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Tetraalkyl-2-tetrasenes react with tetranitromethane in inert solvents to give dipolar ions of trialkyl-(&p- 
dinitroviny1)-2-tetrasenes. The predominant resonance structure associated with these dipolar ions has a 
cationic Dortiori derived from the 2-tetrasene and a 1,l-dinitrocarbanionic portion stabilized through charge 
separation and conjugation. 

Tetraalkyl-2-tetrazenes, derivatives of an unsatu- 
rated hydronitrogen with type formula N4H4,1 are de- 
composed photolytically or pyrolytically to give di- 
alkylamino radicals2 which are initiators for radical 
polymerization. Although pyrolysis of tetrarnethyl- 
2-tetrazene has been accomplished in organic solvents 
a t  145°,4 2-tetrazenes in the presence of peroxy com- 
pounds are polymerization catalysts a t  temperatures 
as low as At this temperature neither the 
tetrazene nor the peroxy compound alone can promote 
polymerization. Oxidants such as iodine or silver(1) 
react with tetraalkyl-2-tetrazenes to form products 
which have not been fully characterized.6 A scheme 
for the characteristic decomposition of the 2-tetrazenes 
in acidic media has been propo~ed.~  

The facile elimination of a nitro group in the reaction 
of tetranitromet hane with bases usually leads to the 
formation of dinitromethanenitronate salts; products 
of nitration or nitrosation of the base may be produced 
in conjunction with the salt formation.8 Although 
the reduction of tetranitromethane by phenylhydra- 
zine proceeds beyond the trinitromethane stage to 
n i t r~methane ,~  its reduction by 1,1,2-triphenylhydra- 
zine gives 4-(dinitromethylene)-2,5-cyclohexadien-l- 
one diphenylhydrazone (I),1o the product of a coupling 

I 
reaction involving the hydrazine and tetranitromethane. 
Recently free-radical species derived from tetranitro- 
methane were detected when it was reduced in basic 
media.” 

In  this work u-e have found that the reaction of tetra- 
nitromethane with 1,1,4,4-tetramethyl-2-tetrazene, 1,4- 
diisopropyl-l,4-dimethyl-2-tetrazene, and 1,4-dicyclo- 
hexyl-l,4-dimethyl-2-tetrazene yields crystalline yellow 
(1) L. F. Audrieth and B. A. Ogg, “The Chemistry of Hydrazine,” John 

miley and Sons, Inc., New York, N. Y., 1951, pp 3-6. 
(2) B. G. Gowenlock and D. R. Snelling, “Free Radicals in Inorganic 

Chemistry,” Advances in Chemistry Series, No. 36, R. F. Gould, Ed., 
American Chemical Society, Washington, D. C., 1962, p 150. 

(3) B. Erusalimskii, B. L. Di~ntov,  and N. Tumarkin, Mokromol. Chem., 
66, 205 (1963); J. C. McGowan and L. Seed, British Patent 808,667 (1959); 
Chem. Abstr., 64, 2032% (1960). 

(4) B. R. Cowley and W. A. Waters, J. Chem. Soc., 1228 (1961). 
(5) J. C. McGowan and L. Seed, British Patent 821,142 (1959); Chem. 

Abslr.. 64, 2812a (1960). L. Seed and J. C. McGowan, British Patent 830,893 
(1960): Chem. Absfr . ,  64, 13731d (1960). 

(6) \V. E.  Bull, Ph.D. Dissertation, University of Illinois, 1957. 
(7) H. Wieland and H. Fressel, Ann., 891, 133 (1912); C. G. Overberger 

(8) E. Schmidt, Ber., I S ,  400 (1919); E. Schmidt and H. Fiacher, ibid., 

(9) A. K. Macbeth and W. B. Orr, J. Chem. Soc., 534 (1932). 
(10) S. Goldsohmidt and K. Renn, Ber., 66, 644 (1922). 
(11) C. Lagercrants and M. Phland, Acto Chem. Scand., 16, 1807 (1962); 

and B. S. Marks, J. Am. Chem. Soc., 77, 4097 (1955). 

