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Abstract—New methods were proposed for synthesizing 1,4,5,8-tetrakis(dimethylamino)naphthalene with
an overall yield of 4 to 12% to replace the known procedure ensuring an overall yield of 2%. Catalytic hydro-
genation was shown to be inapplicable for preparation of polyaminonaphthalenes from nitro compounds
having 3 or 4 nitro gruops in the-positions. Nucleophilic amination of 1,5-dinitronaphthalene in the system
NH,OH/NaOH/MeOH yields 1-amino-4-nitronaphthalene. The nitration of 1,5ddylsulfonylamino)-
naphthalene leads to formation of 2,6-dinitro rather than 4,8-dinitro derivative, as it was believed formerly.
This was confirmed by transformation of the latter into 1,2,5,6-tetrakis(dimethylamino)naphthalene. 3-Nitro,
2,6-dinitro, 2,6-diamino, and 2,4,6,8-tetranitro derivatives of 1,5-bis(dimethylamino)naphthalene, nitro and
amino derivatives of 1,4,5-tris(dimethylamino)naphthalene, and 4,5-diamino-1,8-bis(methylamino)naphthalene
were synthesized. By treatment with perchloric acid 1,4,5,8-tetrakis(dimethylamino)naphthalene was oxidized
to 2,3-dihydroperimidinium salt.

Physical and chemical properties of 1,8-bis(di-could form the basis for synthesizing multidentate
methylamino)naphthalend, (“proton spongd have organic bases, e.g., compourni .
been extensively studied [1]. However, analogous The main reason which restricts the use of com-
properties of 1,4,5,8-tetrakis(dimethylamino)naphthapound Il in chemical transformations is that it is
lene (I, “double proton spongg which was syn- difficult to obtain. Staabet al. [2] proposed a multi-
thesized in 1991, remain almost unknown: only ItSStep scheme for preparation of compoutid in
protonation [2] and oxidation [3] have been reportedan overall yield of~2% (Scheme 1). Taking into
Nevertheless, functional derivatives of tetraamlhe account that perimidinon®/ is obtained from 1,8-di-
aminonaphthalene in two steps, the overall number of
Me N NMe, Me N NMe, steps connecting the initial compound (1,8-diamino-
naphthalene) with target produ¢tamounts to seven.
Oe Oe The goal of the present study was to develop alter-
native routes to tetraaminonaphthaldheFirst of all,
Me;N  NMe, we have found that the transformations shown in
I II Scheme 1 [2] are not always optimal. For example,
the synthesis oV from IV is more efficient when
the reaction is carried out in two steps through mono-
Oe NMe, nitro derivativelX. In such a way, the yield o¥ is

MeyN NMe,
MeyN

raised to 44% against 33% in [2] (cf. [4]). Further-
Me,N NMe, more, the number of steps in Scheme 1 can be reduced
MexN  NMey via direct transformation o¥/I into Il through amine
i X without loss in efficiency (see Experimental). Thus,
modification of the procedure given in [2] allowed
" This study was financially supported by the Russian Foundalls to increase the overall yield ofdouble proton
tion for Basic Research (project no. 99-03-33133a). spongé Il up to 3%.
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700 SOROKIN et al.

Scheme 1.
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An alternative route to proton spondk involves tion of compoundXIV by hydrogenation of 1,8-bis-
its most obvious precursor, 1,4,5,8-tetranitronaphthgdimethylamino)-4-nitronaphthaleneXV) over Pd/C
lene 1), as starting compound. However, we havd8]. However, in the latter case the group being lost
encountered with a number of diffities while is dimethylamino and its elimination occurs on pro-
developing this approach. First, the yield ¥Ff from longed reduction from amin&VI rather than from
1,5-dinitronaphthalene does not exceed 25% [5]¢ompoundXV. We failed to detect formation of tetra-
which makes the procedure insufficiently effective(XIl) or triamino derivative XVII ) in the hydrogena-
at the startup. Second, our attempt to synthesiZéon of the corresponding nitro compounds. This
1,4,5,8-tetraaminonaphthalen&I() by catalytic ~means that eIiminatio_n of nitro_gen-containing groups
hydrogenation with hydrogen over Pd/C,Hy, over Occurs from some intermediate product. In fact,
FeCkL/C, and NH, over Raney nickel rather than by 1-amino-4,5-dinitronaphthaleneXyIll ) can be ob-
reduction of nitronaphthalen¥| with tin(ll) chloride ~ tained by reduction okIll in the system KPd/C.
[6] resulted in formation of 1,5-diaminonaphthalene inTherefore, the first stage of the process is reduction
high vield instead of the expected tetraamino deriva0f the least sterically hindered nitro group.
tive; i.e., the hydrogenation waaccompanied by

elimination of two nitrogen-containing groups. We R NMe, R R
have found that an analogous transformation (to give

1,5-diaminonaphthalene) also occurs in the catalytic Oe Oe
hydrogenation of 1,4,5-trinitronaphthalenXlIi( ) in

which the nitro groups are arranged similarly. These R NH,
results suggest that the number of nitro groups and XIV-XVI XVIL, X VIII

their positions are the key factors responsible for the

observed elimination process: 1,5- and 1,8-dinitro- xjv, R = NH,, R' = H; XV, R = NO,, R’ = NMe,; XVI,
naphthalenes are smoothly hydrogenated to the corre- R = NH,, R’ = NMe,; XVII , R = NH,; XVIIl , R = NQ..
sponding diamines [7] (see Experimental). We have

