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Division 8
NATIONAL DEFENSE RESEARCH COMMITTEE
of the .
OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT

Seetion 8,2
CERTAIN ALIPHATIC NITRAMINES AND FELATED COMPOUNDS
Scrviece Project: OD-6

Endorsement (1) Dr, John R, Johnson, Chief, Scetion 8.2 to
Dr. Ralnh Connor, Chief, Division 8,

Forwarding report and noting:

"The excellent explosive properties of the eyelie
nitramine FDX have prompted investigations of other
nitramines, particularly those of open-chain aliphatic
type. Under Scrvice Project OD-63 methods for the large
seale production of ethylencdinitramine (Haleite) were
studicd and a satisfactory proecss was developed through
the pilot plant stapge (OSRD=3466, 3851, 3857).

"Exploratory laboratory studics of a widc variety of nitramines
were initiated in 1941 °nd se¢veral progrcss reports have
appeared (OSKD-152, 819, 915, 2054, 3565, 3567). The present
report covers work earried out at Corncll University for the
period September 15, 1942 to Seotember 30, 1944, ineluding
tecsts of explosive properties enrriced out at the Explosives
Researeh Laboratory at Bruecton.

"One of the objeets of thig study was to prepare the
nitramine analogs of scveral known nitrate-cster explosives,
This was accomplished for the following: 1,2,3-trinitramino-
propane and 2-nitroxy=l,3=dinitraminopropane {analogs of
nitroglycerine), pentacrythritol tetranitramine (analog of
PETN), pentaplyceryl trinitramire (anzlog of pentaglyeerine
trinitrate), nitroxycthylnitramine (related to glycol
dinitrate and Haleite), dinitroxycthylnitramine (related

to diglyeol dinitrate), In gcneral the nitramine analoes
have exeecllent explosive properties and nre usually
somewhat lcss sensitive to impret, but they have higher
melting-points and most of them are mich more difficult

to prevare,

CONFIDENTIAL




e

Endorsement (1) (Continued)

Qe

CONFIDENTIAL
OSED No. 4134

"The most important outgrowth of the research on new
nitramines has been the development of mixed nitramine
nitrate csters, such as N-alkyl nitroxyethylnitramines
(Alkyl NENA's) and dinitroxyethylnitramine (DINA), which
are promising candidates as ingredicnts of special
Compounds of the NENA type,
including the dinitroxyethyl derivative of Haleite are
being investigated as plasticizers for nitroezllulose,
Laboratory and semi-works studies of the production of
DINA are now being carried forward irtensivzly and a
_pilot plant for the production of flashless powder
containing DINA in placc of nitroglycerin (Albanite)
is expected to be in oncration in the near futurc,"

propellants (OSRD=3726),

(2) from Dr. Relph Connor, Chicf, Division 8
%o Dr, Irvin Stowart, Exccutive /Scerctary of the National

Defense Reszarch Committee,

Forwarding report and concurring in the above cndorscment,

This is 2 progress report under Contract OEMsr-193 with

Cornell University,
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CERTAIN ALIPHATIC NITRAJINES AND RELATED COMPQUNDS

by
Alfreq T. Blomquist

ABSTRACT
This report presehts the results of investigations
.'dealiné with thé ppeﬁaiafion and properties of Sbme
aiiﬁhatic nitramines.

' Several compounds related to ethylenedinitramine
(Haleite) iere prepared, N-methyi-ethylenedinitrémine,
N,ﬂ'-diﬁethyl-ethyleﬁbdinitrim{hé ahd’&lﬁitfo?iperazine
were obtained by alkylating ethylenedinitramine. When
N-methyl-ethylenedinitramine was reacted with ethylene
dibroﬁiﬁe two {gomeric compounds, Nl,y‘-diméthyltriethylene-
tetranitramine and iso-N*,N*-dimethyltriethylenetetra-
nitramine were isolated. The latter substance was shown to
have a single isonitramino linkage. ‘

The effect of cold absolute nitric acid on nitramines
was studied. In general, primary nitraaines are converted
into the corresfonding nitrates, secondary nitrauines are
unaffected, and isonitramines are cleaved at the iso-
nitramino linkage to give nitrates.

‘Halogenation of ethylenedinitramine and its monomethyl

deriyative with iodine was unsuccessful. However, these
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compounds could be successfully brominated to give K-

bromo derivatives.

Propylenedinitramine was prepared using the procedure
of Franchimont which 1lnvolved nitration of the urethane
rollowed by ammonolysis of the nitrourethene. . )

Nitremino derivatives of neopentane, including penta-
erythrityl tetranitramine and pentaglyceryl trinitrqmine,
were synthesized_from pentqerythritol end.pentaglycerine.
Pentaglycol dinitramine was not prepered because of the
difficulty of obtaining the corresponding diamine. .

The nitramino analog of nitroglycerine, 1, 2 B-tri-
nitraminopropane, was synthesized in small yields following
a procedure outlined by‘Bachmann. S

The synthesis of tris(nitreminomethyl)amine was
attempted but not ecconplished. Several nmethods qerp ;:
employed but in no cese.could the desired P?QAAQt:b?H.t'
obtained. - -

vy

Nitroxyalkyl nitramines were prepared rrom a veriety
llkylol amines, some of which are.commercielly aveilable,
through the application of the catelyzed Bamherger reection..
This reaction, discovered by Dr. George F. Wright et
Toronto, may be represented as the conversion of secondary
anine nitrates into nitreminesrhy.means of ecetic.anhydride
in the presence of a chloride 1onlcatalyst; | o |

RyRgNH, No; —tc2

cl™
N-($-nitroxyethyl)methylnitramine, N-{¥-nitroxyethyl)ethyl-

> R, RgN-NO; + Hg0

nitramine, N-{(4-nitroxypropyl)methylnitramine, N,N'-bisﬂ’-

nitroxyethyl)ethylenedinitramine, and N,N-bis(4-nitroxypropyl
CONFIDENTIAL
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: nitramine were obtained.rron the dorresponding anino-ualcohol.,
Of?gg'ﬂitréiyalkyl nitrapines were prepared by the Franchi-
., mont technique. .These include N-{fnitroxyethyl)nitramine,
”_ N-@! ﬁitroxypropyl}nitramine, and dinitraminoisopropyl
. nitrate. From trimethylol aminomethane two nitrated com-
pounds were obtained, 4,4-bis-(nitroxymethyl)oxazolidone
and 3-nitro-4,4-bis(nitroxymethyl)oxazclidone.

The éinthésis of pentaglycerine from propionaldehyde
and formaldehyde was studied in light of its application
to the preparation of pentaglyceryl trinitramine, and
pcnt&glyceryl trinitrate. As side products there were
1solated acetals whose structures we have ascertained.

Also, presénted in this report is a detailed account
of experiments conducted op’the amgonolysis of penta-

erythrityl bromide. ,
The explosive properties of several alkyl nitranines

i”gpd'n4troxyalkyl nitramines are presented.
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B Investigations of .aliphatic nitranines have; untii
recently, occupied the attention of relatively few chemists
through whose efforts the principal facts concerning thcir
preparation, chemical behayior!fand properties have been
determined. The most intensive study of this class of
compounds was made during.the.rirst thirty-five years
following their discovery., These.studies laid the'
foundation for a new field of. chemical compounds of great
value because of their potentially high explosive character.

With advancements in production methods, the industri-sl
manufacture of a great variety,of aliphatic amines, alkylol
amines, and related compounds reached great proportions,
and a new source of interaediates for the manufacture of
explosives was opened. In. light of this fact it is not
surprising that at the present time investigations of
aliphatic nitraaines should receive renewed and exhaustive
studies on their possible utilization as explosives.

Belonging to this class of compounds are the greatly
important RDX and Haleite vhose advantages as modern
military explosives are well recogniaeo; Moreover, the

applications of aliphatic nitramines are not limited to the

field of high explosives for many nitramines such as DINA

(bisjﬁlnitroxyethylnitranine) have properties which indicate
that they may be important components of flashless propel-
lants.
The purpose of our investigation originally centered
CONFIDENTIAL
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on the study of the preparation and properties of certain

aliphatic nitramines so that data releting the structures
of various nitramino compounds with their explosive pro-
perties might be obtained. '

- While this work was 1n.progress, 1nvestigations by
Dr. L. J. Hoard at Cornell and by ERL 2t Bruceton indicated
_ that some of the aliphatic nitramine S5 ln particular the

i nitroxyalkyl nitramines, might be of 1nterest as plasticizers
) for nitrocellulose in special propellants. As a result of
| this practical application the purpose of the investigation

was somewhat broader in scope than originully. plnnned.
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DE8CUSSION
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. Ethvlenedinitramine
Derivetives of ethylenedinitramine have important

Itheoretical significance in establishing the effect of con-
stitution and configuration ‘of an isomeric series of nitraauire
upon its physicc-chemical properties and an equally importan+
correlation can be obtained through a study or compounds con-
taining various substituents attached to the parent molecule.
;A study of the synthesis of such compounds upon which is

ccntingent such a survey is described.

Several alkyl derivatives of ethylenedinitramine have
beeh known for some time. Franchimont and Klobbie® prepared
N-methyl-ethylenedinitramine (m.p., 121-2°C.) and N,N-di-
methyl-ethylenedinitramine (m.p., 137°C.) by alkylating
ethylenedinitranine with methyl iodide and somewhat later
the latter was also prepared by alkylation with an excess of
methyl sulfate. At the time of their first preparation the -
structures of these two compounds were uncertain. Employing
electrolytic reduction Backera showed that the dimethyl

derivative of ethylenedinitramine was transformed into a

CONFIDENTIAL
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Lydrasine dorivctive of tite {ollowing strueture:
Ch3--CE4CHz -H-Cl,
N, N,
This left no uncertainty us to the structure of the unreduced

cempeund.

Ve repented the Hroparction of N-mothyl and N yNt-Gimethyl-

ethylenedinitrasine, varalleling tThe nrocedure of Fraachilsont
usinz nethyl dbromicde and obtelianed satisfactory yields. How-
ever, allylation with metayl sulfute vwos found to be norc
efTleaclous. Using ratics of twoe voles of ethylenedinitranine
1o three noles of wethyl sulfute theire were obtained 24.9 per
cent ylelds of the dinethyl derivatlve an¢ 0.0 per cent of
the ionamethyl eonpound.

The reaction of elhylencCiaitrasiine andéd etnrlenecdibronid.:
vielded & cyclic compound, 'hieh was shotm to he N,N'-dinitro-
plperazine, &nd a nixture of cther conpounds of a polymerie
noture. The ledter were not stulled in detveil. The equation

for this reaction is thc folioving:
ROz

N,
Cil,~HHNO, CHa-Br CHy-  CHj
i + ! S| t F polymer
CHa-BHPO, CHa-Br Cly CE: i
-, N
il
NCg

CONPFIDSHR®
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Taen N-nethyl-etaylenedinitranine was alkylated, using
ethylene dibromide, tiro 1soxeric compounds of the empirical
formula, Cel,;g0gllg, wero isoluted. These compounds melted at
®11.5 :=215° C., d, ond 08.5-90°C. Trou aon craninntion of the
nolecuiir formula it was concluded that cach of the two
isomera possesced one of the following three structures:

cn;-y-cn2053-u-cnacﬂa-g-cuzcng-y-cna i
NOz HO, RO, NOg
I
caa-:-cun-cna-u=$-o-cn2ca=-g;cag-cn=-p-c33
02 0 ‘R0z NOa
IT
Cﬂa-d-Cﬁz-CHg-N“N-G-CﬂaGHQ-0-5=N-CH=CH=-F—CH3
ﬁoa : 6 111 6 NO,
The latter vwe fortmlae it ic observed reprcsenﬁ molecules
contalning an isonitramine type of linkage.

In ascertaining the structure of the two isomers which
were isolated, nltrie acic (98 per cent) was employed. It
is observed thot the formla inCicated as I should be

unaffected by nitric acid; II shouvld be cleaved to zive

N-(9—nitroxyethy1)methylnitruminc end N-methyl-Nt-(s-nitroxy-

ethyl)ethylenedinitrauine; IIT should be cleaved to yield
H-(p—nitroxyethyl)methylnitramine tnd glyeol cinitrate.

CONFIDIENTIAL
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These transformaticns can be represented by the following

equations:

CH3-N-CHQCHQ-N=N10-CH30H3-N-CHgCHg-ﬁ-CHg
| S
NOp 3 NO, NO,

' HNO; -

cng-?4CHQCHg4ON03 +.OQNO-CHgCHz-N-CHQCHg-q-CHQ
1

II

WOz <ow oo IV NOa . NOg
CHa-N-CH3CH; -N=N-0-CHaCHz-0-N=N-CHzCH.-N-CH,
N i ) I I1I
NOz". L DN ek 0 . NO2
' lnno,
CHy-N-CHpCH2-ONOp + 0pNO-CHgCHaONO; + UaNO-CHoCH, -N-CE.
ﬁo, i : ﬁo,
Aétually, when the high melting isomer was treated with
nitric acid, it was recovered unchanged, thus.this compourd
must be.of the sffucture indicated by formula I, e.g.,
N‘,N‘-dimethylétr1ethy1enetetran1tram1ne. Two products were
1solated 'when the ldw'meltink'alkylation product was treated
with nitric acid. One of these was shown to be identical
with N-(A-nitroxyethyl)methylnitranine and analysis of the
other product was in agreement with the formula, CgH;,0,Ns5(IV).

The low melting isomer was thus shown to be IIX.

The Effect of Nitric Acid on Some Alkyl befivat;ﬁes ef
Ethylenedinitramine.

The usefulness of nitric acid (98'per cent) as a reagent

for aiding in the determination of the structure of nitraamines

CONFIDENTIAL
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and isonitramines is already somewhat apparent in light of its
application in asce;te;ping the'configuration of the isomers
isolated in the reactioc of N;methyl-ethylenedinitramine and
ethylene dibromide.

The effect of cold nitric acid (98 per cent) upon
N,N'-dimethyl—ethylenedinitramine and N-methyl-ethylenedi-
nitranine: was a}sc studied. The former was recovered un-
changed: when treated with nitric acid (98 per cent) at 10°C.:
the latter was transformed into N- 09-n1troxyethy1)mcthy1n1
tramine (MeNENA) according to the following equation:

R T CL LV L U CH;-N-CH;CH;-NHNO.—-—-—-)»CH,-N CH2CHa-ONC ;.

. _ ho, ' NO,
This reaction served in pcsitively establishing the nature :.
the alkyl group attachment as N-methyl ‘and not O-methyl. Al:cc

N-@-nitroxyethyl)meth_yl_nit_ramine has becn prepared by other

more direct means (see page 31) -
The effect of cold nitric scid’ (98 per cent) on these
nitramines can be expressed by the following equations:

& RNHNO. S > RONOg e A

ReNNO, » No Reaction
RN=NOzR!~e—ee> RONO; + R'ONO,

CONFIDENTIAL
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Salts of Ethvlenedinitranine end Its Derivctives
Primesry nitranines behave as acids ond thus form salts

with bases but the counsvitution of these metallie derivatives
is questionable. The original forrula, R-NH%—ROQ, as vell as
a comevhet more recent formulation, R-N=NOzlle, havc besn usod
for thnese salts. These representations, we believe, are
conevhat nislesding in that they tend to ibealize the negative
churge of the anion. A moro prefereble representation would
be the following:

“r s +

{H-NNOg]  Me

By this Jesignation the site of thelnegative charge would not

be attributed to any fi:led rtoa ond would be nore couriendable
in iight of the modern resoncnce theories.

In studying ethylenedinitraalne, Franchimont ané Klobble ™
prepared several of its s0lts. Ve likewilse hove prepered o
ferr salis, sone of viuch rere used in absorptlon spectra
studlies at the University of Pennsylvania. Tho conpounds
vhich were prenared ineluded the diammdﬁium and c¢ipotassiun
selis.

The sene unetal selts of H-iethyl-ethylenedinitrenine were
also rrepared lor like studles. In addition, the silver szl
of N-methyl-ethylencdiniiranine was prepared. This combound
was Gecounoned by light and deltonstes when struck a héavy blow

vith a hammer,

=
He= iletal

CONFPFIDENTIAL
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Halozen Derivetives of thylenedinitranine and Reiated Com-
nounds. ' . |

H-krlogen devivatives ol crometie nitrutiines have been
surported -to ezistt buv zre extromely unstable. llentvion re-
gerdlng H-holeoallylnitresines, hovevor hoas roceived no
publicatlon. i doiriav: B

Sene interest had tecn sho'm in tle synthesic of halo-
geneted ‘aliphatie nitraines, narticulurly N-iodonitromines.
liese coomowric wenld ave neossiblo uses a2z tracerconpounds
and :uizht, 1f stable enough, be used ax Getonsters. The
results of tho stucdies vhich have been ecarried ous, howrever,
indicate that tho compounds sre culte unstoble. ' It has beer
Lanonsiblo tc propare N-iodoultrazines by any synthesis thus
far attoupted end the N-brononitranines vwiich hiave been pre-
pared docounose very eacily.

ien etiylenedinitranine wos clloved to react with broain
o coancund ves obtained for vihich e curntitative elenentory
anclysis indiestad the follovian strueture.

OgN¥-N-CHCH; -H-HC

] |
Dr Br

This ecispound, H,H'-dibrono-einylenedinitranine, wes

gquite wnztable. On stending overnight in a dessicator the
oGor and coler of brouine vere notliecenble. It liberated fire
iofine froa an agqueous soluilon of potassiue iodide although

thie recetion sloved doim finally so that it could not be used
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cucntiatively. Yhen hertod on nlotlinum foll it flashed and

ccupletely deeouposed. A small saple vrapped in tinfoll -
detoncted very loudly vhen struck on the anvil with 2 three-
ineh hamier blov.

All ctiempts to vrepare N,N'-dilodo-ctiiylensdinitremine
vere unsuceessful, It is bnlievéd that the iodn compound, if
foraed, it tu unatable to be 1soloted end.purificd. The
nrocedures tried are deseribed below,

Thc potassiun #alt of ethylenedinitranine in agueous
solution rar trected with s50lid iodine in ene attouspt and with
o solution of iodine in potesciua iodide in 2 second. Both
gave no procuets. The poiassiuwa salv of ethylenedinitramine
in zqueous colution was troeted withh lodine monochloride.

The lodine ::icnochloridc decouposed in weter liborcting free
lodlnce. A riailer reaetion was carried ont in nethanol and
again no water-inscluble nrocducts vere .obtained. The amioniun
selt oif etkhylenodinitranlne in anuoous airionle solution was
treated. with iodine in the hinpe that nitrogen triiodide night
undergo on exchenze recetion writh etinylenedinitranine. Only

¢ bromm preelpitoate of nltrepen trilodide formed. TFinally,
H,N'-dlbrotic-ethiylenedinitranine vas treated wvith a saturated
metﬂanol solutlnn ol popassium lodide. Iodine wer liberuted
cnd the patusclun salt of etinylenedinitraaine precipitated.

Mo wruter lagoluble produets 7ere formed In any of theso experi-

CCAFITDERTIAL
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ments anG there appeared to he no evidence for thie formution
of  H,H'diiodv-ethylenedinitrarine.

' Helogenation of N-mothyl-cthylonedinitrmiine (HeRDNA) was
alce atteoaptecd. As in the previous exmerinents & bromo
derivative formed easily +when an agueous solution of the
potassium solt of N-methyl-ethylenedainitrauine was treated
with a theoretical anount of pure bromine. Hovever, attcu?ts
to propare the lode derivietive apneared fruitlecss.

N-nmothyl-N'-bromo~e¢ihylencdini tronine did no% give an
lmmedinto precipitrte of silver branlde vhen treated with cold
alcolnlic: silver nitrate. Vhen the solution was heited, hov-
cver, .the silver nhelice precinitated.

Hitroaethine and scetone dissolved K-acthyl-N'-brono-
ethylencdinitronine very vendily ot roon teupcratufe,- Vhen
the coumound was treatec witi: boiling wvther decoipocition
occourrod, an odor of brouatine mas Getectible and the reosidue
after reoaoving all the cther wis chowm to bo H-uctahyl-ethyleno
Ginitranine.

H-methyl-Nt-brouo-etiuylenedinitronine in the dry state

Tas, as nigat be elpected, somevhut ore stuble thean H,N'- .

d@ibrono-cthylencdinitrenine. There wes no-evidence of spontar
cous decomposition ut room tecupersturc, and the substanco could
not be detonctad waen struck on an anvil dth a hauaer.

In attexnpiing to propnse the iodo derivetive of N-nethyl-

ethylcencedinitraine an aqueous solution of the notassiwa salt
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was treated with & thecorctical quontity of aqueous ilodine-
potassium lodide solution. Precipitation of the storting
materisl, N-mothyl<cthylenodinitreaine occurred. As in the
case of cthylcnedinitraﬁine'thc lodo derivative, if Tforned,
probably deconposed very cqs;ly and therefore cculd not he
isolated. : -. - |

roi; cdinitr :

" ‘Beeouse it'is isomeric with N-ncthyl-cthylenedinitranine,
the synthosi§ of propylencdinitrenine (PDNA) was qﬁdertakon
in the hope that scue dato could be gethercd relating thé
mdlceﬁlar'prcpcrtics t¢ the cxplosive properties. .

Bacliiann® first -ronared propylcncdin;ﬁr:ninc by the
ﬁyﬁrciysis-df prepylenedinitrourcthone using.a solution of
sodiuc hydroxidc as the hydrelitlc cgent but he reported
very poor ylclds of thc product. Ve have ccnductqd sone
experinents ¢n this ﬁreparation cuploying dry amuonio as the
hydrolytic reagent an¢ have obtuined ylclds of propylenedi-
nitramine as high as él per cent basced ¢n propylenediurcthane.

