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Abstract

1. The complox between nitrogon tetroxidc and boron trifluoride
has been preparcd and sore of its physical and chemical properites de-
termined, ittempts to use it as a nitrating agent in the conversion of
mononitroparaffins to dinitroparaffins were unsuccessful, both in the
liquid phase and at elevated temporaturcs in the vapor phase,

2. dl-C/\-Aminocaproic acid has been treated with nitrogen
tetroxddo in the cold and the reaction products have becn isolatcd and
characterized,

3, 1,6~-Diaminahcxinc has boen treated with nitrogen totroxide
in dry ether and also in 2-nitropropane and its reaction products have
been studied,

L, Isopropylamine has been treated with nitrogen tetroxide both
in dry ether and in 2-nitropropanc,

5. Proliminary studies on the reaction products of 1,,4-diamino-
butane dihydrochloride with nitrogentetroxide show that chlorine is pre-
sent in each fraction obtained

V 3/ st na K
V. Z., Pasternak
C o oSyt
mot CeM « Vogt
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CONFIDENTIAL 2

Riacugsion
Proportjes of BFyeN;0, Complox
The synthssis of dinitroparaffins from nitroparaffins by the

use of a new nitrating agent, BFyeN,0,, was attemptod, This complex

s
"
&
v
H
+
£
.

is obtained by passing gaseous boron trifluoride through liquid nitrogen
dioxide at «5°C, in a diluent of nitromethane or nitrocthane. Carbon
C' tetrachloride or chloroform may also be uscd as a diluent, but the final
product does not appecar 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 sincc they react to destroy
the complex and benzene cannot be used bocause it is nitrated by the complex
‘ at this temperature, Readily oxidized substances like aniline are def~
initely hypergallic with the complex,
The EFyeliz0, complex is a white 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 dofinite melting point could be
[ ‘ found in a sealed glass capillary tube up to 265°, The complex sublimes
gw . away fairly rapidly in an open capillary tubc or on an exposed surface
E ¥ ( 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 dctermine if this complex would
function as a nitrating agent for nitroparaffins, The complex was added
to nitromethane, nitroethane, and 2-nitropropane at room temperature and

CONFIDENT IAL




$
4
,
i
i
t
;

CONFIDENTIAL 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 200° to 400° while the contact
time was varied from 10 to 40 seconds, In all cases, no dinitroparaffin
was isolated whether nitromethane or nitroethane was used,

Exporinental,
Preparation of BF,*N;0, complex. - Geseous 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 1s used to oxidize any nitric oxide present to nitrogen dioxide.
The dry gases are passed into a collecting tube which is kept at about
=5° by an ice bath, The liquid nitrogen tetraoxide is transferred to a
500 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 -5° during the addi-
tion of gaseous boron trifluoride which is bubbled through the mixture
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-
sor, The complex may be kept in the round bottom flask ungler the nitro-
ethane which 18 present, The flask should be stoppered to keep moisture
out, The yleld is essentially 100 percont and the amount of complex obe
tained will depend upon the weight of nitrogen totraoxide used initially,
CONFID ENTIAL
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CONFIDENTIAL L
Attempted nitration of nitrogthang. - Nitroethans, 30 cc (3L.5 g), was
placed in € 125 ml, flask and 20 g, of BFyeN;0, was added, The flask
was stoppered with a glass wool plug and allowed to stand for two wecks
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 funnelj thc aqueous layer being discarded, The organic layer
was distilled at atmospheric pressure and gave a boiling point of 115,0°,
There was no hicher boiling fraction obtained, The same procedure was
followed with nitromethane 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 diaxide was mixed with the hot vapors of the nitroparaffin and passed
into the hot tube, Just before entering the hot tube, boron trifluoride
was introduced into the mixture, Upon emerging from tlie 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 flaskwas kept
in an ice bath to condense the vapors. Tho material collected was chilled
in dry ice for 15 minutes, filtered by suction to remove the complex
(BF3+N204), and distilled under atmospheric pressure, Several runs were
made with nitromethane and with nitroethane, Sturting material was re-
covered in all cases,
ure i

