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peri- N a ph th yl enediamines. 
28.* Nitration of 1,8-bis(dimethylamino)naphthalene 

and 5,6-bis(dimethylamino)acenaphthene in neutral and weakly acidic media. 
The first case of isolation of o-nitro and o,o'-dinitro derivatives of "proton sponges" 
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o-Nitro and o.o'dinitro derivatives of 1,8-bis(dimethylaminoinaphthalene and its 
acenaphthene analog were prepared tor the first time by direct nitration with nitrogen dioxide 
or tetranitromethane. When 5,6-bis(dimethylamino)acenaphthene was [rented with nitric acid 
in AcOH or MeCN or with nitronium tetrafluoroborate in MeCN, nitration was accompanied 
by partial demethylation of one of the N Me 2 groups. 
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Theoret ical ly,  the ex t remely  high basicity of  
t ,8-bis(dimethylamino)naphthalene ("proton sponge," 1, 

pK~ = 12.1, H~O, 25 ~ z and, particularly, of  its 
2,7-dialkoxy derivatives 2 (pK~ -16.1, DMSO : H~O = 
3 : 2. 25 ~ 3A should be even higher in the case of 
compounds conta in ing  ortho-dialkytamino groups.  
The previously unknown  n i t ro  derivatives, viz., 
I ,S-b i s (d imcthy lamino) -2-n i t ronaphtha lene  (3) and 
1 .8-b is (d inae thylamino)-2 .7-d in i t ronaphthalene  (4), 
could serve as their synthetic precursors. 

Because of the peculiarities of the molecular struc- 
ture of compound 1, positions 2 and 7 in its molecule 
are substantially shielded by the methyl groups)  How- 
ever, using chlorination with N-chlorobenzotriazole 6 
and bromination with N-bromosuccinimide 7 as examples. 
we have recently demonstrated that regioselective ortho- 
substitution in 1,8-bis(dimethylamino)naphtha!ene can, 
in principle, occur. This gave promise that ortho-nitro 
derivatives 3 and 4 could be prepared. In previous 
studies 8'9 of nitration of d iamine  I, seven out of nine 
possible products of its ni trat ion (5a--g, taking into 
account that the electrophilic substitution in this series 
never proceeds at meta positions 10) 
were isolated. As part of con t inu ing  
studies, in the present work we re- 
port the synthesis and properties of 
both missing ortho+isomers 3 and 4. 
In addition, we performed ortho-ni- 
tration of 5,6-bis(dimethylamino)-  
acenaphthene (6), wtaose reactivity 
has not been studied previously. To 

6 

* For Part 27, see Ref. I. 

prevent deactivation of the ortho positions due to con- 
versions of compounds ! and 6 into protonated forms, 
all experiments associated with nitration were carried 
out in neutral or weakly acidic conditions. 

M e 2 N  N M e  2 

Y N O  2 

1 - - 4  5 a - - g  

I : X = Y = H  5 a : X  = Y = Z - - H  
2:  X = Y = OMe,  OEt 5 b :  X = Z = H. Y = NO 2 

3:  X = H, Y = NO 2 5 r  Y = Z = H. X = NO 2 

4:  X = Y = NO~ 5 d :  X = Y  = H. Z = NO 2 

5 e :  Z = H, X = Y = NO 2 
5f: Y = H, X = Z = NO 2 

5g: X = Y = Z = NO 2 

Previously, it has been demonstrated 9 that the reac- 
tion of compound 1 with nitrogen dioxide in CHCI 3 
afforded a broad spectrum of nitro products. However, 
derivatives 3 and 4 were absent among these products. 
One would expect that nitration of diamine 1 in CCI 4, 
which involves substitution proceeding predominantly 
according to a radical mechanism, l l , lz  would proceed 
even less selectively to form ortho-nitro derivatives 3 
and 4 along with other nitration products. Actually, we 
succeeded in obtaining for the first time 1.8-bis- 
(dimethylamino)-2-nitronaphthalene (3) in 9% yield 
along with nitro derivatives 5a - - f  (which are generally 
formed) upon nitration of compound I with one equiva- 

Published in Icvesto'a Akademii Nauk. Seriya Khimicheskaya, No. 7, pp. 1215--1220, July, 2000. 

