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The present invention relates to 2 new series

of chemical compounds and methods of prepar-

ing the same. More particularly the invention
is concerned with certain new nitramines and
their preparation from readily available raw ma-
terials.

5

Broadly speaking, the object of the present

invention is to provide a new series of polymeth-
ylene polynitramines suitable for various indus-
trial purposes but of particular interest in con-
nection with the production of military and in-
dustrial explosives.

A more particular ohject is the provision of
a new cyclic polymethylene polyritramine hav-
ing an eight-membered ring structure, said com-
pound being equal to cyclonite in explosive power
and brisance,

Another object is to provide a new and im-
proved explosive of great power and brisance.

A further object is to produce a dinitro deriv-
ative of a bicyclic polymethylene polyamine and
to convert this intermediate compound to var-
ious derivatives of interest as explosives, fuse
powders and the like.

Another object is the provision of a nhumber
of alternative methods of preparing said bi-
cyclic intermediate from various readlly avall-
able raw madterials.

Still another object is to provide a method of
producing an explosive essentially comprising a

(ClL. 260—248)

2

In view of the close similarity of this new com-
pound (I) to cyclonite (II), both in structure as
well as in chemical and explosive properties, the
eight-membered cyclic “homologue” (I) of cy-
clonite will hereinafter he desighated by the
trivial name ‘“homocyclonite.”

In accordance with one aspect of the present

" invention, homocyclonite (I) may be prepared by
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mixture of cyclonite and an analogous, egqually -

powerful polymethylene polynitramine havmg an
eight-membered ring structure.

Gther objects and advantages will become ap-
parent as the invention is hereinafter more par-
ticularly described.

The subject matter of the present application )

is somewhat related to that of copending appli-
cation Serial Number 444,254, filed May 23, 1542.

The novel cyclic polymethylene polynitramine
with which the present invention is primarily

concerned consists of cyclotetramethyleneuetra-

nitramine (I).

NOs NO:
CHz—llT—CHn cﬂz—'llr——‘-ci‘zz :
NOz—I\lT N--NO; :
CH;—N—CH: N O—N——CH:—N—NO;
I\|102 ‘

I (Homocyeclonite) II (Cyclonite)

45
- amine IQv).
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‘ration of the bicyclic intermediate (DPT),

o variety of methods from an intermediate that
is also a new chemical compound. The inter-
mediate, in turn, may be prepared from readily
available raw materials by & number of novel
alternative methods to be described later. The
intermediate in question counsists of 3,7-dinitro-
pentamethylenetetramine (III) (hereinafter re-
ferred to by the trivial designation, “DPT”), hav-
ing the following probable structural formula:

CHz——N———CHZ
NOz—l\lT H; N—NO:2
Hy—N—CHz
II (DPT)

This intermediate (DPT) may be converted
either to homocyclonite, or to a mixture of eyclo-
nite and homocyclonite or to certain linear poly-
nitramines that are also of interest in the prep-
aration of explosives of various types.
' The various reactions involved in the prepa-
its
conversion tc the derivatives briefly mentioned
above, and the properties of certain of the prod-
ucts will be hereinafter described with reference
to the several plates attached hereto, wherein:
Plate I is a schematic representation of the
reactions involved in the preparation of DPT;
Plate II is a schematic representation of the

conversion of DPT to various end products, and

Plate ITI shown in the accompanying drawing
is & plot of melting points versus composition, of
a mixture of cyclonite and homocyclonite as pro-
duced in accordance with one aspect of the pres-
ent invention.

As will be evident by reference to Plate I, DPT
(III) may be prepared by neutralization of the
mother liguors obtained in the nitrolysis of hex-
Alternatively, DPT may be pre-
pared from hexamine dinitrate (V) by treat-

‘ment with a carboxylic anhydride, or it may be

broduced synthetically by condensation of form-
aldehyde, nitramide (VI) and ammonia.
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As indicated in Pilate II, if the DPT obtained
by any of the foregoing processes is treated with
absolute nitric acid or with absolute nitric acid,
ammonium nitrate and acetic anhydride, a novel
explosive homocyclonite is produced, but with
a solution of ammonium nitrate in concentrated
nitric acid, a mixture of cyclonite (II) and homo-
cyclonite (I) is produced. Moreover, if DPT is

4

In order more clearly to disclose the nature
of the present invention, a number of specific
examples will hereinafter be described in consid-
erable detail. It should be clearly understood,
however, that this is to be done solely by way of
example and is not to be construed as a limitation
upon the spirit and scope of the appended claims.

treated with a mixture of concentrated nitric PLATE I
acid and acetic anhydride an acetylated linear 10 Preparation of DP T
polynitramine (VIII) (hereinafter referred to CH. CH:
by the ftrivial designation “AcAn”) is formed. T T . o
Furthermore, if DPT is treated with “106% ni- Y. ENON N-HNOs
tric acid” (i. e., absolute nitric acid containing l CH» C{'zl CHs ci,
sufficient dissolved nitrogen pentoxide to titrate 15 \N \N
as apparently 106% acid), a linear polynitra- I é { ' (]; I
mine (VII) hereinafter designated by the trivial CH, He CH: OH, He CH,
name “106”) is formed. Lastly if 196 is treated lr/ I
with an alcohol, the nitroxy groups are replaced N . ; )
by alkoxy groups to form the corresponding ether 20 (Hexamine) (Hexamine dinitrate)
(IX) which for convenience may be designated v v
“106-E.”
i i iONS 98% HN O3, t