The use of this BF3¢N,0, complex a8 a nitrating and as an oxi-
dizing agent will be tested, A melting point determination will also be
tried at higher temperatures,
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CONFIDENTIAL 5
Beactions of NoO, with Amincgs. - As was mentioned in the first quarterly
report on this contract yellow necdles, m.,p. 90° (from water), were ob-
tained from the steam distillate of the crude reaction product of dl-(k/-
aminocaproic acid with nitrogen tetroxide when trimethylbenzylammonium
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-
ammonium salt of a trinitropentanc, the reaction by which it was formed
becomes definitely valuable from a preparative standpoint,

In an effort to improve the yield of thec trinitropentane »nd
also to isolate and purify the other reaction products obtained in the
reaction of nitrogentotroxide with dl-¢-aminocaproic acid the following
scheme was used,

1, The volatile material was removed at the water pump at room
temperature,

2, The residue, in a flask, was immersed in dry ice for scveral
hours and then filtercd immediately., A compound (A) was obtained which
was in the form of colorless plates melting sharply at 99°, It was sol-
uble in water and ether, but insoluble in petroleum octher, and gave a
negative test for nitrogen.

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 po-
troleum ether (b.p. 90-100°), 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 aas,  BINFIOENTIL




CONFIDENTIAL 6

5. The cloudy aqueous solution was passPd 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. 88°,

A amall pcrtion of the crude reaction product was brought to
pH 6, by the use of potassium carbonate and subjected to the samec treat-
ment as the trimethylbenzylammonium salt solution, but the potassiuu 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 praviously described procedure was slightly varied,

Ten grams of dl-d—aminocaproic acid was trcated 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 crystals present bcgan
to decompose vigorously. After the removal of the excess nitrogen tetr-
oxide at room temperature 14 ml, of a light yellow liquid was obtained,

Since the amino group of an amine 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 tempe_rature and also in a
solvent such as dry ether or a nitroalkane,

An ether solution of 1,6-diaminohexane, b,p. 90°/12mn (5 g. in
200 ml of ether) 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

CONFIDENTTAL
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CONFIDENTIAL 7
48 hours, The solid reaction intermediato 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 small
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 negativo test for nitrogen., HMore of these color-
less crystals melting at 180° were obtzined by deep freezing the crude
reaction product. The trimethylbenzylammonium salt of tne viscous, neavy
filtrate melted at 143°, An analysis of these has not yet been obtained,

Vhen 1,6~diaminchexzne was reacted with nitrogen tetroxide in
2-nitropropane instead of ether, the only experimental difference was
that in lieu of a clear solution of the amine in cther, the solid salt
of diaminohexanc with 2-nitropropane was added to a solution of nitrogcn
tetroxide in 2-nitropropane, On dcep freeging the reaction product, the
same colorless substance melting at 180° was obtained., The filtrate was
converted to the trimethylbenzylammonium 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 szlt ,
m.p, 125° with trimethylbenzylammonium 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
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CONFIDENTIAL 8
compound which lost its orystalline form at about 90° and molted with de=-
composition at 175-180°, The reaction product from the nitropropane run
has not been identified as yet,

1,4=Diaminocbutane dihydrochloride was reacted with NO4 in
ether, Two colorless crystalline products and a yellow liquid were ob=-
tained after working up the crude product., The compound melting at 115°
seems to contain both chlorine and nitrogen while the compound melting

at 175° contains chlorine but no nitrogen. The yellow liquid will be
further investigated.

Fu il
), Optimun conditions and the limitations of the reaction between
the ~NH,- group and tho N;Os will be further established,

2. The different reaction products will be studied and identi-
fied,

-

i

t
P
i

E»

E

!

