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Aromatic-Aliphatic Nitro Compounds. I. The Condensation of Nitrobenzaldehydes 
with Nitromethanel 

BY LOUIS F. FIESER AND WILLIAM H. DAUDT 

It is well known that the condensation of ben- 
zaldehyde with nitromethane can be brought 
about under the influence of various organic and 
inorganic bases and that the initially formed a- 
phenyl-b-nitroethanol (I) is a labile substance that 
loses water very readily to give w-nitrostyrene 
(II).2-g The nitro alcohol, which has been pre- 
pared in an impure condition by conducting the 
condensation a t  0’ and acidifying the mixture 
with acetic a ~ i d , ~ ~ ~  is very sensitive to the dehy- 
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drating action of traces of mineral acids and loses 
water readily even under the influence of the basic 
condensing a g e n t ~ ~ > ~ J  unless a low temperature 
is maintained.2 When a primary amine is used to  
effect the condensation, the nitrostyrene is pro- 
duced even a t  room t e m p e r a t ~ r e . ~ . ~  

From these observations it would seem rather 
unpromising to attempt the conversion of the la- 
bile nitro alcohols into nitrate esters as a route to 
possible explosives. Two citations in the litera- 
ture, however, indicate that an ortho nitro group 
has a marked stabilizing influence. Thiele6 ob- 
tained nitrostyrenes on the condensation of nitro- 
methane with m- and p-nitrobenzaldehyde in the 
presence of methyl alcoholic potassium hydrox- 
ide, followed by acidification of the cold solution, 
but found that under the same conditions the 
ortho isomer yielded the potassium derivative of 
the nitro alcohol and that the oil liberated on acid- 
ification could be acetylated. Bouveault and 
Wah12 observed further that a- (o-nitropheny1)-P- 
nitroethanol is so unusually stable. as to be resist- 
ant to the dehydrating action of zinc chloride. 

Of the basic condensing agents previously eni- 
ployed (KOEi--l<( )€I, ‘,’ NaOR-ROH,2,3 RNH2,5*7 
R2XH,’ KaN‘ !’), tertiary anlines seemed most 
promisiiig for the present purpose, and indeed it 
was found that a very smooth condensation oc- 
curs on adding a trace of triethylamine to a solu- 
tion of o-nitrobenzaldehyde in excess nitronieth- 
me.  For the preparation of the nitrate it is not 
necessary to  isolate the resulting nitroalcohol, for 
when the total reaction mixture is treated at  room 

(1) Work conducted in 1940-1041 under Contract No. NDCrc-5 
with the Office oi’ Scientific Research and Development. 

(2) Bouveault and Wabl, Compl.  rend., lSS, 41 (1902). 
(3) Holleman, Rec. fray. chim., 23, 283 (1904). 
(4) Holleman, ibid., 23, 298 (1904). 
(5) Knoevena1:el and Walter, Be*., 37, 45C2 (1904). 
(6) Thiele, ;b id . ,  32, 1293’(1898). 
(7) WorraJI, THIS JOURNAL, 66, 1556 (1934). 
(8) Worrall, “Organic Syntheses,” 1, 413 (1941). 
(‘3) Wurrall and Wolosinski, ibid., 61, 2449 (1940). 

temperature with concentrated nitric acid it af- 
fords in nearly quantitative over-all yield crys- 
talline a-(2-nitrophenyl)-@-nitroethyl nitrate (111) 
of good quality. Analytically pure 
material melting without decomposi- CI%Noz 
tion a t  132.2-132.7’ can be obtained 
with fair recovery by rapid crystalliza- 
tion from acetone-alcohol with avoid- 
ance of undue heating, but when the 
solutions are warmed even moderately 
the substance readily loses nitric acid 
and affords 2,w-dinitrostyrene, previ- 
ously isolated along with the para isomer as a 
product of the nitration of w-nitrostyrene.1° 