The synthesls of.prcpylcnodinitrumino was carried out

accorcing to tho folloving equations:

CH;-?H—?H; S cua-(lzn-cn,mﬂcoaczn5
C1-C02C2H
NH,NH, el TN NHCOzC2Hs

CONFIDEWTIAL
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—CH-C} 2Cal ' , 5 ~CH-CH )2 )CO,CoH
CHa (r‘H CH,HNHCO0,C2 }5 10, (965) CH, c‘m CHioN(NO,)CO.CHs

' 'IIHC0302H5 it ¥ R e N(NOg)COgCgHs

.l

Crla-C*i-CHEN(ﬂOg)COzcha HHa CH;,-Cu-CI-Ig-NHNOg
- Tollowed by = |-
R(1i02)C02C-Hs e HC1 B HHNO; .

Bachnamn's proet-:dure for the preparation of propylenc-
diurcthane gave very Lmsatisi‘actor" yit.lds (sec page 86 ).
Emplo;ing c¢ifferent eondxtions for this reaetion yields of
92.5 per ocnt Wc:e ruali?ed. The qinitrourctnanc, whieh is
an oll, was oasil; prcp»red and us ﬂa dircctly for am&onolysis.
Upon tr eatmcnt of ©n acueous, golutlon of the uiannonium salt
(obtained frou. the amnonoly s1s ) uith co1ecntratcd hydrochloric
aclid good yiclds ql.propylwqgg;nitrhmino vere obtained. Only
slight difficulty as .cnceuntered from the water solubllity

of thils coapound..

Meltingz Polniz of Binar: Jizitures of Gompounds Pelated to
Ethxlcnﬁuinitra,;no.

It was hoped to find o convonlont diluent to lower the
ielting point of cthylenedinitraaine and‘some of its deriva-
tives. Accordingly several caaples were prepared (sce pp. 89
for proccdu;c) and their nelting points vwere taken. The

rosults are swriaarlzed in Table I.
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Table I
Meltin

x . HIPI’ °C (001"1‘.)
Sample . Floied Cleared

256 EDNA-75%- MeEDNA | 114-115 L3 e
} CDNA-507 MeEDNA  115-118 © 148 (gas)
75% EDNA-25)7 MeEDNA  * . 185-187 157 (ges)
25% EDKA-75: Me,EDNA : 124-185 126
507 EDUA-50% Me,EDNA 125-126 152 (gas)
755 EDNA-253 Me,EDNA 145-146 150 (gas)
25% UeEDNA-75% Me,EDNA 102-103 114
505, i€eEDHA-50F ie,EDNA 105-104 108
755 McFDIA-R5% UeaEDNA 120-122 TN
25,5 EDNA-75% PDNA 106 _ 126
509 EDNA-507 PDRA 107 . 147 (zas)
75% EDNA-25 PDN: 156 165 (gas)

#® . .
EDNA = ethylenedinitramine; MeEDIA = N-methyl-ethylenedi-
n.tranine; exEDHA = N,N!-dimethyl-ethylcnedinitranine;
PDRA = propylenedinitraninoe.

-
O

Nitremino Dorivetives
R of Neopentanc

It vaz of intercst to obtain data felating the molecculer

propcrtios of o series of ritranino &erivatives of ncopentanc

with the explosive preperties of the compounds. The membors

CORIFrIDEUTIAL
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of this serles which werc considered include pentaerythrityl
tatruanitranine, pcnfaglyceryl trinitramine and 2,2-dinethyl-
1,5-dinitranlnopropine. . Because of the relation thet these

niltramines bear to the corresponding nitrates corrclations

of the relative effcet on c:plosive properties of tho

nitraaino and nitratc groups attachicd to ncopentanc could
pe made. The preparative studies of nitranino dor;yativés of
neopentance upen wnleh ls contingent the determination of

tnelr emplosive properties are dcseribed.

Pentacrythrityl Iotranitfamigc.

Vic have carried cut the synthesls of pentacrythrityl
tetranitranine starting vith pentacrythritol by the following
sories of roactiohs:

C(CH;0H),  FPra | C(CHzBr) ,

C(CHaBr) . . SN C(CHzHHz )

C(CHaitg) ~S1%02C20s | ¢(cn umco,c.n;),

C(CHaREC0-CaHg) e —03 , ¢ {CH,N(NOz)C02CoHs) 4

¢ [Crtal (1102 )€02Cls ] o f‘!HC_;_, C(CH5NHNOZ) .

Pontacrythritol was converted progressively into the
corresponding totrabromide, tetranlne, and thence into the
tetravrethone. Duploying o miztﬁre of acetic anhydride and

nitric acid pontaerythrit?i totraurcthicne was nitrated to

CORFIDENTIAL
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give the tetranitrourcethene wiiich was easlily ammonolyzed to
the tetrﬂnltradinc. -

Peateo crfthriuy] tetranliac was obtalned by thc "ﬂdOnOIYSiu
of penteerytiarityl broaide as deserlbed in a folloving scction
under tho title "Amnanolysis of Pcntaervthfltyi Bronide™.

| AbaOJHtO nitric acid, 98 per cent, used alonc wus not
a good nitrating ugcﬂt for the nitration of the tctrhurcthanb.
Even with o rutio gf onc graa of the totraurethanc to elsht
cuﬁic eentimcﬁérs 6f nitric aclid the nitfation vas incomplete.
However, a qi}tﬁ}e of absolutc nitrlc acid andé acctle anhy-
dride gave the %etranitroureuhhnc which vos qubscqucntly

nycroljzcd to tho t"trnnitraminc.

Pentagliveeryl Trinitrgglnc. ]

The synthcsis of pentaglyceryl trinitraninc was accomplis
cd through roactions purallelling those cmployed for the
synthesls of pentacrytarityl tetrunitramine and 1s showvn by
tns following. cquitions: - 3 e |

P3r,

Cll.C(CH,0I), >  Cl;C(CHzBr),
e e o NHa ,
CH3C(Cilakr iy -  CH3C(CHaNHz),
€1C0,C-H
CH,C (CHaNHz ) 5 > CH,C(CHLHHCO;CzHs) 4

COHNTIDIENTIAL
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CH3C(CHaNHCO2CsHs): - .. - CHaC [cn.n(no,)co.c.a,] s

cnsc[cn=3(No,)qo,c,H5]3_§%;__+ CHC(CHgNHNOg ) 5

jhe propargtidns éf tpe starting matoriai, pentaglycer-
ine, and itéltribromdlderivative are discussed in a following
section of this rcport gﬁdpr the title, ﬂPentaglyceriho and
Its Rcactions".ﬁ. . |

_querﬁl oxperimonts on the ammonolyéiﬁ of pentaglyceryl
tribromicec were carrled out. Early cexperiments centered
around the usc of ﬁmmonium chlorido, aquecous alcohol, and
lizuid ammonile at 160° with subsecyuent evaporation of amuonia
followod by acidification. Unlike pentécrythrityl tetraiine,
pentoglyceryl trizmaine fziled to form a sulfate when an
cquivalont quantity-of sulfuric zeld was added to the rocctior
products; instead tho trihydrobromide was formed.

In later experiaents it wras found that the isolation of
peataglycoryl triamine was faelllit:ted by using ammonium
brouica, aquecous alcohol, and lijuic ammonla at 180% followed
by rcmoval of cxcess ammonia'anq aeldificztlon with hydro-~
bromic acid. In this woy ylelds .of 74.7 per cent have been
rcalizcd. The.triaminc iecdily underwent an acyloation re-
action with cthyl ehloroqurboqatg to give tho triurcthane
in ylelds of 692 per cent.

CONTFTIDENTIAL
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In early experiments on the nitratién of pentaglyceryl
triuretaane, g'solution of acetic anhydricde and nitric_acid
was employed. In later experiments it was found that

nitratioa with 98 per cent nitric acid alone wae more. ef-

ficacious and yields of 73 per cent of pentaglyceryl: tri-

nitrenine were obtained.

2,2-Dimethyl-1,5-dini traninopropane.

The synthesis of_2,2-dimethy1—1,S-Ginitraninopropane
was undertaken but was not completed because of the diffi-
culty of obta;ning 2,2-dimethyl-1,S-diaminopropaqe in good
yiclds. The proposed synthezis of tﬁis dinitram}nc parallels
the reastions used for the nreparaltion ol pentaerythrityl
tetranitramihe and pentaglyceryl trinitramine, and is resresented
by the following equdtions: | '

(CHa),CHCHO ~  _CHg0 ' (CHj)sC(CH;0H),
(CH3)2C(CHsOH), _PBra , -  (CHs)aC(CHgBr),
(CH3)aC(CHzBF); * JHa ', (CH3)aC(CHaNH.),
(CHs)2C(CHaNila); _CICQOCaHy , ~  (CH;)2C(CH,NHCOOC:Hs),
(CHa)2C(CHaNHCOOC:Hs )2 {0a -~ - (CHa)aC [CHaN(HO2)COOCsHS) 2
(CHs)aC [CHaN (H0,)C00CHs] 5 %1—' (Clis) sC(CHaNENO, )5
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In this connection we_have prepared 2,2-dimethyl-1,3-

propandiol following the proccdure of Heyegsberg‘ in rather
unsatiéfaqtory yields. Tbgoggh the courtesy of Dr. H. E,
Lawrson, E. I. duPont deNemours and Comgtny, we obtained
additional quantities of the glycol. By employiné a slight
modification of Franhe's procedure we werc.able to obtain .
2-2-dimethyl-1,3-dibromopropanc in yiclds,pf 50 per cent
from the corresponding glycol. .

! The conversion of £,2-dimethyl- 1,5—diﬁromopropaﬁe“into
the corresponding diamlino hzs been attcmpted in a single
experiment. A liquid of ammoniacal odor was obtainod from
wkich the sulfate was prepared. However the identity of thi:
salt:is-questionable. e | % 8

A synthesis which might give the desired diamine in
good ylelds has-bean outlined by Hass®’ however no experi-
mental procedure was given. The prcparatioh involves a con-
densation of acctonc and nitromcthanc fOllOch by a reduction
of the rcsulting dinitroparaffin.

2CH,R0, + cnacocn:, — (cn,,),.::(cn,:w,,)a :

(CH3)2C(CH2NO2) 5 _'91"“" (CH3)2C(CHaNHz) 5

This synthesis was not tried, howover, it does apnear to

be a promising nethod. . P

i
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1,2,3-Ti

Inc synthcsis of 1 2,a-txin1tr.minopropunc 1nvolvca c

long series of trgnsformations shiotm below:

CH,COOH cl:uacoon

| 4

f(on)coon 20050, €0
H,50 i

CH.COOH rnc &' CHLCOOH

CH=NOH, - CHa-NHz HC1
L l

fo' $nCl, ., €O
HC1 |
CH=HOH ‘ - CHa-HHg* HC1

CHa-NH-COCH, Eaiv ey . CH,-NH-COCH,
' " s

1 .
Co - : HpNol C=NoH H. + Pt
I ; ' | 1 i
Cil,-NH-COCH, . il CH, ~NH-COCH, lien HCL
i e .CHz-NR-COOCzHj
i

?H-—NH@I{CI | C1C00CzHs CH-NHCOOCoHs HNOa .
NzOH i 1 '
CHa'-NHz- HC]. . " A CHa-NH-COOCal‘{;Ozo
CHg-N(NOa)-COCJCaI-is _ , cng--nn-moa

Cﬂ-N(HOg) COOC;H; NHy > CH-NH—HOz

cnz-N(\:oz)-coocans Shen auk Gy -NE-NO;

1,2,3—Trianinoprapano trihydrochloride wes synthicsized
acceording toe the dircctions glven by Buchnanng, exeept for
the intermedinte preparction of acetonedicarboxylic zeid,
vhich was dono according to the nethod described in "Organie

Syntheses! (Voluie I, Sccond Editlon, page 10).
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1,2,5-Trinitraninopropane precipitates from agueous
solutios only after lpng‘standing &t 0;. 'It i1s probably
for this resson that. Bachuenn waé unable to obtain the.
trinitranine fron the correspondihé“ffiuréthane.

Attempts were:made to obtain 1,2,3-triaminopropane
by the ammonolysis of 1,2 S-trichloropropane and 1 2 o= '5:
tribromopropane in. aqueous ammonia, alcoholic ammonia,
}iquid ammoniu, or a miﬁtu;g ol alcohol, water and liquid
ammdnia. Asonium chlorice and cuprous chloride were also
added in come cases. Various conditions were tried. In-
variobly the halides failcd to yield the desired triamine.

i product, melting at, 95—100?, vas 1solatcd from the
ammonolysig of 1 s2,C=trichloropropane. It was probably
yhe hydrpchloriue salt of diecihlorocicllylamine,
(C;H4C1)gﬁﬁ;ﬁ01;;which_was reported to melt necor i00° by
von Engleri?, The rcaction :1ight bes :

+
CHaC1=CHC1-ClIsC1 + Nll; ——» cnm—cn-cn,m + nn. c1

CHC1=CH-CHoCl + £NH; —» (GHC1=CH.CHg)eNHa C1 +NE.'C.

Fron the procduct of the amaonolysis of l,é,s-trfbromo-

propane a szlt was obtained. It melts at 140°. Probably

it wvas the hydrochloricdec salt of ‘dibromoﬂiallylcminc,
(CzH Br) KH- HC1. '

CONFIDENTIAL




CONFIDEINTIAL A

)

Tho formation of thc diallylamines instoad of tho ..
trianmine probebly is duc to casc of ionization of tho

friﬁalogcn cbﬁboﬁnds uncor the ihducﬁivc'ihflhancb of twro

helogon atoms at position 1 and 3. Tho Fosulting carbonium
fon is stabilized by tho splitting off of a ﬁrotoni "Tho
rosulting1f—hhloa11yl halido recacts with amaonia to giva )
tho dinllylaudine.

&
vt

A&&QEEEE_EQ_ﬁInihQEIZQ
M&MM '

MM&MMJ_M_LMM mothyl)amine by th
donsation of Ammonia, Formaldchyde anpd Hitrourcthang.

In vicw of tho:fact thot the condonsaticn of mothyl-
nitroninc, formuldchyle, and cmoniz led to the formation.
of tris(methylnitreninoncthyl)anine, ;H(CH;--;lg-NOg)au, the
analogous condensction betwreun aimonila, forﬁgldchydc,,and
otiiyl nitrocorbaacte as well os acthyl nitrocarbanate was
studicd. Thc only progucts thzt could be isolatod vere

hexanine and the nitrourcthanca.

is of Trigs{phthalinicométhyl)anine.

Kipping gna Hanp}z cbtoined tris(phtha11m1¢oﬁcthy1)-'

cisine, (C,H;'c :N-CHZ-)an, by pzassing dry amonia gas through
*Co

¢ solution of N-(broooncthyl)phtinlimide in Cry xylcne at

reflux tenpercture. However, they failed to get tris-

(aninoncthyl)conino, N(CHaNH3)4, vwhen thoy hydrolyzed tris-
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(phthalimidomethyl)amine with 6 N. hydrochloric acid. It
was of intcrest to sec whether or not the phthalinmide derivae-
tive could be partially hydrolyzed to the acid-amide deriva-
tive, (Ceﬂg-CONHCHg)au, vhich might subsccucntly be nitroted.
However, the attenpt was unsuccessful. The cogpound secmed
to be hydrolyzed conpletely evcn in the presenéc_of a small

anount of potassium hydroxide.

Reactions of hoxamine in some instancos yleld compounds
ahich arc syﬁmotriéall& substituted tertiary amines. Thus
. the propuration of tris(ecysnomethyl)aminc, N(CHRCN),;, from
hexniine ané hydrogen cyanicela nzy be cited as an cxample.
It was thought that hexaine night undergo a similar rcaction
with urethane to yicld the triurcthanc of tris(eminomethyl)-
aminc, N(CHRNHCO:Et),. . However, only mothylene diurcthanc,
CH, (NHLCOO0CHg),, was obtuined.

X"
' _: An attcapt to prepare tris(nitrominomcthyl)amine from
tris(eyanoucthyl)amine wus nado cccording to the proposod

qehcmc givon bolow-

(Cig) eNg + 6HCN HCL . 2 N(CHuCN),

co N F I D  NTIAL
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NaoH
then HC‘l

N(CliaCozll), _CafsOH N(CHaCO3Et) 5

N(CH,CN) 5 N(CHzCOzH) 5

_ HC1

N(CHaCOzLt)y —2afHz o N(CH,CONHIHZ),
N(CHsCONHNHz) s —S002 _ , N(CHaCONs)y
N(CHzCON3) 5 Cg:;———%-'——b N(CHaNHCOZEt);
N(CHaNHCO,Et ), 285 HNO3 | y [cH,N(N02)COREL] 4
N[cn,n(uoa)cognt], I‘fiaﬂu > N(CH,NHNOZ) 5

Curtius®® prepcred the triazide given in the recactions
listed above.' It was plamned to use this triazide as o mc;an:s
of obtaining the desired tris(nitraminomethyl)...minc. waever,
his synthesis of the triazide could ‘not be duplieated.

o} i 0= ‘1 1s

Ina eontinuation of t‘w ..tugy of the - preparation and
properties o; aliphatie nitrao ulne., _thc ..ynthe sis of explosive-
deivatives of some f-all rylol.;.minef- was undertaken. N-@-
nitro: yethyl)nitrmaine (NENIL) was prepared. and o detailed
investigition was made of N- (@-nit;o:'yethyl)methylnitramlne
(IIeNENA) Als o, the synuhesis of several related ocompounds
which include N-(@ nitroxycthyl)ethylnitramine (EtNENA),
N- (@-nitroxypropyl)metn.ylnitrumine (l-Ie-.NENA), N-(@-nitroxy-
nropyl)nitra 1inc (I.aoHcIH:NA), dinitraminoisopropyl nitrate,
N,N- bis(@-nitroxyethyl)nltramne (DIIM), N, N'-bis(@-
nitroxyethyl)cthylenedinitranine, and N,N-bis (@ -nitroxy-
propyl)nitraaine was o.ceonli.shed. £11 of the compounds
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rith the ex ccotion of N- (6 nitro.qrcthyl)nitraminc (NEHA) s
N-(8 -nitroxypronyl)niuraminc (I.;oMcNENA), anc. dinitramino-
isopropyl nitrate were prepared by the catclysed Bambcrger
recaction. This reaction which appears to .bo gcncrally ap-
plicable for prcparing sccondary nitramines 13 1nd1catcd
by the fo‘I_low;lng 'cquation.

Reoboul®is b R

NH, NO;  AC20 >
R cl R

N-NO»

Possible Mechanisa for the Catalyzed Bamberger Reaction.
_ In ths course ol uiac suwvey of pocnlble catalysts for
the production of N,N-bis(f-nitroxycthyl)nitramine (DINA)
and N-(6-nitroxycthyl)mcthylniﬁ-amine (HcNENA) by the
Bamberger reaction, it become a;lapr_-rcnt that compounds con-
taining ionic or rccective cnlorino rere uniquc in their
catalytic cffecct. The only substanccs ‘"nich scemed to be
execeptions were caleium hypoc‘lloritc ‘.nc‘ pota sium chlor-tc.
However, it va., obscrvcd that chloride ion was prc.,cnt in
the filtrates .from the DINA prr.paratlons u.,ing potas.,ium
chloratc so the catalysis way have b‘.cn due to the chloridc'
produccd by the reduction of thc'-:bh‘loratc in the rcaction
mizturc. .

This spcc%al cffect of ionic or rcactivc.chlorinc led

to the posmlzition that the chlorine is involved in soao
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active intermediate. The intermediate which could quite
conceivably be formed is'N0g01; nitryl chlorid¢ ‘or ﬁitroxyl
ehloride. | ; 35 ‘

R poscible coursc of-xhcdrp;pt;oﬁ.woulq then be the
following serics of rcactions: i

+{2) (ca,co),o + Imoaz-___—_——o CH3CO-ONO;
(2) CH, 30-0R0z + HC1 —-—*.._.___ NOs Cl + cngcoau
(3) RzulI-I N0 e——=2 RiE + mqoa :
(4)- RoNH + uoac1----*-{aaﬁn 01] Sty ngn Nop + HC1
No2 A

The EC1 produced in step (4) could rezct gain as. in
step (2) ond the HNO, produced in step (5),eoplu form more
acct&l nitrato in step (1). : ‘

Theso. reactions offer 2 trorking hypothesis for the re-
action meehanism althouﬂh at presenm very little proof is
availeble. The recetion of nitrcsyl chloride (NOC1l) which
is ahalogéﬁS'to,staps (3) and (4) has been carried out
using 0.5 mole of thc purc trinitrate of cicthanolamine and
0.5 molo of HOC1 in :-.égtie- anhydride. A yicld of 97 per
cent of bis-@-nitroxyethylnlirosziine was obtained and
idontificd. by nixed melting point ond ﬁy & mixed fuéién on

o microscopé - slide..
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N-(f-nitroxyothyl)nitramine (NEMA) .

'-Of-inferost frou a étandboint of cxplosive properties,
because it pds%esses £ structure intermediate to glyecol
dinit;ate and. ethylenedinitranine is the eompounq Hf(ﬂ“
nitrsxyéfhyl)ﬁitramine (NENA) whese formula is the following:

0;N0~-CH§CH§-RHN03 | |
This substance is a liouid ot roo* teﬂperature ond melts at
15°C. - It is an. e plosive of’nigh nower but very poor

stability and for the lattor rc SO, therefore is not a
desirable, cqplo ive. |

. .e PR

Its synthcsis was ear ied out aeeording to the follow-
ing equations:

HOCHCHaNH, C1C02CeHs |, HOCH,CH,NHCO,C zHg

HOCHZCHoNHCO,C Hy 1003 ' | 0,NOCH,CliaN(NOz)CO,CoHs

02NOCHClIoN(NO, )CO2C2Hs Eﬁg%_+ 0, NOCHZ CH 2 NIINO,
3 VvV,

H-(b-qthanol)urethanclwas obtained from othanolaminé &nd
othyl'eh}oroearbonatc by cnploying o modification of the
method used by Fraanchimont and Lublin.*  yiclds as?high
56 per cent of theorctical were-obtained. lThc nitration
N-(p-cthanol)urcthcne prbceoded smoothly.ﬁnd amaonolysis
the resulting nitrourethone yielded the ammdniﬁm salt of
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N-(@-nitroxyethyl)nitranine in yields of 97 per cent.

