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peri- Naphthylenediamines 
22.* Synthesis of 1,4,5-tris(dimethylamino)naphthalene 

and other "proton sponge" 4-amino derivatives 
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7 ul. Zone, 344090 Rostov-on-Don, Russian Federation. 
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Catalytic hydrogenation of 4-nitro-l,8-bis(dimethylamkno)naphthalene afforded the pre- 
viously unknown 1-amino-4,5-bis(dimethylamino)naphthalene, subsequent methytation of 
which gave 1-methylamino and 1-dimethylamino "proton sponge" derivatives. The PKa 
values of 1-amino-, 1-methy!amino-, and 1-dimethylamino-4,5-bis(dimethylamino)- 
naphthalenes estimated by "H NMR in DMSO-d 6 are equal to 9.8, 10.1, and 8.0, 
respectively. 

Key words: naphthylamines, "proton sponge", catalytic hydrogenation, methylation, 
basicity, conformational isomerism. 

It is known that the characteristic feature of 
1,8-bis(dimethylamino)naphtha!ene (i)  ("proton sponge") 
is the fact that its basicity is unusually high for amines: 
its pK a is 12.34 in water, z 18.18 in acetonitrile. 3 and 7.5 
in DMSO. 4 The basicity of the recently synthesized 
1,4,5,8-tetrakis(dimethylamino)naphthalene (2) (the 
"double proton sponge") measured 5 by the competit ion 
method in DMSO is 2.3 orders of magnitude higher 
than that of compound I: pK a = 9.8. The purpose of this 
work was to synthesize an intermediate member of this 
series, 1,4,5-tris(dimethylamino)naphthatene (3), which 
was lor named a "sesquisponge". Its precursor, the 
previously unknown 1-amino-4,5-bis(dimethylamino)- 
naphthalene (4), was obtained by us in quantitative yield 

MezN NMe 2 NMe 2 

1 2 3 

*For Part 21, see Res 1. 
Part 19 (Izv. Akad. Nauk, Ser. Khim., 1997, 348 [Russ. Chem. 
Bull., 1997, 46, 334 (Engl. Transl.)]) contains missprmts. The 
correct variant is as follows. 
Di[4,5-bis(dimethylamino)naphthyl-llmethane (5). 1H NMR 
(CDCI3), 8:2.77 (s, 6 H, 4-M~N); 2.83 (s, 6 H, 5-Me2N); 
4.62 (s, 2 H, CH2); 6.80 (d, 1 H, H(3), J3,2 = 7.8 Hz); 6.90 (d, 
i H, H(2)); 6.96 (dd, 1 H, H(6), ./'6,7 = 7.51, -/6,8 < 1Hz); 7.31 
(t, I H, H(7), J7,5 = 7.62, JT.S = 8.17Hz); 7.57 (dd, 1 H, 
H(8), J8.7 = 8.10, J'8, 6 < IH.z). 
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by catalytic hydrogenation of the readily available 4- 
nitro- 1,8-bis(dimethylamino)tlaphthalene (5) 6 (Scheme 
I). We were unable to reduce the latter compound to 
amine with sodium dithionate in an alcoholic ammo- 
nium medium or with NaBH4 in alcohol or in acetic 
acid. 

Amine 4 is an oily compound that is readily oxidized 
in the air. A peculiar feature of its IH N M R  spectrum 
(Table l) is the Iong-range spin-spin coupling between 
the H-2 and NH 2 protons with a surprisingly large 
constant, ~JNH~_,H-2 = 2.6 Hz. The H-2 signal is a 
complex doublet. 

Increasing the hydrogenation time to 30 h or pro- 
longed (up to 7 days) storage of the mixture over a 
catalyst resulted in the elimination of the 8-NMe 2 group 
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affording N , N - d i m e t h y l - l , 4 - n a p h t h y l e n e d i a m i n e  (6) in 
a quanti tat ive yield. 