found no published data on analogous transforma- CompoundXVIIl was also obtained in a small
tions. Some similarity may be drawn with the forma-yield by independent synthesis, via nucleophilic
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amination of 1,8-dinitronaphthalene in the system Barthet al.[3] previously synthesized an analogous
NH,OH/NaOH/MeOH [9]. It should be noted that salt containingd as counterion by oxidation of proton
monoamineXVIll is formed even in the presence of spongell with iodine. The’'H NMR spectra of this
a 10-fold amount of the aminating agent. We failedsalt and saltXXl are almost similar. Up to now, no
to detect in the reaction mixture 1,8-diamino-4,5-di-formation of oxidation products was observed in the
nitronaphthalene which we planned to use as precurséynthesis of salts of diaminé derivatives, which
of compoundll . indicates strong donor properties of moleciile[2].
One more example of elimination of nitrogen- FOr instance, compound smoothly gives the corre-
containing group was observed in the amination ofPONding salt with HBJ which has no  oxidizing
1,5-dinitronaphthalene performed under analogouBroPerties. N _
conditions (NHOH/NaOH/MeOH). Contrary to the It seemed very promising to make use of previously
expectations, we obtained 1-amino-4-nitronaphthalendgnknown - 1,5-bis(dimethylamino)-4,8-dinitronaphtha-
(XIX), i.e., nucleophilic reglcement wasaccom- lene &XIlI') as precursor ofl. For this purpose, it
panied by elimination of the nitro group. PresumablyWas necessary to develop a convenient procedure for
the replacement occurred in intermediatadductxx ~ Synthesizing dinitrodiamin&XIl . As a possible way

as a result of hydride ion migration (cf. [10, 11]). we examined nitration of 1,5-bis(dimethylamino)-
naphthalene XXIII ).

NO, .
R NMe, NHMe,
()EN‘\H\\\ NHOH I ! R’ ] l
XX Me,N R Me,NH
XXII-XXIV XXIII-2H"

Insofar as we failed to obtain tetraamindl by
catalytic hydrogenation, we synthesized it in more
than 80% vyield from nitro compoun¥!l by modified

procedure [6]. We were the first to characterize com- CompoundXXIll was synthesized by (1) alkyla-

poundXIl in the pure state rather than its derivatives.. g : A
Unfortunately, our attempts to effect the transforma-t'r?en :fsi-é?ndkag)nﬁ?gnﬁ:p Qtt}:llgn8e4(\;vl)tharr%et(gy)ll rlgéljlizvlg
tion X1l — I with the aid of various alkylating agents y Y ° u

methylation of 1,5-diaminonaphthalene in the system
[Mel/KOH/DMSO (DMF), Mel/K,CO,/MeOH, and CH,0O/NaBH,/H,0" following the procedure reported

Me,SO/N8,CO,/H,0] were unsuccessful. The only in [14] (yield 62%). Both these methods turned out

procedure which gave a positive result was th ey , ;
so-called Quast method [12] utilizing the systerr%o be more efficient than that described in [15].

Me,SO/NaH/THF. In this case the yield dl was Treatment of diamineXIll - with 2 equiv of con-
14%. We tried to isolate compourlt as a salt with centrated nitric acid in sulfuric acid at’O led to
perchloric acid but obtained dihydroperimidinium saltformation of previously unknown nitronaphthalene
XXI instead of the expected diperchlortite2HCIO,. XXV as the major product (yield 40%). Its structure
However, there was no problem, for saXI, like ~Was unambiguously confirmed by titel NMR spec-
other dihydroperimidinium salts [13], can readily belfum which displayed spispin couplings between
converted into tetraamink with a high yield by the 2-H and 4-H {J = 2.3 Hz) and between 4-H and 8-H

59 —
action of NaBH in acetonitrile. (*J = 0.8 Hz).
metaSubstitution by the action of nitrating mixture
is typical for most tertiary arylamines, e.g., for

XXII', R=NQ, R'=H; XXlll , R=R =H; XXIV, R = H,
R = NO,.

Me o~ —-Me ; . o

S N,N-dimethylaniline [16]. Under these conditions, the

Me B nitration occurs with dicatiorXXIIl -2H". In acetic
Oe 2¢10; acid or acetonitrile, the major product was tetranitro

derivative XXV (30-32%) even when the nitration

MezN+\ NMe, was carried out using 2 equiv of HNOThus, we
H cannot accomplish selective nitration of neutral base
XXI XXIIlI because of strong activation of the naphthalene
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ring by the dimethylamino groups. The same factoeffect of the ethylene bridge [19]) is readily hydrolyz-
was responsible for our failure to effect selectiveed to the corresponding amine in 10% hydrochloric
transformation! — VIl [17]. acid [20].

According to Nielseret al. [18], amidesXXVI and While attempting to reproduce the synthesis of
XXVII  which are less reactive 1,5-diaminonaphtha-l,5-diamino-4,8-dinitronaphthalene from Ipg0lyl-
lene derivatives are selectively nitrated to the corresulfonyl) derivativeXXIX , reported in [18], we have
sponding dinitro compound&XVIll and XXIX in  found that the product obtained by nitrationXXVII
~70% vyield. However, as well as the authors of [18],was assigned invalid structure. In the system HNO
we failed to remove theéN-acetyl groups from com- AcOH nitro groups enter position8 and 6 (to give
pound XXVIII by acid or alkaline hydrolysis. dinitro compoundXXXIV ) rather than4 and 8 (as

was assumed in [18]). The nitration direction is con-

O,N  NMe, R’ NHR firmed by a series of consecutive transformations
NO, including hydrolysis ofXXXIV to diamine XXXV,