This 'salt'decomposed slowly at room temperature. The de-
composition: proceeded more rapidly in agueous solution and
because of this, the isolation of N-(g@-nitroxyethyl)-
nliramine by the neutralization of the ammonium salt should
be carried out as rapidly as possible. By so doing, yields
of 93.3 per dent of theoretical were realized for the free
nitramine. The silver salt of N-(8-nitroxyothyl)nitramine
was précipiﬁdted almost quantitatively by a2dding silver
nitrate to & freshly'ﬁrepared acueous solution of the am-
monium salt. It wes unstablc to light and decomposed when
hoated. . | |

N-(A-nitroxyethyl)methylinitraninc(}McNENA),
The development of Flasticizers *thich might bo in-

corporated into povders in plzece of the unlesircablc
nitroglyccrin; VoS sought Eo thot tﬁe disadvahtagcs of
nit:oglyecrine might be obviateld. Early 1naications pointed
to tho possibic use of N—(p;nitro:ycthgbmcthylnitraminc for
such purposés.‘ It wes witﬁ this in m;nd thut ﬁ dctailed

study of the preperation and propertios of McNENA was uncer-

taken.
This compount. it will be rccalled was first preparcd

by the cction of nitric ecid on N-methyl-othylencdinltranine
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(pago9) and also by the action of nitric acid on the low

melting isomer, iso-N1,H‘-dimothylrtriothylcnetetran;tramine,
obtained from the rohction of H-muthyl—ethylenecinitrwmino
end othylone dibromidc (page 8 ). ;

' HcNERA can be prop1rch by tho oatalyzed Bamborger ro-
“action starting frcm methyl ethano;amine by olither & onec
sthgc or two atwgo procoss._ 'y A _ , i

Tho methou for prcparing McNLNA wnich was, employcd in

these stuLios was thc two st¢go reaction shown by the follow-

ing qquﬁtions.

CH;-NH-C;H,OH + ZHNO; — CHS-HHBtC=H4ONOg + HaO
_ . No,

CHy-NHg-CaH(0N0z + 40,0 — s cﬁ;-'xf,-_c_:;rf.'bno, + SHOAc
N0, . N0z

Ve reported ot onc-time that the onc stoge ‘roaction
vhercby N-methyl-g-cthanolonine and nitric acid werc addod
concurrcntly and simultoncously ‘to acctic anhydride con-
taining a tracc of .chloride estalyst was superior to the two
stage roaction. If however, instead of isolating the di-
nitrate in stage cnec, as was customary in carly studics,
on thc two stage procoss,a. solution of the amine and nitric
acid was cmploycd, c¢cxcellent resuits wero obtained.

The following factors werce ziudied in relcotion to their
influcnce upon the yicld and quolity of McNENA produced in
the two stugo rcuction: (1) Conditions of tho reaction guch
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as tcmperature and catalysts) (2) Releative proportion of
rczetants. Furtherinore, the stebllization of leNENA ond the

propertics of the stabili:ed procduct were studiced.

Expeyriments on the Preparation of HeNENA
Since McNENA 1s very soluble in both glacicl acetice
acid ond aqueous 2cetie ccild ond is slightly soluble in viater

(.76 g./100 cc.), the isolation of this substance in the

maximum possible yleld froia the rcaction mixture is dependent

upon 2 knowlccdge of the solubility of McNENA in cqucous
acetlic acid. Table IT and Flgure I show the solubility of
MeNENA in various concentrations of agueous aceule aeld

(0-50 per cent).

Table IIX

Solubility of iMcRENA
in Acucous Acctie Acid 2t 285°C.

Sol. of HelNERA fol. of HleNENA
(g./100 cc. of solvent) (g./100 g. of solvent)

0.759 0.759

1.18 1.17
1.46 1.42

5.67 5.53
6.92 6.60
11.9 11.8
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FIGUPE I

SOLUBILITY OF MeRENA

. 1! :.QLTCUS J'I.C:TIC JaLCID

AT 205eC.
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From the above datc the precipitation curve of HMeNENA
from acctic acid solution, shovm in Figure 11, was deterqined.
It is to be noted that the maximﬁm:brecipitation of McNENA
occurs ot appfoximatel& 20 per éeﬁt acetic acid. Consequent-
1y, the isolation of McNiENA from the roaction mixture was
cerried out by gquenching with sufficiont water to give a 20
per cent acetle acid solution..ﬂ_-;

Optimum Tempercture. A series of experiments employing

theorctical quantitics of aethyl cthanoloamine and nitric
acid sith - 10 per cent ‘excess of acetie anhydride shovred
clearly that;thc optimum tenperaturo for tho preparation of

McNENA to be about 25-55°C. The results of experiments

carried out ot different temperatures are listed in Table I.1

Table IIT

Effcet of Varying the Temperaturc
in thc Preparction of McNENA

x 1p 3oNENA ,
Ry Crop I (g.) . % ¥iecld m.p.(°C.)

O

o7-58
o7.5-08
c8-C9

570 5-380 5
58-53.0

F-X

(R LR

80')6)0)-01

P-IX

x

Procedurc F-VII was followed cmploying the temperatures
indicated in the table. (Sce page 114 ).
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. Table IV lists thc”fosults ol experiments.in which the
addition of the amine-nitric acid solution to acctic an-
hydride was curried out ot different tomperaturces and then

al;owed to remain at 40°C. for twenty minutes. The yiclds

n ell cases vere fairly uniforn, “plling,off somevhat at

nigher temperatures.

. ¢ - Taple IV

Preporction of lleRENA at Verious Temperatures
Folloved by "Digestlon" -at -40°C.,: .

Run Addltion Holding . - JCNENA
No.  Teup.(°C.) (90, rop I(g.) % Yiecld L m.p.{°C.)

58.6 71.0 3756
64.6 76.2 58-38

- 64.6 70.35 a7.5-38.5
63.2 80-3 37-3705
6.4 76.9 o0-29

F-II 5
F-I 15
F-III 25
F-IV 55
F-¥ 45
F-VI 55

555888

* Procecdure F-I wes cmployed. (Sce page 112).

The Bamberger *‘dehydration® recctlon, 28 is siiovm in
Table V, is subject-to the influence of tcuperaturc and time.
Run F-XI and F-XIV in wvhich the holding time or "digestion
pariod" wias 150 minutes and 120 minutes, respectively, at 15°C.
siiorred- & merked difference in the ylelds of MceNENA. The
yicld in the former was.45 pexr cent, whercas the yicld in the

latter was 68.4 per cent. At ¢ bighor temperature the,re-
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action wos ccapleted in a rql:‘.tively short time. Rums F-VIII
end F-XIII shovrcd. siight variatighs in the yicld when the
holding time was 15 and O minutes. iIt is quitc probable
that .2t noderately clevoted tomperatures some decomposition

of WMeNENA by the acid solution occurs.

"

Tablery'.'

Effcct of Holding mgo %ig tho
... Proparation of M A

¥ _ e
Run Tomp. Holding McNERA :
No. (ec.) Time(min.) Crop I(e.) _2% Xicld _m.p.(°C.)

F-XI 15 - - 15 - 58~-59
F-XIV 15 . 120 - 57-38
F-VIII 45 15 37.5-38.5
F-XIII 45 37-38

Procedurc F-VII was foliowec‘-. subjcect td the variatién in
tcmporatl)lre and holding time, indicatod in the table. (scc
page 114).

Inilgenee_: gr".\;'é{rxing:: Amounts -o.g .'&cg-'{:lic'm,l;xxdrid . The
rosults of sev:cerai.;ée:'cﬁe'ri'.monﬁé c‘-.i.scl.os‘cd that a slight oxcess
of acetic anhydride over ‘the theorctical reguirement (about
10 per ceont) gave somevhot, better yicnggz.tc@crca'aing:thu
quantity of acetic anhydride from 1.1 mole to 1.4 mole por
0.5 mole mothyl ethanolenine: dic, not improve tho Tocovery.

The results of the oxipceriments aro given in Table VI.
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Table VI

Yariation of Acetic Anhydride in the Preparction
v G L7 LN of HMeNENA

Run - Acz0- ‘MeNENA ° !
No. (mqies) Crop I(g.) % Yield n.p.{°C.)

P-XX ; 57-58.5
F-XVII 5 37-58
F-VII 4 ' 38-39
F-XV , .8. 57-38
F-XVI SRS - DU 37.5-38
B-XVIII _ - 68,0 . 57.5-38,5

x .
.Procedure F-VII (0.5 molo Tun) was. followed, varying only
the pmoles of acetic.anhydride. In isolating the product the
recaction was quenched with enough ice and water to give
a-20 per cent solution of ceotic acld. (Bee pago 114 ).

' inglueﬁge'of Varying Anounis of Nitric Acld. The
influence of varying amountsof nitric aeid is swmarized in
Table VII. Therc is a vory slight incrchsc in the ylcld of
HeHEﬁA when the emount of nitric acid is varied from 1.00 mol
to 1.20 moles per 0.50 -mole of uethyl cthanolamine.

mable VII
Effcct of Nitric Acid in tho Preparation of MoNENA™

Run HNO4 HMceNENA
No. (moles): Crop I (g.) % Yield

F"'VII - 1.00 66 01 80.1
P-XXIII 1.05 6G.5 80.6
F"'m 1-10 6307 80.8
=XV 1.20 67.5 8l1.8

*
Procedure VII was folloved. (Sce pagelld ).
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Catalistslig the Prcp;fﬂtiQﬁ.of McNENA. It appears
from on cxaminction of Table VIII thht the catelytic effcet
of the chloride ion is csscniizl for the conversion of the
ﬁitraté of N—(a-nitroxycthyl)mcth&laminé-into McNENA. .This
is borge out by Run P-XXII and F-XXXI. In the former ro
chtal&st was cmployced; iﬁ'tho'lattcr sulfuric acid was uscd.
In cach: of tﬁc;c experimonts no McNENA was isolated.

The yielld of McNENA is also subjcct-to the'influencc
of. the concentretion of chloridc ion and as it 1s obscrved

n Lablc VIII in czpcr;mcnts nmployinc zinc enloride,
thcrc is an, optinum conccntrhtiou at vhich the catalyst
‘is moSt cffectivc. Tho highe Jicld Wﬂn obtainecd whcn

0. 011 nolo of zine chloride pcr 0.50 uole of methyl

cthanol ulne was used.

Other chlorides, it wes found, were cqually os
effcetive aé-z;nc.chloridc:t Acctyl chloridc, aluminum
chloride, aﬁﬁghium chloridé,fsdﬁium cth*iﬂq hydrochloric
acid give c:céllent rcesults, ond fer ric chloride was some-
vhot less effecetive. The éésults,dlso showed -that potassiunm
chlorstc and sodiwa hypochloritc.wqrc cffpctive-cqtulysts
mpdle potaséiua Cichromate &nd socium sulfite were without

cflect. o L
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Toble VIIX
*xxX

Cotalytic Studics on HoNENA

otalyst  McNENA Yicld m.p.
Exp. No. Catslyst moles) (g.) (2)  (°C.)

P-XXII g 0 0 o
F-XXVI ZnCly ~ 0.0007 4.4  17.5 57-38
F-XXV . -.ZnCly . 0.0087 65.5 84.0 57-38
F-XXIV ZnCl, - 0.011 70.1  85.0 57.5-38
T-XXIII ZnClg .0.022 86.5  030.6 &7-38
-mII - chlg ”0.074 57!6 72.2 57"38
F-XXVIII AcCl . .0.011 71.4° 98.5 37.5-38.F
XXX A1C1 0.011 §9.1 = 85.8 B37-38
P-XXX - nE,Ccl 0.011 . 70,4 85.5 -57-28
F-YOOXT H,S0, 0.011 0 0 X
P-XOXIL Nocl . 0.011  70.6 " 85.6 B7.5-38.5
F-XOXTII HC1 0.011 ~  87.9  82.3 57-38
F-XOKIV FoCl, 0.011 . . 64.4 78.1 37-38
: XC10, 0.011 67.2  81.5 57.5-38.°
 KC103 0.011 - 5.7 - 6.9 38-39
XC10 0.0007 0 0 o
Neocl . . _0.011 55.2°  67.0 57.5-38.%
N22S03 0.011 0 0 -~
KaCr,0, 0.011 0 - 0 —

Cot
(

% o
Exp. D was run at 15°C whereas the othor runs were ot 35°C.

x*%roeoduro F-XXIV was uscd. (Séé page 114) .
tcb ak of MoNENA.

The stabilization of McNENA 1s described in the
experinental part of this work (sce page 118). The troct-
nent, which involves agitation of :olten MeNENA with
dilute baso followed by subscquent preeipitotion of the
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substance from an acetone solution, enhances the stabllity

of MeNENA cconsicderably.

Table IX 1ists results on the vacuum stability of
MelENA,

Table 1IX
Vacuum Stablliity of MellNA at 200¢C.

Saaple a Vol. of gns (ee) after 48 hrs.

CU-F-15 P .85, .78
CU-F-15 © : 6.30, 7.38

CU"F"]-G b 4.38, 4.55
CU-F-16 ~ 6.24, 7.23

b Test made at Cornell 6n 2.3 g. sauples.
Test made at ERL on 5 g. sumples

Samples were stabilized »ricr to testing as desceribed
on pages 116-117 of this report

Pronerties of MeNENA.

The explosive properties of MeNENA are given on page 72.
Density of MeNENA. A determinaticn of the density of

MeNENA by the picnometér method gave the following results:
. Solid MeNENA: d2%® = 1.53
Liquid MeNENA: d3® = 1,40
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Volatility of MeNENA. A study of the relative
volatility of MeNENA as compared to DINA and nitro-
glycerine was made and inconsistent results were obtained
depending on how the tests were carried out.

The results tabulated in Table i were obtained by

carrying out the determinations as ‘described by Marshalll®
at 190°C.

Table X
;gternationhl Tests™

Per Cent Loss in Weight

Time MeNENA ° = DINA N.G.

: 24 hrs. A4 0 .56 ' .14
Addn. 24 hrs.. . . .085..: .. .016: .60
Addn. £4 hrs. .053 055 1.53
Addn. 24 hrs. " «010 . 183 . 1.43

Addn. 24 hrs. .14 .069 4.86

x
10 g. samples were used in these tests.

The results obtained by heating samples of MeNENA, DINA,
and nitroglycerine in an open beaker at. 50 C. showed-ueNENA
and nitroglycerine to be of comparable volatility while ‘tha

of DINA was almost négligible.. . The data are summarized in
Table XI.
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Table XI
; _ x
Volatility Tests in'Open Beakers '

Per gegt Loss in we;ght
Time. 5 - MeNENA N.G.

24 hrS- * tlg (R %) 16'0
Addn. 72 hrs. ) .38 .38
Addn. 216 hrs. 1.34 ‘ 1.33

X .
10 g. samples were used in these tests.
The reason for. disagreement in the results on the
volatility of MeNENA as compared to nitroélycerine is not
quite clear, but ‘it should be pointed out'that the tests

performed'in the open beakers appear to be more §ignificant

than the tests carried out in a loosely covered’ beaker as

deocribed by Marshall.S .

In view of the more significant work of Dr. 3. L. Hoard
on the volatility of DINA, MeNENA, and etc. in films of
plasticized 'nitrocellulose the foregoing results do not

appear to be- particularly important.

tro.‘eth' eth tranine (EtNENA).
A nitrox&alkyl'nitramine relatedlthrough homology, to
N- (,initroxyethyl)ni trasine and N-(A nitroxyethyl)methylni-
tramine ‘is the- -compound N- Ql-nitroxyethyl)ethylnitramine.
This substance was prepared paralleling the technique usuzally
employed in the catalyzed Bamberger reaction. ' The following

equations represent its synthesisi'
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CsHg-NH-CHgCHo08-2302 5 c aHa-NHg -CHaClaONO,
" nog
ch,-NH,-CH,CH,ono._.*_gg_S_; czna-lr-cﬁgdﬂgouoa
. NOy~ i NOg

ﬂ-gﬁ-nitrg;xg;gpx;)mnthxlnitramige (MeNENAl

A compound uhich is structurally related to several
previously discussed nitroxyalkyl nitramines is K- QJ-nitrozy-
propyl)methylnitramine. This compound is isomeric with
N-Ql-nitroxyetbyl)ethyln;tram;ne, differing from it only in
the manner of the disposition of the alkyl groups. Furthe:-
more it is observed that N-Qﬁ-ndtroxyprqpyl)me;hylnitramine
is an N-methyl derivative of N-(J-nitroxypropyl)nitramine.

The prepaphtion of N-C&nitroxyg;opyl)methylpitramine

was carried out through a catalyzed Banberger reaction usins

methyl 1sopropanolaminex as a starting material.

ca,-ml-cngcncna ———i——> cn,-uaa-cngcacu,

on . NO3 omog
Acz0
cn,-nna-c;izcncn, —i-.-—acn,-n -CH;CHCH,
o [ |

NO, ONO3 NO, ONO,

N-{#-nitroxypropyl)nitramine(IsoMeNENA) .

. Earlier in this report the preparation and properties
of Nfgffditrquethyl)nitrdmine were de;criped.(see page 30).
?his”cdmpqqu.it wi;llbe_?ecalled was prepared by nitrating

x i ) : . .
This compound was obtained from the reaction of methylamine
and propyleneoxide. It distilled at 56-65°C/15 mm.
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N-(@-ethanol)urethéne to the'eorresponding nitroxyalkyl
nitrourcthane followed by amconolysis to give the ammonium
salt of N-(g-nitroxyethyl)nitramine. The nitramine was then
obtaiﬂéd by acidifying an agueous solution of the ammonium
salt.

A nitroxyalkylnitramine related to N-(@-nitroxyethyl)-
nitrumine is N~(pfnitroxyﬁropyl)nit:amine, e

CHy-CH-CH,-NHNO,
BHOa_

This compound is 1qomcric\with N-(o-nitroéyeth}l)methylni-
tranine, differing froin it only in the manner of-disposition
of the methyl group. Its synthesls was carried put_ip a
manncr analggous to N—(é-nitrozyethyl)nitramine and 1s given
by the following equationss *

ClisCHCHa-NH, _C1CO0C2s . Ci1aGHOIT, -NHGOOC s
] :

S
OH ' .0l

CH,ClICH,-NHCOOCgHs 403 CH,CHCH,-N-COOC;Hs
| i _ ) |
- OH A ONO; NO;
: NHy ~ " g i
CHaCHCHg ~N-COOCoHg . CHaCHCH~NHNO
i o thenBc1 1. . -
ONO, NO, ST ONO;
N-(p-propnnol)urethane vas converted into the corresponding
nitroxyalkyl nitrourethanc by treating it with an excess of

98 per cent-nitrie acid. N-(@-ﬁitfoxypropyi)nitrourethnne
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is soluble in ether and whon the extract was treated with
dry ammonia the ammonium salt of N-{(@-nitroxypropyl)nitramine
yas'obtained as an oil which solidified upon stonding a short
while. Tho freo nitroxyalkylnitramine was obtained simply
by acidifying on aqueous solution of the ammonium salt.

2-Nit -1-but 1 Nit ate._ ;

Another compound related to Nh(ﬁ-nitroxyothyl)nitrhminc
should be obtainable from Nﬁearbothoxy-2 anino-l-butanol.
This urethane was prepored from 2-umino-1-butanoi and ¢thyl
chlorocarbonate but rurther transformutions were not con-

eludcd.

tf inolsoprg trate.
" The synthcsiu of dinitraminoisopropyl nitrate was

carried out according to the following.

CH;NH; A . CHaRHCOOC Hg
(I:H & ; 'c1Cooc,H,, % i
| S NaOB CHOB

!
CH3NH, e CH;NHCOOCzHy

(':HQNHCOOC;,H; ?H,-N(Noz)-cooczﬂ,

HRO,
CHONO
W)—, i a
C3aNHCOOC Hg CHa-N(NO2)-COOCaHs
CHa N (N05) -COOCHs (i:nzmmoa

! !
CHg-N(NOg )-COOCeHs CHoNHNO,

CHoR
]

x
Obtained through the courtmy of Dr. A. L. Vilson, Carbido and
Carbon Chen. Corp.rellowhip,Mellon Institute,Pittsburgh, Pa.
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The overall yield froudlazrinoisopropanol was 74.8 per

cent.

N, N-bis(®-nitroxvethylInitramine (DINA),
A separate report will be issued shortly doséribing

the work carricd out in this laboratory on.this compound.

N.N'-p;gﬂﬁ-gitro;xethzll9thxlenedinitramig .

| The syntiiesis of N,N1-bis(e -nitroxycthyl)ethylenedi-
nitromine parallels the téchnique cinployed by Wrigﬁﬁ“on the
preparction of bis(s- nitroryethyl)nitramine (DINA) by -the

two st"ge mothod. The cquotions for these recactions are the
following. =
: P . N N°a+
fﬂz-NH-CEH4-OH , HNO4 . CLz-NHz -Cy H40N03
CH,-NH-C,H,-08 | - cnn-mi2 -CzH4ON03
) ' N0,
Nl0s =0 %\102 :
=4 + ; s,
CH,-NHp -Coll ONC, Ac.O " CHz=N-Cal ONOg
| e ._‘._E.__._..., |
CH,-NH2XC 1,0N0, Cl Cllz-N-C2H,ONO;
N,N-bi -nitro: Vil itram ne.