’I_‘o summarize .the foregoing reactions of DPT Zyclomte, St%%fang;\ AC;O

or its derivatives: tralize ML topH 5.6\ 2-4 days
25

(1) DPT-98%HNO;~»Homocyclonite (I) CHz“}L—Cm
(2) DPTHHNO34+Ac204+-NHsNO3 - Homocyclo- NO:N  CH; N—NOz

nite (I) br——dm,
(3) DPT-+HNO3+-NH:NO3 - Homocyclonite (1) DPT

plus Cyclonite (ID) 30 ( )
(4) DPT-}HNO34-Ac:0—~AcAn (VIID) jass
(5) DPT4-106% HNO3—>106 (VII)
(6) 106-4+-ROH~106-E (IX) I_smo
(7) AcAn-4-HNO3;—>106 (VIL)
(8) 1064+HOAc—~>AcAn (VIID) 35 2NH; + §6CHz0 + 2NH:NO; (VD)

PLATE I
Reactions of DPT
$02
NO3—N—CH;—N—NO3 CH;—N—CH:
NOz—N N-—-NO2
CHy—N-——CHas CHa—III—— H;
NO2 NO2

II (Cyclonite)

I

AcO<NH(NO3

1 (Homocyclonite)

1

AcO>NHNO: l

+———Examples 11 and 12

(I'/‘HhN—-—-CHs
NO;—N CH; N—NO3
CH;—N-—CH;3

«———FExample ¢

III (DPT)
Example 15 Example 16
! NO;  NO;  NO»  Nos
CH;C 0—0—CH;—N—CH;—N—CH—N—CH;—N—CH;—0—COCH;
VII AcAn
NO;3 NO;z; NO: NOs:
Example 17 | | | |
NOs—O0—CH:—N—CH:—N—CH;—N—CH;—N—CH;—ONO:
Example 18 / vix 106
ROH Examples 19 and 20
NOs NO3 NO: NO3

|
R O—CHa—llV'—CH:—-N—CH:——N~CH3—~N—CH)—O R

IX (106-E)
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PREPARATION OF DPT
CH;—N-—CH:
: NOz—I\|T H: N—NOg
CHz—l\lT—cHa
1. By NEUTRALIZATION oF MoOTEER LiQUORS FRrOM
THE NITROLYSIS OoF HEXAMINE

Example 1

Hexamine was treated with a large excess of
absolute nitric acid (from 20 to 25 moles of acid
per mole of hexamine) according to the pro-
cedure described by Hale, Jour. Amer. Chem. Soc.,
47, 2754 (1925). The hexamine (preferably ad-
mixed with Dry Ice) was added in small propor-
tions to the concentrated nitric acid, the latter
being stirred slowly but countinuocusly and held
below —25° C. by means of an acetone-Dry Ice
bath. Each portion was allowed to dissolve be-
fore the introduction of the next. The time of
addition may vary from about 75 to 140 minutes,
during which the reaction mixture is held at
—25° C.

After all the hexamine was added, the reac-
tion mixture was poured over twice its weight of
crushed ice and the resulting precipitate of cy-
clonite was immediately filtered from the mix-
ture. The cold filtrate, which smelled strongly
of formaldehyde, was then promptly but
cautiously neutralized with aqueous ammonia to
a pH of about 5.6 (solution harely blue to bromo-
cresol green). After about 15 minutes precipita-
tion was complete and the solution became more
acid. ‘The mixture was then filtered and the
crude product (melting at about 188 to 193° C.,
plus or minus 5 to 10° C.) was further purified by
repeated recrystallization from nitromethane.
The melting point of the purified product was
thus raised to about 205 to 206° C.

The weight ratio of DPT to cyclonite produced
by the foregoing process varied from about 1:5
to 1:6, although a 1:4 ratio was occasionally ob-
tained. Generally speaking, it has been found
that the optimum yields of DPT are obtained
provided the reaction mixture resulting from the
nitrolysis of hexamine is diluted with water as
quickly as possible after the hexamine addition
is complete. Furthermore it appears that the
yield of DPT, in contrast to that of cyclonite, is
inversely affected by the quantity of nitric acid
used, within certain limits.
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The neutralization of the nitrolysis mother

liquors may be efiected with any suitable alkali
other than the ammonia employed in Example 1.
‘This is illustrated in Example 2,

Example 2

The reaction mixture from 40 g. (0.285 mole)
of hexamine and 180 cc. (4.28 moles) of 99.6%
nitric acid was diluted with ice and water im-
mediately after the addition of the hexamine
was complete, and the cyclonite was promptly
filtered from the mixture: 46.2 g. of cyclonite, or
73.19% of the theoretical yield, was obtained.
The cold filtrate after the separation of the cy~
clonite was then neutralized with saturated aque-
ous sodium carbonate solution to a pH of 5.6.
The yield was 6.43 g. of DPT, representing a
10.3% yield. A mixed melting point with a sam-
ple of DPT obtained as in Example 1 was not
lowered.

The product obtained by the procedure de-
scribed in Example 1 or 2 consists of 3,7-dinitiro-
pentamethylenetetramine (III) or DPT. This
new compound melts with decomposition and
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sublimation at a somewhat indefinite tempera-
ture, particularly in the crude state. However,
after repeated recrystallizations, the melting
point of DPT may be raised to approximately
204 to 205° C., using acetone, methyl ethyl ke-
tone, nitromethane or any other suitable solvent
for recrystallization. In this connection, it may
be mentioned that DPT exists in two polymorphic
modifications melting at 222 to 223° C. and 204
to 205° C., respectively.

DPT is decomposed rapidly by boiling water
and slowly by boiling 95% alcohol. It is decom-
posed easily by heat and darkens on melting;
if heated at 170° C. for 16 to 18 hours it gives a
mixed sublimate which apparently consists of
paraformaldshyde and hexamine., The chemical
properties of DPT will be discussed more fully
hereafter under the heading of “Reactions of
DPT.”