Oe Oe alkylation to XXXVI (the best results were obtained

0N in the system Mel/KOH/acetone or acetonitrile, yield
Me,N  NO, RNH R’ 50%), reduction with SnGlin hydrochloric acid to

diamine XXXVII , and methylation of the latter with

XXV HEVI-XXIX dimethyl sulfate in HO/N&CO;. As a result, we
_ . _ . obtained 1,2,5,6-tetrakis(dimethylamino)naphthalene
XXVI, R = Ac, R = H; XXVIl, R = Ts, R = H; XXVIII : ; .
R = Ac. B = NOX XXX, R = Ts R = NO, ~ (XXXVIII') which was described in [21]. It should be

noted that the above sequence leading to proton

A similar problem arose with nitro derivativéxx ~ SPONgeXXXVIIl- is much more efficient than the
which is obtained in 86% yield by nitration of acet- Procedure proposed in [21].
amideXXXI . Compound XXX was readily alkylated =~ The best procedure for preparation of double
to give amideXXXIl , but theN-acetyl group therein proton spongel is now that developed by us starting
remained unchanged under hydrolysis conditionom 1,4,5-tris(dimethylamino)naphthalenXXIX)
(10% or concentrated hydrochloric acid, 25%3®,, [8]. In the present communication we describe
10% KOH, K,CO,;, NaOAc, piperidine in water or an alternative route to compoun¥XXIX which
ethanol). The observed behavior of nitroamideds available directly from triamineVIl . The latter
XXVIII , XXX, and XXXIl may be interpreted in is prepared by reduction of 1,4,5-trinitronaphthalene.
terms of steric shielding of the acetyl carbonyl groupThe proposed procedure is characterized by the same
by the bulky nitro group in the neighboringeri efficiency as that described in [8], but it includes
position. Indeed, acenaphthene derivatk¥éXIll in  two steps less. Here, one of the ways of effecting the
which the nitro and acetylamino groups are mordransformationXVIl — XXXIX , namely exhaustive
distant from each other (presumably, due to shrinkingnethylation in the system M8Q,/Na,CO5/H,0O

according to the modified procedure [22], is very

MeoN  NMe, O,N  NHAc simple. It was also applied to a series of naphthyl-
amines (see Experimental). It should be noted that
Oe Oe triamine XXXIX is not oxidized with perchloric acid,
# . and stable perchlorateXXIX -HCIO, is obtained [8].
R’ NRAc¢
XXX-XXXI1 XXXIII -"H\ +
MeyN NMe, MeyN NMe,
NHR NMe,
: I I
0,N Oe R Oe R NMe, O,N  NMe,
RNH MeyN XXXIX-XLI XL-H*
XXXIV, XXXV XXXVI-XXXVIII

XXXIX, R = H; XL, R = NO,; XLI, R = NH,.

XXX, R = H, R = NO; XXXI, R =R =H; XXXIl , R = _ ) _
Me, R = NO,; XXXIV, R = Ts; XXXV, R = H; XXXVI , We expected that in acid medium compound
R = NGQ,;; XXXVII , R = NH,; XXXVIIl , R = NMe,. XXXIX  will give rise to a cation stabilized by intra-
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Method Starting Reaction sequence Number Overall yield Efficiency,
no. compound of stepsN of I, 2% 2%/N
1 1,8-Diamino- - =V —-V—-=Vl -Vl — 7 ~2 0.3
(original) naphthalene VIl —1I
1 1,8-Diamino- - —>=V—=-IX—>-V—>Vl— 7 ~3 0.4
(modified) naphthalene X—Ill
2 1,5-Dinitro- — XI =Xl =1l 3 4 1.3
naphthalene
3 1,8-Diamino- — | = XV — XVI — XXXIX — 7 12 1.7
naphthalene XL — XLI —1I
4 1,5-Dinitro- — Xl = XVII = XXXIX — 6 10 1.6
naphthalene XL — XLI —1I

molecular hydrogen bond, so that the nitration willor Me,SO,/NaH/THF gives up to 30% of proton
occur at the only vacanperi position. In fact, by spongell. The best results were obtained by alkyla-
treatment of XXXIX with 1 equiv of nitric acid in tion of XLI according to the modified procedure [22]
concentrated sulfuric acid at30°C (4 min) we (Me,SO,/Na,CO;/H,0). In such a way, the yield of
succeeded in isolating for the first time 1,4,5-tris-Il was raised to 40%. This procedure allowed us to
(dimethylamino)-8-nitronaphthaleneXi() in 40% convert 1,8-diaminonaphthalene into compounth
yield. Also, some tarry products were formed. Themore than 90% yield without resorting to inert atmo-
best results were obtained when the nitration wasphere. Thus, it is the simplest and cheapest among all
performed with the salt oKXXIX with HBF,. In this  known methods for synthesis of compoundcf. [1]).
case the yield of nitro derivativXL attained 50%. The principal results of the present study, as well as
The use of milder nitrating systems, e.g., HM&,O comparative analysis of the proposed and previously
or NO,BF,/MeCN, resulted in strong tarring, and no known approaches to tetraamitie are given in table.

target productXL was isolated. It is seen that, despite a number of steps, method
CompoundXL is the first proton sponge having no. 3 turns out to be the most efficient. It combines
both donor and acceptor groups in differents ringproton sponges, XXXIX , andll into a single syn-
of the naphthalene system. Analysis of th¢ NMR  thetic sequence. On the other hand, method no. 2 may
spectrum of perchlorateXL -HCIO, in CD;CN be regarded as one of the most convenient, for it
showed that the NH proton iXL -H*, which is includes the least number of steps.
involved in intramolecular hydrogen bond, is dis-
placed toward the 4-NMegroup by 63% (calculated
from the corresponding coupling constants); however,
this displacement is not so strong as expected. A pos- The 'H NMR spectra were recorded on a Bruker
sible reason is that the 8-N@nd 1-NMg groups are DPX-250 instrument at 250 MHz using tetramethyl-
not coplanar because geri interaction. Compound silane as internal reference. The IR spectra were
XL is a much weaker base than proton spohgi,s obtained on a Specord 75IR spectrometer. The UV
ngl value in DMSO is 5.0 (estimated by the trans-spectra were measured on a Specord M-40 spectro-
protonation technique [8]) against to 7.5 for diamlne photometer. Column chromatography was performed
[23]. These data suggest that the 1-dimethylaminasing ALO; or silica gel L 40/100um (Chemapol).
group which does not participate in intramolecularThe progress of reactions and the purity of products
H-bonding deviates from the naphthalene ring planevere monitored by TLC on AD; and Silufol plates;
more strongly than the nitro group. Hence the lattedevelopment with iodine vapor. The melting points
determines the reduced basicityXif . The K, value were determined in a sealed capillary using a PTP
of nitroamideXXX is even smaller: it is equal to 3.8. device and were not corrected. Sodium hydride was
CompoundXL is Smooth|y reduced to aminéLl used as a 50% dispersion in mineral oil (A'dI’ICh)
with SnC}, in hydrochloric acid (yield~80%), and 1,3-Dimethyl-6-nitroperimidin-2(1H)-one (IX).
methylation ofXLI with the system Mel/KOH/DMF The reaction was carried out following the procedure