A compounu related te thc prim wry nitramine,
N-(A~nitroxypropyl)nitraninc, is N,N-bis(f-nitroxypropyl)

f
nitronine, & seecondory nltracine which was prepared by a
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Bamberger "dehydrationt of bis(@-nitrquethyl)nmine nitrate
using acetic anhydride and a chioride catalyst. The folliowing
are the resctions cmployed-in its preparation. i:i- -

v

- L4 -
HNO,
it

) (CHS?HCHa)gﬂﬁ . ,_(pﬂsfnc32)znu,'nos

OH ONO»
+

(cnacncng);ﬂng-Ro;—"_fﬁiﬁl__;_;;:(cn3¢ncn)zNLN03
émoa‘ AR & i o

Explosive Derivatives of Tgimgthglgl,;minomgtﬁggé égg B
Related Compounds. ‘ L | .'; S

Trimethylol aminomethene, 2-amino—2-mé£hy;-l,E-pggpane-
diol, and R-anino-2-methyl-l-propcnol which aré cvailable
from Commereid}:Solvents Corporution dppeafed‘to—dfrer
wor%hwhilé.possiﬁilitics in the preparatioﬂ of @ new series
of nitroxyalkyl nitramines. _

The eompouhd vhich was most thoroughly‘ipvestigated
was trimethylol aminomethanc. From thils substance it was
hoped to prepare tris(nitroxymethyl)nitraminomethcne by

transforncstions given Ly the following cquations:

4

NHAC(CH0i); ~C2C00Et | wt00C-NHC(CHROH) 5

Et0OC-BH-C({Cliz00) 5 M03 | Et00C-N(NO3)C(CHz0HO0z) 4

Et0OCN(NO; )C(CH,0NO2) 5 E%%f"’ 0 N-NH-C(CHgONOz ) 5
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This syathosis horaver wos not reclized. Inctead,
reacticns ocecurred aleh cre best swricrized as follows:

CQ w==e=NH
NaC(CH,00); -CLCOzCiHs TSN c(Cig0H) s

e v

iNOg .
H2350.

A
N

NOg

CO-— NE CO e N
¥ :p(cngouoz)a'H“°=

0 —— CHg Bab0¢ 0 e CHa
VIiII VII

C(CHa0H0,)

M,
No reaction | | | | | Recetion

Trimethylol asminomethino () end athyl chloracarbonate
rcacted to glve a cyelic urethono, 4,4-dimethylo) oxazoli-
dono (T) instead of tho erpccted N-(trinethyloimethyl)urothene,
CgligO0CHHC (CHz04) ;.. Fron 4,4-dinethylol oxzzolidone two
altroted dorivctives wore isoloted. Vith 968 per coent nitrie
aeid there was ebbnined 4,4-bisinitromethyl)oxczolidona
¢III). Eanloy'ng nore drcstic conditienn, i.c., using nized
clds ond hlgher teaperaiures, 4,4—-’:’;1:.161;hylol o:zazolidone
yielced o nore airshly nitrated coanound, 3-altro-4,4-bls-
(nitroxynethyl)ornazolicdone (II). The latter compound was clso
obtoined by treating 4,4-bis(nitroxyiethyl)oxazolicdona.twrith

aixed eldes ot slightly clevated teapercturcs.
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The bchavior of the nitrated derivatives towvard ammonia
served as o meons fof vérifying their structures. Urcthanes
of the type, RNHCOOr. and RRNCOOR, in controst tp the nitro-
urothanes, R-N(N0,)COOR, arec vory rosistant to the action of
ammonia. This ineftncss toward ormonia should be cxpected
for 4,4-bis(nitro:ymothyl)oxazelidone, cnd indeed, such was
our observation. On the other hand, 3-nitro-4,4-bis(nitroxy-
methyl)oxazolidone should be attackoed %y ammonia. This too
was ascertcinod, although no products were isolated in this

rcaction.

fork on explosive derivotives of the nitroxyalkylnitra-
nine type which might pe obtained from 2-amino-2-mcthyi;1-

propanol and z-umino-zlmethyll,z-propancdiol was not con-
cluded. Only the urcthanc of the former, N-carbethoxy-2-
nminoez-methyl-l-prdpanol was proparced. It 1s to be noted
that cyelization to give an imidaczolidone derivetive did not
occur o3 was the caso when trimcthylol aminomethance and

othyl chlorocarbonute were rcacted.

Experinients on
Trimethylol Nitromethone,

The object of thesc experliments woes the synthesis of
tris(nitraninomethyl)nitromethone, 0,NC(CHLNHNOg),, accord-
inz to thc following:
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02N-C(CHg0H) 5 - ..f.?f.l_’_,‘_ 02N-C(CHgCl1) 5

0zN-C(CHzC1); —THa " - 0,N20(CHaNHs),

02N-C(CHg MHg) 3t —1C00RY _, * 0,N-C(CHNHCOOEt) 5

et e
02N-C(CHaNHCOOEt); ~ M0a . - 0,N-C[CHaN(NO.)COOEL] 5

02H-C [CH2N(NO2 ) COOEL] , _gg.l.la_. 0sN-C(CH,NHNOz)s

In this connection we prepared tris(chloromethyl)
nitromethanc in yiclds consldcraﬁly better than those re-
ported by Kleinfcllerd?, vwho carried out the chlorinntion Ly

replacement -with phospliorous pentachloride, and obtained

© Y only o 30 per cent yleld.

The smnonolysis of tris({chloromethyl)nitromasthunc was
not succeszful in the single attempt which wos nade. The
rciction should presumably be earr;cd‘qut &t lower tompera-

tures than that vhlich was cttempted.

Experiments onthe Reoaction
of Urcthene with Formaldehyde,
Nitration of the Hethylenc Urcthancs..

The gondensctions of urothane with formaldchyde lecad
to scverzl produets which appear to offer intcrbsting possi-

bilitles in.nitration reactions.
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The rcection between urctaane ond formaldehycde vwas first

rcﬁbrtcd by Bischoff ond Reinfeldts® , ¥ho lsolated z compound
vinlch they colled ;nhycrofqrpa1dchyucurethano, nelting ot
100° and to which they aseribed the formulus
i oo i . 2l
' AN
C2il500C-N . : N-COCCzHs

N O
i
the aimer of nethyiéno'urdthaﬁé; In the same ycor Conrad

9 ¢lrried out a¢dition. 1l oxperiments in which they

and “Hoek ™t
varied the proportions of fofmaideh&dc.hnd wrothane. From

. two' £¢-onc molc ratlo of udcthanc to formaltchyde they werc
=ble to obtiin in good ylcids methylene ¢iurcthanc. heén the
ratio was ehanged to unity they obtoinéd an o4l vhich when
treatad with 2 nisturc of acctic zeld and acetic nﬁhyﬂridc
ylclded anhydroformaldchydeurctione (m.p. 102°). On the
basis of noleeoular vreiprht ecasurcients they concluded that
tile dinmeric structuré w.s correet. Gino and Ruccluz© in 1999
carried out andditicnal cxperinents, and they reported the
isolation of ¢ trimer 'nd tetrauer in additlion to enhydro-
Iormaldchydeurcthaﬂc. Morce recently C, S. Mervel in o
cosmunicntion te J. R. Jolnson rcported that eryoscopie
neasurciicnts in kenzenc indieate thit the dimerie strueturc
proposed by formef vorkers wie really a triner, vis. tri-

acthylenctriurcthane of the fdrmuia;

CONFIDENTIAL




CONFIDENTIAL

CHg
Ca0aC-N e §-C04Cafls
CHp CH,
N
N
|
‘ C0xCaHs T
end not anhydroformaldchydcurcthene. The nolecular weight,
as doterained by Marvel, was 275. The thodretical molecular
weight of the trimer of methylene urethano is 203. In

addit;on,.Harvel.also,elnimg to hove isolated the tetramer,

a "grainy oil" which on a basis of cryOSOOpie measurenonts

has a moleccular welght of: 575, _

. Wo prepared a considerable anount of methylone diurotharc
from which we hoped to prepore methylone dinitramine. An
ﬂnnonium szlt was prepared .upon ammonolysis of the nitration
product of nothylonc diurothano.' This howover could not be
repoated in subscqucnt attompts. _. ;

Likowise, a small omount ot/tgf%g;hyionetriurothano
(. p 100- 2°) was prepared from which 1t wns hoped ‘that
eyelotrimethylenetrinitraaine (RDX) eould bo preparec by

nitrolysis. Howcver, this proved unsuceessful

3] Cce

t cact

Pontaglycerine wes first prepared by Hosaeuszg in 1893
through the rcaction of proplonaldchyde and formaldchyde using
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ccleiun hydroxide as a catalyst. Other reports of it pre-
paration have heen of 1ittlc.§a1ue in this investigation.
The synthesis has reccived sone attention inéustrially, al-
though 11tt1e uscful informztion has becn gotihrered from
rthis sourcce.

Coch and Zornere' havo s ﬁhﬂieﬂ the condensation of
propion ldchydc ‘and formuldchyde using potassium carbonate
ond algo potﬂssium hycroxide as the condensing ngcnt. In
thcir utULiea they cmploycc ratios of roruuldchyce to’
propionalaenydo lower than thatthcorctieglly,rcquircd for
the fornotion of pcntaglycc:inc

Hore roccnt1y Cooper, Q'Neill, ond Cl rk?3, and

Hetcalle and Clark® have stulloed its preparction in con-

Junction with‘its‘pbssiblo usce 23 an cxplosives intermedinte.

thosi Pentaglycering.

Our primiry intérest in the preparation of pentaglycerinc
vias 1p its usc-in the-synthcsig of'pcntuglyecryl trinit?gmine,
CilC(CHaNHNOzY 5. (scc poge 19): However, in its proparation
w¢ cncountered somé ncw‘broCucts which might be of intecrest
in conncetion with its possible importance in the synthesis
of trimcthylolmethylmcthano trinitrato deseribed by Cooper,
0'Nelll, and Clark®, ant by Motcalfe and Clark %4,

. In our cxpgrimcnts on the condensation of proplonaldchyce

and fornaldchyde we cuployed ratlos which were in ecquivalence
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and also ratios in wvhich formaldchyde was present in ratios
greater thon cquivalence. Ehc.rcsqltg of the most striking
experiments are tabulated below.

Tablo-XIf

Swmary of Expcrimcnts
cparati ent

Procedure PFA . PA Hz0 Ca(on)a P.G. Color of
_Numbor = Molgs ' Moles Litors _loles % ¥{cld R

I 5,12  1.04 .3 2.00 g9 - ‘browvn
I’ 20  4.77 5.5 2.45 T 48 clear

20 4.7 4.0 2.45 ¢ cioar
e 15 4.77 4.0 2.43 48 brown

v 15 4.77 4.0  3.22 '48 - browm

PFA = paraforaaldehyde, PA = propionhldchydo, P,.G. = penta-

glyccrinc

a. Reaction acidificd with hJLrochloric ncid nnd then
_ooncontratcd. - ,

b. Conecentratoed without uoidiricﬂtion.

¢. Rcaction acidified with sulfuric ncid, filtored and
then concentrated.

d. Other prOLucts, i.¢c., 5-mcthy1-5—mothy101—1 S
dioxuno an<t 1t formal dorivative werce also obtained.

Procedurc I was o duplicztion of HosaeusIai
reprosents an average ¢f several runs. The reocetion was
characterized by low ylelds of pentaglycerine ﬁnd by the

presence of groat amounts of “formose" sugars.
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Fron a oonpurison of thc yields in procedures II, IV,

and V, one must conelude that the reuotion is relutively
independent of moderate dilutilons, grett cxeosscs of ‘para-
formaldehyde cnd calecium hydroxide. However, the influence
of an oxcess of perafofmnldchydc is cloarly secn in procedurc
ITI and III. In those cxpcrimcnts the solutions aaintaincd
their clarity and an absence of sugary odor throughout the
preparation. This is in striking controst to procodurcs I,
IV, and V, which were. characterized by cxtensive formation
of" "fornoso" sugars.’

Of importonce in the condensation of propionaldchyde
and formoldchyde is the manner in which the. solution is
tleated a*tcr thc ooupletion or the rcuotion. Yhether the
golution is acidifico with hyctoohlorie acid, or with
sulfuric zeid (which 4s.siore desirablo, since caleium may
be precipitated and reamoved), mokes little differcnce in the
yield. However, in jrocecdure II’whioh wos not acidified
before workihg up the product thoro was cxtonsive ccetal
*ormhtion.

7 It is inferred through this latter comparison then,
that there proceceds in_tho rcaction of propionaldchyde aond
formaldehydc 1h'whioh_nn"oxce SS oi the latier Ls used, not
only the eondoﬁsation onc uiSproportionwtion, characteristic

of = Tollen's conoengation but aluo exucngive neetal formatior
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Acidification, therefore, in the cose vherce sulfuric acld
is usecd, performs & duel role, (1) thnt of precipitating the
caleiunm, and (8) of hydrolyzing the acetzls. Hydérochloric
acld functions only as the latter.

Aéctals of Pentaglycerine.

fhe resctlon of propiloncldchyde and formaldehyde, under
conditions uentioned in the previous scction, produccs in
addition to pentaglycerine, certain asctals which we have
been able tdﬁisolate. Tfork on these compounds indicqtcd
thet they were derivatives of 1,5-2ioxanc of the following

structurcs:

:1;,\0, CHOH' | Clig g ,Cﬂz-o-CHg-o-CHz:C CHy
7 N\ : YN 7 N\
(|3H3 ‘(I:nz | CHa Citg CHz |cnz
o\ /.0.‘ o -0\‘_ ./o | .o\ /o
CHz . : CH, ~ CHp

XL e . X

The coapound © IX, 5-mcthyl—5—mqthylol-1,Sdﬁnmune ariscs
froii the acetalization of ventaglycerine by formcldchyde
according to the following cquatlon:

Cils /CH 20H

' CHgOH: _ N c

7

/ \
CH3-C-Cliz0H + CHz0 ———— Cli; ?Hg

Ciiz0H !) 0
N 7
CHg

The coapound X nay arise clthier through an acctalization
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of-5-methy1—5-m9thylol—1,S-dioxane by fo;gn;dehydg according

to the eguxtion,

CHS\ /CH20H .t a \C CHg-O-CHg-O-CHg

= _CHy

7~ N\
., CHy . CH;
iind bo 2ind
0
N\ Lt
CHz
or through an aeetal interehango botween nolecules of 5-
nethyl- 5-methy101 l,u-Lioxane. This 1atter possibility 1s
dlscussed loter on. E ‘

In addition to the zcetals deseribed we have reason to
believe thoet other provucts of a complex nature, i.c., nlx-
tureg of moleeuleu eoqt;ining hoth aleoholic and zceotzl
groups,wshoulu nave becn formed. Indeed, it 1s true that
we have obtained an eﬁhcrlinsoluble, water Qp;uble residue
which was probably a mixturce of scme conplex nolccules.,
This, however, vas not investigated furthor. |

Quolitetive analytieal tests on IX indleated no
unsaturation and gave a hegativo Tollen's test. ‘A sample
dlssolved in dry xyldﬁe pfoduced o élow.evolution of ges
with netallie sodiwn, and cerric nitrate geve o positive
test; thus an alcoﬁolie greup was indicated.

Quantitetive analytieal datz was in cxeellent agrocnent

for the postuloted structures of both molecules. A con-
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parison of the calculzted and theoreticcl molecular refractl-
vities for"IX. . was satlsfactory. Frou the values for. the
atoule factors for celculating the molecular refraqtion a
value of 32.52 was obtained, whercas the obscrved valuc was
32.10. "

If the-structures IX and X ¢re corrcct, acid
hyﬂrolysis should yield pcntaglyccrinc and fornaldehyac.
whis wea dacertalned. Likewise, .1t was thought that o nix-
ture of nitzic acld and éulfuric aclid should, after cleaving
the formal linkage, glve methyltrinethylolmethane trinitrate
ceccording to the following. equation: :

CHy_ ,CHzOH :

cn? C~on, CH20NO,

(I) (I) HNOs cﬂa-c CH.ONO,
\ / HSSOAt i CH&OHO;
CHe

The form:tion of trimethylolmcthylmethance trinitrate was

confirmed for not cnly s-ncthyl-S-mcthylolii,é;digihhe:but
also for the acetal of S—mcthyl-s-mothyloi-l,3—dioxanc.
‘Atnespheric aistillation of thc liouid, S-methyl.s-
methylol 1,5-dioxcne cccurrced at u teupcruturo of 814-215°,
acconpaniced by an internmeleeular transformation. A water
inscluble seclid, uelting at 99-100°, was formed vhich was
identicol with £, 1sclcted in thoe penteglycerine recction.
This transformation .alght best be interpreted as hoving
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occurrcd through an acetal interchange to yield finally the

reclatively unore stable bimolcculur-dérivativc..'Tho cquation

for this overall transforméﬁion thon beccomes:

CHs_ CHaOH CH"-‘c ,.C':Hg-o-CHa-Q-_CH,\C,CHa
2 G oo 7\ "
CHe cil, CH, CH, CH, CHa
3 | i a4 | {
o\ 0 N 0 o.\ /o
cna/ LS 'cn',/ x - CHz
% - " ¥.CHsC(CHzO0H) 3 °

It was hoped to verify this rccetion by 5tt9mpt1n§ to
isolatc the pentaglyccrinc. Accordingly, @-sample of S-nmethi
5—mcthy101—l,5-éioxanc which hédmiocn boiled for two hours
was pourcd 1ﬁfo other. No prééipitatc of the trihydric
aleohgl fprmcd. ;f any pentgglyecrinc had been fornmed, it
night wcli'bc‘that tpe éﬁécéé'1,3-61oxanc derivative cexerted

&' solubilizing cffcet.on it.

NLtra;;én o) Pentarlveerine and Its Dcr;vat;vos..:
From the nitratious of S-nethyl-~-5-nethylol-~1,3~dioxance

and 1ts binolccular fornal derivative, there was obtained
upon treatment of cach with ailxed acids tho samc product,
trincthylolnethylncthane trinitrate. This substance wos ¢
clear oily liquic at room teonperaturce and froze to a white

2o0lid at +7.5°C. Thc scme solid nelted at approxinately
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+9°C., a somewhat higher. temperature than the observed freez-
ing point. This slight discrepancy of melting point and freez-
ing point is explained by the fact that the liquid has a grcat
tendency to supercool, becoming very viscous and sticky near

its freezing- point.

Previously reported melting points for trimethylolmethyl-'

méthang trinitrate were variable. Cooper, 0'Neill, and Clark®?
gave -17.5°C., iletcalfe and Clark®¢ gave —é.soc. Other sources
gave -15°C.*" and -3°C.2¢, Thesé values were observed for the
trinitrate obtained through the action of nitric acid ard
sulfuric acic on pentaglycorine. We repeated the preparatiorn
of trimethylolmethylmethane trinitraie by_reacfing pentagly-
cerine with mixed acids and obtained é melting point of +9°C.
for the product. : _

That the compound which we isolated through the nitration
of the acetals of pentaglycerine was‘ﬁethyltrimethylolmethane
trinitrate is substentiated by analytical data and molecular
weight determination. 1In additioh, tﬁe physical constants, -
i.e., the density and rerractivé indé:; br the trinitrate
prepared from the nitration of pentaglyéérine and from the
nitration of the acetal derivatives of_pentaglycer;ne_are-in
excellent agreement. Furpher'proof ;as.offergﬁ through a
comparison of the ‘calculated and theoyétical mﬁlecular

refractivities. From the values. for atomic taators for calcu-
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lating the molecular refraction a value of 49.69 was ob-
tained whereas the. observed  value was 49.4.

Possibly there existed in trimethylolmethylmethane tri-
nitrate, prepared from pentaglycerine and mixed acids by
other investigators an impurity which lowered the true melt-
ing point,ﬁacéounting for the variable end low velues for
this constant.

¥e have made some progress in elucidating the possible
nature of this contaminant. When recrvstallized pentaglyc:-T-
ine was brominated by replacement using phosphorous tri-
bromide there was obtained in addition to the main product,
pentaglyceryl tribromide, a residue which was shown to be
pentaerythrityl bromide. This leads us to suspect that .
there exists in pentaglycerine a smzll percentage of penta-
eryihritbl as an impurity. ‘Its introduction as an impurity
1s quite possible ‘since it seems not unlikely that propion-
aldehyde may be contaminated with some acetaldehyde which
may not be removed completely through distillation. By
analogy, then, the impurity present in trimethylolmethylmeth
ane trinitrate was undoubtedly pentaerythritol tetranitrate
(PETN). Thus this may account for the low values obtained
for the melting point of the trinitrate prepared from penta-

glycerine and mixed acids by previous workers.
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The likelihood of the existence of polymorphic forms
for trimethyloluethylmethane trinitrate may also offer an
explanation for the vériance of its melting.point as ob-

served by‘different vorkers.

Armonolysis of
Pentaerythrityl Bromide

Amaonolysis with glcoholic‘&ggonig. RS
'Pentaerythrityl bronide did not rcact with aleocholic

a.xaonia {95 per cent ethyl alcohol saturated with aimonia)
at room tomperature after standing for sixty days.t‘It ro-
acted slovly at 130° to ylcld only about two por cent of
pentacrythrityl tetranine, C{(CHaNHz),, bascd on thp.rcactcd
bronide. At 160°, ﬁhe armionolysis was practically complotg
in twelve hours {onc per cont of the bromide unrcacted).
Whoﬁ tho amnonelysis was carricd out at 160° for pwclvo

hours, thc yiclds of the tctramine inergased slightly but
regularly as the percentage of water .in the reaction nix-
turc wzs incrccsed {scc Table XIII). This effcet may be
cxplaingd by the foct that water cets as an aeid in the

nixturc.

Tablc XIII

The Effcet of 'V'ater Content on
the Yicld of Pentocrythrityd Tetramincg.,

Pecreentage of water 0] 5 10

Yieclds of the anine 16.6 19.9 22.5
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Artionolysis with Liquid Arronia.

Penteerythrityl brou:ice did not resct with liquid an-

nonia ot roou temperature in five days. UA{:.S_O°, 84 per cent
of the total: brouide used rouc:ted with amionia in six hours ’
but no tetrarine could be isolated.. It reacted coupletely
with liquic aomionizc at 100-110° ané 1R8°~-130°, but in both

ccses no prinary tetranine was forued.