The amino  derivative of the "proton sponge" (4) 
exhibits properties of a typical arylamine.  For example, 
its reaction with p-n i t robenza ldehyde  gives brightly col- 
ored azometh ine  7 in 8 1 % yield, while its t reatment  
with acetic anhydr ide  results in N-acetyl  derivative 8. In 
chlorolbrm at 20 ~ the latter exists as a mixture of two 
rotamers 8a and 8b in a 2 : 3  ratio, which can be 
explained by the  existence of a significant barrier to 
rotation around the N - - C ( O )  bond. 

2 

7 

Me2N NMe 2 Me2N NMe 2 

, 
N~.~ N c~M e N,c~O 

a II I 
O Me 

8a 8b 

NO2 

MeNAc NHMe 

9 10 

It is known 7 that N-substi tuted acetamides exist 
primarily in the Z-conformat ion  of the type 8b. This is 
likely to be true for c o m p o u n d  8 too, in whose IH N M R  
spectrum in CDCI  3 the signal of the NH group proton 

of  rotamer 8a (6 7.24) is located in a weaker  field than 
the signal of  the NH group pro ton  of  rotamer 8b 
(5 7.07); the opposite is observed for the H-2 signals 
(S 7. t8 and 7.35, respectively). 

The splitting of signals in the ]H N M R  spectrum 
caused by conformat ional  trmasitions is absent  for the 
acetamido derivative 8 in D M S O - d  6. It is known $ that  
rotation around an amide bond becomes  impeded as the 
polarity of  the solvent increases and ,  to a greater extent,  
as its ability to form H-bonds  increases. As a result, 
s tabi l izat ion of  the more t h e r m o d y n a m i c a l l y  stable 
rotamer,  probably 8b, takes place in DM S O.  

An at tempt at diazotizat ion o f  c o m p o u n d  4 was no t  
quite successful. In particular,  t r ea tmen t  of  4 with the 
H B r - - N a N O  2 system followed by heat ing in the pres- 
ence of Cu2Br 2 resulted in s t rong resinification,  along 
with the formatiota of the cor responding  bromo deriva- 
tive (no more than 25%). Such  a low yield of the 
bromide can be explained by the high reactivity of amine  
4 and its t endency  to undergo oxidat ion.  The  occurrence 
of competi t ive reactions, i.e., ni t ra t ion ,  dimerizat ion,  
etc., with the part icipation of ca t ion  radicals 9 cannot  be 
ruled out. 

Methylat ion of c o m p o u n d  8 with methyl  iodide in a 
K O H - - a c e t o n e  mixture afforded l - ( ,V-ace ty l -N-methy l -  
amino ) -4 .5 -b i s (d ime thy l amino )naph tha l ene  (9) in 91% 
yield. Acid hydrolysis of 9 resul ted in a good yield of 
4 ,5-bis(dimethylamino)-  l - m e t h y l a m i n o n a p h t h a l e n e  (10) 
which can easily undergo oxidat ion.  

The exhaustive alkylation of  naph thy lamine  4 with 
methyl iodide in a K O H - - D M F  mixture gave the rela- 
tively stable t r i s -d imethy lamino  derivative 3 in 87% 
yield. 

Compar ing  the IH N M R  spectra  of  the synthesized 
amines  (see Table I), we not iced  that the signals of the 

Table I. IH NMR spectra of the compounds synthesized (CDCI 3, 6, J/Hz) 

Corn- H-3 H-2 H-8 H-7 H-6 4-NMe 2 5-NMe 2 Other groups 
pound 

4 6.71 (d, 6.89 (m) 7.44 (dd, 7.33 (t, 7.03 (dd, 2.75 (s) 2.83 (s) 3.5 (br.s, NH2, 
J2,3 = 8.06) J7.8 = 8.28) '/6,7 = 7.40) ./6. 8 = i.1) 4J NH2,H-2 = 2.56) 

6 6.71 (d, 6.98 (d) 7.82 (dd. 7.48 (m, 7.48 (m, 2.81 (s) -- 3.3 (br.s, NH2, ./5,7 = 1.47); 
J2,3 = 7.9l) J7,8 = 8.20) J6,7 = 7.62) J6.s = 1.17) 8.28 (dd, H-5, "/5,6 = 8.20) 