Analysis—Calc’d CsHiolNeO4: C, 27.50; H, 4.58;
N, 28.5. Found: C, 27.72; H, 4.48; N, 38.9.

2. By TEATMENT oF HEXAMINE WITH
NHNO3—HNO3 Sorurtion

Hexamine may be converted to DPT JID
without the production of cyclonite by treatment
at moderate temperature with nitric acid con-
taining dissolved ammonium nitrate. This meth-
od is described in Kxample 3. .

Example 3

To a solution of 20 ce. (0.48 mole) of 95%
nitric acid and 17.2 g. (0.21 mole) of ammonium
nitrate at room temperature was added 14 g.
(0.10 mole) of hexamine, After four hours the
resulting slurry set to a solid (hexamine di-
nitrate). After the reaction mixture had stood
at room temperature for sapproximately two
weeks, the solid was dissolved in 200 ce. of water;
no insoluble residue remained and therefore no
cyclonite was present, The resulting agueous
solution was neutralized with 28% aqueous am-~
monia to a pH of 5.6, producing 1.23 g. of DPT,
corresponding o a yield of 5.6% of the theoreti-
cal. After recrystaliization from methyl ethyl
ketone, a mixed melting point of the resulting
product with a sample of DPT prepared as in
Example 1 was not lowered.

3. By TREATMENT OF HEXAMINE DINITRATE WITH
ACETIC ANHYDRIDE

Considerably better yields of DPT may be ob-
tained by first converting hexamine (IV) to
hexamine dinitrate (V) and then treating the
latter compound with a carboxylic acid anhydride
at moderate temperatures for a considerable pe-
riod of time. The procedure, starting with hex-
amine dinitrate, is deseribed in Example 4.

Erxample 4

A mixture of 2220 cc. (20 moles) of acetic an-
hydride and 1330 g. (5 moles) of hexamine di-
nitrate was stirred for three days at room tem-
perature. The resulting crystalline precipitate
was then filtered from the reaction mixture. The
product consisted of 125.6 g. of DPT melting at
205-206° C. Second and third crops of DPT were
obtained by successive concentrations of the
mother liguor. The total yield of DPT produced
was 30.7% of the theoretical. A mixed melting
point of the purified product with a sample of
the DPT prepared as in Example 1 was not
lowered. :
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4. BY TREATMENT OF HEXAMINE DINITRATE WITH
SULFURIC ACID

Hexamine dinitrate may be converted to DPT
by treatment with sulfuric acid in lieu of the
acetic anhydride employed in Example 4. The
sulfuric acid method is described in Examples 5
and 6.

Example 5

0.1 mole of hexamine dinitrate and 0.92 mole
of 90% aqueous sulfuric acid: were mixed to-
gether over a 30 minute period with proportionate
addition of the reactants to the reaction vessel,
and with efficient stirring. ' The reaction mixture
was maintained at about 8 to 15° C. After the
reactants had been added to the reaction vessel
the mixture was stirred at about 15° C. for 45
minutes and then poured into 400 cc. of ice and
water. - After filtration, the fltrate was neu-
tralized to a pH of 5.6 to 6.5 using 28% agueous
ammonia, producing 0.31 mole of DPT, corre-
sponding to 31% of the theoretical yield.

Example 6

A solution of 13.3 g. (0.05 mole) of hexamine
dinitrate and 34 g. (0.31 mole) of 90% aqueous
sulfuric acid, prepared by proportionate addition
at 8-15° C. over a thirty minuie period, was sub-
sequentily stirred at 15° C. for 45 minutes after
the addition was complete. The resulting mix-~
ture, if neutralized with ammonia as in Exam-
ple 5, supra, would have given a 31% yield of
DPT. Instead of following this procedure, how-
ever, thie reaction mixture was poured into 55
ce. (1.24 mole) of well-stirred 99% nitric acid
over an 8 minute period, the temperature of which
was maintained at 10° C. The resulting reaction
mixture was then stirred at 25° C. for a period
of time indicated 'in Table I, infra, and then
crowned in an ice-water mixture. The resulting
cyclonite was filtered, dried, weighed in the crude
state, fumed-off with 70% nitric, filtered, dried
and again weighed. The filtrate from the initial
separation of the cyclonife was cautiously neu-
tralized with smmonia to a pH of 5.6, and the
yvield of DPT thus obtained was determined. The
results are given in Table I.

iv
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Example 7

0.062 g. (0.001 mole) of nitramide (Organic
Syntheses, vol. 1, 68 (1939)) was mixed with 0.48
cc. (0.006 mole) of 409 formalin and the result-
ing solution was cooled to prevent gas evolution.
After two minutes the solution was diluted with
water and then cautiously neutralized to pH
5.6 with dilute ammonia. A precipitate slowly
formed. The yield of DPT was 80 mg. corre-
sponding to 739% of theoretical yield.. The prod-
uct was identified by mixed melting point with
the DPT obtained in Example 1.

Example 8

DPT may also be prepared by reacting nitra-
mide with formaldehyde and treating the re-
sulting solution with methylenediamine sulfate
(Xnudsen, Ber, 47, 2700 (1914)) .,  This reaction
mixture on being neutralized to pX .7 with adque-
ous sodium carbonate yields DPT.