1066-5285/00/4907-1212 $25.00 �9 2000 Kluwer Academic/Plenum Publishers 



o-Ni t ra t ion  of  "proton sponges" Russ.C71em.Bull.. Int. Ed., //b/. 49. No. 7, July, 2000 1213 

lent of  NO 2 in CCI 4. whereas nitration with the use of 
two equivalents of NO~ afforded 1.8-bis(dimethylamino)- 
2 .7-dini t ronaphthalene (4) (1%). As expected, a de- 
crease in the selectivity of  the reaction in CCI 4 was 
accompanied  by a decrease in the total yield of nitration 
products  by a factor of  1.5--2 due to substantial 
resinification (it is known 13 that CCI 4 is a stronger 
oxidizing agent than CHCI3). 

When nitration was performed in dichloroethane, 
the yield of  ortho-dinitro derivative 4 increased to 2%. 
Further variations in the temperature (from - 3 0  to 
+10 ~ concentrat ion,  and reaction time (10 r a i n -  
6 h) as well as the use of  different solvents (CH2CI 2 or 
MeCN)  did not enhance the yield, which indicates that 
ortho-dinitration of  -I ,8-bis(dimethylamino)naphthalene 
(11 is extremely difficult. 

It should be noted that nitration of compound 1 
with nitrogen dioxide (I equiv.) in dichloroethane or 
CH2C12 afforded the previously unknown 2,3-dihydro- 
1 .3-dimethyl -4-ni t roper imidine  (7) (the yield was _<1%) 
(Scheme I). Analogous reactions have been observed 
p rev ious ly  for c o m p o u n d  1 14 and 1,4,5,8- 
te t rakis(dimethylamino)naphthalene  v~ under the action 
of  par t icular  transition metal complexes and iodine, 
respectively. Apparently.  the process occurs according 
to Scheme 1, involving demethylation of intermediate 
2 .3-dihydroper imidinium quaternary, salt 8 (see Ref. 
16). 

Scheme I 

NO~" 
8 ~ �9 3 +" 

-NO 2- -H 

M e N ~ N M e  ~ NO~ 

7 

~-CH3NO 2 

Me--N: -) *N-Me ~ NO 2 

~ NO 2- 

Me NOr 
Me _.XN.,~",.N fMe 

~ /NO 2 

8 

It is not inconceivable that compound 7 is also 
Ibrmed in other  reactions with the participation of 
nitrogen dioxide.  However, compound 7 often cannot 
be isolated due to a low yield and the tendency of 
d ihydroper imidines  to oxidize. 

It is known 17.18 that in some cases tetranitromethane 
(TNM)  can serve as a convenient  nitrating agent lbr 
activated aromat ic  compounds.  For example, its reac- 
tion with N.N-dimethyl-p-toluidine afforded N,N-di- 

methyl-2-nitro-p-toluidine in the cold, whereas - th i s  
reaction at higher temperatures gave N - m e t h y i - N -  
nitroso-p-toluidine. 19 Pyridine is commonly used t'or 
trapping nitroform that forms. It is believed 17.2e that 
nitration of N,N-dialkytanilines in solutions proceeds 
according to the ion-radical mechanism with the par- 
ticipation of  the charge-transfer complex (CTC) in which 
the electron transfer occurs. This mechanism of  nitra-  
tion is also typical of  TNM. t8 

We per~%rmed a series of experiments on nitration of  
compound 1 with TNM in various solvents (CCI 4, 
MeCN, dichloroethane, or CH2CI2; the opt imum con-  
ditions were as follows: 0 ~ reaction time 1 hi. The 
highest yield of  compound 3 (15%) was achieved in 
CC14. 

A distinguishing feature of nitration of  1.8-bis- 
(dimethylamino)naphlhalene (1) with the T N M / C C I  4 
system is the formation of a brown precipitate,  which 
was gradually transformed into soluble nitro products.  
We believe that this precipitate is actually a molecular  
complex of the substrate with TNM (it is known that 
compound 1 can form charge-transfer complexes even 
with weak n-acceptorsZl). Its formation accounts lbr the 
very. low yield (of about 6%) of  2.7-dinitro derivative 4 
(<1%) and other dinitro compounds as well as for the 
complete absence of tri- and tetranitro derivatives. 