7 6.90 (d, 7.09 (d) 8.08 (d, 7.38 (t, 6.99 (d) 2.84 (s) 2.80 (s) 8.12 (d, 2 H, Hb); 8.31 (d, 
J2.3 = 8.20) J7,8 = 8.20) J6.7 = 7.62) 2 H, Hs); 8.59 (s, 1 H, Ha) 

8a* 6.84 (d, 7.18 (d) 7.51 (d, 7.35 (m) 6.92 (m) 2.81 (s) 2.82 (s) 1.85 (s, COMe); 
J2.3 -- 8.20) JT,S = 8.20) 7.24 (br.s, NH) 

8b* 6.92 (m) 7.35 (m) 7.48 (dd, 7.35 (m, 6,97 (dd, 2.78 (s) 2.80 (s) 2.27 (s, COMe); 
JT.s = 8.20) ./6,7 = 7.62) J6,8 = 1.0) 7.07 (br.s, NH) 

8** 6.89 (d, 7.30 (d) 7.45 (d, 7.30 (t, 6.94 (d) 2.72 (s) 2.73 (s) 2.10 (s, COMe); 
J2.3 = 8.13) J7,s = 8.21) ,16,7 = 7.47) 9.55 (s, NH) 

9 "  6.91 (d, 7.27 (d) 7.t0 (dd, 7.38 (t, 6.97 (dd, 2.74 (s) 2.75 (s) 1.57 (s, COMe); 
J2,3 = 8.13) J7.s = 8.20) ,/6.7 = 7.51) -/6.8 = 0.7) 3.13 (s, NIVIe) 

10 6.54 (d, 6.91 (d) 7.37 (d, 7.29 (t, 6.95 (dd, 2.69 (s) 2.79 (s) 2.81 (s, N.MIe); 
I7, 3 = 8.13) JT,s = 8.24) J6,7 = 7.47) J6.8 ~ 1.1) 3.9 (br.s, NH) 

3 6.86 (d, 6.97 (d) 7.85, (d, 7.30 (t, 6.90 (d. 2.78 (s) 2.79 (s) 2.72 (s, I -NMe 2) 
J2.3 -- 8.13) J7.8 = 8.35) ,/6.7 = 7.47) J6.s = 0.96) 

* The spectrum of a mixture of Z-E-isomers. ** In D'MSO-do. 
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aromatic  protons have a tendency to shift upfield in 
going from the "sesquisponge" 3 to compound  4 and 
then to the  m e t h y l a m i n o  derivative 10. Since in a series 
of  s imilar  c o m p o u n d s  the degree of  proton shielding 
usually changes  in parallel with the electron donat ing 
effect o f  the  substi tuents,  one can conc lude  that m our 
case the + M - e f f e c t  o f  the amino groups decreases in the 
N H M e > N H 2 > N M e ,  " series. This does not  fully agree 
wi th  H a m m e t t ' s  c o n s t a n t s  for these  subs t i tnen t s  
[~p - 0 . 8 3  (NMe2) ,  - 0 . 8 4  ( N H M e ) ,  - 0 . 6 6  (NH2) l, 
which can be explained by the steric interaction of  the 
N M e  2 group with the  H-8 proton. As shown previ- 
ously,  I~ th i s  is t he  reason for  the  fact tha t  in 
1 -aminonaph tha tene  the dihedral angle between the 
ring and the  amino  group plane is 28 ~ . 

The  weakening  of  the influence of  the t - N M e  2 
group in c o m p o u n d  3 also affects the difference in the 
chemical  shifts of  the 4 - N M e  2 and 5 - N M e  2 groups. 
This d i f ference is only  0.007 ppm as compared  with 
0.077 and 0.097 ppm for amines 4 and 10, respectively. 