EXPERIMENTAL
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described in [4]. A solution of 0.35 g (5.1 mmol) of The yield of X was not determined, for the amine
NaNG, in 2 ml of water was added to a solution of undergoes very fast oxidation on exposure to Hi.
1.06 g (5 mmol) of dimethylperimidinon®/ [24] in  NMR spectrum (CDGC)), 8, ppm: 2.74 s (6H, NMe),
50 ml of glacial acetic acid. The mixture was stirred4.8 br.s (6H, NH), 6.60 d (2H, 3-H, 6-H), ; =
for 1 h at 20C, and the resulting orange suspensiory.9 Hz), 6.66 d (2H, 2-H, 7-H).

was poured into 200 _mI of water. The product was aAmine X was alkylated according to Quast [12].
filtered off, washed with water, dried at 190, and It was dissolved in 40 ml of anhydrous THF, and

recrystallized from toluene. Yield ) 1.08 g (84%) 0.036 g (076 mmol) of NaH and 0.07 ml (074 mmol)
Orange needles, mp 2646°C (published data [4]: ot gimethyl sulfate were added to the solution under
mp 262C). IR spectrum (mineral oilly, cm= 1680 gtiring in an inert atmosphere. The mixture was
(C=0); 1628, 1583 (€ Cyron); 1519, _1325 (NQ.  gtirred for 10 min at 25C and for 6 h at 6%C, care-
UV spectrum (MeOH)Apq,, nM (loge): 255 (4.09), 1y diluted (while stirring) with 60 ml of 20%
276 (4.05), 345 (3.09.).' o aqueous KOH, and extracted with hexane (9 ml).
1,3-Dimethyl-6,7-dinitroperimidin-2(1H)-one  The extract was evaporated, and the residue was sub-
(V). Concentrated nltrIC.) acidd( = 141), 0.14 mI #'ected to column chromatography Onzg3 (Brock-
(2.2 mmol), was added in one portion to a solution olman activity grade II; eluent ethyl acetate). From the
0.5 g (1.9 mmol) of compountK in 90 ml of AcOH,  yellow fraction withR, 0.50 we isolated 0.01 g (9%)
stired at 100C. The bright orange mixture was of 1,4,5,8-tetrakis(dimethylamino)naphthalenié).(
stirred for 1.5 h at 108C and cooled to 2TC. The Yellow needles, mp 193194°C (from pentane)
product was filtered off and washed with acetic acidpublished data [2]: mp 1936). 'H NMR spectrum
and water on a filter. Yield 0.32 g (54%). Yellew (CDCLy), 8, ppm: 2.76 s (24H, NMg, 6.79 s (4H,
orange powder which did not melt below 3@D(pub- H_ ). UV spectrum (EtOH)A\, .., nm (logs): 245
lished data [2]: decomposes at 30). IR spectrum (4.42), 361 (4.11), tail absorption up to 450 nm.
(mineral oil), v, cnT': 1691 (G=0); 1625, 1580  Catalytic hydrogenation of 1,4,5,8-tetranitro-
(C—Carom: 1519, 1321 (NQ). naphthalene (XI). CompoundX!l was synthesized by
General procedure for the reduction of the procedure reported in [5]. Decomposition point
compounds with tin(Il) chloride. Nitro compound, 343°C (from acetoneEtOH, 1:1). 'H NMR spec-
0.05 g, was thoroughly mixed with 2 ml of EtOH, trum (DMSO4d), 8, ppm: 8.82 s (4H, H,,»)- The
and a solution of 2 equiv of SnGI2H,0 in 3 ml hydrogenation was performed at°€5 using 0.05 ¢
of concentrated hydrochloric acid was added to th€0.16 mmol) of nitronaphthalenél, 30 ml of MeOH,
resulting solution or suspension. The mixture wasand 0.05 g of the catalyst (2% Pd/C). After 15 h, the
stirred for a definite time at a required temperaturemixture was filtered, and the solvent was removed to
(indicated below for each compound). The mixtureobtain 0.023 g (90%) of 1,5-diaminonaphthalene. The
was then poured in portions into a large excess gbroduct was identical to a sample prepared by hydro-
a concentrated solution of sodium hydroxide (ongenation of 1,5-dinitronaphthalene under analogous
cooling with ice), each time with stirring until tin conditions. Following the same procedure, from
compounds dissolved completely. The product wag,8-dinitronaphthalene we obtained in 5 h 95% of
extracted into diethyl ether (peroxide-free), the extracl,8-diaminonaphthalene.
was evaporated, and the resulting amine was brought Catalytic hydrogenation of 1,4,5-trinitronaphta-
into further transformations. lene (XIII). CompoundXIll was synthesized by
1,8-Bis(methylamino)-4,5-dinitronaphthalene the procedure reported in [SEH NMR spectrum
(VI) was synthesized from nitro derivativé by the (DMSO-dy), 8, ppm: 8.10 t (1H, 7-HJs ;=7.9,J; g=
procedure described in [2]. mp 26%4C (from 8.6 Hz), 8.56 d (1H, 8-HJ; g = 1.0 Hz), 8.62 m
DMF) (published data [2]: decomposes at 23h IR (3H, 2-H, 3-H, 6-H,J, ;= 8.2 Hz). By hydrogenation
spectrum (mineral oil),y, cnl: 3340 (NH); 1600, of XIll for 10 h at 206C we obtained almost 100% of
1500 (G-C,om- 1,5-diaminonaphthalene.