Aisioholysis with ¢ Mixture of Liguid Arronia ond Ethanol.
. "ﬁontaeryihritjlbrdmide-renctcd with a nixture of 67
per cont of auwlonio and 33 per cent of absolute .alcohol
(by volune) at 150-155° in six hours and gave 6.6 per cent
of the cnino. The yield was ‘lorered to 2.4 per cent when
the¢ recetion was carried out ot 175-180° for six hours.
ith cthanol contzining 30 per ccnt of water, the yicld

_increased to 15.6 por cent. With hich concentration of
arronin the ratc of recetion inereased grectly. The
ariionolysis was coizpleto in cno hour et 140-160°, vhereas
the reaction with aleoholie cmonic réquirod twelve hours
at 160°,

Alponolysis with 2 jiiture of Liguild Amwonic, Ethonol ond
Arzoniws Chloride.
Arwoniun chioride ccts as om 2eld in liquic asronia,

don:ting ~ proton to an wiine mw hence protceting it

CONFIDENTIAL




CONFIDENTIAL 66.

from further reaction with the alkyl halide. This effect
vas confirmed as the yieid of the tetra@ine was increused
from 24 per cent to 50 per cent. A ratio of four moles

of ammonium chloride to each atom of bromine in the tetra-
bromicde appeared to be moxt favorable. Further increase

in concentration of ammonium chloride did not increase

the yield of. the tetramine. It was also found that ethanol
containing 50 per cent of water improved the yield slightly
(four per cent). In a large_ruh using 60 g. of the tctra-

bromide, & yield'as high as 67.2 per cent was obtained.

Ammonolysis with Liquid- Awmonia and Pyridine.

A mixture of ammonia and pyridine was tried in the

ammonolysis. This mixture did not shcw'much improvement ovi-r

an alcohol mixture.

- .. From the foregoing it is possible to make the followin

conclusions:

1. The optimum.tempér&turé for the ammonolysis of
pentaerythrityl bromide is about 160°.

2. Alcohol must be present to act as & solvent for the
pgntaerythrityl broﬁide. '

S. 4 uigh concentration of ammonia favors the tetfa-
mine formation. '

4. Ammonium chloride and water increase the ylelds of

the tetramine markedly.
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EXPLOSIVE PROPERTIES OF SOME ALIPHATIC
NITRAMINES AND RELATED COWMPOQUNDS .

A summary of the explosive properties of a number of
copounds prepared in our 1hvestigations is presented.
The results contained hereln were dectz—alred by the

Explosives Research Labdratory;.BrUceton, Pa.

N-methyl-ethylenedinitremine  °  CHy-N-CHzCH,-NHNO,

L ol lgo,'
M.P. 120.5-122.5°C.
Oxyéen‘Balaﬁce to COz: -5B8.5%
pH: 3.7 | ;
Explosion Tempcrature: No explosion Z60°C.
Thermal Stability.(135°C.): Not acid in 200.min.
Vacuum Stability (120°C.): E.C. in 26-48 hrs.
International Test (75°C.): Volatility, 0.1%
Hygroscoplicity

90% R.H.: 0.00%

100% R.H.: 3.77% .
Power: 119.7 (INT = 100) .
Sensitivity: Greater. than 90 cm. (RDX = 48-50 ‘cm.)
N,N'-dimethyl-ethylenedinitramine = CHy-N-CHpCHy-N-CH,

\ 8 il : o ﬁb.‘ iy “ko,
M.P. 137.5-138°C.
Oxygeﬁ balance to COp;: -80.9%
pH: 6.6
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Explosion Tempcrature: No cxplosion 560°C.
Theraal Stability: (135°C.): Not acid in 300 min.
Vacuun Stability E120°C): 0.31 co., 0;52 cc. in 48 hrs.
Intematioral Test (75°C): Volatility, 0.1% in 24 hrs.
Hygroscopicity

90% R.H.: 0.02%

100% R.H.r 1.924%
Power: 95, 105.4 (INT = 100)
Scnsifivity: Groater than 90 cm. (RDX =

51 (50% point) RDX (50%pt.= &5 cm.)

N,N!'-dinitropiperazince
L.P 214-21G°C. d.
Oxcygon 3alance to COp: -7§.6%

Power: .cad-Block = 105

N‘N‘-dinofhyiftricthylcnototraniframinc ,
”ng-N-CHaCHa-N-Cﬂa
. Cily=-CHaCHa-N-CHs

NOg. °~ 'NO;

II.P. 211.5-218°C., d.
Oxygon balance to CO;;';76.8%
pH: 6.9 | _ e

Exnlosion Temporaturc: No cxplosion 360°C.

Therial Stability (155°C.): Not acid in 300 min.
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VaEuum'Stabiiitj (1=0°C.):
International Tost (75°C.): Volatility, 0.1 ‘
ﬁygroseopicity | “ o
907 R.H.: 0.2%
100% R.H.: 0.95%
Power: 90.4.(TNT = 100) ,
Sensitivity: -Greater than 90 cm. (RDX = 48-50 cm.)

Iso-Ni;N4-dimethyl-triethylenotétranitramige o
2
¥.P. B3.5-90°C. .8 '
'?-N=N-CH;CH;-N—CH3
cn,cng-?-cn,cn,-u-cna
- |

‘N0, . NOz

Oxygen Balance to COg: -76.8%
ﬁH: 6.2 , S
Exi:losion Tuﬁperaturct Ignitod, 5285°C.,
Thormq} étability ' |

100°C.: Not acid in 200 min.

135°C.¢ Exploded in 10 min.
Hygroscopicity h '

'90% R.H.: 0,02%

1008 R.H.: 0569

Powver: 109,1 (INT = 100) : _
Scnsiéivity: preater than 90 cm. (ﬁDX ='48—50 em.)

N—bromo-N'—mothyl—cthquhcdihitrhminé" Br-f—CH,CHa-?aCHa

i NOa . NOz
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M.P. 118-119°C., d.

Oxygen Balence -to COz: ' -£9.67

pH: 5.9 | L

Exﬁlosion Temperature: No explosion 560°C.
Thermal Stability (}5550.5:- Ignited'in'4”min.
Powert 101.2 (INT = 100) e
Sensiiivity: 8.6 cm (50% pt.; RDX = 35 crl.)

Propylenedinitraaine (PDNA) - Ca??HFH?§E§N02
M.P. 111-112°C. : _NHNOz
Oxygen Balance to COg:- -5C.55 ‘
pH: 3.5 -

Exblosion Tempernture: Ignifoa ob5°C.
Theriiel Stability (100°C.); Not aeid in 300 min.
Vacuunt Stability (100°C.):"E;6. in 24 hrs.

Internctioncl Test (75°C.): Volatility, 2.0% in 24 hrs.

Hygroscopicity

90% R.H.t 0.765% TN Sada e e
100% R.H.:  2.42%

Power: 115.9 (TNT =-100)

Sensitivity: €3.1 cm (RDX = 48-50 cm.)

Pentaerythrityl tetranitraaine C(CHoNHNOz ) ¢
1.P. 166.8-167.4°C. d.

Oxygen Balance to COz: -41.07
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- pH: 3.2

Exélosion Temperature: Deflagrated 295°C.
Thermal Stebility

100°C: Not acid in 200 min. |

135°C: Ignited in_ 240 min. ', _
Vacuun Stability (100°C ) 8. 76, 10. RO cc. in 48 nhrs.
Internctional Test (75°C. ): Volatility 0. of
Hygroscopicity

'90% R.H.t 0.,01%

100% R.H.: 0.06%
Power: 129 (TNT = 100)
Sensii:ivityz 26.8 cn. (RDX = 48-50 cm.)

Pentaglyceryl trinitrnnine (PGX) '._ ~ CH3C(CH,NHNOZ) 5

M.P. 130-131°C., d. :
Oxygen Balanée to COz: -64.0%
pH: - 3.0 | -

Lot

Explosion Temperature: 1Ignited, 355°C.
Internationzl Test (75°C ): 0.0%

Thermal Stability (135°C.) Ignited in 10, min.
Vacuun Stability (100°C ) E c. (12 cc. ) in 25 hrs.
Power: 111.8 (TNT = 100) ‘

Sensii:ivity (504 pt.): 30
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N- (p-nitroxyethy_l) nitramine (VENA) 02NO-CHCHg-N:INO,
M.P. 15°C, |
Oxygen Balance to COz: -15.99
pH: 2.7
Exﬁlosion Teripercture: No exblosion, 560°C; Volatilizes

repidly

Thermal Stability (135°C.): Acid in 75 min.
Power: 133.9 (INT = 100) '
Sensitivity (50% pt.): 191, 107

N-(¢-nitroxyethyl)nethylnitrauine (MeNENA) CHy-N-CHaCH2-0NO;
H.P. 38-40°C. s NOz
Oxzygen Balance to COz: -43.6%
pH: 7.2 |
Explosion Temperatux"ci No explosion 36Q°C.
Thermal Stability (135°C.)£ Volatilizes rapidly; acid in
65 nin. '

Vecuu Stobility (100°C.): 6.80; 7.3-8 ce./5.g./48 _hrs.'
Internctional Test (75°C.): Volcotility, 0.15%;'0.10%
Hygroscopicity -

90% R.H.: 0.00%

100% R.H.: 0.01%
Power = 135.5;137.2 (INT = 100)
Sensitlvity: Greater thon 90 en.

(RDX = ;18-50 ci.)
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Dinitraninoisopropyl Nitrate ?Ha-NHNOz
j bttt ‘ CH-0RO2
H.P. 164-185°C. d. I .
CH, -NHNO,
Oxygen Balance to COpz: -17.C% o8
pH: 3.5
Explosion:Temperature: Deflograted, 230°C.
Thermnal Stchility . S R
100°C.: Not zecid in 300 nin.
155°C.£ Acic¢ in 105 min. -
Vacuun Stébility (100°C.): 1.99, 4.36 ce. in 48 hrs.
International Test (75°C.): Q.o%
Rygroscopicity )
90% R.H.: 0,087
1004 R.H.: 0.02%
Power: 141.5 (THT = 100)

Scnsitivity: 24.4 em. (RDX = 48-50 cn.)

N,N'-bis(@-nitroxyet::yl)ethylenedinitranine
) ( ?03
H.P. 60-82°C. ?Hz-N-CHgCHz-ONOg

CHz-N-CHoCH,-ONO;
Nos

Oxygen Bolonce to COz: =39.00
pH: 6.9
Explosion Tcapersturc: No cxplosion, 360°C.
Internationzl test (75°C;)% 2.2% .
Therancl Stability (1556cf)§' Acic in 10 wmin.
Veeuun Stability (100°C): .E.C. in 20 min.
Power: 134.5 (TNT = 1005

Sensitivity (50% pt.): 82
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Hethylation of Etnxléncdinitragine.

Procedurc A. In & 1000-cc. fhreé-ncekcd flask equipped
with stirrer, theriuoneter, ~nd dropping funnel therc were placed
R50 cc. of wutor,-loo ce. of oleohol, 15 g. (0.1 mole) of
ethylenedinitraiiine, and 16.3 ;. (0.5 mole) of potcssiunm
aydroxide. 4 solution of 28.5 5. (0.5 :10le) of nbth§1
bronide in 150 cc. of alcohol was added througzh the droPping
funnel and tﬂe nixture was stiiired for eizht hours at goﬁm'
téﬁperature. After stirying, the reaction was éllowed_po

stand for three days. The preeipitate which formed was fil-

tered and dried. The crude product amounting to 5.2 g. and

melting at 125-156° (uncorr.) was recrystallimed from 200 cc.
of water and tave 5.7 5. of pure product melting at 133-1358°.
Tals corresponds to the N,N-dimethyl-ethylencdinitriumine pre-
pared by Fraznchimont.

The filtrote fron the reactlion ailiiture was concentrated
to & volure of 130 ce. No further precipitietlion occurred
vhen this solution wos cooled. Unoun acidificction with dlilute
nitric acid & copious preeipitute fdrmed vhich was filtered
ani: dried. This erude product (0.0 g.) melted ot 108-116°
(uncorr.). Aafter tro reerystallizations froa rater (100 cc.,
and 50 ce.) there 'r:s obtained 4.4 . of a crystailine selid
1elting ot 120-121° (uncorr.). This corresponds ito N-uethyl-

cthylenedinitraaiﬁc prepared by Franchimont.
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Procedure B. The methylotion of ethylenedinitramine
was also cprried oul using dimethyl sulfate. As in Procedure
A 2bove; both -the mononmethyl and dimotﬁyl derivatives vere
obta;ned.

. In a 5-1., three-nccked flask ccuipped vith stirrer,

themnoneter, and dropping funnel were placed 300 §. (2 moles)
of cthilenedinitrﬁmine, 158.5 g. (5 noles) of potassium
hydroxide, 200 g. (2 moles) of potassium bicarbonate and a
solvent consisting oi 1R50 cc. of alcohol and 1250 ce. of water.
The ni:ture was stirred until tiiere was coiplete solution of
the solids. HMetayl sulfate (878.5 g., % moles) was added
aropirise to the reaction niiture over a period of four hours)
the temperature of the reaction aisiture remained slightly above
roon teamperature during this tiie because of the heat of the
reaction. lhen the cddition of ethyl sulfate had been coum-
pleted the cntire ni:ture was hiewted to boiling :nd 800 cc.
n{ solvent distilled off'. The reaction mixture was cooled to
0° and the preeipitate of H,N!'-dimethyl-ethylenedinitraminz
vhiech separated waz filterad. The erude product, vieighing
105.5 3. and melting ot 152-177¢ {corr.), "rasz recrystallized
froa 2500 cc. of vatoer. 'There was obtoined 88.5 g. of a
light floky crystalline material nmelting at 107.5-158° {cowr.)
corfc:ponding te o yield of 24.0 per cont.

The filirate obtained after 7iltering off the crude di-
ncthyl derlvative wos made ¢istinetly ceid to Congo Red paper

by 2dding approxdmcecly 115 ce. of 70 per ccnt aitrice aeid.
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Tac ~cifified solution i conled e 02 and tho crystalline
procioloats -uien separascd wun filtered ong dried in the air.
L yredf o 179.4 5. of erude naterial neltin: at 110-113°
(corr.) vos obtained, Reewrvstullinotion of the crude procuct
fros 100 2e. ¢ raber gove 0.2 §. of crystalline H-methyl-
senylenedinitaciaine meliing ot 120.5-122.5° (eor:.). ‘This
tar & yiold eof G0.G mor ceond. -

Veory ¥ittle additione) nreoduct vas obtained ~hen the
fiitrates fron the reervistallizations were concentrated. An
additional 1.0 5. of the ainethyl derivetive vas obtainoed by
concentrating tho filitrats froir the reerystallization of the
first cron of aaterial., Potassiua actiyl sulfats node up the
bull: of the aatevial ronaining in the ajucous filtrate in re-

coyatallizing tihi nonoaothyl derivative.

reparation of N n'-dinitreniperaszing.

Ia o Wwro-liver,; threo necked flask, provided vith stirrer,
condenser, omc droppins, funncls therc wWereplaced 3?;5 g. (0.25
sole) of ctbwl-onediniteiviine, 500 ¢, oF cthanol, «nd 300 ce.
of "tater. Thur: vere also propered tvo solutions, 200 ce. of
aaeous peotassiuwl Lydeoizlde eontedning 20.0 g. (0.5 mole) of
the solid hasc, and 100 cc. of n «leoholice solution contain-

ing 2/ g. (0.25 a0le) of stiylene Cibrouide.

There werenddoed overy hour to the reflwiing reoction mix-

turc 10 cec. of aleoholic ctuylenc c¢ibronide and 20 ce. of

acucou: poeassiua hydroside. Tie neating was continued for a
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total of twenty-four hours and then cooled vhercupon & pre-
cipltate. formed.

Tho orystallino deposlit ves fllioered off and there was
obtained 10.5 g. of cruéec H;H!'-dinitropipcraszine, ueclting at
208-210°C. 4. This vas furiher purlficd by treating 1% with
30 5. of 10 por cont sodiua aydro:dde to roaove any alkall
soluble produets, filtored, and finally reerystallized frou
¢thyl cectote. Tho fincl prodnct was a vhite glistcning,
erystalline sclid (8.0 g.) mcliing at 214-215° 4. (uncorr.).

Analysis: Caled. For CaHlaO4H.: N, 51.082.

Founc: R, ©1.30G.

The aquenus filvrate contuined unrcaected cthyleonedi-
nitranine togothor with other produets of ¢ polyncric nature.
The seoperation ol thiese various by-procucts was ¢liflicult ancd
as not thercfore studded fustaer.

Otiicr ~periments vvere carrlied out cmploying ratlos of
two'moles of cthylenedinitraiiine to wne mole of cthylenc
dibronidey likorise soie reactions trerc carried out using
less solvznt, thus increasing the concentratlon of the re-
actanis. It is interesting to note that the ylolds of
N,N'-dinltroplperazine werce less ln both c¢ascsy the formation
of éidc—products was cnhanced but these werce difficult to

3oparatc. Undoubtedl thcy were a misiturce of lincar .olcoules

of & polymciic naturc.
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nevion of M-ucthyl-ctivvlcncdinitranine and DBthyloenc Dibromidce.

In o =1, Dlezl: Dileted sl stirrer, thoruoanoter, and re-
flw: condenser tiere vraw: placed 32,0 g. (0.5 nolo) of N-mcihyl-
atrylenodinitionine, 500 ec, of alecohwl, [HO0 cc. ol weter,

271 5. (0.5 w0le) of potassiwe aycro:ide, znd 47.0 z. (0.25
itole) of cthylons breuide. The uliture was stirced and re-
flwed for wwrenty-four hours. Prceelpitction of N?,N“—di—
methyl-srizthylenctetranitratine begen to tako placce after
tre hours radlw:ing.

After coupletion oiff the rofiw: poriod the maxiurc was
filtered ac 70° and the crude solid wrashed with 100 ce. of
hot aleenol. Theo vashings worce coabinoed vrith the nain £il1-

The yild of crudc product from scveral runs varied

1l 3.-15.5 g. «né melted at 210-215° d.(uncorr.).
The pure B ,M-Cincthyluricthylencictranitranine (a.p.
213.5-215° d. (uncorr.)) s obtiined by rcerystalliszing

eTude product fron nitroucthcnce.

nelysis: Caled. for Cgll; a0gNg: N, 51.84.

Tfouncl: N, 51.G2.

T coabined filtrats and “ashings obtained above wero
cocled in the rofdigerator eoveralght ond gave a sccond crop
of erystalline anteranl (15.4 3.-19.5 g.) melting ab 8L.5-
85.5° (corr.). This inpurc matorial was purificd by dis-

solving in the ninirmaa coount of hot acctone, trecting with
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deeolorizing charcoal, filtcring, and allowing the solution to
cool. - The erystellince nrecipitcote was separcted and reerystal-
lized fro: aguecus acctonce (5 voliacs of water to § volumes of
acotene). Therc scparated on cooling two solid speeiles, onc
of vhich was a small, plate-like, well erystallized solid
nhéreas thc other s a light ambrphous natericl. It was
possible to separatc the tvo wterials nechaniecally. Thce
misture in tie cold acctonc wur svirled and the licuid con-
taining the amorphous material was decanted froi the crystal-
linc solic¢. The proecess was rcpeated scveral times and com-
plcte scparation ws obtaineé. The caorphous solid (1.8-2.3
g.) wnclted at approzimctoely 150°. This substance was not in-
vesipgated further.

The crystzlline solid (1:.2-14.2 g.) mclted ot 88.5-90°
(corr.) wnd reerystallization froa aqucous acctone did not
raisc the uelting point. The crperimental evidence indicates
that this product is isomcric with N} ,N -dincthyl-triothylenc-

tetranitranine and probcobly has the structurcs

Cﬂs-?-CHgCHaﬂ?—CchHg—O-E=N-CH30Hg-?-Cﬁa

RO, HOp 0 NO,
Analysis: Caled. for Cglliyg0giias N, 31.64.
Found: N, 51.58, ol.6l.,
tthen the filtratc froi vhe sccond crop was acidified
with 70 pcr cont nitric acid ¢ precipitate of impure unrcacted
N-mcthyl—cthylcncdiniframinc scparated. PFrom 20-U5 . of un-

rcacted matericol wiis recovercd.

CONFIDENTIAL
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Struciure of Ligh-Jolitin, Coiocunc Torued in 4lkyl. tion of
d=nnvavi-cthylonediniloaaling,

I7 the nigh aclitiag ceapownd foriazd in the roecevion of

Hepotluylectayilonodanitranine hag he structurc proposed,
Clal1=CH, 00l p = H=-Cliy OH 2 =N -CL 2 Cila-N-CH4
| | . i |
1!0;\ l]Op NO;; HOg
trostaont itk S0 peor cont nitric rcid snould not wffcet the
cnapound.
Actually tho coapounc con he reeovered unchonied when
it iz discelvy.@ in 0 »or cent nitric acic¢ by <uenching wita

vnLer.

wtructurc ol Lov-nclting Coapound TFormed in Allylcation of
H-nctiayl-cthlcnecinitironing,

I7 the low 12ltlas comnomy’ fornmed in the alkylation of

H-ncthyrl-cthylonediniteaning vith ctaylence bromide has the
struciture ia::-upo:: cd,

Cil; ~RCilpCll - H-CilaCll ~0-N=N--CH2 CH 2 -N-Cil

. 1':0n 1'102 e 1!102
treatarmt writh 97 per cont nitric acid should cloeuave the

connoumnc. to give tue products; nouaely:

Clla-l‘i-(‘.llg(}'ilg-il-l-CHg(iII2-01102 nd Ogl‘l—O—CHaCHg—lI!-CHg

ievually tvw products rere isolatod waen the low nclt-
ing alltylatien produet s treoated 'rith nitrice acid. Onc

of tanue was chom to be identiccl vwith N-(@-nitro::y:.-tlwl)-

CONFIDENTIAL
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Actliylaturiiine and andyosis of che otiaor sroduet 'mag in
waciaeal wath the foraula CsiiyO9ily.  The orperinental
dotaclis are givod a8 folloring.
In o 200=-ce, Dlozr Pitted sy stirrer and thoermomcter
roos aloced 50 e, ol i per cent adtrie acad end vhile
crature of tho liomid wos held ot 10° by ucans of ox-

tornal coniing: 10 . of thr ¢t aJlltiarg wlkylation product was
L)

slowly «dled. The adature oo svivecd for fifteon winutes

aftor addition hed beon 2owlet: nd thon poured on 150 g.

o eracked icu. The erystaliine preeipitate which forwed s
clltoeud, vaghed mith e DU-ec. noriinnn of vatcy, and air-
drizd. The ecrude solic (Crop I, 6.1 g.) acltcd ot 90-92°,

Thno aeid Tilteote fro2x Crop L was neubralicscd vith sodlum
bicarbon te ind -~ scesnd cron preecipitated vihiich wau filterced,
wrushed with o smali auanunt a0 <atar and dried in the air.