To a solution prepared. by dissolving 0.10 g.
(0.0016 :mole) of nitramide in 0.12 ec. (0.0016
mole) of 40% formalin with cooling, was added
0.20 g. (0.0008 mole) of methylenediamine sul-
fate.  The siurry was immediately diluted with
7.5 cc. of water and neutralized to pH 7 with
agueous sedium - carbonate: solution. - The DPT
which settled out: slowly on keeping the reaction
mixfure at 0° C. for twenty minutes, weighed
78 mg. Yield of DPT calculated on the formal-
dehyde basis is 88%.

In view of the foregoing examples, it will be
apparent that DPT may be formed by numerous
alternative methods.

The chemical characteristics of DPT obtained
by: any. of the foregoing procedures are of con-
siderable interest and these will now be described.

B. REACTION OF DPT

One of the most interesting and important
properties of DPT resides in the fact that it may
be converted in excellent yields fo a new explosive
compound, cyclotetramethylenetetranitramine or

TABLE IL—-CYCLONITE-DPT YIELDS IN EXAMPLE 6

Cyclonite Yield and Quality DPT Yield
Stirring
Time in Crude Purified
HNOgz miv. : Shrinks® C. Percent|M. P. ° 0.
Percenti:M. p.°C. Percent] M. P. ° C.
|
28+ 167-188 148 14 195-203 9 198-199
37 150-188 133 17 202-203 4 190-192
46 143-186 133 23 201-202 4 198, 5-200
47 152-196 130 26 (201, 5-202. 5 1.5 187-192
i

1t will thus be apparent that under these reac-
tion conditions the DPT yields vary approximate-
1y inversely with the cyclonite yields.

5. By CONDENSATION OF IORMALDEHYDE, NITRAMIDE
AND AMMONIA

The foregoing methods of preparing DPT all
start with hexamine or one of its salts. DPT
may also be produced by condensing about 10 to
12 moles of formaldehyde with about 2 moles of
nitramide (VI) at about 0° to about 36° C. and
then treating the reaction product with ammonia
according to the procedure outlined in Example 7.

65

70

“homocyclonite,” the probable structure of which
is as follows:

NO:
CH:—N-—CH;
NO»r—N IG—N Oy
CH;—N—CH:
I\II 02
(Homocyclonite)

As previously indicated, homocyclonite is an ex-
plosive equal in ballistic strength and brisance

75 to cyclonite, and has the same oxygen balance;
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it is ftherefore an explosive of great power and
brisance.

By still other reactions DPT may be converted
to a substance (hereinafter identified by the
trivial name “AcAn”) which consists of 1,9-
diacetoxypentamethylene-2,4,6,8 - tetranitramine
(VIID), having the following structure:

NOz NO: NO2 NO:

: !
CH;C 0 0 CH:-N-CH-N-CH:-N-CH-N-CH-0-CO CH
VIIL (AcAn)

Furthermore, if DPT is treated with nitric acid
containing sufficient dissolved nitrogen pentoxide
to titrate as apparently “106% HNOs3,” there is
obtained still another explosive compound (here-
inafter designated by the trivial name “106”)
which consists of 1,9-dinitroxypentamethylene-2,
4,6,8-tetranitramine (VID :

ITT Os ITT 02 IT* 02 NO3z
N Qs—0—CHy—N~—CHy—N—CH;—N—CH:—N~CHy—0—NO3
VII (106)

This latter compound is the nitroxy analog of
the diacetoxy compound, AcAn, and these two
compounds are in fact interconvertible. Motre-
over, the dinitroxy compound (VII) may be con-
verted by treatment with alcohol to a new series
of ethers, viz., 1,9-dialkoxypentamethylene-
2,4,6,8-tetranitramine (IX), these ethers (here-
inafter designated as “106-E") having the prob-
able formulae:

ITIOz lTIOa 1?02 l\IIOZ
RO—CH;—N—CHr—N—CH~N—CH,—N—CH—OR
IX (106-E)

The reactions of DPT as diagrammatically in-
dicated in Plate II are illustrated in the examples
given below.

1. ConvERSION T0 HOMOOYCLONITE WITH CONCEN-
TRATED NITRI¢ ACID

Homocyclonite may be obtained by treating
DPT with concentrated nitric acid at about 0 to
30° C. This procedure is illustrated in Example 9.

Example 9

DPT was treated with 99.6% nitric acid at
about 20° C. using 30 parts by weight of acid
to one part by weight of DPT. The crude ma-~
terial thus obtained melted at about 230-262° C.
The crude material was purified by digestion
with agueous ammonia which preferentially des-
troys any cyclonite contained in the crude prod-
uct. Thereafter the material was digested with
709% nitric acid and finally recrystallized from
nitromethane. The product melted at 279.5 fo
280° C. corr. (with decomposition). It consists
of cyclotetramethylenetetranitramine (I) having
the probable structural formula: .

I\ITOz
CH>—N—CHa
NO:—N N—NO:
CH;—N-—CH:
NO:
I (Homocyclonite)

Analysis—Calcd for CsHsNsOs: C, 16.22; N,
37.84.  Found: C, 16.4; N, 38.24. Molecular
weight: Cale’d for CsHsOgNs, 296; Found, 296.

Homocyclonite is an explosive having proper-
ties similar to those of cyclonite (II). It has
approximately the same power (i. e, about 150
compared to 100 to TNT) and brisance as
cyclonite.
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The solubility of homocyclonite, generally
speaking, resembles but is somewhat lower than
that of cyclonite. It is quite appreciably less
soluble in many organic solvents, for example,
acetic acid and dioxane. Homocyclonite may be
conveniently recrystallized from any solvents in-
cluding acetone, methyl ethyl ketone, acetic acid,
nitromethane, dilute nitric acid and the like.

