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1. The complex between nitrogen tetroxido and bbrun trifluoridu

has been prepared end sox of its physical and chemical properites de-

termined. Attempts to use it as a nitrating agent in the conversion of

I monnitroparaffins to dinitroparaffins were unsuccessful, both in the

liquid phase and at elevated temperatures in the vapor phase.

2. dl-J-Aminocaproic acid has been treated with nitrogen

tetrocddo in the cold and the reaction products have bocn isolatud and

characterized.

3. 1,6-Diaminohx.no has bon treated with nitrogun t,.,troxido

in dry other and also in 2-nitropropane and its reaction products have

been studied,

4. Isopropylamine has been treated with nitrogen tetroxide both

( in dry ether and in 2-nitropropanc.

j 5. Proliminary studies on the reaction products of 1,4-diamino-

V :. butane dihydrochloride with nitrogentetroxide show that chlorine is pro-

sent in each fraction obtained.

V. Z. Pasternak

C //? /' -)

met C.M , Vogt
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Pronrties of 8tFNO. Complex

The synthesis of dinitroparaffins from nitroparaffins by the

use of a new nitrating agent, BF3 .N20, was attempted. This complex

is obtained by passing gaseous boron trifluoride through liquid nitrogen

dioxide at -5C. in a diluent of nitromethane or nitroothane. Carbon

C tetrachloride or chloroform may also be used as a diluont, but the final

product does not appear to be pure as when a nitroparaffin is used.

Oxygen and nitrogen containing compounds such as ketones, ethers, alco-

hols, and amines cannot be used as diluents since they react to destroy

the complex and benzene cannot be used because it is nitrated by the complex

at this temperature. Readily oxidized substances like aniline are def-

initely hypergallic with the complex.

The 1F3.1 4O complex is a wite solid which is stable if it

is stored under a nitroparaffin, but will decompose if it is allowed to

come into contact with any moisture. Attempts to determine the melting

point of this complex were made, but no definite melting point could be

found in a sealed glass capillary tube up to 265. The complex sublimes

away fairly rapidly in an open capillary tube or on an exposed surface

( ,? even at room temperatures. Partial dissociation of the complex in the

sealed capillary tube was indicated by the presence of brown vapors of

nitrogen dioxide.

Several attempts were made to datermine if this complex would

4j function as a nitrating agent for nitroparaffins. The complex was added

to nitromethane, nitroethane, and 2-nitropropane at room temperature and
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4 COI4FENlTIL 3
allowed to stand in a stoppered flask for two weeks. There was no di-

nitroparaffin formed in any of these cases.

The use of higher temperatures was explored. Nitroparaffins

in the vapor state along with gaseous nitrogen dioxide and boron tri-

fluoride were introduced into a hot tube in a series of experiments*

The hot tube temperature was varied from 2000 to 4000 while the contact

ctime was vakied from 10 to 40 seconds. In all casees, no dinitroparaffin

was isolated whether nitromethane or nitroethane was used.

Preparation of BF1 *9NO.. comvleX. - Gaseous nitrogen dioxide is mixed with

oxygen (dried by passage through concentrated sulfuric acid) and passed

through several drying towers containing anhydrous phosphorus pentoxide

The oxygen is used to oxidize any nitric oxide present to nitrogen dioxde.

The dry gases are passed into a collecting tube which is kept at about

-50 by an ice bath. The liquid nitrogen tetraoxide is transferred to a

50 cc round bottom flask which contains an inlet for gaseous boron tri-

fluoride and a reflux condenser. Then 200 cc. of nitroethane is added

as a diluent. The reaction flask should be kept at -50 during the addi-

tion of gaseous boron trifluoride which is bubbled through the mixture

C) at a rate fast enough to prevent the liquid from backing up into the

boron trifluoride line. The reaction is complete when the dense white

fumes of boron trifluoride are noticed coming off the top of the conden-

ser. The complex may be kept in the round bottom flask under the nitro-

ethane which is present. The flask should be stoppered to keep moisture

out. The yield is essentially 100 percont and the amount of complex ob-

taied will depend upon the weight of nitrogen totraoxide used Initially.

