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PREPARATION ON TETRANITROMETHANE

By
Charles D. Hurd

ABSTRACT

of the many preparations of THNM desctibed in the literas-

turel, the only ones deemed of sufficient interest to be in-

vestigated were;: 1) the action of nitric acid on acetic
anhydride, 2) the action of nitriciacid on scetylene, 3) the
action of nitrogen pentoxide on acetic anhydride., It was also
thought desirable to attempt the preparation dby: 1) the action
of fuming nitPéic acid on various organic compounds, perticulerly
those containing the group CH3CO-, 2) the vapor phase nitrﬁr

tion of various organic compounds, 3) the action of nitrogen
pentoxide on ketene,

Of these methods, the resction betweén acetlc nnhgdride

end nitric scid seems the most promising. The reaction 1is

best carried out in all-glass equipment consiiting of a

flask, mechanical stirrer, dropping funnel, thermometer and
condenser. Commercial fuming nitric scid can be used but

the yleld of TNM is higher 1f the nitric acid is purified dy
vacuum distilletion. No sdvantege 1s gained in purifying the'
acetic snhydride. The optirmum tempersture of resction ia
20=-25°C and the yleld is enhanced by the presence of chipped

glass. The ylelds of a considereble number of experiments

average 61 to 62 per cent.
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DISCUSSION
tion of Nitric Acid on Acetic A ride. Chattawsy has sug-
gested the fcllowing equation for the reactiont
4 (CH4C0),04 4 HNOy ~=-9 7 CHyCOOH 4 C(NOp), 4 COp
The vnrious.methoda suggested for carrying out this reaction
involve differences in the reaction temperature during iixins,
the use of a diluent, the concentration of the nitric acid

used, the ratio of the reactants, the presence of vsrticles

. of glass, the use of catslysts, the length of time allowed

for completion of the resction and the temperature during the
period of standing. A sefiea of experiments was carried ocut
to determine the effects of some of the ab-ve varisbles on
the yield of TNM,

Different concentrations of nitric acid were used varying
from ordinary ccncentrated acid (70%) to colorless nitric scid
of high concentration. In general, it sppeared that the more
highly concentrated and purified the acid the higher the yleld
of TNM, Seventy per cent nitric acid yielded no TNM; fuming
technical acid yielded on the average about 30‘ TNM; fuming
C.P. acid although leas concentrated than the fuming technical
acid yielded 35 to 40f TNM; and colorless fuming acid yielded
53 to 58% of the theoretical amount of TNM. Subsequent ex~
periments with colorless fuming acid donnted'by the Navy
yielded 61-62% of the theoreticel smount of TNM.

The acetic enhydride and nitric acid were used in roughly
equivalent amounts, but a slight advantsge was noted by having
the snhydride in slight excess, v

The temperature of reaction during mixing of the nitric

acid and the acetis anhydride shounld %3 ek nd 20 +n 2603
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sinee higher temperatures resulted in vigorous evolution of
nitrogen dioxide (and carbon dioxide?) with consequent lowering
of ylelds., Similarly the temperature at which the reaction
stends after completion of the eddition should be 20-25°C. At
this temperature, the reactions were substantieally complete
after 8 or 10 days.

The advantage in the use of sharp angular particles as
recommended in Wyler's patent, was clearly shown by the
increased ylelds of TNI' when small amounts of chipped glass
were added to the reaction vessel. However, the advantages
he claims for the addtion of small amounts of phosphorus
pentoxide, sulfuryl chloride and sulfuric acld could not be .
substantisted. The addition of ketene was found to be
deterimentsl to the yleld. Murification of the acetic
anhydride did not enhance the yilelds of TNV,

Diluents had no beneficlal effects except to facillitate
temperature control.

The Action of Nitric Acld °n iAcetylene.

L fev trial runs indicated that TUM can be prepared by
this reaction but rigid control 1s necessary for optimum
results., At best, the ylélds were poor based on the nitric

acld, vhich was used in lerge excess. The cost of this method

would be prohibitive compared to the more efficlent production

from acetic enhydride even if the nitric acid were recovered.