63, 1529, 1537 (1920). 

C. Lagercrantz, ibid., 18,382,1384 (1964). 
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solids which are stable for several months at  room 
temperatures after recrystallization from diethyl ether, 
even in the presence of air and moisture. They are 
insensitive to impact, ignite with ~1 yellow flame on 
a hot plate at 300°, and decompose near their melting 
points with the evolution of gas. The compounds are 
sparingly soluble in n-hexane ; somewhat soluble in 
water; moderately soluble in benzene, ethanol, ether, 
and carbon tetrachloride; and are quite soluble in 
chloroform and acetone. Ultraviolet absorption spec- 
tra of freshly prepared solutions of the yellow solids 
in the above solvents have absorption maxima near 
390 mp; chloroform solutions seem to be the most 
stable, but light causes decomposition of all the solu- 
tions. This appears to be a characteristic of aliphatic 
nitro compounds. l 2  Characteristic infrared absorption 
maxima for the solids occur near 1630, 1530, 1450, 
and 1180 cm-’ with a broad band near 1260 cm-l. 

Proton nmr spectra of deuteriochloroform solutions 
of solids derived from 1,4-diisopropyl- or 1,4-dicyclo- 
hexyl-l,4-dimethyl-2-tetrazene possess peaks associated 
with one N-methyl unit, two nonequivalent K-iso- 
propyl or N-cyclohexyl units, and a single vinylic 
proton. The derivative of tetramethyl-2-tetrazene 
at  -20’ had spectra corresponding to three N-methyl 
units ( T  6.40, 6.56, and 7.06) and a vinylic proton ( T  

1.83); a t  60’ the two methyl peaks a t  higher field 
coalesced, the spectra then corresponding to two 
equivalent I\’-methyl units (T 6.89), a single N-methyl 
unit (T 6.47), and the vinylic proton ( T  1.96). When 
tetramethyl-2-tetrazene and tetranitromethane are 
mixed at  -7So, an intense reddish violet color develops 
and the proton nmr lines are greatly broadened. When 
the temperature is raised, the color gradually changes 
to yellow; sharp peaks characteristic of the above- 
described product appear which persist on recooling 
thesolution to -78’. 

The solid reaction product of tetranitromethane and 
tetramethyl-2-tetrazene is decomposed in concentrated 
aqueous solutions of hydrogen chloride or potassium hy- 
droxide. In  each case methyl azide and dimethylam- 
monium chloride or dimethylamine were identified as de- 
composition products. Decomposition with potassium 
hydroxide also gave potassium nitromethanenitronate. 

A coupling reaction involving tetranitromethane and 
1,l-dimethylhydrazine yields the yellow solid, 1, 1- 
dinitro-2,3-diaza-3-methyl-l-butene (11, R = CH3), 
which is analogous to 1 , l-dinitro-2,3-diaza-3,3-diphenyl- 
1-propene (11, R = CsH6) prepared by Matevosyan 
and Ikrina13 from the reaction of 1,l-diphenylhydrazine 
and tetranitromethane. 

(12) V. I. Slovetskii, S. A. Shevelev, A. A. Fainsil’berg, and S. S. Kovikov, 
Bull. Acad. Sci. USSR,  Diu. Chem. Sci., 335 (1962). 
(13) R. 0. Matevosyan and M. A. Ikrina, J. Gen. Chem. C S S R ,  33, 3839 

(1963). 
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Discussion 
Ultraviolet and infrared spectra, solubility be- 

havior, and crystallinity suggest a high degree of po- 
larity for the homologous compounds, 111, obtained 

&C 4 ”02- 
‘N-N=N-N=CH-C 

I ‘NO2 R R’ 