4,5-Diamino-1,8-bis(methylamino)naphthalene When the hydrogenation was terminated after 3 h,
(X) and its transformation into 1,4,5,8-tetrakis(di- the solvent was removed, and the residue was sub-
methylamino)naphthalene (II). Following the above jected to column chromatography on silica gel with
general procedure, nitronaphthylamind, 0.1 g ethyl acetate as eluent, a bright yellow fraction was
(0.36 mmol), was reduced with 1.2 g (4.6 mmol) ofcollected (R 0.87) from which we isolated 10% of
SnClL-2H,0 (2.5 h, 28C) to obtain tetraamineX. 1-amino-4,5-dinitronaphthalenXYIIl ). Red crystals,
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mp 245-246°C (from butanol) (cf. [25]). IR spectrum XI was treated with 0.48 ml (5 mmol) of M8O, in

(mineral oil), v, cn’: 3485, 3370, 1640 (NkJ; 1525, the presence of 0.24 g (5 mmol) of NaH. The yield of
1340 (NQ). 'H NMR spectrum (DMSQdg), 8, ppm: 1l was 0.014 g (14%). It was identical in physical
6.79 d (1H, 3-H,J, 3 = 9.0 Hz), 7.71 t (1H, 7-H, properties to a sample obtained by alkylation of com-
Js 7= 8.4 Hz), 7.78 br.s (2H, NkJ, 8.30 m (2H, 2-H, pound X. Treatment of the hexane extract with
8-H), 8.65 d (1H, 6-H). 0.055 ml (0.64 mmol) of 70% perchloric acid gave

Amination of 1,8-dinitronaphthalene. The reac- 0.028 g of a solid which was recrystallized from
tion was carried out by the modified procedure [9]. Tomethanol to obtain 6,7-bis(dimethylamino)-1,1,3-tri-
a solution of 0.05 g (0.23 mmol) of 1,8-dinitronaph-methyl-2,3-dihydro-H-perimidinium diperchlorate
thalene in 5 ml of MeOH we added 0.1 g (1.4 mmol,(XXI) as a grayish powder decomposing at 280
6 equiv) of NH,OH-HCI and then 0.16 g (2.9 mmol) 282°C. "H NMR spectrum (CRCN), 5, ppm: 3.04 d
of powdered KOH. The mixture was heated to th6H, 7-NMe,, Jyynme = 1.1 Hz), 3.19 d (6H,
boiling point and was refluxed for 1 h. The yellew 6-NMe,, Jyy nwe = 3.5 Hz), 3.36 s (3H, 3-NMe),

orange solution was poured into 20 ml of water, an® 53 br.s (6H, 1-NMg), 4.85 s (2H, 2-H), 7.24 d
the bright yellow precipitate was filtered off and (1H, 4-H, J, = 8.7 Hz), 7.99 d (1H, 9-HJg ¢ =

subjected to column chromatography on,®@4 of 8.8 Hz), 8.04'm (2H, 5-H, 8-H), 18.27 br.s (1H, NH).
Brockman activity grade Il (eluent benzemghyl Addition of a small excess of NaBHo a solution
acetate, 2:1). An orange fractioRy 0.60, was col- ot o5yt x| in acetonitrile at 25C almost instanta-

lected. We isolated 0.01 g (19%) of compoukdlll o, 5y gave 1,45 8-tetrakis(dimethylamino)naphtha-
which was identical to a sample obtained by incCoM1gna (1) in nearly quantitative yield [13].

plete r.lydr.ogenatlon O.f t.rlnltronaphthale}‘idl _ 1,4,5,8-Tetrakis(dimethylamino)naphthalene bis-
Amination of 1,5-d|n|tronaphthalene.A_solutlon (tetrafluoroborate) (I - 2HBF,). Compound i

of 0.16 g (2.9 mmol) of powdered KOH in 5 ml of o o549 067 mmol), was dissolved in 2 ml of ether,

MeOH was added in one portion to a suspension 4 515" (0.13 mmol) of 60% HBFwas added, the

0.05 g (0.23 mmol) of 1,5-dinitronaphthalene an ixture was vigorously shaken for 2 min, and the

0.1 g (1.4 mmol) of NHOH-HCI in 8 ml of MeOH. - !
Thegm(ixture wa,z, stirr?d for 2 h at 30 and poured pr_eC|p|tate was separated_ by decantln_g and washed
with ether. Yield quantitative. Grayish powder,

into 30 ml of water, and the yellow precipitate was _ . )
: . p 341343C (from methanol); published data [2]:
filtered off and subjected to column chromatograph decomposition point 28, BH NMR spectrum

on Al,O,; of Brockman activity grade Il (eluent "
chloroform). A yellow fraction, R 0.30 was collected. (CDLCN), 6, ppm: 3.12 s (24H, NMg, 8.12 s (4H,