CONFIDENTIAL




CONFIDENTIAL 9

N7onr-39417
INITIAL DISTRIBUTION OF THIS REPORT
ADDREJSEZ
f 1,2 Cormanding General, Aberdeen Proving Ground, haryland
: Attn: Ballistic Research Lals,
ORDBG-BLI
3,4 Dept, of the Army, Office of Ordnance, 'Jashington 25, D. C.
( Attns ORDTU
; 5,6 Dept. of the Army, Office, Chief of Ordnance, ilashington
: 25, D. C, Attn: OGRDTX-AR
y 7,8,9 Commanding Officer, Office of Ordnance Research, Box CM
3 Duke Station, Durham, Horth Carolina
]
» 10,11 Coumanding Officer, Picatinny Arsenal, Dover, llew Jersey
- ‘ Attn: Library
4
£ 12,13 Commanding Officer, Redstone Arsenal, Huntsville, Alabama
1 Attn: Technical Library
§ 12 Dept. of the Air Force, Hq. USAF, LCS/D, Washington 25, D.C,
Attn: AFDRD=-AC-3, Col, Paul F, Nay
15 Commanding General, Viright Air Developmunt Center,
Wright-Patterson Air Force Base, Dayton, Ohio
Attn: WCEGH-2
B 16 Companding General, Wright Air Development Center,
‘. Wright-Patterson Air Force Base, Dayton, Ohio
L Attn: WCLPN-3
P
P 17 Aerojet Engineering Corporation, P. O. Box 296, Azusa,
E ' ( California, Attn: Librarian, Mrs. Myra T. Grenier
’; 18 Allegany Ballistics Laboratory, P, O, Box 210
. Cumberland, Maryland
19 Armour Research Foundation of Illinois Institute of
Technology, Technology Center, Chicago 16, Illinois
Attn: Propulsion and Structures Researchj Dept, M
20 Atlantic Research Corporation, 812 North Fairfax Street,
Alexandria, Virginis
21,22 U. S, Bureau of hkines, 4800 Forbes St., Pittsburgh 13, Pa,
Attn: Explosives and Physical Sciences Division
23 Catholic University of America, 7th St. and Michigan Ave,

N. Eo’ wuhmon 17, D, Co, Attn: Dr. F, O, Rice

T AMETDLAMT AT




.

28

3l

8

33

35

37

38,39,40
41,42,43

CONFIDENTIAL 10

E, I. du Pont de Nemours and Co., 10th and lMarket Sts.,
Wilmington, Delaware, Attn: W. F. Jackson

Hercules Experiment Station, Wilmington, Delaware
Attn: Dr. A. M, Ball

Director, Jet Propulsion Laboratory, 4800 Oek Grove
Drive, Pasadena 3, California

The M, W, Kellogg Company, Ft. of Danforth Avenus,
Jersey City, New Jersey, Attn: R, A, Miller,
Special Projects Dept.

Arthur D, Little, Inc., 30 kemorial uUrive, Cambridge 42,
}Mass,, Attn: Dr, C, S, Keevil

Arthur D, Little, Inc,, 30 Memorial Drive, Cabridge 42,
Mass,, Attn: Dr, W, C, Lothrop

Dr. Joseph '/, Lang, Director of Research
General Aniline and Film Corporation, Central
Research Laboratory, kaston, Pennsylvania

Midwest Research Institute, 4049 Pennsylvania, Kansas
City, Missouri, Attus Technical Director

University of ilinnesota, Oak Street Laboratories, 2013
University Avenue, iiinneapolis, liinnesota
Attn: Prof, B, L, Crawford, Jr.

National Fireworks Ordnance Corp., "/est Hanover, liass,
Attn: My, S. J. Forter

Ohio State University, Research Foundation, Columbus 10,
Ohio, Attn: Prof, ii, L, Wolfrom

Phillips Petroleum Company, Bartlesville, Oklahoune
Attn: Mr, J. P. Alden

Project Squid, Princeton University, Forrestal Research
Center Library, Princeton, New Jersey, Attn: Librarian

Rohm and Haas Company, Redstone Arsenal Research Div.,
Huntsville, Alabama, Attn: Technical Directar

Solid Propellant Information Agency, Applied Physics
Laboratory, The Johms Hopkins University, Silver Spring,
Maryland, Attn: P, K, Reily, Jr.