Unlike NO 2 and TNM, nitronium tetrafluoroborate 
reacted with 1,8-bis(dimethylamino)naphthalene to give 
only compounds 5a,b,g (Table 1). Apparently. nitration 
of  compound 1 occurred primarily at positions 4 and 5 
due to greater steric requirements (the N O , "  cat ion is 
linear, whereas the NO2" radical has an angular struc- 
ture). Interestingly, binaphthyl 9 is lacking among the 
reaction products. Small amounts of compound 9 (as 
evidence of radical processes) are always formed under  
the action of nitrogen dioxide, nitric acid, or even a 
nitrating mixture. 9 

M e 2 N ~ N M e  2 

9 

Previously. it has been demonstrated 8 that the reac- 
tion of compound I with the HNO3/AcOH system 
(even when an insufficient amount of  nitric acid was 

Table I. Results of nitration of 1.8-bis(dimethyl- 
amino)naphthalene (1) with nitronium tetrafluoro- 
borate in acetonitrile (20 ~ 20 mini 

NO2BF 4 Yield of products (%) 
(equiv.) ! 5a 5b 5g Resin 

I 6 58 5 6 25 
2 -- 25 8 17 50 
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Scheme 2 
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used) afforded only tetranitro derivative 5g. It is reason- 
able to expect  that n i t ra t ion  o f  5 .6-bis (d imethyl -  
amino)acenaphthene  i6) under these or analogous con- 
ditions will proceed exclusively at the ortho positions 
with respect to the N,'Vle 2 groups. Actually, the reactions 
in AcOH afforded di- and mononi t ro  derivatives ( i l  
and 12. respectively; 3--12% yields, Table 2) in spite of 
the fact that mononit ro  compound  10 (Scheme 2) was 
detected in none of experiments,  In this case, the 
formation o f  compound 12 was accompanied by elimi- 
nation of  the methyl group. The maximum yield of 
d in i t roacenaphthene  11 was achieved in MeCN. How- 
cver, the yield of  !1 was only 10--12% (although this 
value is substantially higher than the yield of compound 
4), while the yield of  compound  12 was 78%. In some 
cases, demethyla ted  o .o ' -dini t ro-subst i tuted derivative 
13 was isolated from the reaction mixture in insignifi- 
cant yields. Apparently,  the absence of mononitro de- 
rivative 10 among the reaction products is attributable 
to the fact that nitration o f  compound 6 proceeds 
through its protonated form 6a, whereas subsequent 
n i t ra t ion  o f  c o m p o u n d  10 p roceeds  through the 
nonprotonated form due to the sharp decrease in its 
basicity and,  consequently,  the latter process occurs 
substantially much more rapidly. 

Apparent ly ,  demethylat ion is oxidative in character 
and proceeds  with the part ic ipat ion of radical cation 
6 +. . Unlike radical cation 14-. , which reacts at acti- 
vated and sterically slightly hindered peri positions (the 
reaction with NO2" to form 4-ni t ro  derivative 5a or 
dimerizat ion to binaphthyl 9), radical cation 6 +" , whose 
peri posit ions are occupied, can lose the methyl group 
to form diamine  14 as an intermediate,  in this case, 
either direct  elimination of  the CH 3 group (as the 
cation or  radical initiated by a nucleophile or radical, 

respectively) or hydrolytic cleavage of immonium salt A 
can occur (Scheme 3). 

Scheme 3 

- e  - "  - M e -  + R N M e . ,  
R--NMe 2 ~ R--NMe 2 ~ R--NMe ~ 

H~O 

l § 
RNHMe + R--N,. 