The erude Crop II (.7 .) uelted at appro:imately 55°. Ex-
tractlon of {ais crude sovsriud with 150 ce. of cthor left a
residus of L.1 g. wzlidng ot 8He.

e alkaline fileeate froua Crop I vas ctracted with
threca 100-c2. portions of wther eond tae c¢ther coxtructs wore
coribined vith the cthuer cite.et of Crop II. After drying over
50 g. of nagnesiw Zullinte che céher was renmoved and thorce wag
obtedned £.8 g. of N-(@-niltrozyathyl)methylnitranine aclting
at 35.0-37" (unecorr.). HNo deproasion of aclting point was

observid wnen ik wes died with an anthentic sannlc aclting at

CONTIDENDIAL
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20~-40°.

Cropr I «nd the cllier iasclublo recicuo fro. Crop II
vere covblned and seepystallized lroa 5O per eent anuecous
iectonn.  The aateriol crystallized ag cmall glistening
plates ueliing ot 90.5-020 (corr.). field, 6.4 5. This
riate icd i proved to be different from the stacting

-

actersicl b taking o orvsied aelting point.
LAanlysis: Coleé. Tor Cgliya0qls: N, 27.67.

Tound: W, 27.865.

tffect of litric Acld on H,N'-cimcthyl-cthylenedinitramine.

N,R'-ginecthyl-cthylenedinitramine dissolved in 1 large
c:ieese of 90 per cent uitric ccid ot 10° writhiout uny notice-
able evolution of ieat. 'Iuaming the nitric acid solution to
rocu teaperaturce ~nd ouring over ice proeipifatod thoe

0 -cincthyl-ethylenecinicranine unchanged.

fifec: of Hitvic Jcigd on H-nethrl-ethylenedinitrwiiine.

Tn 25 co. of C0 per cent nitric aclid cocled to 10° there

vas slewly 2dded 5 5. of N-nethyl-ethylenedinitraninoe. It

mas aeecssary to apnly erterncl cooling in order to nalntain
the Laenperiture ot 10° durdng the cddition. After the addition
&d been conplated the isture rag alloved to warm up to roon

teapercture. The chdrgc oz pourec over 150 g. of cracked

ice and¢ the acid nixturce neutrallzed bLy.adding approximately

A5 . of sodiua bicarbonicte. A solid precipitate fomied which
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was extracted with threc 100-ce. nortions ¢ ethyl cther.

The combined cther cxtracis were dried over 20 f. of magnesiunm

sulfnte, filtered, and concentroted to near dryness and cool-
> = >

ol. Precipitation of a crystalline materizl occurred zlilost
imacdiately. The solid vus £211ltered and the filtrote con-
centratod agoin to yivo o second crop ol crystels. The con-~
bincd creps woighed 4.2 . wné aclted & 58-40° {(corr.).
This corresponced to en 3¢ por cent yiecld of N-(iz ~nltrozyetay™}
methylniteeonine, Clia-N(NO,)-CLaCH2ONO, .

Analysis: Caled. Jor CalipOgNa: W, 25.45

Foun: N, 25.0

inotessium S04 of Btaylenedinitanine.

To « solution oi 7.5 g. (0.13 mole} of potossium hydroxir:
in 75 ce. af agucous ileohol (50 ee. alc.-0b ce. water) ther:
was cédled 1) g. (0.067 mel:z) of ethrlcenedinitramine. The mis
ture war wormoed watil soiution occcurrad. Tan crystals uh:;.ch
preciplicted on coolding were {ilieired sl washoed with aleoho®
zad ether. After reerysiallisation rfroml sagucous tcleohol
thore wos obtained 5.9 z. of tho a2elt. This salt detoncted

vihen hweonted.

loraronpiws_ 5

Aidsture of 10 g. (0.67 molc) ¢S vthyloncdinitranine

In 250 co. of cleoonol was heatecd until solutilon cccouryred tnd
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then approx:imatoly 50 cc. of cunceniratcd agueous armonie
as addcd; A prcc;pitntd of the ammoniwm salt of cthylenedi-
nitranino foimed irmedictcly. Alter cooling, tho preeipitato
wees filtered end washod with ciher. Thc diwmoniwa salt was
reerystellized from an aguoous élcohol solution to vhich a
sanll cmount of ammonia hed been added. Tho salt (8.4 g.)

welted ot 182-184° (uncorr.).

Potassiun 321t of Nnnethyl-uggx;cnedinitramine.'

Solutions of 10 g. (0.05 nolce) of N-methyl-cihylenedi-
pitraminc in 250 ce¢. of aleohol and H.4 g. (0.06 wolc) of
notassiwn hydroxide in 200 cc. of alecohol were umixed togethor.
Upon cooling a precinitutc Tormcod thich wes filtered. Re-
erystailization from sgucous aleohol gave o eryatalline product

(5.7 g.) vhich dotonated cn keating.

amponiun S31% of N-rotlyl-ctnyicenccinitraaing.

A nizture of 10 g, (0.08 n0le) of N-ncthrl-ctiylenedi-

nltronir. and 25BC c2, of alcohol ywes heatas® wntil solution

ocourrad., To this sclution thoratarve added 50 ce. of zlechol
scturated with dry asmonia,; and 100 ec. of cther. The mixture
was cooled und tho prccipitatc-filtcrod and vashed with cther.

Tho zo1% (7.0 g.) melécd ot 138-2509¢. (uncorr.).

$ilver Salt of N-mcthyl-cthivicnedinitrinine.

Mo silver coldt of N-notliyl-cthylonedianiwranine vas pre~

perced by discolving 18.4 3. (0.1 mole) of H-uctivl-cthylenodi-

COoaF
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nitramine ia 100 ce. of woter and ©7.1 nl. of 1.0% N. sodium
hwiéroxido. A solution ol 17.0 3. (0.1 iww0le) of silver nitrate
in 200 .cc. of wnter was thoh eddad. A coplous perccipltate

foriicd mich was filtered off, and washed withk wabtcer and

finally wvith clcoiol. Thore wns obteincd 86.0 . of the salt

Upon cuposurc to lisht 1t darkons.
Anclysls: Coled, for Cgll0.8.Ap: N, 20.€8.

aticn ol N N'-Cibrono-othylonedinitrenine.

o)
[}

The proccdura for this nreparation was to dissolve 12.0 -~
{(0.08 m@molc) of cthylenedinltrenine in 150 cc. of wator con-
taining 9.0 2. (0.16 m0ic) ol potussiuu hydroxmice. Tals
solution was cooled In en lca bath, thon 8.5 ecc. (25.6 g.,
0.16 wola) of broninc alded wnd the adstrre stirred for
scveral minutes unttl all the broalne recccted.. Tac brotmish-
yellew procipitaﬁL ol N,H'-Jibreno-cthyronedinitranline wae
filtered off and suekod dry on the filler. This crude prolticT
ourlficd iy dissolving in uccionce to forn & noerly sotu-
solution anl thoa preclpltoting %y the cddition of oo
voiunme of water. This meteorial was dricd and for tlc
puriflcation rcerystallized frea nifroncthane. The
profuct conslsted of noorly colorless ncedles, a.p.

158.0-130.5°C (corr.). Yiold DO-60 per cent.




CONTIDIENTIAL

Anelysics: Caled. for CpH,.0.N.Brp: XN, 18.18; Br, 31.982.

Pound: N, 18.32, 12.48; Br, 50.04, 30.30.

Prcm*"‘:ion o N-mcthyl-N'-bronpo-ctiiylencdinitrenine.

Tho preperaiion of N;mcthyl-N'-bromo-ethylenecinitranino
was carricé out by dissolving 1.64-3. (0.01 molcj of N-acthyl
cinylencdinitrenine In 25 ee. of water con{aining 0.06 g.

(0. 0l uole) of notausiwm hydrozide. To this solution therc
acdo dropwise and with stirring 0.556 ce. (1.60 g., 0.01
£ liguic bromino. 4 zolid precipitate forned in the

enc after stirring for sovernl nminutes vith subscouent

%, thoe nalc jollow crystals were filtorud off an? weshed

well with water. Thore wes rccovered 2.8 5. of product moli-.
ing at 118-11¢° £, (uncorr.}. Yi:1ld 90 per cont.

The product can be reprecivitited as sucll shining erystelc
from an acetene solution by adding an cicess of wuter., The
molting voint, howcver, roialins unchanzod.

Analysis: Cealed. for CLE-0.li.Br: N, £3.06.

Found: M, £5.00.

_E;_gupar:'.tior;_gf 2oopyioneciuncthang.

Procziurce A. In o 2-1., tlwoc-neeled {lask provided
with a weechanical vitirrer, reflu: conticnser, and dropning fun-
nolvere placod a solution o 161 cix. (1.0 molce) of agucous pro-

pylencdiaaine ,3‘ 650 cec. ¢l wrater, tnd 255.2 7. of anhydrous

-

o

The propvlr..nc‘ mdne vwas obtained threough the courtosty of
kNr. &. L. ..iwon Carbice and Cisbon Chen, Corp. Followship,
Mellon Instituts, Pittobusgh, Pa.

CORFIVDENZTI & L
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sodivm carbonate. . The al-iture was lieated to 85° by means of a
water bath and 22C g. (2 moles) of etly. chiorocarbonate was

cdded dromrlse with vigorous stirring. After oll of the ethyl

ehloroeaihons:te hal beeil edced, the olxture wee stirred and

hegted for half an hour. After the mirture had been cooled
by en ice-bath, the uretiiane crystellized ond wes filtered.
Tue rroduet was contaixinnteld with lurge amounts of sodlum
biecarbonate. This veas renoved by washing with wern Watér.

The erude procuct melted ct J0-CR° vhen drded in the sir,

The erude urethane (169 3;) was-purified by récrystallization
fron an cleohol-vater uiture (four volumes of nleohol to ninc
voiume:_of water). 'The purificd urethane (105 g., 48 per ceni

of the theoretieel rield) uelited =t 8l-0%0,

Procecdure B. In ¢ 5-1., three-necked flaslt equipped
vith stirrer, theraoncter, and twvo dropping funuels there weo:
placed 502.6 7. (2 moles) el 19.5 per cent propylenc diamicsH
solution, 450 ce. vi water, ond 1200 co, of ether. VYhile thn:
teuperature of the mil:ture waz lrept ot 0-5° (erternal cooliny:
217 g. (2 moles) ol etiayl chlorocarbonate was added dropwise
r:ith_v:l.gorous stirrinz. PFollowirs; this zdditlion an additlona’
217 g. (2 moles) of ethyl chiorocarbonate was adced simulten-
cously with o solution of 168 . (1.0 moles) of soCium hydrcwide
in 400 cc. of woter. It rﬁs necessary to edd an addition-? N

ec. ef efher befero all) of tiie reactants hed been codded 1In

*
Obtalned through the eourtesy of ir. A. L. Mlson, Carbide
and Cerbon Chem. Corp. :felloirship, lellon Inctitute,
Pittsburgh, Pco.

CONTPTIDENTIALAL
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order to breck up the solid eala,. At the eompletipn 9$ the
reaetion 1500 ec. of ether was cdded eoapletoly @1ssglving

he urethene. The ether layer wus separcted and the aqueous
solution wos extraeted with two portions of ether (500 and 200
ec.). . The .coubined ethesr solutions werc dried over anhydrous
potassium carbonato and 5000 ee. of ether distilled off. The
solution vz eooled and the erystalline prqpylcnediure;hane

ithieh nreeipitated wes {flliered. Thero was obtained 856 p. of

mafcrial‘melting'at ©9-00%, A second erop of 27 g. of slight-

ly lorer nelting procduei vas recovered frem the filtrate. The
yield of the eombined ereps <rae 92.5 per eent of the theoreti-

eal amount. ;

Nitration of Propylenediuretihune.

In & 500-ec., threc-necked fleslk: fitted irith stirrer and
thnernociieter there was plreed 125 ec. of QB per cent nitrie
cecid. The temperature of ti:e aeid wus maintainod nt 5-10° and
25 g. (0.115 mole) of nrorylenediurcthane wac added slowly
with eontinuous stirring. Afver addition had been conpleted
(fiftcen minutes) the reaction n 1ture‘ucs stirred for an
additionnl fifteen uimutes. The charge vas poured over 350 g.
of cracked ice ond the aeid neutralized with cppro:imately
230 g. of sodiun bicorbonate. The oll whieh ceparated was
ertraeted Tith threo portions of cther (200, 200 =aé 100 ce.)
and tho eomblned citraets 'rero dried with 50 g. of magnesium

sulfate. Tho extract ves used direetly in the next step.

CORTIDEINTIAL
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4solation of Propylenedinitraiine.

‘The dried ether solution froa sbove, containing the
nitrourethane, was saturated tith dry gaseous smmorndiae and a
gury 5611d separated. The ether ves reuioved from the gurmy
precipitate by decantation. The sticky wuess wos dissolved
in 100 cc. of water and ccidified wvith concentrated hydro-
chloric acid (Congo Red). Upon cooling, « crystalline precipi-
tate separated vhich was filtered and washed with o small
amount.of cold water. Yield, 6.9 g. melting at 107-110°.

Thé crude nroduct wras recrystallized from water and gave
8.3 g. of nmaterial melting ot 111-112° (corr.). Y¥Yield, 40 per
contx, besed on propylencdiurctheane.

Annlysis: Caled. for CalHaOuN.: N, 34.14.

Found: N, 54.23, o4.40.

Properation of Binary Mirturus of Compounds Related to
I4xtures of NMcEDNA-LDNA, Mce,EDMA-EDRA, ifcEDNA-MozEDNA,

and EDNA-PDHA werc accurctoly preporod heving the following
percentoges, 25 per cont, 50 por cont, and 75 per ecent. Ono
gran of cech nixturoc was placed in ¢ sepoarato vial and tho
vials werc heated in an oil bath to 160°. After cooling, tho

mclts woro rconoved and brokon up in 2 mortar and the molting

points taken (scc page 18 ).

%
Using the same condltions but worldng on a somovhat larger

scale, yislds of 61 por cent for this preparation hove boon
realizod.

CONFIDENTIAL
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ELiHEL_JHBElJELJEQBEQ2EIﬁﬂIlEI;hIQEIQHE_EBEBEL
In a T liter, a-nnoLed flc k fitted with stirrer, ther-

mometer, and dropping fun:ol, there wes plecod 82 z. (0.85 mole)
of pontécrythrityl totraine disulfute , 80 g. (2 aoles) of

sodlwn hydroxicde, cnd 500 ce. of watcer. Then solution was.
complcto, 1000 ce. of othow as uaded, and the mixturo was
codled to 0° tc -8° by =eccons of an ice-salt nizture. To the
vigorously stirred aiiture thore was addod dropwiso 108.5 g.
(1 mole) of uthyl chloroformrtc over & pcriod of 50 uinutos.
Stirring ot 0° was continucd for two hours after all of tho
othyl chlorofnarmate had becn odded. Tue other 1ayor was
separeted. Tho tetroaurcticno suspended in tac ”Qﬂuﬂuﬂ luyer
was cotracted with cther. Thac cowbined ecther, citracts (about
four liters) waz dricd over cnhydrous ccleium chloride. Theo
other wos renoved on 2 steoa both, und tho colorless iesiduo
wies reerystallized from 250 cc. of othunol (95 per cont).
There wne obtainod 80.C 2. of pure tetrowrctaonc melting ot
187-167.5°. The yileld wns 78.5 per cent of tho thoeretical.

Analysis: Coled., for CypHs20eNe: N, 13.33.

Pound: N, 1%.70, 13.71. '

trction of Pontacrvthrityl Tctraurcthenc.
To a mizture of 100 cc. of nltrie ceid (93 por cont)
and 100 ce. of acotic anhydridc cooled to 0°, there was added

Sc¢c nage 146 feor e proporation of pentcerythrityl totramince
disuifeto.

COMFIDERNTIAL




- - W e e ey g e

CONFIDENTIAL

in portions over = fifteen mimute perdod 25 g. of pentucry-
thrityl tetrourethone. During this add}tion the mixture

was stirrod and tire teuperature was malntained at 0° by,
means of an ice-salt bath. BStirring was contlnued fof en
hour and a half at 0-5° after the addition waslcompletg.

The clear solution was poured on 500 5. of crushed icc and a
éolorless guwmy preclpltcote separated. The scid solution
was separated from the precipitate by decantation. mhc crude

guany nitrourcthane was then washed with cold water and hy-

droiyzed imiediately with cquoous cmaonia.

Armnonolysis of Pentaerythrityl Tetronitrourcthane,
Tan gumny nitrourcthane deseribed in the rreceding

paragrnbh was treated with 50 ce. of water and 100 cc. of
acucous amonia (éﬂ per cont). The aizture was heated on
a stean both, solution being coipleto within ten minutos.
The reccetion was strongly cxotherive-and 1t wos noccssary to
apply cxternal cooling. Tho cleer solution was cooled and
acidificd with concentreted hydrochloric ncid (obout 90 cc.
wos required)., Colorless erystels scparatod slowly. The
mixturce was xept at 0° overnight and tho erystals filltored,
washed with mater, cnd driod in tho zir. The yileld of puro
tetranitromine was ie.s g; (co ﬁcr cent of the theorctical
amount). It melted with decomposition ot 175° . (corr.).
Rleerystallizotion from niiromethane did not improve its
nolting point. '
Anclysis: Ccoled. for Cgh,205Ng: N, T5.900.
Found: N, 56.01, 36G.15, 36.63.
' CORFIDINTIAL
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The Peparztion of Pe lyceryl Trinnd

The czizonolysis of pentoglyceryl triboaide was effected

by he;ting iﬁ o prossure reccte: tho follewing substancess
105 . (0;553 uole) of pentaglyeerfl'tribromide, 196 g. (é'
roles) ol caoniun bromice, 150 cc. of alcohol, 150 cc. of
water, ond 600 cc. of liquid rimople. Xt recuirved one hour
ond tventy-£ivo minutés to licat the Bﬁmb to 150°. The temp-
erature vt then iwintained ot 150-160°. for one hour. After
cooling, the solution was cvaporated aluost to dryness; then
taken up in 400 cc. of water an¢ hented until the solid wes
diszolved. The solution was then made distinotly celd to
congo rod paper by adding concontrated hydrobromic ceid. The
celciflied solution wos cooled overnight In o refrigerator,
and the golid which lormed L filtercé off ond weshed well
rith aleohel, ¢nc other. The pentaglyceryl tricmine trihy-
drobrenicde (8Z.1 £.) so obteined, neltod ot 327° 4. (uncorr.).
An addlitionsl guantity of the product wea obtained from
the filtrate, which was trcoted mith 100 ¢. (2.5 moles) of
socium hydrorice. The solution vng evaporctold to nearly dry-
ness znd 260 cc. ol wleolwl added. The lnorganic salis vore
filteored off. Aftnr ovanorating off the alcohol the reasicdue
was dissolved in & miniawa aount of woator and madc distinotly
noid to congo rod paper by cdding hydrobromic ceid. After
cooling, tie solld vhich formod was Tiltered and roshed with

clecohol and other. Thus an aidcditioanl cuontity (6.5 2.) of the
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trihycdrobroalce nolting ot 30G° ¢. was obtoined. Total yicld,

74,7 per cont.

A sacll quantity of 9senteglyecceryl. tricmine trihydro-
brouldo s :oeryst:llizcc froi woter for analyéis. The
nelting point vos uﬁchrngcd.

Analyslis: Caled. for CsllygligBrz: W, 11.67; Br. 66;60.

Fowd: N, 18.05, 11.75, 12.223 Br, 66.50, 56.54.

The Proparation of Pentoglveeryl Triurcthong..

Into o thrco-litor, three-nceitod flosk provided wite o
thernometer, two dropplnz funnels and o stirror thoro ror:
aCdel 72 2. (0. 2 mole) of penioglyecoryl tricnine trihyiro-
bromidé, 120 cc. of wutor cné 900 cc. ef cthor. The froo
cnine was libercted by odiling 240 g. of 10 per cent sodium
hycro::ice (0.6 s:0le). Tho uixture wos cooled to 0° by mean:
of o stlt-ice both ~nd this tuaperaturce was maintoined vhile
o2.7 g.ﬁ(o. T nolc) of othyl calorocarbencto was racod dronnis.
Anothor 52.7 g. (0.5 uele) of othyl chloroecrbonrto was 2ldud
concurrently rith 240 g. of 10 acr cont sodium hycdrosidoe
solution (0.6 nole) vhile maintcining the same tenperature.
Aftor stirring for bwo hours the cthor layer was sceparated
and the aqueous loycr cxtrocted writh tuo 200 ec. portions of
other. The citracts wore coubined and Cricd with nagnesium
sulfote.  After ddstilling off nlmost ©ll of the cther, the
residue woas cooled in i zectone-Cry icce mixture cousing tho

triurcthone to erysinlline. After 2ading 400 ec. of potrolar.

CONTIDDONTILAL




other, (C0°-50°) to the svspensiea oxd cooling agaln, tho
product wus flltered. Tien reerystollized from o cthor-
peirolow: ether idnture, = s0lid (81.5 g.) mclting ot 54.6°
ves obtuined., Yield 35 per cont.

Geled. for Ci.Hzp0aNa: N, 12.60.

N, 1R.47, 12.R25; 1T.17, 1L.82.