In regard to its chemical properties, homo-
cyclonite is also similar to cyclonite. Thus it is
as stable toward '70% nitric acid as cyclonite.
Likewise it is decomposed slowly by cencentrated
nitric acid. However, homocyclonite is consider-
ably more stable than cyclonite toward weak
alkalis (e. g., aqueous ammonia or agueous
sodium bicarbonate), and this property provides
a convenient method of preferentially destroying
the cyclonite in cyclonite-homocyclonite mix-
tures in the preparation of pure homocyclonite.

It has been found that homocyclonite accom-
panies the cyclonite produced in the process de-
scribed and claimed in the copending application

.0of Scheissler and Ross (Serial No. 2,599, filed

February 16, 1943), according to which a form-
aldehyde-producing substance (e. g., paraform-
aldehyde) is treated with ammonium nitrate in
the presence of a carboxylic acid anhydride (e. g.,
acetic anhydride). Although the principal
product of this reaction consists of cyclonite, a
small proportion of homocyclonite usually ac-
companies the main product.

It has also been found that homocyclonite
accompanies the cyclonite produced by the
proecess described and claimed in the copending
application of Bachmann (Serial No. 498,078,
filed July 16, 1943). 'This latier process involves
the treatment of hexamine or hexamine dinitrate
with ammonium nitrate, also in the presence of
a carboxylic acid anhydride, and as pointed out
in said Bachmann application, the presence of
homocyclonite in the product of the reaction is
not objectionable from the viewpoint of explosive
power and strength since the two components
are substantially identical in their ballistic

o properties.

In view of the fact that homocyclonite and
cyclonite are frequently produced in the same
reaction, synthetic mixtures of these two ex-
plosives were prepared from the pure compounds
and the melting points of the various mixtures
were determined. 'The preparation of these mix-
tures is described in Example 10, infra, and the
melting point data are given in Table II, infra.
Plate IIT of the drawing represents a plot of
melting point vs. composition, for cyclonite-
homocyclonite mixtures containing from 0 to
40% homocyclonite. This plot enables a rough
estimation of the percent homocyclonite in mix-
tures of these two explosives where the cyclonite
component predominates.

Example 10

Crude homocyclonite was refluxed with
ammonia and then with 70% nitric acid, after
which it was recrystallized from nitromethane:
melting point 279,5-280° C. corr. Cyclonite was
prepared by the Hale procedure and recrystal-
lized from nitromethane, dioxane and glacial
acetic acid; melting point, 203.3-205° C. corr.
Synthetic mixtures of cyclonite and homocyclo-
nite were then prepared from the purified com-
ponents and the melting points of the various
mixtures were determined. The results are
given in Table IT.
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TABLE IL—MELTING POINT OF CYCLO\IITE-
HOMOCYCLONITE MIXTURE

Percent Homocyclonite in Composition MeltiJongCZF’omt,

203.3-205
200. 8-204
196 203
188.5-168
189 -166.5
187 -193.5
187.5-198.5
188, 5-230. 5
222, 5-260.5
264 270
279, 5-280

In the case of the mixtures, the upper tempera-
ture indicated in the melting point spread (rep-
resenting the temperature at which ligquefaction
was complete), was difficult to reproduce. Plate
IIT represents a plot of percent composition
against the lower temperature and the upper
temperature of the melting “point” for mixtures
containing from 0 to 40% homocyclonite. The
melting “point” of eyclonite-homocyclonite mix-
tures therefore provides a rough indication of the
percent composition within certain limits.

The crystallographic and impact sensitivity
properties of homocyclonite are more particu-
larly described in the copending application of
Johnson, Blonguist, and McCrone, Serial No.
495,081, filed July 16, 1943, wherein it is pointed
out that the homocyelonite which accompanies
the cyclonite produced by the Bachmann process
may exist in any one of several polymorphic
forms or modifications that are characterized by
widely different impact sensitivities, approxi-
mately of the following order of magnitude:

Beta homocyclonite, ca. 33 cm.
Alpha homocyclonite, ca. 12 cin.
Gamma homocyclonite, ca. 7 cm.
Delta homocyclonite, ca. 5 em.

These data were determined on a testing
machine which gave a sensitivity reading of ca.
43 cm. for pure cyclonite. Because of the rela-
tively high sensitivity of the alpha, gamma and
delta, polymorphic modification of homocyclo-
nite, in the manufacture of cyclonite by the
Bachmann or by the Schiessler and Ross proc-~
esses, provision is desirably made in order fo
ensure that the homocyclonite present in the
final product exists in the least sensitive or beta
polymorphic modification. The above indicated
Johnson et al. application describes and claims
a method of purifying cyclonite compositions
containing homocyclonite, in order to ensure
that this condition is obtained. The same appli-
cation alsc describes the technique of producing
and isolating any desired polymorphic modifica~
tions of homocyclonite and its transformation
into any other desired modification. Reference
may be had to the Johnson et al. application for
a more detailed description of homocyclonite
polymorphism and the control thereof during
manufacture of composition containing this
interesting new explosive.

Because of its great explosive power and bri-
sance, generally speaking, homocyclonite may be
substituted for cyclonite as its substantial equiv-
alent in the preparation of various commercial or
military explosives. Thus it may be mixed with
molten TNT to form a castabie slurry suitable for
shell loading. Likewise homocyclonite may be
phlegmatized (e. g., for press loading) by incor-
porating therewith a small proportion of beeswax
or polymorphous hydrocarbon wax, as described
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in the copending application of Kistiakowsky et
al., Serial No. 495,085, filed July 16, 1943. If so
desired, homocyclonite may be substituted for
cyclonite in the preparation of a plastic exvlosive
such as that described and claimed in the co-
pending application of Kistiakowsky et al., Serial
No. 495,086, filed July 16, 1943. It will thus be
apparent that homocyclonite is a new explosive
compound of wide utility for military and com-
mercial purposes, and of equal power and bri-
sance to the most powerful explosive heretofore
known.