Me 
A 

Apparently, the formation of compound lZ rather 
than its isomer in which the N HMe group is more 
remote from the nitro group is attributable to the fact 
that the NMe 2 group in N,N'-trimethyl-substituted peri- 
naphthylenediamines adopts a pyramidal configuration 
and cannot efficiently interact with the n-system of  the 
ring.Zl,zz 

It is likely that oxidative destruction accompanied by 
nitration of compound 6 also proceeds through radical 
cation 6 +- , especially, when an excess of nitric acid is 
used ( t f  runs I - -4  or 6 and 7 in Table 2). 

A sharp decrease in the acidity of the medium (the 
use of MeCN and NO2BF 4 in place of AcOH and 
HNO 3, respectively) made it possible to suppress oxida-  
tion and to increase the yield of nitration product 12 to 
70--80% (Table 2). The opt imum procedure for its 
preparation involves gradual addit ion of 2--3 equiv, o f  a 
nitrating agent to the substrate. 

We succeeded in preventing demethylation and ter-  
minating the reaction at the stage o f  introduction of  one 
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Table 2. The composition of the reaction mixture formed upon nitration o{'5,6-bis(dimethylamino)acenaphthene (61 with 
nitric acid (d 1.4t )o r  nitronium tetrafluoroborate 

RLnl Medium Nitrating Time/ 77~ Composition of the reaction mixture (%) 

agent (equiv.) rain 6 11 12 13 Oxidation products 

I AcOH H N O 3  (I) ~ 15 80 60 2 6 -- 32 
2 A c O H  HNO 3 (2)" 15 S0 30 3 3 traces 64 
3 A c O H  HNO 3 (3) ~ 15 80 -- ~ 12 -- 88 
4 AcOH HNO 3 (4) a 15 80 . . . .  100 
5 MeCN HNO~ (I) h 5 82 30 10 27 2 31 
6 MeCN HNO 3 (I) c 5 82 10 12 29 1 48 
7 MeCN HNO 3 (2) b 5 82 10 I0 15 5 60 
8 MeCN HNO 3 (2)" 5 82 2 4 47 -- 47 
9 MeCN HNO 3 (3)" 5 82 --  ~ 60 traces 40 
10 MeCN HNO 3 (3)" 5 82 --  --  67 -- 33 
I I MeCN HNO 3 (4) '~ 5 82 -- --  - -  2 98 
12 MeCN NOzBF.~ ( 1 )" 5 82 "r --  52 J.  4 9 
13 M e C N  N O 2 B F  4 (2)  a 5 82 - -  ~ 78 I 21 

"The result is independent of the rote of addition. 
~' Rapid addition of HNO 3 in the corresponding solvent (faster than 5 s). 
"An HNO 3 solution was added dropwise over I rain. 

n i t ro  g roup  wi th  the use of  T N M  as the n i t ra t ing  agen t .  
T h u s ,  the  r e a c t i o n  of  5 , 6 - b i s ( d i m e t h y l a m i n o ) a c e -  
n a p h t h e n e  wi th  I equiv, of  C(NO2)  4 in CCI4 a f fo rded  
m o n o n i t r o  der iva t ive  10 in 64% yield. However ,  the  use 
of  2 equiv, o f  T N M  resulted in res ini f ica t ion.  

F r o m  the  preparat ive  viewpoint ,  it is more  c o n v e -  
n ien t  to synthes ize  c o m p o u n d  10 by a lkyla t ion o f  readi ly  
accessible t r i rnethyl-subst i tu ted c o m p o u n d  12. P ro longed  
refluxing o f  the  la t ter  with Mel afforded d i am i ne  10 in a 
yield o f  h igher  t h a n  85%. 

All n i t ro  der ivat ives  of  c o m p o u n d s  I and  6 s y n t h e -  
sized were ob t a ined  as crystall ine subs tances ,  excep t  for  
c o m p o u n d  3, w h i c h  formed as a red oil. It is wor thy  o f  
note  that  the resul t ing nitro c o m p o u n d s  are c h a r a c t e r -  
ized by r a t h e r  h igh  c h r o m a t o g r a p h i c  m o b i l i t y  
(Tab le  3). It c an  be seen that  ortho-nitro der iva t ives  3, 
4. 10, and  11 are charac ter ized  by the  largest gf values ,  