When 2,4-&nitrobenzaldehyde was condensed 
with nitromethane by the same procedure the ni- 
troalcohol V was isolated in moderate yield as a 
crystalline solid, and by nitration of V the ester 
VI could be obtained in 73% yield. a-(2,4-Dini- 
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tropheny1)-p-nitroethyl nitrate (VI) when puri- 
fied by careful crystal1,ization melts without de- 
composition a$ l 14.2-114.So, but moderate warm- 
ing of the solution results in its conversion into the 
trinitrostyrene VII. Although the ester VI  con- 
tains a fairly favorable proportion of oxygeri and 
nitrogen and displays some explosibility, the tend- 
ency to lose nitric acid in contact with neutral 
solvents probably militates against any practical 
application of this type of ester in the field of ex- 
plosives. Attempts to condense 2,4,6-trinitroben- 
zaldehyde with nitromethane in the presence of 
triethylamine were unsuccessful. 

Experimentalll 
a-(P-Nitrophenyl)-fi-nitroethyl Nitrate.-A solution of 

75 g. of o-nitrobenzaldehyde in 75 cc. of nitromethane at 
room temperature was treated with 0.5 cc. of triethylamine 
- 

(10) Priebs, A n n ,  226, 350 (1884). 
(11) Microanalyses by Eleanor Werble. All melting points are 

corrected. 
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and some external cooling was applied to compensate an 
initial heat. effect and maintain a moderate temperature. 
After the mixture had stood at room temperature for two 
hours, 1 lb. (320 cc.) of concentrated nitric acid (sp. gr. 
1.5) was added all at once with external cooling and the 
solution was allowed to  stand a t  room temperature for 
five hours and then drowned in 1500 cc. of ice and water. 
The crude, nearly colorless precipitate, when air-dried 
weighed 126 g. (99c/0) and melted at 124-129 '. For crys- 
tallization i t  was dissolved rapidly in 250 cc. of hot ace- 
tone and 1 liter of alcohol was added all at once, 
whereupon there was deposited 95.3 g. (750j0) of the prod- 
uct it1 the form of colorless, diamond-shaped prisms, m. p. 
131.8-132.8". A sample for analysis was recrystallized by 
dissolving the material in cold acetone, adding a large 
volume of alcohol, and chilling the solution in order to 
proniotc rapid crystallization and avoid decomposition. 
The sainplc. melted a t  132.2-132.7' and after solidification 
remelted at  the sainc temperature. 

A n d .  Calcd. for c a 7 0 7 N ~ :  C, 3 7 3 ;  H, 2.71. Foutd: 
c, 37.68; €I. 2.76. 

When the mother liquors from this preparation were 
concentrated on the steam-bath, the solution on cooling 
deposited 11.8 g. of the knownS 2,w-dinitrostyrene in the 
form of yellow needles, m. p. 106.2-107.2"; a recrystallized 
sample melted ai: 106.5-107.5". In  earlier experiments 
in which the crude nitrate was crystallized from acetone- 
alcohol in the ordinary way without avoidance of all un- 
necessary heating, the recovery of the nitrate was small, 
for the bulk of th;e material had been converted into the 
dinitrostyrene. 
(~-(2,4-Dinitrophenyl)-~-nitroethmol (V).-Upon thc 

additioq of 0.1 cc. of triethylamine to  6 g. of 2.4-dinitro- 
benzaldehyde in G cc. of nitromethane the solution a t  once 
acquired a red color and became warm. It was cooled to  
room temperature and allowed to stand overnight in the 
cold room, when 3.85 g. (49%) of prisms of the alcohol 
had separated. The crystallizate was contaminated with 
a trace of a reddish impurity which was eliminated easily 
by recrystallization from alcohol containing two drops of 
hydrochloric acid; this gavz 3.22 g. (41y0) of slightly 
yellow prisms, m. p. 123-125 . After three recrystalliza- 

tions from alcohol (Norit) the sybstance formed nearly 
colorless prisms, m. p. 124.5-125.5 . 