2. CONVERSION TO0 HOMOCYCLONITE WITH ACETIC
ANHYDRIDE AND AN AMMONIUM NITRATE-NITRIC
Acip SOLUTION

The yield of homocyclonite per mole of DPT
may he increased by about 659 by treating DPT
at about B0 to 106° C. (preferably 60-75° C.) with
a solution consisting of amunonium nitrate dis-
sclved in nitric acid (in lieu of nitric acid alone),
together with acetic anhydride. This process is
illustrated by Example 11.

Exomple 11
A mixture of 10 g. (0.046 moie) of DT and
45.2 ce. (0.354 mole) of acetic anhydride was

placed in a reaction vessel and stirred at 69 to
70° C. while & solution of 11.1 g, (0.1356 mocle) of
ammonitum nitrate in 13.4 ce, (0.316 mole) of
98.89% nitric acid was added over a 15 minute
period. During the addition the suspension
(DPT in anhydride) dissclved and a new pre-
cipitate appeared before the addition was com-
plete. Thereafter the reaction mixture was
stirred for 22 minutes at §2° €., and then for
16 minutes at 25° C. The reaction mixture was
then poured into 4060 g. of ice-water mixture.
The solid was filtered and washed with 200 to
300 cc. of water. The product was suspended
in 20606 cc. of 70% nitric acid and heated until
strong evolution of brown fumes ceased (herein-
after referred to as the “fume-off”’). The re-
action mixture was then immediately cooled and
2000 cec. of water was added. The mixiure was
fltered and the precipitate dried at 70° C. The
vield was 8.88 g. of homocyclonite, correspond-
ing to 65.5% of the theoretical; melting point
cf the crude material, 267 to 288° C. A mixed
melting point of the purified material with the
homoeycicnite obiained in Exaniple 9 was not
lowered.

A modification of the procedure described in
Example 11 is given in Example 12. In this
modification the fume-oi is avoided and the
crude material is digested with water to destroy
hydrelyzable impurities.

Example 12

4 solution of 44 g. of ammonium nitrate in
47 cc. of 889% nitric acid was prepared and al-
lowed to stand until it became colorless and
ceased gassing. In a two-liter, three-necked
fiask equipped with a thermometer and s me-
chanical stirrer was placed 149 g. of DPT and
460 cc. of acetic anhydride. The slurry  was
heated to 86° C. by means of a water bath and
the nitric acid-ammonium nitrate solution was
then added over o pericd of 10 minutes, the tem-
veratiure being held at 60 to 65° C. during the
addaition. During the first five minutes of the
addition, the reaction was highly exothermic and
it was necessary tc keep the bath at about 20
to 35° €. However, during the last five minutes
of addition a bath temperature of around 40° C.
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afforded sufficient cooling. Whern the addition
was half complete it was observed that the re-
action mixture had become a clear solution and
no solid DPT remained. However as the addi-
tion continued the mixture became opaque.

After the addition the mixture was stirred at
60 to 65° C. for one hour. 'The first crystals of
homocyclonite were observed about three min-
utes after the completion of the addition. Heat
was evolved for some five to ten minutes after
the addition had ceased and care was therefore
taken in raising the temperature of the water
bath. At the end of the hour the bath was
removed and the mixture allowed to cool. When
the temperature of the reaction mixture reached
50° C., 450 cc. of cold water was rapidly added
with stirring. As the water was added, the
temperature fell to about 40° C. and then rose
to about 90° C. The crude homocyclonite was
heated in the dilufe mother liguor for 12 hours
on & steam bath under a reflux condenser. Dur-
ing this period considerable gas was evolved,
much of it consisting of formaldehyde. The
reaction mixture was then cooled and filtered.
Yield, 102 g.; melting point 272 to 278° C. (corr.).
Recrystallization from acetone gave about 80 g.
(first and second crops); melting point (first
crop), 279-280° C. and (second crop), 278-278° C.
(coryr.). If exceptionally pure homocyclonite is
desired it may be further purified by recrystal-
lization from nitromethane, acetone or other
suitable solvents.

When DPT is treated in the presence of acetic
anhydride with ammonium nitrate dissolved in
nitric acid according to the procedure described
in Examples 11 and 12, the product predominant-
ly consists of homocyclonite althiough a small
proportion of cyclonite is also usually produced.
However, by varying the amount of acetic an-
hydride, and/or the amount of ammonium ni-
trate employed in the foregoing examples, the
relative proportion of cyclonite to homocyclo-
nite in the product may be considerably varied.
Thus if the anhydride is greatly reduced or
omifted entirely, the relative proportion of cyclo-
nite in the product is increased over that given
in the foregoing examples. Moreover, if the
amount of ammonium nitrate employed per mole
of DPT is decreased, the relative proportion of
homocyelonite in the reaction product increases.
The conceniration effects are illustrated in Ex-
ampile 13.

Example 13

A mixture of 0.05 mole of ammoniwmn nitrate,
0.16 mole of acetic anhydride and 0.3 mole of
acetic acid was stirred at 65 to 70° C., while 6.05
mole of DPT and 0.99 mole of 99% nitric acid
were added alternately in 20 portions over a
20 minute periocd, the nitric acid addition being
made in all cases about 15 seconds bhefore the
corresponding DPT addition. After the addition
was complete, the reaction mixture was heated
gradually to 90° C. over a 15 minute period.
Thivty-five cc. of hot water was then added and
the resulting solution stirred at 90° C. for 30D
minutes. After cooling the reaction mixture to
20° C. it was filtered and the melting point and
weight of the dried precipitate were determined.