I11 

from the reaction of tetranitromethane and tetraalkyl- 
2-tetrazenes. For example, the reaction of tetranitro- 
methane and tetramethyl-2-tetrazene yields the dipolar 
ion, 1,1,4-trimethy14-(/3,~-dinitroviny1)-2-tetrazene (for 
simplicity compounds are named as if they were non- 
polar). These dipolar ions (or internal salts) have a 
betaine-like structure in that the nitrogen with the posi- 
tive charge is completely substituted; they exhibit solu- 
bility in various solvents and stability toward intramolec- 
ular rearrangement characteristic of this type com- 
pound.14 The formation of betaine-like dipolar ions 
which possess a substituted ammonium cationic portion 
and a 1,l-dinitrocarbanionic portion, IV, has been re- 
ported. l5l l6  

/ /h”z -  
R 
I +  

R-N- CHz- C, 
I 
R NOz 

\ 

IV 

Ultraviolet spectra of the compounds support the 
assignment of structure 111. In aqueous solution, 
most salts of hubst i tuted l,l-dinitro-2-propene ex- 
hibit two ultraviolet maxima, 313-326 mp (log e 4.20- 
4.29) and 395410 mp (log e 3.924.00).17 These salts 
contain the chromophore group -C (NOZ) Z-CH=CH-, 
isoelectronic with the group -C(N02)2-CH=N+R- 
found in the dipolar ions, 111. The spectrum of an aque- 
ous solution of 1,1,3-trinitro-2-propene is an excep- 
tion; a single intense maximum at  395 mp (log E 4.33) 
was observed and the dipolar ions appear to be more 
closely related to this salt, 389-393 mp (log E 

4.36-4.37). The single maximum in the spectrum of 
the 1,1,3-trinitro-2-propene salt has been ascribed to 
the presence of a single rotomeric conformation in 
which resonance interaction is i m p ~ r t a n t . ~ ~ ? ’ ~  In  
contrast with 111, spectra of compounds I and I1 
(R = CH,) do not display maxima in this region. 

Spectra of ethanolic solutions of the dipolar ions 
exhibit another maximum near 250 mp (log e 3.84). 
The positions and intensities of the spectral maxima 

(14) E .  J. Cohn and J. T. Edsall, “Proteins, Amino Acids, and Peptides,” 

(15) L. Zeldin and H.  Shechter, 3.  A m .  Chem. Soc., 79, 4708 (1957). 
(16) M. J. Kamlet and ,J. C. Dacons, J. Org. Chem., 28, 3005 (1961). 
(17) M. J. Kamlet and D. J. Glover, zbid., 17, 537 (1962). 
(18) A chloroform solution 0.005 M with respect to tetramethyl-2-tetra- 

zene and tetranitromethane was prepared and the reaction was followed 
spectrophotometzically. he absorption due to tetrazene decreased (282 
mp), absorption a t  325 mp appeared and then decreased as the absorption 
due to the dipolar ion species (390 mp) began to predominate. 

Reinhold Publishing Corp., New York, N. Y.,  1943, p 75. 

vary only slightly when solvents of widely different 
polarity are employed. Spectra of solutions of tetra- 
methyl-2-tetrazene display a shoulder in the region 
near 250 mp which is more intense in polar than non- 
polar media and which has been attributed to a proto- 
nated or solvated form of the tetrazene.lg Spectra of 
I11 then are in agreement with a betaine-like structure 
which retains its dipolar character in solvents of widely 
varying polarity,20 and which is similar to that of a 
protonated tetrazene. 

Infrared spectra also support the structure 111. 
The strongest absorption in the infrared is located in 
the region 1280-1250 cm-l and another strong band is 
observed a t  1180-1175 cm-l. Salts which have the 
structure -C (NOz)z-CH=CH- have absorptions in 
the regions 1280-1260 and 1180-1160 cm-l due to  
the asymmetric and symmetric stretching modes of 
the nitro group, respectively.21v22 This contrasts with 
absorption of dinitroalkanes, 1590-1575 and 1340- 
1325 cm-l, 2 3  and salts of dinitroalkanes, -1480, 1210, 
and 1120 cm-1.24 The second most intense absorp- 
tion band exhibited by the infrared spectra of the 
dipolar ions, 111, is in the region 1640-1620 cm-I and 
may be due to the C=N+ bond since absorption of 
immonium salts has been observed in the region 1700- 
1645 In contrast, the spectrum of I1 (R = 
CsH5) has absorption near 1590 cm-l due to the C=N 
stretching ~ i b r a t i 0 n . l ~  Compounds I and I1 (R = 
CHI) also show absorption in this region. 