Table 3. Chromatographic mobilities (Rf) of nitro 
compounds 3--5. 10, and Ii  on A120 ~ (1II, CHCI3) 
and silica gel (CoH0) 

Corn- Positions of Al2Oa Silica gel 
pound nitro groups 

4 2.7-(NO:) 2 0.95 0.50 
3 2-NO~ 0.88 0.25 
5a 4- N O-, 0.83 0.17 
5d "~ ~-(NO~)~ 0.80 0.10 
5c 2,4-( NO_, )2 0.64 "~ 
5f 2,4,7-(NO2) 3 0_64 " 
5b 4.5-(NO2) z 0.33 " 
5e 2.4.5-1 NO2) 3 0.25 a 
5g 2,4,5,7-(NO2) 4 0.20 " 
10 4-NO 2 0.85 '~ 0.38 
11 4,7-(NO2) 2 0.89/' 0_80 

'~ Rf < 0.10. r',M203-11. 

which m a k e s  it possible to readily separate these der iva-  
tives from o t h e r  n i t roamines .  On  the whole,  c o m p o u n d s  
of  the a c e n a p h t h e n e  series are more mobile  than  t he i r  
n a p h t h a l e n e  analogs .  

We e s t i m a t e d  the basicit ies of  some of  the syn the -  
sized n i t ro  c o m p o u n d s  by the  compet i t ive  me thod  using 
IH N M R  spec t roscopy  in D M S O - d r .  23 The fol lowing 
ioniza t ion  c o n s t a n t s  pK a were obta ined:  4.1 (3),  3.5 
(Sa), 8 and  5.1 (10).  Taking in to  account  the fact t ha t  
the pK a va lues  for  ortho- and para-nitroanilines in wa te r  
are - 0 . 2 6  a n d  1.1 I, respectively,  z4 the above pKa values  
are ind ica t ive  o f  the  existence o f  the so-cal led " suppor t -  
ing effect" (h igh  basicit ies o f  ortho-substituted "p ro ton  
sponges") in ortho-nitro der ivat ives  3 and 10. This  effect 
has also b e e n  revealed previously in ortho-halogen de-  
rivatives, z5 bu t  it is most p r o n o u n c e d  in c o m p o u n d s  2. 
Unfo r tuna t e ly ,  o.o'-dinitro derivat ives  4 and  i l  did not  
u n d e ~ o  p r o t o n a t i o n  in d ime thy l  sulfoxide (pK a = 0) 
even in the  p r e sence  of  an excess of  mineral  acid, w h i c h  
prevented  us f rom d e t e r m i n i n g  the i r  basicities by the  
c o n c u r r e n t  m e t h o d .  

Experimental 

The IH N M R  spectra were recorded on Unity-300 (300 
MHz) and Bruker DPX-250 (250 MHz) instruments with 
Me4Si as the internal standard. The UV spectra were measured 
on :1 Specord M-40 spectrometer. The IR spectra were obtained 
on a Specord I R-71 spectrometer. Chromatography was carried 
out on AI20 3 (the activity is given in parentheses) and silica gel 
L 40/101) p.m (Chemapol). The melting temperatures were 
measured on a PTP instrument in sealed tubes and were not 
corrected. Nitrogen dioxide was dried over CaCI 2 and P20.~. 
Tetranitromethane was synthesized according to a procedure 
reported previously 2"6 and dried with Na2SO 4. Nitronium 
tetrafluoroborate (97% purity, Fluka) was used. The solvents 
were purified and dried according to standard procedures. 
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1,8-Bis(dimethylamino)naphthalene was a commercially avail- 
able reagent (Merck). 

Nitration of 1,8-bis(dimethylaraino)naphthalene (1). A. With 
nitrogen dioxide (1 equiv.). A solution of NO~ (46 ttL. 
1.5 retool) in dry CCI 4 (10 mE) precooled fo 0 ~ was added 
portionwise (over 30 rain) with stirring to a solution of com-  
pound ! (320 rag, 1.5 retool) in du, CCI.~ (30 mL~ cooled to 0 
~ The reaction mixture immediately turned dark cherry. The 
mixture was kept at 0 ~ for 4 h. Then the precipitate that 
formed was filtered off, refluxed with 10% KOH (10 mL) for 
I rain, and extracted with benzene (3• mLJ. The extract was 
passed through a column with A1203 (111; CHCI 3 as the eluent) 
and the starting compound I was recovered in a yield of 0.170 g 
(459). 