Preporction of Pontoslyeoryl Trinitesanine (DGX
Procodura A. Into = TO0 cc. three-nociiedc flask ecuwlp-

ned with stirrer, dromping fumicl, and thermonater there was

4

cdded 152.4 5. (1.2 moles) of wectic anhydiide. A nitrating
D

mizture wan propared by slovly adding 504 840.0 molo) of 98

ner cont nitric ceid Lo the rahviéride while cmploying o teonp-
eratwre of 5-10°. "hou 40 g. (0.116 nclas) of »entoslyceryl
triurcsthone wms cdded ot 0-E°. pAfter the vddélcdon the reccetion
mar suvlrroed for one-hilf iiour ond W‘“ Tollowcdd by the dropviise
vddition of 70 a. (1.14 woles) of 95 per cont nltrie celd while
nalntelntng the somo tomporcoture. Stlrriag wes coatinucd for
tvo hours. Thc reaction s pourced over 600 . of creoelied ice
vhercunon o sticly solid fomaod. The agucous solution wos
decantod and the recidue s toonted wrlti 200

160 ce. of cgueceous cemonic (20 ner cent). It was necessory
to boll the ulrsturce o short (il In order to causo the com-
nlete hydrolysis of thoe trialtrourethone. The elecr soluiion

was filtered cnd made distinetly weid to congo rod paper with
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¢oneentrated hydroshloric acid. DPrecipitction of the tri-
nitraiine was vory #low. After standing for two ‘days the
nrocipitote vhich formed wes filtored snd washed writh a small
quantity of woter. The solid (18.5 g.) nolted ct 126-9° d.
(uwnecorr.). ™o rocrystalii:ations, ono frou cthyl ~ceotato

rnd ono froi nitroncthane roalscd tho welting polnt to 150-1° g.

(uncorr.).

Procodurc B. A nore satisfectory proccdure for this

proporrtion is the Tolioting:

This rocetion was corricé out by cddin- 60 g. (.18 mole)
of pontaglycoryl triurethnne to GO0 cc. of 9C per cent ritrio
ccid vhile mointoining thc Lawporcture ot 0-6°. After stir-
ring for on¢-ho)f heur the rocetlon was hicaved to rooa toup-
crrture ond stirred anothoer onc-half hwour. At the end of +hi-
tine the solution wos nourad ovar 1500 g. of cracked lee ol
neutralized with nbout 600 2. of sodiun blcarbonnie. Aftcw
cxtreoction of thc gum:y soiid with thrce por%ions of cther
(1000, 500, and 250 ce.) =i drying the cutrnet with mapgnes i
sulfate the cthor woso raloved by distilletion. The resicu:n
vas divided in brlf and cach partion wog trocted with 150
cc, o £ »or cont clecholic crrsonds. A vigorous reaction
oceurrcd inedi~tely siving ¢ atiely solid. Tho liquid wos
renoved by dcerating and the solid dissolved in 75 ce. of wmhnw

end neutralizcd with hyCrochloric acid (1:1). Prceinitatior o

COAYPIDENTIAL
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the nitrazine occurred in nbout ten winutes. After stonding

overnight in o rcfrige?ator “hie product wes filtered ahd
mashed wi@h celd wetor. Thie erude prodﬁcf (35.5 gs) melted
ot 128-09. Yicld, 75 per cont. Tho product ccn bo re-
crystallized woll fron nit}omcthune. Aftcr.thrcc rccrystnl;
lizationsg thoe nelting point <roe 120-1T0° 4.

redas Coled. for Cgily204ils: N, 35.50.

Found: N, &Z.50, ©3.52, 33.85.

Hitrotion of Pentoplycoryld Triwcctheno; Prensreotion of thic
Silver 8:1t of Pontoplyceryl Trinitreninc.
Into =~ 10C cc., thrce-nueclicd floslk provided with ther-

noacter, dropping funnel ond stirror, theore wis cdded 30.6 g.
(0.5 uolc) of nectic anhydride. Thilo the toporaturc of the
recction vns ncintained at 5-10°, 12.6 oo (0.2 molce) of 98 vor
cent nitric ceid wra ~dded dropwisc., This wes followed by the
addition of 10 g. (0.029 mole) of nentaglyceryl triurcthanc.
Tho tenpercture durdng the letter cddition wns Xent belowr O°.
Tollowings this addition thc reuction vas stiirred for onc-halfl
hour and then 28 g. (0.45 20lo) of 13 pcr cent mitric acid was
added dropwise whilc the tomerature was rmolntained below 0°.
Tho rocetion wus stirred for cnc and onc-hall heurs cad then
nourcd over 150 5. of crushed Zce. A sticky solid scporated.

After deconting off the noucous acld solution, the nroducet wos
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treated with 30 ee. of 'ruter and 40 ce. of 28 per cent comoniun
hydroxide. It wrecas necessar;.bo boil the ulxture in order to
couse the hydrolysis of the trinltrourethane. The elecr '
solution wns Jiltered. To the mitoniocnl golutlon there was
cdded ~n acueous solution céntainin: 15,2 7. (0.09 nole) of
silver nitrote and enough ncetic i€ t2 glve o distinetly
celd recciion towerd litmus. A preecipitate forumed iureciutely
vhieh wos filtered 2f0 ond wrasthed well writh wnter, nleohol

nd ether. There 705 recoveraC 14.5 g. of the silver scli.
Vlen hented the substince detonates.

Analysis: Coled. for CgllgOgNehgs: 11, 14.67, Ag, 56.50.

3
Found: N, 14.91; Ag, 5H.43, 65.57.

Prenzpstion of 8,2-Dimeti:yl-l . S-nroponediol.

In ¢ two-liter, threc-necked flausiz provided vwith stirrer,
theruoneter, dropping funnel, and econdenser, there wos vlaced
144 g. (2.0 ioles) of isobutyroldehyde, cnd 351 ce. (4.0 moles)
of 36.2 per cent forurlin. Vhile maintcining the teunerature
of the revetion below 20°, there woas ndded in o steady stream
o solution ef 112 3. (2.0 uioles) of poiossiunm hydroxide in
1040 ec. of cbsolute nleohel., The recetion vas stirred for 48
hours anf then refiured for tiwo hours. After coolinz, colid

rrbon dlostide v added oné the precipiltoted saits filtered
oft. Tue recetlon ndsiture s tiien concentrated nt refuced

pressure wtil n syrun veaained. Tais wa crtrocted writh
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ether, and the extraet dried -_th negnesiunm sulfote. Upon
eoncentrating the e_trhet a precﬁﬂitwte ¢ormed vhich was fil-
terod of¢. After two recrystallize ions, one fron benuene,
and anouher from ether there vut obtained o solid (75 g. )
neltinu ht 127-9°. Yield &5 pe* cent.

2222;=g&;9n_9£4idiJn£Eﬂmxl_l;gnﬂihzsaenl_nﬂns

In 2 200 co., three-ncehcd flosk fitted with thermometar,
droﬁping funnel, cné o condenser to which there wos attached
a trop fcr ~bsorbing goses, there was pleced 20.8 g. (0.2 mole)
of 2,2-dinethyl-1,3-propondicl. Tho contents of the flnsk was
hected over ¢ stean hath and 54.2 g. (0.2 molo) of phosphorous
tribromido added dropwise. This addition required four hours.
Tho reaction wron slowly hoated to 150° by means of on oii bath
ond nllotred to reacin ot this teaperature for seventeen hours.
Aftor coolinz, the aizture was poured inteo woter cnd 200 ce.
of ether odded. Aftor filtoriag to remove insoluble substan-

, tho cxtract was separcted ond tho acuoous solution was
oxtracted with two cdditioncl 100 cc. portions of othor. The
coabinod coctract wos driod with mognesiun sulfate. After re-
noving the cther the residue wus veouu: distilled. Thore wes

obteined a liquid (22.9 g.) boiling at 75-7°/20 ma. Yield, 50

ver cent. D2° = 1.686; n?° = 1.5055. Dbserved moleculnr
refraction was 40.5; ecloulated, 40.8.

COHNFIDEWTIAL
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Lixgonolycts of E,Q;Q;gpthxl—l,b-dibromgpgggang.
Into z stcel boub of koo_cc,.c.pacity :hnre Tas oadod
(0.044 mole) of &,0--¢inethyl-l,0-dlbromopropone, 17.1
(0 174 0le) of nmwoniwa bronide, 15 ec. of alcohol, 15
ec. of wrmter, cnd 60 cc. of licwid amonic. The boub was
chaken in o roeler type loitator wand slowly heoted to o
tempercture of 150° over o pcr_od of one hour. The yezctlien
§1 fol. maint:ined .t thie teupercture for one hour. After cocl-
Ing -nd relenzing the gaces the solution woz evaporated to
dryncsé. The srlts vere c¢lssolved in 40 ce. of woter and 59
. of solid zsadiuna hydroxide wns 3lowly added. A snnll

coount of odl sepoarnted vlvieh wos rezoved rné pleced in a

sncll diatilling flesk. Upon distilletion a small quontity o

licuid of cironineniodor, bolling ot 115°-127° was -obtcined.

Thic won Gic so1ved in abzolu vc sleohol mad acidificed to netrr

or~nge 7ith concentroted Julxl“*c seid., A procimitate forrmal
Miich was filterced and woshed trith alcohol. Thoro wmas obioin
o oauall quentity of cryustclline solid (0.4 z.) uelting ot

230-9°, This subatones oo not identificd.

Breparatlion

In « 1-liter three-necked flesk fitted with a nechay ~=!

the

Triwretiasne of 1,4, 5-Erlaninopions

stirrer, o Ccruoneter and tuo cropping fumnels, therc wer:

placed 18.0 5. (0.091 mole) of 1,2,5—trinmincp£opane tri-
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nyﬂroeh1eride , @ solution of 12 g. (0.3 nole) of sodiwm
hydroxide .in 50 .ec. 'of srnter ord 500 ece.. of ‘ether.  Thea
aisture ves cooled to 5-10° b nmeans of ice. To the vigor-
ously stirred nmizture, tncre res cdded dropiwrlse :15.6 g.
(0.15.:10ke) of otiwl ehloroforiate over u period of hall

en hour. Fellowing this addition, 16.5 g. (0.15 .ole) of
cthyl enloroformcate cad = solution of 12 g. (0.5 Hole) of
sodiua hycérox:icde in 40 ce. ef vaier were adced sepnearatoly
and e&neurrently durlag half en hour.,  After the addit;on,
ﬂtirrinq e eontinued overnipht =t rooil tﬂmncrature.
Aurfielent ether vas added %o dissolve the preeipiu.teo
triurethaﬁe. The ciner leyer was separctod, enéd the water
layer ootrzetod thrce Tices wih 100 ec. poriionsof eiler.
Tﬁc eonbinaﬁ ether sclutions wer: dried over nnhyhroun cul-
eiun eh"orice. The ethei ras rexoved on o steaim bath and
the viscous regidue wes reerystallized firoa o mixture of
bensene ond petroleus ether (b.p. 60-70°). There was
obtained 1u-d £. o the pure itriurethane, melting ot 105.5-
1066°. The yielc tas 50.6 per cent of the thooreticsl.

Hitrotion of the Triwrethane of 1.2.0-Triannopropane.
To a =ixture of 0 ce. of €8 per cent nitrie aeid and

ef ceetle anhydrice cooled to -5°, 8.0 g. of the

1,2,5—Triaminopronrne trihydrocaloride wans prepared necord-
ing to tho directlons given Ly V. E. Raciuiaim in his
repoit on WThe Prepara ticn ol Zoplosives Iroi Bthylenedioninet
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triwveticne of 1,8,5-trlanincpropanc s1as «dded in - portions
over a perlod of fiftcen winutes. After the addition,
stirring vos continued for one hiour at 0°. : The clear solu-
tion was voured on 200 g. of crushe® ice and a pumilyy pro-
cinitate senarated. The acla solution wus soparated: from

the precipitiie by cecantition. The crude gumiy nitrourcthane
was washod with water and dianolved in 200 cc. of cther. The

cther solutlen wves driced over anhydircus mognesium sulfate.

Preparation ¢i 1.2,.5-Toindtroainonropanc,

Tae dried ether soinvitloa contrining the nitration
procuct of the triurethane s trected wrlth anhydrous paseous
ammonin at 10-¥0°. The olly nreclunitete was :epafated by
decantution cnd dissolved in 25 ce. of vater. Taoc foueous
solution was ccldifled to Ccngo red pader wiih coacentrated
aydrochloric seld. The solution was allowed to stand two
days in a refrizerator. The trinitresdne which separnted
clovly wos Iiliecred, and washed nithlice weter. It cnmounted
to £.2 g. (50 per cent of the theoretical amount). By re-
cirystallizetion froi: 10 ce. of nitroucthone, 1.8 g. of the
trinitremine nelting at 132-125° (uncory.) ¢. was obtained.
It 1is fairly zoluble iIn ccctonc, a3lightly so 1n nitromethane,
cthanol, or water and iInsoxunle in ethe:.

The nitrozen onalysces verc unsatislectory. The obscrved

values ran-ed fron 38.7 to 5S.7 per cent, vhereas the cal-
) . ]
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cutated pezeentage of nitrozen for CoHgOglly 13 T7.4, Howr-
ever, the values for the ecuivolent weilpght obtalned by
tit&ating with strndard sediwe hydror-ide showed thot the
pfoduct ves dhe trinttraniaopropane.

Analysis: Caled. for CoHcOcNa: Equiv. weight, 74.7.

Tound: REauiv. weipght, 75.6, 76.4,

Beactlon heticen Amonis, Torngldchyde cnd Nitrourethanes.

To « folutlion of 5 ce. of 2€ ner cent agueous ammonla
(0.0”1 .202c) in % ec. of coiticreial T4 per eent formalin
(0.055 mole), 6.7 =. (0.05 .a0lie) of nitrourethane,
0.N-NHCNOC zd 5, was.added. The mizture woz allowed to stand
at roon tcunerature for nine days. During this period, no
orccipitate Toimed. The reaction mi:turc}ggaporated to dry-
ness in « vaecwn desniector over pnosphorus pentosride.
The reslduo The
colorless nroduct obtalned :cclied rith decomposition at
17e.,

fintlysis: Celed. Tor Cqgliyge0.; N, 30.66,

Jounct: N, 30.G .

In the renort, "The Cendensatlon of Nitreurethane
and Formnldch&dé in the Presonce of Ammonia®, by Garwood
oand Springell, tho University, Bristol, 1945, the cuthors
Tound thut this coaround wez the nltrourethane =ali of

hezaniane.
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The condensation c¢f metuyrl nistrourethane with form-
aléehyde in acueous amlonia 7. e~rried out in the sanme
nenner =z that of nltroureiline. By tre:ting the product

wlth aruceus cmonic cnd hoa with allvice hydrochloric

acld, a saeli umouwnt of wetiiyl nitrourcihene s obiained.

Hyd=olyaia of Tris{phthelinicdoucthyl)enine,
CO

e . ICHa0H, end
Téo_ Soo”
" WCHgBr, were prepared

1= {hyd:o3methyl) phthiclinice
- (breronetiyl) ) ntlalinide, Ceally Ph
20
according tc the mutiaod descvibed by Pumiler and Jeanson®?
tthen 75.6 g. of ¥-(broaouctiayl)piticliiide nag reflused in

cc. of dvy svlene, and dry amionle was pesced through

solution fer =ight howrs, thare wos obto’ned 17.0 g. of

mre teio{nhthaltuidozeihrl)eaine e the ceeseiel?,

corresponds Yo w U0 por c¢ent yrield.

An ntSeupt vo elrleet wmuriial aydlolysis of the
phthallinido derivotive vog msuccessfui., A rdxtuore of
17.0 7. {0.031 -10le) of tris(rhvhnliniiewethyl)anine acobaie,
3.4 3. (0.082 :0le) of potisuiunm hydroxide, and 500 cc. of
waterr srae revluwxec vith siiridng Jor tvo doys. Almost
complete sointlon occurred. The seclution woe flliered to
renove the ‘usoluble cuorphous uiterial andé then «cidificd
with concentroied hydoochlovie acléd. There wos obtaiiled
15.2 g. o8 hiholle neld, taelting ot 205-208°. 'Whe filltrete

1as 1ot examin:zd.
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The Condensation of Urethenc with Hoxomine.

3 mi:ture of 14 g. (0.1 mole) of hexauine, 53.8 g.
(0.86 mole) of urcthane, and 55 cc. of hydrochloric acid
(12 N) in 250 ce. of water was heatoé at 40° for five
hours and allovred to stund at rooa tomperature for four
days. Tho crystalline prccipitate vhich forned waé filtered
1@ woshed with weter. Thore wacs obhteined 18.7 g. of mothy-
leone diurcthano mcltinﬂ at 100-151°. Tﬁe identity of tho
procduct wus confirnod by o nized meliting point vith on auth-

cntié saiple of methylone ciurcthano. No dcprossion 1n nolting

point was noted.
In cnother erperinent, two coulvelente of citric
acld were used in placo of the cxcess hydroéhl ric acid.

No produats other than the storting ucterials conld be

Synthozes of ngg_gz@mct:;cg;;y_ggpgtituﬁed Jizinos.
Tris(cycnomethyl)aming. Te a solutlon of 454 gz. of
sofiun eyanide (96 por cont muwe) and 200 g. of hoxmarmine
in 1800 cc. of wuater there was added 1250 ce. of concentrated
hydrochloric ucid with cplteticn over a neriod of cno hour.
During the cdcition, the tenperature of the solution was
meintained belor ¢0°‘by cternal ceoaling vith ice uater.
Subscquently the mixtﬁrc ves allowed to ctand at 40° for.
iirec hours, ot room teouperatvre for two days, and finally

in the refrigerater for oanc dzy. Tho resulting nrocinitate
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vas filtored, washed with water, end rcorystallicod from
two litors of wetor, There vas obtzined 199.5 Z. of tris-
(cyanouothyl)emine, molting at 127-128°. This corresponds

to a2 viold of 52 por cont of %the thoorctical amount.

,;_g_i_(g_..rb_o_:gn_n m)g aine. To 150 g. of tris(cyanometiyyl)-
nninc there was added 3 solution of 150 G of sodium hydro=:zide
in 1000 cc. o; wator. Hydrolysiu stnrtcd upontanoously with
thce solution boiling within five minutos. Aftor eoolinL the
mizture to 60° it was ullowed to stand for fiftoon minutﬁq
s1ith occasional sh;king. Tho roaction nlxture was then rém
fluxed for hoalf an hour, cooled 1o voom tcmﬁcraturé; onet

aeidificd with concontrated hydroehlo*ie acic (Con°o>; s

rc'ulting crystalline nrecipitcie was filtorod, woshed wita
water end dried at 95¢. Thore wrs obtained 203.7 g. of thoe
acid welting with decomposition ot 241-242°., A 95 per con’

yicid wes obtained.

Tris(carvethyorymothyl )erino. Tho acid deseribed ubor
was osterificd by suspencing the zeid in 2bsoluto cthyl

alecohol zncC passing n dry hydrosen caloride ges until 11
of tho acid had.sonc into soluition. The cstor wos isolatod
and purified by vecuun disiilletion, -b.p. 161-162° at 5 rm.
An 85 per cent yicld of the cster was obtalrod.
‘Pris(cerbhydrazidomothyl)aaine. -The trihydrazide was

prepercd from tris(ecarbothoryaethyl)enine and hydrazine

according to tho Curtius' method??,

CONFIDENTIAL
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Tris(carbozidomctnyllaine. The trihydrazide of tris-
(ecrboxymethyl)anine was trecated with nitrous ccid aégprding
to the procedurc given by Curtiusi?, None of the triazide .
could: be obtaincd frow the rocction aisturo.

Properation of N-(f-cthono cth Q.

In threo litcr, thro c-ncchcd flask providcd with o
mocnunicn¢ stirrcr, thcruometcr, ané “two dropping funncls
therc were ploced 244 g. (4 .0 nolcs) of otlhnolammo, 600 cc.
of watéf, and 750 cec. of cthor. The rcaction nmixturc was
coolcd to 5-10° (cxternal'codiing) end 217 3. (2.0 uolos)
of othyl ChlbrocarSonato nas abied ulovly with stirring.

The toupofaturo of tho rocction misturo was muinth.ncd ot

5~10° during tho adéition. Tollowing thils zddition thoro

was addod simltancously 217 g. (2 moles) of othyl chloro-
carbonate and o solution of 160 z. (4 umoles) of sodium hydrox-
ide in 400 cc. of wuter. thon tio cddltion was complote,. 500
ce. of cother sraz added ancé the rcoaction niszture stirred for
ono-half hour. -Tho othor layer was scporctod end the agucous
solution was ontracted with eight 100-cc. portions of cthor.
The coabined othor cxtrects verc dricd wvith anhydrous nag-
neslun sulfate and the cther romoved by distillation. .The
resicdue wes distillod under reduced vressurc. Thore /as ob-
tainod 510 -g.: (963 yicld) of thc colorless licuid urcthine;
b.p. 152-154° et 5 ma. '
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Nitration of N-(r-cticnol)urotieno.

*“Ths pitroticn of N-(% -othenol)urcthane wes carriod out
in 2 1000 ce., taroo-neckod fiask oquippod with thermometor
and stirror. After adding 250 ce. of €8 per cent nitrice
eeld to the flask and cooling to 5°, 50 g. (0.578 molc) of
He(p- ethhnol)uruthhne oS 2dCed croprisc. Tho tompor wture of
t@c reoction ai.turc wae nolntuined "t 5-10° during tho addi-
tion, Aftor stirring for fifiocn minuteu_tho reaction alﬁturo
wps_pogrpg over TE0 g..of cracked 1ce. The procuct separatod
ag on oi} nng vos etractod witﬁ thrco 250-ce. portions or.
othor.aftcr‘the Alzture had ben noutrilized writh sodium bi-
earﬁ:npte., Tho cthor cx:raet a8 dricd r‘pidly with 75 g._of
cnhydrous nognesiun sulf_to. The other sclutiecn of N-((~
nitrozycthyl)aitrourotiivac was used direcetly for the gmmonoly—

sis.