The nmr spectra of solutions of the dipolar ion I11 
(R = CHs) show two methyl proton signals which 
are temperature dependent. This suggests some 
double-bond character of the 1,2-N-S bondz6 arising 
from delocalization of R electrons along the nitrogen 
chain of the tetrazene. Some contribution from an 
azomethinimine-type dipolar ion, --N--N +R=C<,27 
is possible. 

RIolecular weights corresponding to a monomer were 
obtained for solutions of I11 (R = CH3) in acetone 
and benzene. This is in agreement with previous 
studies which indicated no association of betaine 
dipolar ions in benzene solution.20 

The predominant resonance structure of the dipolar 
ions, 111, is stabilized by charge separation and conju- 
gation. A possible resonance structure for these 
compounds could be an uncharged structure derived 
from 1,l-dinitroethene; however, this unstable ethene 
always reacts Zeldin and Shechter15 showed 
that a stable product related to the unstable ethene 
may be obtained if the double bond of the ethene shifts 
and a zwitterion containing a nitronate anion, IV, 

(19) W. E.  Bull, J. A. Seaton, and L. F. Audrieth, J .  A m .  Chem. Soc., 

(20) J. T. Edsall and J.  Wyman, Jr., zbid., 67, 1964 (1935). 
(21) M. J. Kamlet, J. C. Dacons, and J. C Hoffsommer, J .  Org.  Chem., 

26,4881 (1961). 
(22) M. J. Kamlet and L. A. Kaplan, zbzd.,  28, 2128 (1963); L. A. 

Kaplan, zbzd., 29, 1638 (1964). 
(23) P. Noble, Jr., F. G. Borgardt, and W. L. Reed, Chem. Reu., 64, 19 

(1964). 
(24) L. 1%’. Kissinger and H. E. Ungnade, J .  O r g .  Chem., 28, 1340 (1958); 

26, 1471 (1960); V. I. Slovetskii, S. A. Shevelev, V. I. Erashko, A .  A. 
Fainzil’berg, and S. S. Novikov, Bull. Acad. Scz. U S S R ,  Dzu. Chem. Sc?., 
49 (1963). 
(25) N. J. Leonard and V. W. Gash, J .  A m .  Chem. Soc., 7 6 ,  2781 (1954); 

G. Opitz, H. Hellmann, and H. W. Schubert, Ann. ,  629, 117 (1959). 
(26) C. E. Looney, W. D .  Phillips, and E.  L. Reilly, J .  Am. Chem. SOC., 

79,6136 (1957). 
(27) R. Huisgen. R. Fleisohman, and A. Eckell, Tetrahedron Letters, NO. 

12, l(1960). 

80,2516 (1958). 
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is produced. Even in some cases where this may 
happen subsequent decomposition takes place, but, if 
conjugation between the nitronate portion and another 
group is effected, additional stability is imparted to 
the species and decomposition does not occur.28 The 
dianion 4,4-dinitrobutenoate, -C(NO&-CH=CH- 
COO-,28 and the dipolar ions are examples where 
charge separation and conjugation are both operati~e.~g 

It has been observed that free radicals are formed 
in reactions of tetranitromethane with other unsatu- 
rated organic compounds.ll A photoinduced transfer 
of one or two nitro groups from the tetranitromethane to 
the unsaturated compound inside an electron donor- 
acceptor complex was suggested to explain the ob- 
served products of this reaction. In  the present work 
a similar complex might exist as an intermediate and 
indeed epr spectral data confirm that the tetramethyl- 
2-tetrazene radical cation is formed when tetranitro- 
methane reacts with this tetrazene in polar solvents.30 