Taking the above into account ,  it was reasonable to 
expect that  the basicity of  the amino  derivatives of  the 
"proton sponge" would  also change in the 10 > 4 > 3 
series. We recently de te rmined  the basicity of  compound  
3 by po ten t iome t r i c  t i tration in acetonitri le:  the pKa~ 
and K were found to be t t9.15 and 7.6. Untbr tu-  P a 2 
nately, it was rather difficult to carry out  similar mea-  
surements  for amines  4 and 10, since they readily un- 
d e a n  oxidat ion.  Therefore ,  by analogy with the "double 
proton sponge" 2 (see Ref. 5), we est imated li their  first 
cons tants ,  pKa~, by the compe t i t i ve  me thod  using 
IH N M R  spectroscopy.  We found that  in an equ imola r  
amount  o f  3"  HCIO 4 and base 1 in D M S O - d  6, the first 
c o m p o u n d  becomes  36% deprotonated at 20 ~ Taking 
into account  the basicity constant of  the "proton sponge" 
in D M S O ,  these m e a s u r e m e n t  give pKa, = 8.0 for amine 
3. U n d e r  s im i l a r  c o n d i t i o n s ,  5 - H C 1 0  4 is 11% 
d e p r o t o n a t e d  by "sesquisponge"  3, and perch lora te  
1 0 - H C 1 0  4 is 8.5% deprotonated.  Thus,  the calculated 
basicities o f  these c o m p o u n d s  in D M S O  are pKa~(5") = 
9.8 and pKa~(10) = 10.1. The latter ionization constant  
indicates that  the me thy l amino  derivative of  the "proton 
sponge" l 0  is a s t ronger  base than c o m p o u n d  2. To  put 
it ano ther  way, the + M - e f f e c t  of  the one  N H M e  group 
in c o m p o u n d  10 is larger than the donor  effect of  the 
two sterical ly interact ing peri-NMe2-groups in amine  2. 

It is no tewor thy  that  the salt of  amino  derivative 4 
does not  undergo  depro tona t ion  by the  "proton sponge" 
even after prolonged heat ing (45 ~ 24 h), which may 
be due to the l a ~ e  difference in the basicities of  c o m -  
pounds 1 and 4 (2.3 p K  a units). 

An a t t empt  to es t imate  the pKa, o f  the synthesized 
amines in ace toni t r i le  by the compet i t ive  method  was 
unsuccessful .  The  t H N M R  spectra o f  similar mixtures  
o f  a ca t ion  and a base at - 2 0 ~  in C D 3 C N  were 
composed  o f  wide unresolved peaks indicat ing strong 
inhibi t ion o f  proton exchange.  Taking into  account  the 
low nucleophi l ic i ty  o f  "proton sponges", it is very un-  

likely that the transfer of  protons between "proton sponge" 
cations and bases occurs through immedia te  contact .  
Obviously, this requires small  and sterically un-h indered  
transferring molecules  with rather high basicity. Di-  
methyl sulfoxide (pK~ = 0) can play such a role but 
acetonitr i le,  whose basicity is 10 orders of  magni tude  
lower  (pK~ = - 1 0 . 1 )  ~2 c a n n o t  ( e l  the  da t a  on 
deprotonat ion of  the cat ion of  the nitro derivative 5 in 
D M S O  and in o ther  solvents).  13 

Experimental  

IH N.MR spectra were obtained on a Unity-300 instru- 
ment (300 MHz) with SiMe 4 as the internal standard. Before 
recording the spectra, solutions of equimotar mixtures of 
perchlorates and bases in DMSO-d 5 (the concentration of 
each component was 4 �9 I0 -? mol L -I)  were kept at 45 ~ for 1 
h. IR spectra were recorded or'. an IKS-40 instrument. The UV 
spectrum was obtained on a Spccord M-40 spectrometer. 
Hydrogenation was carried out using a WU-4 shaker (120-- 
150 rpm). Hydrogen was obtained by the reaction of 20,% 
KOH with granulated aluminum. To remove moisture, the 
catalyst (2% Pd/C) was evacuated at 2 Tort for I day. Chro- 
matography was carried out on AI203 with degree V of 
Brockmann activity. Melting points were determined in sealed 
capillaries on a PTP instrument and were not corrected. 

l-Amino-4,5-bis(dimethylamino)naphthalene (4). A. The 
catalyst (0.25 g) was placed in a solution of ~ompound 5 
(0.26 g, I mmol) in EtOH (70 mL). The reaction vessel was 
flushed with hydrogen, and hydrogenation was carried out at 
~20 ~ and under H 2 at atmospheric pressure. After 5 to 5.5 h, 
the solution was quickly filtered, and the filtrate was concen- 
trated on a rotary, evaporator at 40--45 ~ The yield was 
0.23 g (100,%). 