The Actlion Of iiltrogen Pentoxide On Lcetic Anhydridé The
optimum ylelds (47> based on nitric acid) were obtalned by

using nltrogen pentoxide prepared by distilling colorless
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nitric acid from phosphcrus nentoxide, Nitric acid heavily
fortified with nitrogen pentoxide is better for this reaction
then nitrogen pentoxlide alone,

Verious Unsuccessful lMethods 1.) It was thought that various
compounds conteining the group CHzCO- might be used in place of

scetic anhydride to produce Til. However, treatment of acetone,

acetonitrile, ethyl scetate, acetamide, glacial scetic acid, or

nitroacetic-acetic enhydride failed to yleld any TIM when
nitrated under the same conditions which were successful for
acetic snhydride. (2.) It was also found that ketene could
not replace acetic anhydride in these nitrations, in fact,
ketene inhibited the normal resasction with acetic anhydride.
Likewise ketene reacting with nitrogen pentoxide failed to
yield any Til. (3) A series of experiments in which ethylene,
acetylene, acetic enhrdride or ketene was pessed, together
with 70% nitric ecid, through a glass tube heated at 300°C.
failed to yleld any Twi',
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Zxperimental Part

raterials

~cetic icid, Glaclel (Grasselll).

Lcetylene, from hlgh pressure cylinder.

fcetle hAnhydride, commercial grsde (Ca-bide & Carbon).

hAcetlc Anhydride, purified. The commerciel gradeof
gcetic anhydride contained ecetic acid, so it
vas treated with ketene snd distilled through
an efficilent column.

Jetene, generated at the rate of 0,4 mole per hour by
the nyrolysls of acetone, using the apperatus
of *11liams end Hurd (J. Org. Chem. 5. 122 (1940).

ritric secid, 705, 4 1.42 (Baker).

fitric 4eid, Fuming, technical grsde, d. 1.52 (Baker).
Ite color was bhrownish-red.

¥itrie Acid, Juming C. °. (Ceker's inalyzed), d.1l.49-1.50,
assay 89-95» #NJ;, It was a light yellow color.

ridtric hcid, colorless, d. 1.52-1.53, 1) oroduced by
vecuum d stillation (20mm.) of a mixture of
equal volumes of nitric (fuming, C. ®. or
technlcel)} acic and concentrated sulfurlc acid,
using all=-glass equlpment. 2) donated by the Navy.

Three
hundred ¢. ¢. of 1ce=-cold colorless fuming nitric acid 1s

placed in a flesk carrying a stirrer, thermometer, condenser,
dropning funnel and glass chips, and 650 c.c. of commercial

acetic enhydride 1s slovly added, while meintaining the

tempereture at 15-20°. After standing et 25° for thirteen

deys 3 1. of water 1s edded and the insoluble layer separated.
The aocueous layer 1s then steam distilled and the non-aqueous
phase obtaired 1s added to the meln portion drawn off of the
crude reaction mixture. (Steam distillation of the entire

crude mixture leads to considerable loss of TH due to nitroform

formation by reaction with hot water). The crude product is




-washed with 5% sodium hicsrbonate, then with water and dried

over anhydrous sodium sulfste. The yield of TNV is 209g

(61.8% of the theoretical).

This procedure was repeated, except that after eight days
of standing at 25°, 100 cc. of acetic anhydride and approximately
4 g. of phosphorus pentoxide vere added, After standing for
eight additional days, 230 g. of THY (66% of theoretical) was
isolated by the usual method.

The Action of Nitric Acid on Acetylene Approximately 10 1.

of acetylene 1s passed &t room tempersture through a Sargent
gas bottle containing 134 c.c. (200 g.) of technical fuming
nitric ecid and 1.2 g. of mercuric nitrate, After completion
of the ges passage, 300 c.c. of sulfuric acid (4 1.84) is
added, the resulting mixture hested slowly to about 80° gnd
again cooled. One thousand c.c. of cracked ice is added snd
after standing in e cool place over night, 10.0 g. of TNM ig
1solated in the usual way. This is about 7% of the theoreticeal
based on the nitric acid used.

The Action Of Witrogen Pentoxide On Acetic Anhydride One

hundred c. c. of colorless nitric acid snd 30 g. of phosphorous
pentoxide are distilled at 25 mm. pressure to yleld 105.5 g. of
material which is almost pure nitrogen pentoxide (d. 1.6l at $PG).
This heavily fortified nitric ecid is trested with 270 c.c. of

~... commerclal acetlc anhydride in the apoaratus and under the




conditions of the experiment described sbove for the reaction
of nitric acld end acetic anhydride. After standing over
night, the mixture was heated to 40°C. for 13} hours, and after

standing for 7 days at 20°, 54,5 g. (46.6% of the theoretical)
of TNM 1s 1solated in the usual way. This experiment using

100%» nitrogen pentoxide leads to much lower yielads,
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