Yield of 1-amino-4-nitronaphthaleneXiX) 0.02 g Haron: 1_9'03_) br.s (ZH’_ NH).
(46%), mp 190191°C (published data [11]: 19C). 1,5-Bis(dimethylamino)naphthalene (XXIlI).
IH NMR spectrum (DMSQdy), 8, ppm: 6.68 d (1H, A solution of 1.58 g (0.01 mol) of 1,5-diaminonaph-
2-H, J,, = 89 Hz), 7.54 d.d.d (1H, 6-HJ o = thalene in 20 ml of DMF was stirred for 3 min in
2,3 6,8
' ' an inert atmosphere, 4.48 g (0.08 mol) of powdered
0.7 t|z), 7.58 lzr.s (2H, Nk, 7.75 d.d.d (1H, 7-1—|’ KOH was added, the mixture was stirred for 5 min,
Jo,7 = 74,357 = 1.4 Hz), 8.30 d.d (IH, 5-HJs 6 = 304 5 mI (0.08 mol) of methyl iodide was added. The
8.5 Hz), 8.39.d (1H, 3-H), 8.91 d.d (1H, 8-H). mixture was stirred for 1 h at 2@ and for 1 h at
1,4,5,8-Tetraaminonaphthalene (XII) and its 100°C, diluted with 100 ml of water, made alkaline by
transformation into 1,4,5,8-tetrakis(dimethyl- adding ammonia until persistent odor, and extracted
amino) naphthalene (ll). Following the general with benzene (%20 ml). The solvent was removed
procedure (see above), nitronaphthalexe was from the extract to obtain 1.8 g (84%) of compound
reduced with tin(ll) chloride (2.5 h, 4C). Yield of XXIlIl as grayish crystals with mp 888°C (from
XIl 82%, bluish powder which rapidly turns dark EtOH); published data [15]: mp 888°C. 'H NMR
on exposure to air and undergoes very ready oxidatiospectrum (CDC)), 5, ppm: 2.87 s (12H, NMg,
in solution, mp 160162°C. The product is well 7.05 d.d (2H, 2-H, 6-HJ, ; = 7.4, J, , = 1.0 Hz),
soluble in dilute mineral acidstH NMR spectrum 7.38 d.d (2H, 3-H, 7-HJ; 4= 8.4 Hz), 7.92 d.d (2H,
(CDCly), 8, ppm: 4.1 br.s (8H, N, 6.57 s (4H, 4-H, 8-H).
Harom- Nitration of 1,5-bis(dimethylamino)naphthalene
The alkylation ofXIl was carried out by a proce- (XXIII). a. CompoundXXIIl , 0.05 g (0.23 mmol),
dure similar to the alkylation of amin€. Amine Xl  was dissolved in 2 ml of k80, (d = 1.84) at OC,
prepared from 0.1 g (0.32 mmol) of nitro derivative 0.03 ml (0.047 mmol) of concentrated nitric acid
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(d = 1.41) was added, and the mixture was vigorouslyNH); 1665 (G=0); 1580, 1495 (S C,,m- H NMR
stirred for 30 min at €C. It was then diluted with spectrum (CDG)), 6, ppm: 2.12 s (3H, COMe); 2.79 s
15 ml of cold water, neutralized with concentratedand 2.97 s (6H each, 4-NMend 5-NMsg); 6.64 d,
agueous ammonia until persistent odor, and extracte®l99 d, 7.53 d, and 7.91 d (1H each, 6-H, 3-H, 2-H,
with chloroform (4x10 ml). The extract was 7-H, J, 3 = 8.3, Jg ; = 8.8 Hz); 7.54 s (1H, NH).
evaporated to a minimal volume and was applied té-ound, %: C 61.02; H 6.43; N 17.51.;fl,;N,O5.
a column charged with silica gel. The column wasCalculated, %: C 60.75; H 6.37; N 17.71.
eluted with chloroform, and an oranged fraction 1-(N-Acetylmethylamino)-4,5-bis(dimethyl-
with Rf 0.60 was coIIepted, from Wthh We_lsolated amino)-5-nitronaphtha|ene (XXX“) Powdered
0.024 g (40%) of 1,5-bis(dimethylamino)-3-nitronaph-K OH, 0.019 g (0.33 mmol), and methyl iodide,
thalene XXIV') as an oily substance which crystal-0.076 ml (1.2 mmol), were added to a solution of
lized on cooling to C. Orange needles, mp/B°C 0,095 g (0.3 mmol) of nitroamid&XX in 5 ml of
(from MeOH). 'H NMR spectrum (CDQ)), o, ppm: acetone. The mixture was stirred for 7 days at room
291 s and 2.92 s (6H each, 5-NMand 1-NMe), temperature, the solvent was removed, the residue
7.11d.d (1H, 6-HJs ;=7.6,J5 = 0.9 Hz), 7.52 d.d was dissolved in a small amount of chloroform, and
(AH, 7-H, J; g = 8.6 Hz), 7.71 d (1H, 2-HJ, , = the solution was applie'd'to a column charged with
2.3 Hz), 7.86 d.t (1H, 8-H), 8.85 d.d (1H, 4-|=]4’ g = AlL,O5 of quckman activity grade V The column
0.8 Hz). UV spectrum (EtOH)A,., NM (loge): 282 was eluted with chloroform, and the first red fraction,
(4.10), 334 sh (3.57), 419 (3.55). Found, %: C 64.80F; 0.90, was collected, from which 0.094 g (95%)
H 6.58. G 4H,-N;0,. Calculated, %: C 64.85; H 6.61. of amide XXXIl was isolated. Redrange Ieaﬂets,
b. CompoundXXIll , 0.05 g (0.23 mmol), was mp 15415_?0C (from OCtaf:]e). IR spectrum (mineral
dissolved in 2 ml of glacial acetic acid, 0.03 mi 9. v. cm™ 1670 (G=0); 1580, 1510 (€Cqrqp).
(0.47 mmol) of concentrated nitric acidl & 1.41) 1 NMR spectrum (CDG), 6, ppm: 1.80 s (3H,
was added at 2€, and the mixture was stirred for COMe); 2.83 s and 2.88 s (6H each, 1-NMand
30 min at 206C. The dark red solution was diluted 8NMey); 3.07 s (3H, CONMe); 6.72 d, 6.87 d,
with 50 ml of water, and the precipitate was filtered/-13 d. and 7.52 d (1H each, 06-H, 3-H, 2-H, 7-H,
off, dried in air, and recrystallized from chloroform. J2,3 = 8-2,Js 7 = 8.4 Hz). Found, %: C?1'52; H 6.44;
Yield of 1,5-bis(dimethylamino)-2,4,6,8-tetranitro- N 16:90. GHzoN,O;. Calculated, %: C 61.80;
naphthaleneXXV') 0.028 g (30%). Dark red crystals M 6-71; N 16.96.
with a yellow luster, decomposition point 21819°C. 2,6-Dinitro-1,5-bis(p-tolylsulfonylamino)naph-
'H NMR spectrum (CDQ), 8, ppm: 2.75 s (12H, thalene (XXXIV), which was assigned in [18] the
NMeZ)’ 8.06 s (2H, ldron’)' UV spectrum (acetone), struc_ture of 4,8-dinitro derivativé(XI)_(, was s_yn-
Amax NM (loge): 355 sh (3.77), 449 (3.55), 530 shthesized by the procedure reported in [18] with the
(3.29). Found, %: C 42.62; H 3.55.f,,N¢Os. difference that the product was filtered off after 2 days
Calculated, %: C 42.65: H 3.58. The nitration in therather than immediately after nitration. Yield 72%.
system HN@Q/MeCN gave 32% of compoundXV . Lemon-yellow crystals with mp 26263°C (from
Nitration of 4-acetamido-4,5-bis(dimethyl- 2dueous pyridine) (cf. [18]). IR spectrum (mineral