Experimental Section31 
l,lJ4-Trimethyl4-(p,p-dinitrovinyl)-2-tetrazene.-A solution 

of 1.16 g of tetramethyl-2-tetrazene (0.01 mole), prepared by 
the oxidation of l,l-dimethylhydrazine3* and estimated to be 97% 
pure (ultraviolet spectrum) , in 30 ml of n-hexane was introduced 
into a three-necked flask fitted with a dropping funnel and stirrer. 
The flask was cooled in ice and flushed with dry nitrogen. A 
solution of 1.96 g of tetranitromethane (0.01 mole), used as re- 
ceived from Trojan Powder, Allentown, Pa., in 30 ml of n- 
hexane was added slowly to the stirred tetrazene solution over a 
period of about 1 hr. The resulting brown species was allowed 
to warm to room temperature. Nitrous oxide, nitric oxide, 
and carbon dioxide gases were evolved33 during this warming 
period and a yellow solid precipitated. A t  room temperature 
the light yellow hexane solution was decanted from the solid, 
which was subsequently washed with small amounts of hexane. 
The solid was dried in a vacuum desiccator and 0.72 g of yellow 
solid, mp 124" (33% yield), was isolated. This was recrystal- 
lized from ether and dried to give 0.66 g of solid, mp 129" (30% 
yield). 

Anal. Calcd for C ~ H L O N ~ O ~ :  C, 27.53; H,  4.62; N ,  38.52; 
mol wt, 218. Found: C, 27.44; H, 4.62; N, 38.82; mol wt, 
214 (freezing point depression in benzene). 

In  a similar preparation cooled to -78" instead of 0", reaction 
of the starting materials gave a dark reddish violet species. 
After warming to room temperature, 2.025 g of yellow-brown 
solid, mp 106' (94% yield), was recovered. Recrystallization 

(28) D. J. Glover, Tetrahedron, 19, Suppl 1, 219 (1963). 
(29) The importance of conjugation is also shown by the reaction of 

4,4,4-trinitrobutyramide with ammonia.21 Spectroscopic evidence for a 
zwitterionic intermediate related to IV was obtained, but this species spon- 
taneously eliminated an ammonium ion t o  produce the conjugated system 
of the eventual product, 4,4-dinitro-Z-butenamide. 

(30) W. M .  Tolles, I). W. Moore, and W. E. Thun, to be published. 
(31) Chemical analyses were performed b y  Galbraith Laboratories, Inc., 

The following spectrometers were used for proton nmr, 
Varian A-60, Cary Model l lMS,  

Knoxville, Tenn. 
ultraviolet-visible, and infrared spectra: 
and Perkin-Elmer Model 137. 

(32) W. R. McBride and E. M .  Bens, J .  Am. Chem. SOC., 81, 5546 (1959). 
(33) Gaseous products were qualitatively identified b y  comparison with 

R. H. Pierson, A. N. Fletcher, and E. St .  Clair known infrared spectra: 
Gantz, And. Chem., 10, 1218 (1956). 

from ether yielded 1.30 g of yellow solid, mp 129" (60% yield). 
A second recrystallization gave a light yellow solid, mp 131- 
132 " . 

The ultraviolet absorption spectrum of a freshly prepared 
ethanol solution of the twice-recrystallized solid had Amax 389 
mp (log e 4.36) and 249 mp (log 3.84), A","," 308 mp (log e 3.14). 
The infrared spectrum of the solid in a potassium bromide 
disk was obtained: 2980 (w), 1640 (vs), 1535 (s), 1495 (m), 
1460 (m), 1390 (m), 1365 (m), 1325 (s), 1310 (s), 1280 (vs), 
1180 (s), 1120 (w), 1105 (m), 1070 (w), 1055 (w), 925 (w), 837 
(w), 804 (w), 748 (w), and 729 (m) cm-l; Y:?* 1650 cm-' (log 
e 2.74) and 1285 cm-l (log e 3.11). 