The filtrate was concentrated and compounds 3 and 5a 
were isolated from the residue by preparative TLC on silica gel 
(benzene as the eluent) in y~elds ot 0.034 g (9%J and 0.072 g 
(19%), respectively, 

1,8-Bis(dimethylamino)-]-nitronaphthalene (3), a red oil 
soluble in acids and organic solvents. Found (%): C, 64.72; H, 
6.68. CI4HITN~O 2. Calculated (9): C, 64.85: H, 6.61. IH 
NMR (CDCI3). 5: 2.7q Is, 6 H. ~;-NMe2): 2.90 (s, 6 H, 
I-NMe2): 7.02 (dd. 1 H, H(7), J6.; = 7.62 Hz), 7.31 (dd. I H. 
H(5), J.~, = 7.ql Hz, J5.7 = I.t7 Hz): 732 (d. I H, H(4). 
J3.a = 8.79 Ha): 7.39 It, I H. Hi6)): 7.53 (d. I FI, H(3)). 
UV (MeOHh ~.m;,~/nm (Ig ~) 225 (4.41), 250 (sh. 4.20), 320 
(sh. 3.91). 438 (3.53), terminal absorption to 610 nm. 

I,$-Bis(dimethylamino)-4-nitronaphthalene (5a), dark- 
cherry crystals, m.p. 134--135 ':C. A mixture with the authentic 
sample s did not give a melting point depression, 

B. With nitrogen dioxide (2 equiv.). The reaction was 
carried out analogously to method A. The reaction mixture was 
stirred at 0 ~C lbr 4 h and the resinous precipitate that tbrmed 
was filtered off and discarded. The filtrate was concentrated to 
the minimum volume and passed through a column with silica 
gel (benzene as the eluentL The first red-orange fraction was 
collected. 1,8-Bis(dimethylamino)-2,7-dinitronaphthalene (4) 
was obtained as pale-brown crystals in a yield of 4 mg (I%L 
m.p. 175--176 ~ (from MeOH). Found (%): C, 55.33: H. 
5.39, CI4Htc, N404. Calculated (%k C, 55.26: H, 5.30. IH 
NMR (CDCI3), 5:2.92 (s, 12 H. NMe2); 7.37 (d, 2 H. H(4), 
H(5). JL4 = 8.79 Hz); 7.62 (d, 2 H, H(3), H(6)). UV (MeOHL 
km:.x/nm (Ig E): 249 (4,27). 295 (sh. 3.84). 384 (3.71), 516 (sh, 
3.34L terminal absorption to 560 nm 

When the reaction was carried out in dichloroethane 
(-30 ~ 6 h), compounds 7 and 4 were isolated in yields of 
4 nag (1%) and 10 mg (2%), respectively. 

1,3-Dimethyl-4-nitro-2,3-dihydrnperimidine-(7), Rf 0.65 
(silica gel, benzene), pale-red needles, m.p. 93--94 ~ (from 
hexane), poorly soluble in dilute mineral acids and readily 
soluble in organic solvents. Found (%): C. 64.52; H, 5.17. 
C~3Ht3N302. Calculated ~,%1: C. 64.19: H, 5.39. JH NMR 
(CDCI3). 6:3.01 Is, 3 H, I-NMe): 3.05 (s, 3 H. 3-NMe); 4.29 
is. 2 H. H(2)): 6.60 (dd, I H. H(ql. Js.,~ = 7.77 Hz); 7.17 (dd, 
I H, H(7), JT.s = 8.07 Hz): 7,28 (d, 1 H. H(6L J5.6 = 9.20 Hz): 
7,47 (t, I H, H(8), J~,~ = 7.77 Hz); 7.95 (d, 1 H. H(5)). 