B. Hydrogenation of compound 5 in EtOAc was carried 
out at 70 ~ for 8 h. The yield was 100 `%. 

Amine 4 is yellowish oil that rapidly darkens in air and 
under light. Its perchlorate formed as light gray crystals, 
m.p. 256--258 ~ (dec., from EtOH). Found (`%): C, 50.82; 
[-1, 6.15; C1, 10.64; N, 12_71. CI4H20CIN304. Calculated (`%): 
C, 50.99; H, 6 . l l ;  Cl, 10.75; N, 12.74. 

N,N-Dimethyl-l,4-naphthylenediamine (6). The reduction 
of nitronaphthy!amine 5 in EtOH was carried out for 30 h. The 
reaction product was isolated by a procedure similar to that 
described above. The yield was quantitative (0.19 g). 
Naphthylenediamine 6 is a light yellow liquid, readily oxidiz- 
able in air. 14 IR (film), v/cm-Z: 1589 (arom.); 1624, 2782 
(Me): 3235, 3343 (NH2). 

1 - (p-Nitrobenzi l ideneaminn)  - 4 ,5 -b i s (d imethylamino)  
naphthalene (7). A mixture of  amine 4 (0.23 g, 1 retool) and 
p-nitrobenzaldehyde (0.15 g, t retool) in EtOH (70 mL) was 
refluxed for 2 h and then concentrated on a water bath. The 
residue was chromatographed on AI203 (d = 4 cm, l -- 30 cm, 
the eluent was CHCI3). The dark red fraction with Rr 0.83 was 
collected to afford 0.29 g (81%) of azomethine 7 as wine- 
colored crystals, m.p. 148--149 ~ (from EtOH). Found (,%): 
C. 69.52; H, 6.2l; N, 15.42. C21H22N402. Calculated (%): 
C, 69.59: H, 6.12: N, 15.46. UV (MeOH), ;%nax/nm: 284 
(4.20), 363 (3.96), 490 (sh, 3.01). 

l-Acetamido-4,5-bis(dimethylamino)naphthalene (8). Ac20 
(0.189 mL, 2 retool) was added to a solution of  amine 4 
(0.46 g, 2 retool) in EtOAc (100 mL) prepared according to 
procedure B. The mixture was stirred at -20 ~ for 20 h and 
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then evaporated on a water bath. The residue was triturated 
with 25% ammonia (10 mL), extracted with CHCI 3 (3 x 
10 mL), and chromatographed on an A1203 column (d = 2 cm, 
l = 27 cm, the eluent was CHCI3). The light lilac fraction with 
Rf 0.40 was collected to yield 0.41 g (76%) of amide 8 as light 
lilac leaflets, m.p. 124--125 ~ (from a PriOH--H~O mixture, 
i : 3). Found (%): C, 71.05; H, 7.84: N, 15.51. CI6H21N30. 
Calculated (%): C, 70.82; H, 7.80: N, 15.48. IR (Vaseline oil), 
v /cm-I :  1548, 1576 (arom.); 1650 (C=O); 3233 (NH). 

Diazotization of l-amino-4,5-bis(dimethylamino) 
naphthalene (5) and Sandmeyer's reaction. Concentrated HBr 
(0.16 mL) was added to a solution of amine 4 (0.23 g, I mmol) 
in EtOH (70 mL) prepared according to the procedure A, and 
the mixture was cooled to 0 ~ A solution of NaNO 2 (0.081 g, 
1.2 minor) in H20 (2 mL) was added dropwise with vigorous 
stirring, then a solution of Cu~Br2 (0.15 g, 1 retool) in 40,.% 
HBr (1 mL) was added, and the mixture was concentrated to 
1/4 of  its volume. The mixture was then cooled and alkalized 
with 10% KOH to pH 9.0, and the products were extracted 
with hexane (4 x 3 mL). Chromatography on A1203 allowed us 
to separate the product from resins and other admixtures to 
give 0.073 g (25%) of l-bromo-4,5-bis(dimethylamino)- 
naphthalene as a pale yellow oil, Rf 0.78 (see Ref. 15). 