A portion of the product was fumed off with
709 nitric acid and the thus-purified material
was then dissolved under reflux in 85 to 166%
acetone. When all the material was in solu~
tion, water was added until crystallization just
began (70 to 75% acetone). Thereafter the
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resulting suspension was refluxed for oiie hour
and then further diluted by the addition of water
to form & 50% acetone solution, the water being
added slowly over a 30 minute period. There-
after the acetone was distilled until only 10%
of it remained in the residue, which was then
refluxed one hour, after which the residual
acetone was removed and. the solution cooled.
This procedure of purification results in the con-
version of the homocyclonite to a erystalline form
most suitable for the mechanical separation
described below.

The filtered, carefully purified precipitate was
centrifuged in 15 g. of iodobenzene. The homo-
cyclonite-rich fraction settled to the bottom of
the iodobenzene while the cyclonite-rich fraction
accumulated on the surface. Based on this
method of separation it was found that the prod-
uct consisted of approximately 229% cyclonite and
about 78% homocyclonite.

In a comparable run in which the amount of
ammoenium nitrate was doubled the product was
found to consist of about B5% cyclonite and about
46% homocyclonite.

Summarizing the results obiained in the ex-
periments described in Example 13: if 1 mole of
ammonium nitrate is employed per mole of DPT,
the reaction mixture consists predominantly of
homocyclonite (ca. 22% cyclonite, 78% homo-
cyclonite) ; if, on the other hand, 2 moles of am-
monium nitrate are employed per mole of DPT
the product consists predominantly of cyclonite
(ca. B5% cyclonite, 469% homocyclonite). Ex-
ample 13 therefore illustrates the control over
the composition of the product that may be ef-
fected by variations in the proportions of the re-
actants.

8. ConversIioN 70 CyCLONITE AND HOMCCYCLONITE BY
SULFURIC AciD TREATMENT FOLLOWED BY NITROL-
. ¥SIS OF THE REACTION MIXTURE

Example 14

1.0 g. (0.0046 mole) of DPT was dissolved in
4.5 cc. (0.07 mole) of 869% sulfuric acid at 0° C.
over a ten minute period. The solution was then
added over a three minute period to 11.8 e. c.
(0.28 mole) of 99% nitric acid at 0° C. The re-
sulting clear solution was stirred 30 minutes at
25° C., then drowned in 120 cc. of ice and water.
The crude cyclonite thus produced weighed 0.44
g. (43% of the theoretical yield, based on one mole
cyclonite per mole of DPT) when fumed off with
4 cc. of 70% nitric acid gave an 80% recovery of
cyclonite-homoeyclonite mixture, M. P. 194-198°
C., softening at 193° C. Based on the melting dia-
gram (Fig. 1) the product contains about 5%
homocyclonite. When the filtrate remaining
after the separation of the crude cyclonite was
neutralized with ammonia, no DPT could be re-
covered.

4. CONVERSION OF DPT 10 ACAN

In Exampie 11 supra the conversion of DPT to
a mixture of cyeclonite and homocyclonite by
means of acetic anhydride and a solution of am-
monium nitrate in nitric acid is described. If
this procedure is followed except that the am-
monium nitrate is entirely omitted, homocy-
clonite is not produced. Instead a compound, 1,9~
diacetoxypentamethylene - 2,4,6,8-tetranitramine
(VIII) (herein designated by the trivial name
“AcAn’) is produged to the extent of about 80%
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of the theoretical yield. This compound has the
probable struecture.

NO; NO:z NOz NO:

CH3;C0~-CH-N-CH-N-CH:-N-CHe-N-CH:-0-C O CH;
VIII (AcAn)

The preparation of AcAn is described in Ex-
ample 15.
Example 15

0.2 g. (0.0009 mole) of DPT is suspended in
4.07 ce. (0.043 mole) of acetic anhydride main-
tained at 65° €. by means of 2 water bath, while
1.3 ce. ¢0.31 mole) of 99.6% nitric acid is added
with stirring. ' Vigorous bubbling occurs with the
evolution of brown fumes. Within three minutes
a precipitate appears, After 18 minutes at 65°
the reaction mixture was poured on ice; yield,
0.239 g. of a solid melting at 182.3° C., softening
at 179.2° C. This compound gave a positive
Franchiment nitramine test, was not very sensi-
tive to shock, and was completely destroyed by
heating with ‘70% nitric aecid. . After three re-
crystailizations from nitromethane and one from
acetone the melting point was raised to 186.5 to
187.2° C,

Analysis.—Calc’d for CoHisNsOz: C, 25.2; H,
3.76; N, 26.2; CH3CO, 19.8. Pound. C, 25.3; H,
3.93; N, 26.2; CH3CO, 20.6, 20.3.

The compound was destroyed slowly by reflux-
ing with 28%  aqueous ammonia (82% in 68
minutes). It is stable to 359% nitric acid at 25°
C. for five hours but is decomposed by 70% warm
nitric ‘acid. Absocliute nitric acid at 0° C. con-
verts it to “106,” inira.