C. ~ith tetranitromethane. A solution of TNM (178 laL, 
1.5 retool) in dry CCI,~ (20 mL) was added dropwise with 
vigorous stirring to a solution of compotmd I (320 nag, 
1.5 mmol) in dry CC14 (20 mL) cooled to 0 ~ The reaction 
mixture rapidly turned dark red and a brown precipitate formed. 
The mixture was vigorously stirrred for 1 h (taking into account 
the time of addition of TNM). After cooling to -20 ~'C, 10% 
KOH (10 rnL) was added to the mixture, and the mixture was 
refluxed with stirring for I rain. The organic layer was separated 

and the aqueous layer was extracted with chloroform-. The 
combined organic extracts were concentrated and the residue 
was chromatographed on silica gel (benzene as the eluent). 
Compounds 4, 3, and 5a were successively isolated in yields of 
4 mg {1%), 58 mg (15%), and 70 mg (18%1, respectively. The 
samples are identical in physicochemical properties to those 
obtained previously. 

D. Nitronium tetrafluoroborate (1 equiv.). A solution of 
NO2BF 4 {0.132 g, I retool) in anhydrous MeCN* (140 mL) 
was rapidly added with stirring to a solution of compound I 
(0.214 g, I retool) in anhydrous MeCN (10 mL). The color of 
the reaction mixture changed from pale yellow to pale brown. 
Then MeCN was evaporated_ The residue was treated with 
concentrated NH 3 (3 mL) and concentrated to dryness. The 
resulting mixture was treated with CHCI 3 (4• mL). The 
chloroform extracts were combined and chromatographed on 
A1203 (11, CHCI3). Compound 5a, the starting compound 1. 
and 1,8-bis(dimethylamino)-4,5-dinitronaphthalene (5b) were 
obtained in the order of elution in yields of 150 mg (58%), 
13 mg 16%). and 16 mg (5%). respectively. The latter com- 
pound was obtained as a dark-red finely crystalline powder, 
m.p. 277--280 ~ (with decomp., from CHCI~). 9 

The residue of the reaction mixture undissolved in chloro- 
form was cry. stallized from acetone. Yellow-brown cr2,.'stals of 
1.8-bis(dimethylamino)-2,4,5,7-tetranitronaphthalene (5g) were 
obtained in a yield of 22 mg (6%), t.decomp. >250 ~ 

Nitration of  5,6-bis(dimethflaraino)acenaphthene (6). A. 
With nitr& acid (Table 2. rtm 7). A solution of 70% HNO 3 ( 102 
gL, Ifi retool) in MeCN (40 mL) was added to a boiling 
solution of compound 6 z2 (0.192 g. 0.8 retool) in MeCN 
(40 mL) over 5 s. The red-brown solution was refluxed for 
5 rain, cooled to -60 ~ treated with concentrated NH 3 
(5 mL), and concentrated to dryness. The residue was 
chroma!ogmphed on a column with silica gel (CHCI 3 as the 
eluent). Compounds 11, 13. and 12 were obtained in the order 
of elution in yields of 26 mg t10%), 0.013 g (5%), and 0,033 g 
(15%), respectively. 

5,6-Bis(dimethylamino)-4,7-dinitroacenaphthene ( 1 I), 
R r 0.77. pale-orange needles, m.p. 266--268 ~C (from EtOH). 
Found (%): C, 58.02: H. 5.40. Ct6HIsN40,.  Calculated (%): 
C. 58.18; H. 549. ZH NMR (CDCI3). 5:2.86 (s, 12 H, NMe2): 
3.32 (s. 4 H, H(I).  H(2)): 7.42 (s, 2 H, H(3), H(8)). 
UV (MeOH). kmax/nm (Ig ~): 258 (4.18), 295 (sh, 3.76). 
400 (3.62), terminal absorption to 520 nm. 