amino)naphthalene (XXXI). A mixture of 0.085 ml  ©), v, cm " 3280 (NH); 1600, 1540 (ECyq):
(1.3 mmol) of HNQ, (d = 1.41) and 3 ml of concen- 1170, 1080 (S@.

trated sulfuric acid was added dropwise with vigorous 1,5-Diamino-2,6-dinitronaphthalene (XXXV).
stirring to a solution of 0.36 g (1.3 mmol) of amide The hydrolysis of compoun®XXIV was carried out
XXXI [8] in 6 ml of concentrated sulfuric acid as described in [18]. However, we failed to attain
(d = 1.84), cooled to-20°C. The redorange mixture the yield given in [18] (97%) by repeated experiments.
was stirred for 3 min at-20°C, poured onto 100 g The yield of XXXV was 80%. In order to obtain
of crushed ice, neutralized with 55 ml of concentratedProduct XXXV as a readily filterable precipitate it
agueous ammonia, and extracted with chloroformiS advisable to pour the mixture into hot water with
By column chromatography on 4D, of Brockman special precautions.

activity grade V (eluent chloroform) we isolated a red 1,5-Bis(dimethylamino)-2,6-dinitronaphthalene
fraction with Ry 0.43. Yield of 1l-acetamido-4,5-bis- (XXXVI). Diamine XXXV, 0.05 g (0.2 mmol), was
(dimethylamino)-8-nitronaphthaleneXXX) 0.36 g dissolved in 20 ml of acetone or acetonitrile, 0.09 g
(86%). Dark red crystals with mp 16163°C (from (1.6 mmol) of powdered KOH was added, the dark
octane). IR spectrum (mineral oily, cnm: 3240 violet solution was stirred for 1 min, and 0.1 ml
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(1.6 mmol) of methyl iodide was added. The reaction 1,4,5-Tris(dimethylamino)naphthalene (XXXIX)
flask was tightly capped and was left to stand forwas synthesized both as described in [8] and by the
4 days with intermittent shaking. Additional amountsfollowing procedure. 1,4,5-Triaminonaphthalene
of KOH and Mel (the same as above) were added, an@kVII ) [13], 0.5 g (2.9 mmol), was dissolved in
the mixture was kept for 4 days. The solvent wa200 ml of anhydrous THF. The solution was stirred
evaporated, and the residue was washed with chlorder 5 min in an inert atmosphere, 2.2 g (46 mmol) of
form. The extract was subjected to a column chargegowdered NaH was added, the mixture was heated to
with silica gel, and the column was eluted withthe boiling point, and 4.4 ml (46 mmol) of M8O,
chloroform to collect a bright orange fraction with jn 20 ml of THF was added dropwise with stirring to
Ry 0.90. Yield of XXXVl 0.031 g (50%). Bright the boiling mixture. The mixture was then refluxed
orange leaflets with mp 17471°C (from EtOH). for 3 h, cooled to 26C, diluted with 200 ml of con-
H NMR spectrum (CDCG-CCl,, 1:1), 8, ppm: centrated aqueous sodium hydroxide, and vigorously
2.89 s (12H, NMg), 7.62 d and 7.98 d (2H each, shaken. The organic phase was separated, and the
4-H, 8-H, 3-H, 7-H,J; , = 9.2 Hz). UV spectrum zqueous phase was extracted with hexanes@ml).
(MeOH), Apae NM (loge): 255 s (4.15), 282 (4.05), The extracts were combined with the organic phase,
328 (3.94), 433 (3.47). Found, %: C 54.86; H 4.923n the solvent was removed to obtain 0.3 g (60%) of
Cy4H16N4O,. Calculated, %: C 55.26; H 5.30.  ¢ompoundXXXIX as a reddish oily substance which
2,6-Diamino-1,5-bis(dimethylamino)naphthalene was identical to a sample prepared by the procedure
(XXXVII) was synthesized from dinitro derivative described in [8].
XXXVI , following the general procedure for reduc- 1,4,5-Tris(dimethylamino)naphthalene hydro-

tion with tin(ll) chloride (2 h, 28C). Yield 85%. tauafioroborate (XXXIX -HBF,) was synthesized