CONFIDE NIAL
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Atteamted nitration o nitroethane, - Nitroethane, 30 cc (31.5 g), was

placed in 4 125 ml. flask and 20 g. of BF3*N20* was added* The flask

was stoppered with a glass wool plug and allowed to stand for two weeks

at room temperature, Then 50 cc. of water was added to destroy the

complex. The organic layer was separated from the aqueous layer in a

separatory funnel; the aqueous layer being discarded. The organic layer

was distilled at atmospheric pressure and gave a boiling point of 15.0.

There was no hilher boiling fraction obtained. The sane procedure was

followed with nitrmethane and 2-nitropropane. Apparently no reaction

occurred,

Hot tube reaction. - The liquid nitroparaffin was vaporized in a 1000 cc

round bottom flask which contained a lead to the hot tube. Gaseous nitro-

gen dioxide was mixed with the hot vapors of the nitroparaffin and passed

into the hot tube. Just before entering the hot tubev boron trifluoride

was introduced into the mixture. Upon emerging from the reaction vessel,

the hot vapors were run through a steam condenser and finally into a 500

cc. round bottom flask fitted with an exhaust valve. This flaskvas kept

in an ice bath to condense the vapors. The material collected was chilled

in dry ice for 15 minutes, filtered by suction to remove the complex

(BF3 .NZ0 4), and distilled under atmospheric pressure. Several runs wore

made with nitromethane and with nitroethane. Starting material was re-r covered in all cases.

future Wiork

The use of this BF3 .N2 O4 complex as a nitrating and as an oxi-

dising agent will be tested. A malting point deterrdination will also be

tried at higher temperatures.

J~ rl CONFIDEITIAL
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Reactions of NO. with AMines. - As was mentioned in the first quarterly

report on this contract yellow needles, m.p. 900 (from water), were ob-

tained from the steam distillate of the crude reaction product of dl-/

aminocaproic acid with nitrogen tetroxide when trimethylbentylamfoniuf

hydroxide was added, This yellow salt upon analysis gave the following

results: Found: C, 50.35; H, 6.42; N, 16.35.

Since the above percentages correspond to the trimethylbenzyl-

amoium salt of a trinitropontano, the reaction by which it was formed

becomes definitoly valuable from a preparative standpoint.

In an effort to improve the yield of the trinitropentane ntnd

also to isolate and purify the other reaction products obtained in the

reaction of nitrogentotroxide with dl-c(-aminocaproic acid the folloroin

scheme was used.

1. The volatile material w-t removed at the water pump at room

temperature.

2. The residue, in a flask, was immersed in dry ice for several

hours and then filtered immediately. A compound (A) was obtained which

was in the form of colorless plates melting sharply at 99@ It was &ol-

uble in water and ether, but insoluble in petroleum other, and gave a

negative test for nitrogen.

(9 3. The filtrate from step 2 was then titrated roughly to pH 6

with trimethylbenzylammonium hydroxide solution using external cooling.

The dark red heterogeneous substance was allowed to stand ovornight.

4. The above mixture was then shaken with 3-4 portions of pe-

trolem ether (b.p. 90-1000)o The petroleum ether phase was further puri-

fied by filtering through Norit A, After the removal of petroleum ether

an almost colorless viscous substance, fraction (B), was obtained. It

was heavier than and insoluble in water, but soluble in ether, petroleum

ether and strong alkali., ~ ETI



5. The cloudy aqueous solution was passed through activated

Norit A. After the Norit was washed with water and a small volume of

methanol, the salt was eluted with acetone giving a yellow clear solu-

tion. The acetone was removed at room temperature at the water pump

and the residue, compound (C), was crystallized from water, m.p. 880.