1-( N-Aeetyl- N-methylamino )-4,5-bis( dimethylamino )- 
naphthalene (9). KOH powder (0.030 g, 0.53 retool) was 
added to a solution of  amide 8 (0.136 g, 0.5 retool) in acetone 
(6 mL), and then MeI (0.100 mL, 1.6 mmol) was added. The 
mixture was stirred at ~20 ~ for 4 days, the acetone was 
evaporated, the residue was extracted with CHCI3, and the 
product was chromatographed on an .M?O 3 column (d = 
1.7 cm, l = 25 era, CHCI; as the eluent). The fraction with Rf 
0.67 (TLC control) was collected to give 0.13 g (91%) of amide 
9 as light cream-colored crystals, m.p. 1 t6-- I18~ (from 
n-octane). Found (%7: C, 71.58; H, 8.17; N, 14.69. CI7H23N30. 
Calculated (%): C, 71.55; H, 8.12: N, 14.72. 

4,5-Bis(dimethylamino)- l-methylaminonaphthalene (I0). A 
solution of amide 9 (0.082 g) in concentrated HCI (5 mL) was 
refluxed for 7 h, and the mixture was then treated with 20% 
KOH (15 mL). Amine 10 formed and was extracted with 
benzene (3x3 mL). The solvent was distilled off to yield 
0.065 g (93%7 of a light yellow oil rapidly darkening in the air, 
R t 0.20. Perehlorate: colorless crystals, m.p. 245--247 ~ (dec., 
from EtOH). Found (%): C, 52.34; H, 6.49; CI, 10.27; 
N, 12.23. CIsH22CIN30~. Calculated (%): C, 52.40: H, 6.45; 
CI, 10.31; N, 12.22. 

1,4,5-Tris(dimethylamino)naphthalene (3). KOH powder 
(1.0 g, 8.6 mmol) was added to a solution of amine 4 (0.46 g, 
2 retool) synthesized by procedure B, and the mixture was 
stirred in an inert atmosphere for 5 rain, After that, Mel 
(I.0 mL, 8 retool) was added, and the mixture was stirred at 
-20 ~ for 1 h and at 100 ~ for l h. The mixture was diluted 
with ice water (100 mL), alkalized with 25% ammonia 
(10 mL), and extracted with benzene (4x20 mL). The solvent 
was evaporated, and the residue was evacuated (2 Tort) to 
yield 0.45 g (87%) of naphthylamine 3 as a reddish oil, which 
oxidizes relatively slowly in the air, Rf 0.87 (in an 1 :3  
AcOEt - -C6H 6 mixture) or 0.26 (CHCI3). Found (%): 

C, 74.72: H, 9.05; N, 16.30. CI6H23N3. Calculated (%): 
C, 74.66; H, 9.01; N, 16.33. IR (in a thin film), v /cm- l :  1580 
(atom.); 2790 (Me). 13C NMR (75.4 MHz, CDCI3), 8 :44.7  
(q, 4- and 5-NMe 2, zd= 133.2 Hz); 45.7 (q, 1-NMe2, td-= 
133.4 Ha); 112.6 (d, C-3, C-6, td_- 155.7 Ha); 114.2 (d, C-8, 
I j =  155.5 Hz); 117.4 (d, C-2, t j =  161.4 Ha); 121.9 (s, C-4a); 
124.9 (d, C-7, : J =  157.2 Hz); 133.3 (s, C-8a); 145.3 (s, C-I ) ;  
146.7 (s, C-4); I50.9 (s, C-5). Perchlorate, colorless crystals, 
m.p. 206--208 ~ (dee., from EtOH). Found (%): C, 54.00; 
H, 6.82; C1, 9.85; N, tl .72. C16H2aCIN304. Calculated (%): 
C, 53.71; H, 6.76; CI, 9.91; N, 11.74. 

This study was f inancial ly suppor ted  by the Russian 
Founda t ion  for Basic Research  (Project  No.  96 -03 -  
32153a). 
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