Gray pr(])w_der (relatively stable to (I)éidation With 55" described above for bis(hydrotetrafluoroborate)
atmospheric_oxygen), mp 18I5C. IR spectrum " 5 gE “vield quantitative. Colorless powder,

(mineral oil), v, cn™*: 3380, 3300 (NH); 1630; 1600, mp 204-205°C (from MeOH).
1500 (G-C,,oy)- *H NMR spectrum (CDG)), 8, ppm:
2.96 s (12H, NMg), 3.9 brs (4H, Ni), 6.96 d and \ »™""-y s HBF, 02 g (0.6 mmol). was

7.55d (2H each, 3-H, 7-H, 4-H, 8",:]3'4: 8.8 '__'Z)' dissolved at-20°C in 12 ml of concentrated sulfuric
General _proceo!ure for exhaustive alkylation of  5.iq d = 1.84), and 0.04 ml (0.64 mmol) of concen-
naphthylamines with the system MgSO;-Na,COs  trated nitric acid @ = 1.41) was added with stirring
H,O. The alkylation was carried out by the m'OdIerd at—20°C. The mixture was kept for 5 min with occa-
procedure [22]. To 1 mmol of naphthylamine wegjona| stirring, poured onto 80 g of ice, neutralized
added in successu?n fdlmethyl suOIIfate (4 1mmo| P&{yith concentrated aqueous ammonia until persistent
amino group), 5 ml of water, and Ma0s-10H,0 4o “anq extracted with chloroform €20 ml). The
in an amount equimolar 1o the dimethyl sulfate takensolvent was removed from the extract, and the residue

;rr:ﬁ mrlx'fturrt: Wi?ilv'%%roiﬁ%lsg?nd Iﬂ;ﬁ h d?s:[arooézlre as subjected to column chromatography on silica gel
emperaiure U b bp sing chloroform as eluent. A yelleverown fraction,

(TLC). The resulting suspension was neutralized wﬂ}% 0.30, was collected. We isolated 0.088 g

1,4,5-Tris(dimethylamino)-8-nitronaphthalene

. . ; ;
concentrated agueous ammonia until persistent od 0%) of nitronaphthalenXL as an orange oily sub-

and was extracted with benzene. If necessary, ts ance which crystallized on cooling t6@, mp 86-

product was purified by chromatography on,BL. 1
In such a way, the following compounds were syn-870C (from MeOH)."H NMR spectrum (CDG), 5,

—adl (vi o . : 2.55 s (6H, 1-NMg, 2.74 br.s and 2.84 br.s
thesized! (yield 93%, from 1,8-diaminonaphthalene); ppm
XXII (65%, from 1,5-diaminonaphthalene), and(&H €ach, 4-NMg 5-NMe,), 6.70 br.d and 6.93 br.d

XXXIX (52%, from 1,4,5-triaminonaphthalene). g:;j' schdi;'_' Sagﬁlz SZH 872H\;6EJ\:/ iple (t:ﬁl’ZL)Jm7(2E:][-C;jH)

1,2,5,6-Tetrakis(dimethylamino)naphthalene . O/
(XXXVII).  Amine XXXVII was alkylated with the émagg‘zng('o%s)'gg% (4'(36,24)’ ‘&IZ%Sh gffgl'afgé’”d%@'
system MgSO/Na,COy/H,0, following the above < o cc” /o an 224 C

general procedure. Yield ofXXVIIl 60%. The prod- _
uct was identical in physical and spectral parameters Peérchlorate XL - HCIO,. Yellowish needles. De-
to that described in [21}H NMR spectrum (CDG), ~ Composition point 22223C (from water)."H NMR
5, ppm: 2.72 s and 2.98 s (12H each, 2-Nje Spectrum (CECN), 3, ppm: 2.62 s (6H, 1-NMg;
6-NMe,, 1-NMe,, 5-NMe,), 7.27 d and 7.91 d (2H 3.07 d (6H, 5-NMe, Jy nve = 1.9 Hz); 3.17 d (6H,
each, 3-H, 7-H, 4-H, 5-HJ; , = 9.1 Hz). 4-NMey, Iy nve = 3-3 Hz); 7.69 d, 7.81 d, 7.95 d,
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and 8.02 d (1H each, 2-H, 6-H, 7-H, 3-8, ;= 8.2, 9.
Js 7 = 8.4 Hz); 18.66 br.s (1H, NH). Found, %:
C 47.50; H 5.43; Cl 8.89. gH,5CIN,O;. Calculated,
%: C 47.70; H 5.76; CI 8.80.
1-Amino-4,5,8-tris(dimethylamino)naphthalene 10.
(XLI) was synthesized by reduction of nitro derivative
XL according to the general procedure (1 h’@p
Yield 80%. Yellow oily substance which rapidly turns
green on exposure to air. IR spectrum (film),cn™:
3420, 3273 (NH); 2913, 2847, 2806, 2760 (GH 12
1580, 1487 (GC,,,y)- H NMR spectrum (CDG)),
8, ppm: 2.68 s, 2.70 s, and 2.73 s (6H each, 4-MMe 13-
8-NMe,, 5-NMe,); 6.52 d, 6.80 d, 6.82 d, and
7.04 d (1H each, 2-H, 3-H, 7-H, 6-H}, 3 = 8.1,
Js.7 = 8.2 H2). 14.
Transformation of 1-amino-4,5,8-tris(dimethyl-
amino)naphthalene (XLI) into 1,4,5,8-tetrakis(di-
methylamino)naphthalene (IlI). CompoundXLIl was
alkylated following the general procedure with the
system MgSQO,/Na,CO4/H,0. Yield of Il 40%. The
product was identical to samples df prepared by
the other methods.

11.

15.

16.
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