5. CoxvirsioN or DPT 1o “106”

As above pointed out, when DPT is treated with
apsolute ‘nitric' acid as in’ Example 9, homocy-
clonite is produced. However, if DPT is treated
at about 0-30° C. (preferably below 20° C.) with
“106% nitric acid” (. e., absolute nitric acid con-
taining sufficient dissolved nitrogen pentoxide to
titrate as apparently 106% acid), a 72% yield of
a new linear compound melting at 204.5 to 205°
C. is obtained, rather than homocyclonite. This
product obtained with “1069% nitric acid” (for
which reason it is herein designated by the trivial
name “166”) is the dinitroxy analogue of AcAn,
and has the following probable structure (VID):

IT'Oz NOz ?703 I|\"Oz
NO—0—CH:—N—~CH—N—CHz-N—CH;—N—CH>—~0ONO;
VII (106}

The preparation of “106” is described in Ex-
ample 186.
Example 16

10 g. (0.048 mole) of DPT was added to 63 cc.
(1.6 mole) of “1069% nitric acid” over a 35 minute
periocd. The temperature of the reaction mixture
was maintained below 20° C. and provision was
made to ensure anhydrous conditions in the reac-
tion mixture. A precipitate formed before the
addition of the DPT was complete. Following the
addition, the reaction mixbture was stirred at room
temperature for 15 minutes and then poured into
ice~water mixture, filiered and the solid material
washed with water and air-dried. The yield was
134 g. (712% of the theoretical) of a compound
melting in the crude state at 1915 to 183° C.
(corr.), softening at 189.5° C. This crude ma~
terial was recrystallized from hot nitromethane,
which raised its melting point to 204.5 to 205° C,
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Analysis—Cale’d for CsHioNigOwua: C, 13.8; H,
2.30; N, 32.3.

Found:
C, 18.7; H, 2.52; N, 317
14.0 2.40 3L.7
13.5 2.42 33.0
13.8 2.40

The product (“106”) was: destroyed rapidly
when heated with 709 nitric acid or when boiled
for: 50 minutes with water. It was insoluble in
cold butanol, not very soluple ini acetone, ethyl
acetate, ethanol or henzene but fairly soluble in
pyridine and toluene.

It was detonated easily and violently and gave
a. positive Pranchimont nitramine test. It is
indeed an explosive of abnormal power and sen~
sitivity. ' Its sensitivity is 12 times that of TNT
and at a density of 0.69 it has a Trauzel block
expansion of 588 cc. compared to 256 cc. for TNT.

“AcAn” (VIII) and “108” (VII) are intercon-
vertible.  Thus, if “AcAn” is treated with abso-~
lute nitric in the cold (e. g., at 0° C.), “106” is
obtained. : On the other hand, if “106” is treated
with scdium acetate and acetic acid at an ele-
vated temperature (e. g., at the boiling point)
“AcAn’” is obtained. The interconversion of these
two compounds is illustrated in Examples 17 and
18, respectively.

Example 17

30 g. of AcAn was added over a 30 minute period
to 205 ce, of stirred 99.3% nitric acid maintained
at 8° C. by means of an ice baih. After the
addition was complete, the ice hath was removed
and the reaction mixture was stirred for 20
minutes after which it was poured . into 200 g.
of ice-water mixture. The selid was fltered,
washed with water and then washed with meth-
anol.  The yield of “106” was 30 g. or 98.89, of
the theoretical. The melting point was 204.5 to
205° C. A mixed melting point with a sample
of “106” prepared as in Example 16 was not
lowered.

Example 18

To & solution of .23 g. of sodium acetate in
5 ce. of acetic acid was added 0.3 g. of “1086.”
The mixture was heated to boiling for three
minutes and then cooled and filtered. The solid
material was washed with water, leaving 0.20 g.
of material melting at 183° €. A mixed melting
point with “AcAn” prepared as in Example 15
was not lowered. Analysis: Cale’d for CoHi16NgO1z2:
N, 26.4. Found, N, 238.5.

The nitroxy groups in i06 may readily bhe re-
placed by alkoxy groups by freating 106 with an
alcohol at the boiling point. Examples 19 and 20
illustrate the preparation of the new dimethoxy-
and the diethoxy-pentamethylene-2,4,6,8-tetra-
nitramines (IX), respectively, by this type of
reaction. These compounds are of interest be-
cause of their relative stability compared to 106.

Example 19

0.2 g. (4.6X10* mole) of compound 106 in 10
ce. of absolute methanol was refluxed for ten
hours. After cooling, the crystalline deposit was
filtered and washed with methanol. M. P. 182-3°
C. (soft 177° €.). Yield 0.16 g. After two re-
crystallizations from 1:1 dicxane-methanol, it
melted at 182-183° C. Analysis: Cale’d for
C7H1sNsO10: C, 22.6; H, 4.32; N, 30.8. Pound: C,
22.6; H, 4.27; N, 30.7,
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Example 20

Diethoxypentamethylene - 2,4,6,8 - tetranitra-
mine was prepared in a manner similar to that
used in Example 19, except that 95% ethanol
was used in place of methanol. A 439% yield of
a product melting at 166-167° C. was obtained.
Analysis: Calc’d for CoFHa0NeOw: C, 27.0; H, 5.04;
N, 28.0. Found: C, 27.4; H, 4.94; N, 28.2.

It will be apparent to those skilled in the art
that many variations may be made in the fore-
going procedure without departing from the spirit
and scope of the invention. We therefore intend
to be limited only in accordance with the follow-
ing patent claims.

Having now particularly described and ascer-
tained the nature of our said invention and in
what manner the same is to be performed, we
declare that what we claim is:

1. A method of preparing 3,7-dinitropenta-
methylenetetramine which comprises treating
hexamine with concentrated nitric acid, sepa-
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rating the cyclonite thus produced from the
nitrolysis mother liquor, adjusting said mother
liquor to a pH of about 5.6 to precipitate 3,7-
dinitropentamethylene-tetramine and removing
the precipitate from the liguor.

2. A method as defined in claim 1 wherein the
precipitate is treated with nitromethane and
recrystallized.
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