Standard 0il Campany, Rosearch Dopartment, P, O, Box 431
Vhiting, Indiana, Attn: Dr, W, H, Bahlke

CONFIDENTIAL



45,46
L7

L8

L9

50
51,52
53

54

55
56,57
58
59,60
61

62
63,64,65

66,67,68
69,70

CONFIDENTIAL 1

Thiokol Corporation, Redstone Arsenal, Huntsville,
Alabama, Attn: Technical Director

Thiokol Corporation, 7680 N, Clinton Avenue, Trenton 7,
New Jersey, Attn: Mr, H, R. Ferguson

Thiokol Corporation, Elkton Laboratories, Elkton,
Maryland, Attn: D. W, Kershmer

U, S, Rubber Company, General Laboratories, Market and
South Streets, Passaic, Now Jersey, Attn: P, O, Tawney

Western Cartridge Company, East Alton, Illinois
Attn: }ﬁ'o R, Lo Womer

Coammanding Officer, Badger Ordnance l/orks, Baraboo,
Wisconsin, Attn: R. R, Buell

Dept, of the Navy, Bureau of Aeronautics
'ashington 25, D, C,, Attn: SI-5

Dept. of the Navy, Bureau of Ordnance, Washington 25, D.C.
Attn: Adj, Technical Library

Dept. of the Navy, Bureau of Ordnance, v.ashington 25, D.C,
Attn: Section Re2d

Commandor, U, S, Naval Air lissile Test Center, Point
Mugu, California, Attni Technical Library

Commanding Officer, U, 5, Maval Air Rocket Tecst Station
Lako Denmurk, Dover, New Jersey, Attn: Technical Library

Commanding Officer, U, S. Neval Powdcr Factory, Indian
Head, Maryland, Attn: Research and Development Dept,

Commander, U, S, Navel Proving Ground, Dahlgreen, Virginia
Attn: M, I, Division

Commarder, U, S, Naval Ordnance Laboratory, White Oak,
Silver Spring, laryland, Attn: Library

Commander, U, S, Navol Ordnance Test Station, Inyokern,
China Lake, Calif,, Attn: Technical Library Branch

Dept. of the Navy, Office of Naval Research, lashington
25, D. C,, Attn: Code 429

Comnanding General, Frankford Arsenal, Bridge and Tacony Sts.
Philadelphiia, Pa,, Attn: Pittman-Dunn Laboratory

CONFIDENTIAL



72

73

b

(F;

1,78

81

82

83

84

85

86,87,68,89

90,91,92,93

CONFIDENTIAL 12

Reacticn Motors, Inc., Rockaway, New Jersey
Attn: P, E, Winternits

Shell Development Company, Emeryville, California
Attns F. G, Bollo

Director, Office of Naval Research, Branch Office,
The John Crerar Library Building, Tenth Floor,
86 E, Randolph St., Chicago 1, Illinois

Coumanding Officer, Office of Maval Research
1030 E, Green St., Pasadena 1, California

B, F, Goodrich Company, Research Center, Brecksville,
Ohio, Attns Vice-President/Research

Phillips Petroleum Company, P, O. Box 548, licGregor,
Texas, Attn: E, A, lialick

Dr. R. Sugimoto, Ethyl Corporation, 1600 W, Zight Mile
Rd., Ferndale 20, Detroit, ifichigan

Dr. Harold Shechter, Depertment of Chemistry, The Ohio
State University, Columbus, Ohio

Dr, Jorome L, Martin, Coumercial Golvents Corporation,
Terre Haute, Indiana

Dr. E. R, Buchman, California JInstitute of Technology,
Pasadena, California

National Bureau of Standards, Ordnance Development
Division, Washington 25, D. C., Attn: Mr, J. Rabinow

Bureau of Aeronautics Representative, 15 South Raymond
St,, Pasadena 1, California

Los Alamos Scientific Laboratory, Los Alamos, New liexico
Attn: Dr. L, W, Kissinger

British Joint Services Mission via Dept, of the lavy,
Bureau of Aeronautics, Wash., 25, D. C. Attn: Aer/2-3

Canadian Joint Staff via Dopt, of the Navy, Bureau of
Aeronautics, Washington 25, D. C., Attn: Aer/2-3

CONFIDENTIAL



