 Hz); 7.30 (d+t, 
2 H, H(3), H(6), JH(3)--H~4)= 8.67 Hz, JH(6)--H(7)= 
7.39 Hz); 7.37 (dd, I H, H(5), JH(5)--H(6) = 7.99 Hz); 7.51 
(d, 1 H, H(4)). 

2.7-Dibromo-l,8-bis(dimethylamino)naphthalene (4). A 
solution of NBS (0.31 g, 1.74 retool) in CHCI 3 (20 mL) was 
added over a period of 30 min with stirring to a solution of 
compound ! (0.16 g, 0.75 mmol) in CHCI 3 (7 mL) cooled to 
-15  ~ The reaction mass was stirred an additional 30 min at 
20 ~ concentrated to 3 mL. and chromatographed on a 
column with A1203 (Brockmann 111 activity, d = 1.7 cm, l = 
25 cm, with CHCI 3 as the eluent). Compound 4 was collected 
as a yellow fraction with Rf 0.54. Yield 145 mg (52%), yellow 
needles, m.p. 75--76 ~ (from MeOH). Found (%): C, 45.01; 
H, 4.47; Br, 43.17. CtaH16Br2N2. Calculated (%): C, 45.19; 
H. 4.33; Br, 42.95. IH NMR (CDCI3), 5 :2 .96 (s, 12 H, 
I -NMe 2 and 8-NMe2);  7.35 (d, 2 H, H(3), H(6), 
JHI3)--H(4) = 8.68 Hz); 7.51 (d, 2 H, H(4), H(5), 
JH(S)--H(6) = 8.68 Hz). 

Synthesis of perchlorates (general procedure). Perchloric 
acid (70%, 0.4 retool) was added to a solution of correspond- 
ing base (0.04 mrnol) in ethyl acetate (2 mL), and after 1 rain 
the mixture was diluted with ether (3 mL). The precipitate was 
filtered off, washed with ether, dried in air, and recrystallized. 
The yields were quantitative. All perchlorates are colorless 
substances. Properties of perchlorates of  6-H+--8-H § 3-H § 
and I1-H +, 10-H +, and 16-H + have been described previously 
(see Refs. 1, 15, 26, and 14, respectively); characteristics of 
other salts are given in Table 3. 
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