A mall pcrtion of the crude reaction product was brought to

pH 6, by the use of potassium carbonate and subjected to the same treat-

C ment as the trmethylbenylammonium salt solution, but the potaesium salt

did not seem to be adsorbed by the Norit.

It was noticed that when the ratio of dry purified nitrogen

tetroxide was high, i.e. over tenfold that of the amino acid, the cryst-

alline salt with trimethylbenzylammonium ion was not obtained. To find

the optimum ratio of reactants and the optimum conditions for the reaction

the previously described procEdure was slighLly varied.

Ten grams of dl-d-amminocaproic acid was treated with 55 ml.

of purified dry nitrogen tetroxide at -5" and kept for 70 hours at -5 to

-3* and then exposed to room temperature. As soon as the reaction flask

was removed from the cold bath the large colorless cryutals present bcgan

to decompose vigorously. After the removal of the excess nitrogen totr-

oxide at room temperature 14 ml. of a light yellow liquid was obtained.

(i Since the amino group of an amino reacts far more vigorously

with nitrogen tetroxide than the (-amino group of an amino acid, tho

reaction with amines was run at a much lower temperature and also in a

solvent such as dry other or a nitroalkane.

An ether solution of 1,6-diaminohexane, b.p. 90"/12ma (5 g. in

200 ml of other) was added dropwise to 90 ml,. of nitrogen tetroxide in

200 ml of dry ether In a dry ice bath. After completion of the addition,

the reaction flask was transferred to a salt-ice bath and kept there for

CcD4FTIT
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48 hours. The solid reaction intermediate disappeared after a few days*

The subsequent decomposition at room temperature was accompanied by gas

evolutions and was carried out with extreme caution. The temperature of

the reaction mixture was controlled as necessary by immersing the reaction

flask in ice cold water.

After the removal of volatile material at the water pump a swal

portion of the reaction product was dissolved in chloroform and crystals

( melting at 92- were obtained. These were recrystallized from water to

m.p. 180. They gave a negative test for nitrogen. Hore of these color-

less crystals melting at 180" were obtained by deep freezing the crude

reaction product. The trimetylbenzylammonium salt of the viscous, iieavy

filtrate melted at 143. An analysis of these has not yet been obtained.

, When 1,6-diaminohexano was reacted with nitrogen tetroxido in

2-nitropropane instead of ether, the only experimental difference was

that in lieu of a clear solution of the amine in ether, the solid salt

of diaminohexano with 2-nitropropane was added to a solution of nitrogen

tetroxide in 2-nitropropane. On deep freezing the reaction product, the

same colorless substance melting at 180* was obtained. The filtrate was

converted to the trimethylbenzylamonium salt which is in the process of

being studied.

( Isopropylamine, b.p. 33-35*, was treated with nitrogen tetroxide

both in dry ether and in 2-nitropropane in the usual way. There was no

visible difference between the two solvents since there was no precipitate

formed when isopropylamine was dissolved in 2-nitropropane. The crude

reaction product from the ether run gave a crystalline purplish salt ,

4 mp. 1250 with trimethylbenzylanuvnium hydroxide solution. At the time

hardly any attention was paid to these well-defined violet plates since

the expected product was the neutral 2,2-dinitropropane. The second solid

substance obtained from the reaction product was a colorless crystalline

CONFIDENTIAL
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compound which lost its crystalline form at about 90* and malted with do-

composition at 175-180 . The reaction product from the nitropropane rm

has not been identified as yet.

1,,4-Diaminobutano dihydrochloride was reacted with NaO4 in

ether, Two colorless crystalline products and a yellow liquid were ob-

tained after working up the crude product. The compound melting at 15

(7 seems to contain both chlorine and nitrogen while the compound melting

at 1750 contains chlorine but no nitrogen. The yellow liquid will be

further investigated.

Future Work

1. Optimum conditions and the limitations of the reaction bctween

the -NH2- group and the N204 will be further established.

2. Tho different reaction products will be btudid and identi-

fied.

C (T
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