5- Dimethylamino-6-methylamino-4,7-dinitroacenapht hene 
(13). Rf 0.60, dark-brown crystals, rn.p. 180--182 ~ (from 
EtOH). Found (%): C, 57.15: H, 5.08. CIsHIf, NaO 4. Calcu- 
lated (%): C, 56.96: H. 5.10. JH NNIR (CDCI3), 6:2.82 is. 
3 H, 6-NMe); 2.89 (s, 6 H, 5-NMr 3.28 (m, 2 H, H(I), 
H(2), ./t2 = 4.69 Hz): 7.44 (br.s, 1 H, H(3t); 7.76 it. I H, 
H(8), JI.8 = 1.41 Hz); 9.77 (br.s. I H, NH). IR (Nujol mulls), 
v/era-I: 3420 (N~4",. 1550, 1325 (NO2/. 

5-Dimethylamino-6-methylamino-7-nitroacenaphthene (12). 
R r 0.40, red needles with a golden luster, m.p. 141--t43 ~ 
(from EtOH). Found (%): C, 66.12: H, 5.99. C15HtTN~O 2. 
Calculated (%): C, 66.40: H, 6.32. PH NMR (CDCI3L 6:2.76 
is, 6 H. 6-NMez); 2.82 Is, 3 H, 5-NMe);  3,24 (m. 4 H, H(1), 
H(2), JL2 = 5.61 Hz): 7.21 (d. 1 H, H(7), J7,,~ = 7.60 Hz)" 7.30 
(br.d, I H. H(8)); 7.65 (t. I H, H(3), '/2.3 = 1.54 I-'lz); 10.17 
(br.s. 1 H, NH). IR (Nujol mulls), v /era-I :  3400 (NH), 1550. 
1330 (NO2). 

* NO2BF 4 very. slowly dissolves in aeetonitr i le. It is better to 
prepare a solut ion at 50 ~ fo l lowed by cooling to room 
temperature. 
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B. With nitronium tetrafluoroborate (Table 2, run 12). The 
reaction was carried out analogously to nitration of compound 
1. except that a solution of NO2BF 4 was added to a boiling 
solution of compot.nd 6 attd tile red-brown reaction mixture 
was refluxed for 5 rain. Dinitroacenaphthene 13 (4%~ and 
compound 12 (52%) were successively isolated by chromatog- 
raphy on silica gel (CHCI 3 as the eluent). The properties of the 
resulting compound are identical to those of the authentic 
samples. Further etution made it possible to recover up to 35% 
of the initial acenaphthene 6. 

C. With tetranitromethane. The reaction was carried out 
analogously to nitration of compound I. 5,6-Bis(dimethylami- 
no)-4-nitroacenaphthene (10) was isolated by chromatography 
on silica gel (CHCI~ as the eluent) as a red-brown oil in 64% 
yield. The oil gradually crystallized to form red-brown needles 
(re.p. 45--46 ~ soluble in dilute mineral acids. Found (%): C. 
67.58: H. 6.59. CI6HI~N302. Calculated (%): C, 67.35: H, 
6,71. IH NMR (CDCI3), 6 :2 .78  is. 6 H, O-NMe2); 2.86 (s. 
6 H. 5-NMe~); 3.28 (br.s. 4 H, H(I) ,  H(2)); 7.00 (d. I H. 
H(7). JT.,~ = }.62 Hz); 7.26 (br.d. I H, H(8~); 7.32 (br.s, I H. 
Hi3)). UV (MeOH), krn:,x/nm ~lg E): 225 (4.43). 256 (sh, 4.1 I), 
310 (sh, 3.95). 442 (3.46), terminal absorption to 530 rim. 

Alkylation of compound 12 (the procedure was optimized). 
A solution of compound 12 (0.027 g, 0.1 retool) in Mel (3 mL) 
was refluxed i'br 50 h (should be protected from light!), Then an 
excess of Mel was distilled off to dryness. The residue was 
re/'luxed with 10% KOH (2 mL) for I rain. cooled to -20 ~ 
extracted with benzene, and chromatographed (silica gel, 
CHCI3). The starting compound 12 (3--5%.) and compound 10 
(85--S8%) were successively isolated. Their physicochemical 
characteristics are identical to those of the samples described 
above. 

This  work was f inanc ia l ly  s u p p o r t e d  by the  Russ ian  
Founda t ion  for Basic R e s e a r c h  (Projec t  No. 9 9 - 0 3 -  
33133a). 
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