Anal. Calcd. for C&b07&: C, 37.36; H, 2.74. 
Found: C, 37.51; H ,  3.18. 

a-(2,4-Dinitrophenyl) +nitroethyl Nitrate (VI) .-A so- 
lution of 1.55 g. of the above alcohol in 25 cc. of nitric acid 
(sp. gr. 1.5) was allowed to stand at room temperature for 
one and one-half hours and drowned in-cold water. The 
pretipitate of crude but satisfactory nitrate ester amounted 
to 1.33 g. (734;), 111. p. 108-112'. Two crystallizations 
made by dissolving the substance in cold acetone and add- 
ing alcohol afforded 0 .2  g. of colorless, diamond-shaped 
prisms, m. p. 114.2-114.8". After solidification, the test 
sample remelted a t  the same temperature. 

Anal .  Calcd. for C&OyNa: C, 31.80; H ,  2.00. Found: 
C. 32.22; H. 2.17. 

'~,4,w-Trinitrostyrene (VII) .---TIie. motlier liquors from 
the crystallization of the above nitrate ester were combined 
and concentrated and the solution was heated for one hour 
on the steam-bath to effect complete elimination of nitric 
acid. On cooling, there was obtained 0.4 g. of prisms, rn. p. 
103-106 '. Three recrystallizations from alcohol afforded 
light yellow prisms, m. p. 106.2-106.8". 

A n d .  Calcd. for CsHsOeNa: C, 40.18; H,  2.11. Found: 
.C, 40.38; H, 2.31. 

Summary 
X convenient procedure for the preparation of 

the 2-nitro derivative of a-phenyl-P-nitroethyl 
nitrate has been found in the condensation of o- 
nitrobenzaldehyde with nitromethane in the pres- 
ence of triethylamine, and nitration of the total 
reaction mixture. The 2,4-dinitro derivative has 
been prepared by a similar process. The nitrate 
esters probably are too labile to merit considera- 
tion as explosives. 
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Aromatic-Aliphatic Nitro Compounds. 11. The Condensation of 
Nitrdphenylnitromethanes with Formaldehyde' 

BY LOUIS F. FIESER AND MARSHALL GATES 

Vanderbilt and Hass2 have described excellent 
procedures for the condensation of formaldehyde 
with nitroparaffins, for example, using calcium 
hydroxide as the condensing agent without sol- 
vent, and for the conversion of the resulting nitro 
diols into the dinitrate esters. On undertaking to 
apply this scheme of synthesis to  phenylnitro- 
methane derivatives in the hope of obtaining poly- 
nitro nitrate esters having the properties of high 
explosives, we thought it desirable to  use a sol- 
vent and to employ an organic catalyst. It was 
found that phenylnitromethane and its nuclear 
nitro derivatives condense smoothly with two 
molecules of formaldehyde in aqueous dioxane in 
the presence of triethylamine a t  moderate tem- 
peratures. 

.(I) Work conducted in 1940-1941 under Contract No. NDCrc-.i 

(2) Vanderbilt and H a s .  Z 7 d  Eng. Chon , 81, 34 (1940). 
with the Office of Srrestific Research and Development. 

Phenylnitromethane itself afforded in excellent 
yield the crystalline condensation product VI, 
2-nitro-2-phenylpropanediol-1,3. Before inves- 
tigating the nitration of this coinpound, we first 
prepared by independent syntheses the products 
expected to  result from an attack of the nucleus. 
Holleman3 found that phenylnitromethane can 
be converted into the m-nitro derivative I1 by 
iiitratioii with fuiniug nitric acid a t  a low tenipera- 
turr, while Tirbanski' observed that the further 
nitration of I1 with fuming nitric and sulfuric 
acids results in the forniation of 3,5-dinitrophen- 
ylnitromethane (111), a substance reported to  be 
as powerful an explosive as 2,4,G-trinitrotoluene, 
more stable to  heat than this substance, but less 
stable to  shock. No data have been given con- 
cerning the yields in these reactions. In our 
(3) Holleman, Rcc. Irav. chim., 14, 121 (1895). 
( 4 )  Urbanski, Corript rcird. ,  106, 1122 (1938). 