1,4-Diisopropyl-l -methyl4-( B ,p-dinitrovinyl)-2-tetrazene .- 
A yellow solid, mp 80-81", was obtained when 1,4-diisopropyl- 
1,4-dimethyl-2-tetrazene and tetranitromethane were mixed 
as described previously. 

Anal. Calcd for C&N604: C,  39.41; H, 6.61; N,  30.64. 
Found: C, 39.55; H, 6.65; N,  30.49. 

The infrared spectrum of the material in a potassium bromide 
disk was obtained: 2940 (w), 1630 (vs), 1525 (s), 1465 (s), 1430 
(w), 1410 (w), 1375 (s), 1360 (s), 1315 (s), 1280 (s), 1260 (vs), 
1175 (s), 1140 (m), 1120 (m), 1105 (s), 1045 (m), 1020 (w), 
913 (m), 878 (w), 874 (w), 853 (w), 777 (m), 744 (m), and 721 
(m) cm-1. The ultraviolet absorption spectrum had A::" 391 
mp (log e 4.36) and 252 mp (log e 3.84), A::" 310 mp (log E 3.20). 

1,4-Dicyclohexyl-l-methyl4-( p ,p-dinitroviny1)-2-tetrazene .- 
The orange solid, mp 140", was prepared in an analogous manner. 

AnaE. Calcd for C1&26N&: c, 50.85; H, 7.34; N, 23.73. 
Found: C, 51.37; H, 7.60; N, 23.46. 

This compound had A::" 393 mp (log e 4.37) and 255 mp 
(log e 3.84), AZ:" 313 mp (log E 3.18). Infrared spectrum of the 
solid in a potassium bromide disk was obtained: 3030 (w), 
2900 (m), 2820 (vs), 1620 (vs), 1525 (s), 1475 (m), 1455 (m), 
1415 (m), 1385 (m), 1365 (m), 1340 (m), 1325 (s), 1280 (vs), 
1265 (vs), 1250 (vs), 1230 (vs), 1180 (s), 1160 (m), 1080 (w), 
1060 (w), 1045 (w), 1005 (w), 744 (w), 733 (w), and 698 (w) 
cm-l. 

l,l-Dinitro-2 ,3-diaza-3-methyl-l-butene.-This compound was 
prepared by mixing 0.01 mole of tetranitromethane in 50 ml of 
ether with 0.01 mole of 1,l-dimethylhydrazine in 50 ml of ether 
a t  room temperature. A red oil was formed and the ether solu- 
tion was decanted from the oil. Evaporation of the ether solu- 
tion gave an oil which crystallized upon standing. A yellow 
solid, mp 72", was obtained on recrystallization from ether. 

Anal. Calcd for C&N404: C, 22.23, H, 3.73; N, 34.56. 
Found: C, 22.31; H, 4.01; N, 34.19. 

The ultraviolet spectrum exhibited A?:" 326 mp (log e 4.06) , 
An infrared spectrum in a potassium 

bromide disk was obtained: 1600 (s), 1530 (s), 1450 (m), 1420 
(w), 1400 (w), 1375 (w), 1290 (s), 1260 (m), 1170 (m), 1090 (w), 
1035 (w), 878 (m), 824 (m), 804 (m), 732 (w), and 711 (w) 
cm-'. 

Reaction of I11 (R = CH3) with Acid and Base.-Concentrated 
aqueous solutions of hydrogen chloride or potassium hydroxide 
were added to the evacuated dipolar ion, I11 ( R  = CHI), and 
the gaseous products were identified.33 In each case methyl 
azide and dimethylamine or its hydrochloride salt were identi- 
fied. Reaction with potassium hydroxide yielded potassium 
nitromethanenitronate which was identified by its ultraviolet 
spectrum in dilute potassium hydr0xide.1~ Reaction of I11 (R = 
CHI) with dilute potassium hydroxide (pH 12) also formed the 
nitronate salt, but a slurry of the starting material could be 
recovered unchanged after 24hr  stirring with a dilute hydro- 
chloric acid solution (pH 2). 

Nielsen and Dr. W. H. Urry for helpful discussions. 

267 mp (log E 3.44). 
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