Ammonolysis of N-(8-nitrorvotiyllnitrourothonc.
The armcnolysis of N-(¢-nitroxyethyl)nitrourcthano was

carried out using tho cther sciution vhich was prepared above.
The armoniun salt of N-@nitroyethyl)nitramine was isolatod
caploying the followinz procodurc. Dry armonia was bubbled
through the dricd cther solutlon, keoeping the selution cool
with an ice-water bath, until tho cther wes satgrated. The
czmmoniun scit of N-(@-nitroxycthyl)nitrauine procipitated and
was fiiterod and washed with Cry ether. The nrocuct (61.3 g.,

07% yloid) melted with decompesition ot 78-79°.

CORFIDICNTIALL
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The armoniun salt of N-(f-nitroyothyl)nitraninc docom-
poscs slovly ot roon toaperature. The decomposition of the

salt procecds mere rapldly in acuoous =olution.

sola of N-(f-nitroxyot 2iino 1A) .
Tho armionium selt of N-(@-nitroxycthyl)nitramino (61.5 g.,

0.365 mole) was dissolvod in 250 cc. of ice water and immediute

ly rneoutralized to Congo Rod by zdéing concontrated sulfnric

aci¢ (20.5 cc.) cdropvise vith stirring. Tho oil which

soperated was citracted with three portions of cther (150,

100, and 100 cc.) and the combined extracis wore éried over

25 g. of anhydrous magnosium sulfate. The cthcr was removod

from the driod solution by vacuum cdistillation at roonm

taaperature. The last trocos of ether were renmoved by heat-

ing to 100° at 9 mm. Tho procduct wrcs 2 pale yollowr, ﬁntcr

insclubleall molting ot 15°. The yicld (51.4 g.) wes 95.3

per cent ¢f the theoreticcl cicunt.

Titrotion writh stondard olkell gavo on cquivalent velzht
of 155. Calculated cquivalent welght for N-(f-nitroxycthyl)-
nitrenino is 151.

Annlysis: Calczd. for CaHgOsNa: N, 27.8i.

Founl: N, £7.52, 27.64, 27.25, 27.36.

Bocouse of the specd with which thoe armonium salt of

N-(-nitroxycthyl)nitrnaine decouposes in equeous solution,
acicdifiesticn of the ¢0ld agueous solution with sulfuric

acid should be carricé cut o5 quickiy as possible. In ono
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cxporizent tho aquecus solution of the amasoniws selt was cool-
ed to 5-10° and celdlfiesd larmodiately, glving ¢ 9T per cont
vield of the nltramine. TIn another orxperinent the acidifi-
cotion was cnrried out at roon temporcture .and gave & 76 per
céﬁf yield. ?iﬁaily In a third ciperiment the agueous solutio
of “he salt =vs cllowed to stend ot room teupercture for one
hour before acidifying. In this case the yleld fell to 61 per
cent. K conslderablo cvolutilon-of pas eccompanied tho acidi~
fication in the lass cfpc*lmcnt.

The compound , N-(@-nitrorvothyl)nitrnninc, should be
handled corefuliy as it aprears to be a skin irritant. It

produces infiamontlion and itchiarg.

The Silver fali of N-(P-nitrorwothylinitraaine.

An aqueous sclution .ol 42.5 . (0.25 uole) of silver

nitrotie in 800-ce. of weter wras odded wiih stirzing o &
solution o 42 g. (0.85 mole) of the ammonium srlt of
E~(b-nitroxyetuyi)nltresine. A gumay precipitate soparaicd
winich solicdifled tc o canllky wirvite soliid. iter filtering.,
the product wus eshed "ith veter, alcoso*,.unu other. The
solid nroduct (B82.0 g., 96.1 ner cent yleld) decomvosed vheon
heated to about 120°. It derkoas cn exposure to ligat.

Aqalysis;_ Calcd. for CQH4OEH3A3; N, 186.29. |

Found: W, 15.25, 16.49.
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The Ore Staze Synthesis of ¥-(F-nitroxyeinyl)uethylaltraaine.

In a 1000-cc., threc-necked flaslk fitted with stirrer,
thermoncter, and droppins funnel thoere 'rar placed 245 g. (2.4
nolos) of acetic cnhydride., 'Thile maintaining tho teupera-
ture ot 10-12° by :ezns ol cxterual coollnﬁ, 126 g. (8 woles)
of nitriz acid (93 per cont) was edied vitk vizorous stirring.
ATtor addition of %he acid, 6.0 g. (0.041 nolo) of cnhydrous
zine chloride was added.

To the niircting niture thero wes added 75 g. (1.0 mole)
of mcthylcthanulaninc+ threugn ¢ copillary-tipned dfopping
funnel whosc end was lmacrsed belovw the surface of the nitra-
ting solution. Durirz tho addition vhieh reqguired w@ro hours
the touporcture was hold wt 1N-12°., After all of the amino.
had boea added the chorge was stirred for an addiilonel period
of one hour ot tho sane teaperciure folloved By stirring for
hell en ouwr &t 40°. The contents of thoe flinsk werc pourcd

on BOO 7. of ciacked iee. A prcedipitote orf W-(P-nitroxyethyl)-
: 4

methylnitroaine szepzreted cnd wres filtered end washed vith two

100-ce. portions ci woter.

The crude produect (111.8 z.) melting ot 58.5-38° was ro-
erynstallized from 1C00 cu. of anhydrous other and gave 95.8
g. of 2 erystalline solicd —-oltling at £9-40.5° (corr.). An
addlitional S.4 g. of product iras obtzined upon concenircoting
thoe other solution. The vicld of purified product wes 8o

pe: coent.

+
Obtained through the courtesty of Dr. A. L. Vilson, Ccorbide an
Corbon Chen.Corn.Fallowsaip,licllon Institute,Pittsburgh, Pa.
COHNTFPIDIUTILL .
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zycthyligethylnitraning.
¥-(%-nitroxvetuyl)acihylnitranine has been preparcd bY
treating H-ucthyl-g-othancloaias dinitrate with neetle an-
nydride, zine chloride, and hydrochlorie acld at 40°. The
intecimedinte dinltratc is @ crystalline salt ancd 1s best ob-
tained by ~dding N-mothylil-ft-cthanolonline to €3 per cent nitric

ccid und pouring the roaction alxture inte cthor.

inttpate. In 2

200 cec., three-nacliod fiash provided vith stirrcer, thermoueter,

and dropning fun;nel, there wes placed 45 ce. (1.07 moles) of
08 per cent nitriec acid. Vrilc Lainteining the tcemporesture
of tho rcaétion below 23°, thore wos added slowvly through &
caplilury tippod droppin; funincl, hesce end was immersed below
the surfoee of the acld, 7.5 z. (0.1 molc) of N-methyl-§-
ethanolanino. The rouction 7as stirred for ono hour and tihen
added dropirise vo 500 ce. of etlier while czploying vigorous
stirring. A crystalline hrecinitate forned which was filterod
off and *rashod -rell vith cther. There was obtained o solid
(17.¢ g.) nelting at 76-8°. No further nurification was

nceoscary preparatory teo the ncoxt step. Yield, 25 por cent.

Conversion of N-methyl-f-cthonoiomine Dindtrate into M-(f-
nitrozyotayl)ncthylnd traalne. 4 ndssture of 100 ¢e. of acctie

anhydrido, 1 4. ¢f zinc chloridec wad 1 cc. of concentrated

CORFIDENTILIAL
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hydrochloric ncid was wurmcd:to 40°. To tho solutlon taere
v~ &dded in portions 17.5 g. (.095 mole) of N-methyl-{i-
ethanoleuine dinitrate while meintoining the sime teperctuve.
Lfter stlrring for 15 ainuten the recction wias pourcd. invto
500 cc, of water. After a short tine comﬁlete misclibility
ocourred ond vhen the acid was neutrclirzed with a calculated
aucunt of sodiua bicarbonite a precinitote formed vhich vas
filtercd off and -:ashed well with weter. Thero wos obtained
& crystalline solid (10 g.) .eitiag at 53-40°. Aftcr one

recrystcl’ization from ether the nelting rolnt vas uncahanged.

The following nrocedures ure typienl ol the two stage
prepar~tion of MeNELA, uzinz . iilxture of nitric aecid (98 per
cant) and siethyl ethonoliiidine instecd of the nolid dinitrete.

Procedure F-I: & aixture of setlyl cthanoleidne and

nitric acid iru prepored by slowly adding &7.5 g. (0.5 nole)
of nethyl cthoncliu:lne to 61.5 g. (1.0 mole) cf D8 per cent
sric 2cid, while nointaining the tesporcture of the reactlon
bolow 10° hy neans ol cmiernzl cooling. This reoctlon was
carried out in o 500 zc, threce-necked flosk, provided with
stirrer, thernometer, oind o capillary tipped drqpping funrel,

the end of thlch was im:orsed belovwr tae surfece of the nltric

ceid. Hoderate stirring s oudloyed throughout the oddition.

The mixture of moathyl cthonolumine oné anltric ccid as

transferrcd to caotlier dropping Hunel und added dropwisge to a
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solution of O g. (0.032 nole) ol wine chloridc and.;la g. (1.1
nole) of 95 per cent ceetic dnhydride,.contained in a2 500 ce.,y
£hmee-icckod flank; 'Stirriﬁg-w:s amployed thirousanout the
adéivion vhich required filftecn niinutes tnd tho tempercture
ualniained «% 15° by meons of intermittent cuoling in an 1ce

or water bath. After stircing for an additlonal ten ninutos

tire solutlon o3 hectued to 40° und kent ot this teuperaturo

for twenty atmies.® The »ctetion wus quicldy cooled to room
tcnpérhturc ond then povrci Slovly over 550 g. of ice and water,
earloring vigorous stirringz. A candy nreclpitote of HeNENA
foraed which was filtered of2 ant vushea with tie 50 ce.
portinng of water. 2ter nir dryring for tronty-four Lhowrs,

it ros deslezat2d in vocuunm over phosphorus pontoziido for
cnother trreniy-four nours. The arude materinl (Crep 1) welghed
6.6 ;. and oclied at TC-Io°,

A sorend crep of McNEE/ con b obtulned by neutralizing
the filteate fros the first cron. Vhon the cbove filtrote was
neutrrliized vith approsionicly 195 g. of sodium bicarbonote, 2
small anmount of nreeinitote formed which vos filtered and
washed with tro 5 ce. portions of water. Therc wos obtained
7.8 g. of s0lid (Crop £) nelting at 57-T8°.

The coubined yield of eiude MeNZDA Ly thiz wrocelure was

: €« O 08 per cent of thceorctiecl.

Litcle hout ovelution ocowrs ~t this temperature when the
addition is enrried out ot roon tompurcture or higher. Ioviever,
if the addition 1s corrizd out helowr roor: temperuture there is
consicerable hont ovolutton unon necting.

CORFIDINTIAL
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Procedurg F-VII: A nizturc of 7.5 g. (0.5 nmole) of
ncthyl ctheaolanine cnd 64.5 g. (1.0 nolo) 6f €8 pcr coﬁt

nitric seid was preparcd employing the dircetions ziven in
Procedurc T-1I.

The sccond ctcp in the preperation of McNINA is best
carricd out n a 500 cc., three-nccked flask fitted with
stirrer, thermomcteor, onl dronping funncl. The 'nizturc of
nethyl cthanolanine and nitric acid wns cdded dropmise with
stirfing to = solution of % g. (0.022 nola) of zine chioride
end 118 g. (1.1 mole) of rcotic nnhydridc'mcintaining tho
tenpersture of tho »caetlon ot 50° by nconc of interalitont
cooling. The cddition roculred 15 winutcs ond ofter 1t tras
conletet, the reaction wis sctlered for on wdditional fiftcon
aimites ot tho some temneoroturc cnd then nwoured over 550 g.
of 1ce and wator comnloyiag vigorous stirring. HEllZHA precipi-
toted wnd woe £iltered. Alter wreshing tuice with 50 ce.
portions o woter the product wes alr drled. The finnl trace
of noicture wos reaoved by voeuun decicention over phosphorus
pentoiida. The erude proluct (Crop 1) twelzhing 6C.1 ¢. melted
at 50-59°.

Brocecdure JOIIV: A alicturs of ncthyl cthanolnmine and 98
por cent nitrie ceid was nrcpared following tho Circetlons of
Proccéurc I using in this coze 57.5 g. (0.5 qolc)_of the anine

ond 67.7 g. (31.05 moles) of acid.
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Tho subseiuent sten was carried out In a 500 ce. threco-

neeited. flavk, osrovided with stlirrer, thermencter, and dropping

funici. Thoe andno-~iitrie neid solution “"s ofdel dronine to

o solutifon of 1.5 g. (0.01% nolc) of zine chlorice in 118 5.
(1.1 noles) of cectlc anhyiride, keuning the ucurﬂrnturc of the
recetion ot 55°. After the addition, hich roquired fiftcen
ninutes, tha renetion vas Ltirred for on c¢dditioncl Fifteen
minutos ot tho scae tcuperature tnd imiaedictely pourcd into
5E0 g- alf leca and wator. Vigorous seirriuig was cmplofcd.

The prrciviu %e wes filterad o7 and woashed vith two 50 ce.
portions of woter -nd then allowe? to dry in 2ir. The finel
trece of oliszture wis renoved by drying In vacuum over nhos-
phorus pentoxide. The erude »roduct (Crop 1) teigﬁed 70.1 g.
and nelted at 57.5-50°.

An adcditional quontity ol MeNriit con be isolated from the
filtrate from Crop 1 by necutrulizing the acid with o caleculnted
amount of sodiua bic.rbemate. Dy so doing, 5.5 g. (Crop 2) of
HellFEHA, neliing at 57-58° wis obtrined.

The ceabined circuz totaled 75.4 . vhieh 1s 1.4 per cent

of the theorectical ricld.

The Larpe ficpie Pronirotlion of MeNENA.

Into & one-~liter four-nacizad flosi: nrovided with stirrer,
theroneter, ond tiro aroppia; funnels there wes nloced n
solutlion congisting of &7.5 3. (0.5 mole) methyl cthanolaaine
and 67.7 g. (1.05 nele) of 52 ner cent nitric acid. This

nixnture was prepoarod s cererihed ia Procedure XXIV. There
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wes then added conecurrently and simuwltonecusly 187.5 g.

(2.5 moles) of methyl cthenolemine ond 5C8.5 g. (5.25 moles)
of 08 per cent nitric cecid. The toupercture throughout the
ad’ition wes kept ot 10-10°.

The thice nole nl:turc of alkamino c¢initrote was trins-
ferred to a dropping funncl ond =dCed to o solution of 708 g.
(8.6 molcs) of ccetic anmhydride and 5.2 3. (0.066 molo)
of ncetyl chloxide eontained in & threc-liter flosk. UHoderate
stirring veos cmployod ond the renction nuintoired ot 35°.

The addition roequired tmeniy ninutes. After tho addition the
rocetion wes stirred for Iifvcon ainutes -t the sailo tempera-
turo and thea pourcd over GD00 cc. of ico and water. McNLNA
precipltoted cnd wos filiered oind vashed with three 00 cc.
nortiors of water. Thore wus obteined 416 g. of tiio substonce,
melting at 57-18°.

The filtrnto contcoininz the weshings was noutralized with
o caliculeted apount of sodium corbonate.  Aphroxinctely 20 g.
of cdditional nroduct var obtained. Thls was reerystallized
froa other and there was obtoined 14 g. of scecond crop iloHEHWA,
Mm.p. 03-09°.

Total Yicld: $6.9 per cente

The Stabilizstion of McNENA.
A 200 z. samplo of crude McNDNA (m.p. 36.5-37.5°C) was
suspended in 800 cc. of wotuer containing € g. of solium bi-
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carbenate and stean: bubhled inte the mnl-ture until the tenp-
eraturc hcd risen-te 75°. The charge was then agiteted by
bubbling oir through the suspcnsioﬁ until the topercture
nad dronpad to H0°. The wiltution was continued and plecdes

of 1cc ndded until rroeiplitatlon ocourred.: The ilelLHA was

010
soparated and/ontire process of steaning, &zitction and cool-

Ing wras repoated and the vroduet finclly filtered.

Tne solicd obtained 1ras dissolved in 400 ecc. of acetone,
then cooled In on Lee bath, and tﬁfcc.liters of wator added
dropwrise to the ccetonc solution. Further cooling and vigor-
ous sitirring were conloyed. Then the nixture becane milky it
wes seoded to induce crystallication. 'he procduet was filtéxed
by sustion, air dried, and the final trcecs of molsture were

by drying in voeuwo over :llosphorus nontoxide for 24

mhe product (161.g.) rclted at 59-40°. (Codc No. CU-

£0 . swmanlc of LIcHNEHA (CU-F-15) was reerystallized

from 720 ec. of ethier using vigorous stirrinc and cooling in
an iecc batl:. Alter filtiation there wras obtalned 74.3 g. of
procduct melting at $9.5°-20.5°, (Code llo. CU-F-18).

Tae ever recrrstnillizod LCHELA wus esnalyzed.

Anclysis: Caled. fcr CuliaQslis: C, £1.82; H, 4.27; N,25.4F

Found: C, SLl.7<¢3; H, 3.72; H, 24.49, 24.63(Eca also
page B3 ). -
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Into & .500 ce., threo-necired fluslk convaining 67.7 g.

(1.05 moles) of 96 per cent.nitric acid and cquipped vith,
stirrer, thermometer, and o ca@illary tipoed dropping fqnncl
vhoso cnd was imnersed below the surlace of tho acid, there
was added 44.5 g. (0.5 uole) of ethyl ethanolaiine.  The
content. of .the flask was cooled ciiternally and the tomper-
a;urcﬂmnintaihcq bolow 10° curing thu zddition.

The saine-nitiie acid mixturc was tronaforred to o drop-
ping fumol ond cdded drowrisa to o solution of 118 g. ( 1.1
mo0les) of 05 por cent ccetic arhydride and 0.86 g. (0.011
molo) of acctyl caloride corntiined in & 500 ¢c., three-
neeked flusk. loderote rtirring wes employed ond the reaction
ves neintained ot 35°, After tpc addition of the aaine-nitric
uecld aixture which required fiftcen pinuics, the resetion
was kopt at £5° for an awdditionzl {iftcon alnutes., After
pourinz the contents of the flosk into 550 cec. of icc and
water there was obtelned an odl which wac seporated and
wasncd successivolily with tro 100 ce. portions of 5 per cont
sodiun ciczrbonito and tro 100 cc. poriion of water. After
filtering, tho poale yelloi oil was dried by bhubbling dry air
through it. There was obtained 70.4 . (82 per ccnt of
thoorotical) of N-(@g-nitroiyoiryl)ethylnitramine noltirg at
4-5.5°,

D" = 1-5;; nf,s = 1,479,

Theoretical moleculor refraction = 58.75.

Obscrved nmolceuler rofraction == 33.4.
COnLFPIDEN™TILILL
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veparation of N-(p-nitrosyroropyl)methylnitramine.
' Into a 500 ce. three-nockod fleasit' equipped with stirrer,
thernoneter, and & capillcey tipned drophing fuunel vhose

end could be liricrsed wrell bolor the surfoce of the reaction

mixturé there was ploced 67.% g.'(l.os rnoles) of 08 per cent

nitric acid. To this there vas alfed by uweans ol tlhe dropping
funnel 44.5 g. (0.5 @mole) of I-nydroxyproprlnethylamine. The
content of the flaslt tvas azternally ccoled to a2 temperature
below 10° and here meintalned during the addaition.

The amine-nitric acld uilrturc was transferred to a
dropping funnel end cdded Jdrcovriso to a solution of 118 z.
(1.1 210les) of 95 per ceat ccetic anhydride and 0.86 g.

(0.011 i2012) o7 acatyd chlorice contained Zn a 500 ¢cc., three-
neckoed flacli. Hoderate stirriag was cplered and the reaction
was maintoined at 35°. After tie addition of the amine-nitrie
celd mizoure vhich ruquircd'fiftccn ninute:;, tho rezction

was opt ot I5° for an additiznal fiftoen ninutec. Ll4er
pouring the contonts of the flosk into 530 ce. of lce and
water there was obtoined en oll vhich wes separcted and
vrazhed successively with tio 100 ce. portlons of 5 per cent
codiwn bicerboncie and two 100 ce. portions of woter., After
filtering, the pale yellowr oll was dried by bubbling dry alr
throngh 1%. Therc was 63.8 g. (74 por cent of thcoretical)

of I-{@-nitrozypropyl)motaylnitreczine es « pale yellow oll,

melting at LR-235°.
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?heqxetiec nongculur 1*c:.rkczticm 53.75.

Observed nqlgqu‘ar refraction = U8.5.

Prencrition of N-carbeticxy-l-cisino-g-propenol.

Into o one- lito;, fou::-necked flcsk vrovided with stirrer,
thermoneter, cnd’ two dronp*ng runnels there wus placed 75 g.
(1.0 noles) of l-auino-2-nromcnol, 150 ca. of woter, and.200
cc. of cther. ‘hile neintaining thoe temmersture of the re-.
action ot 5~10° thaore was addéd drﬂan;se'54;5 g. (0.5 nole) of
etuyl chlorocarbcnata; followed by a concurrent addition of
54.5'3. (0.5 nmole) nore cthyl chlorocarbencte #nd a solution
of 40 g. (1.0 nole' ) of zodiwn nydroxzide in 100 ce. of witer.
Vigorous 1irrinU eanloyed 4'1'1"01.1.';hcm‘.: the adﬂitiOn. Aftef
stirring fer an adcitional o.axe-helf hou*, the other cxtract
was separated. The ~guesus sclution was erxiriccted itk three
portions of cther (200, 200, and 100 cc,). The combined ex-
tract was dried with masne:iuﬁ sulfote anﬁ then distiiled fq
renove the ethcf. The olly residuc vos distilled-atrrcduced

pressure, There was obtained & eleur liquid (AR27.4 .) bail-

ing at 107.5-110°/1 mc. Yield, 37 per cent. n;° 1.4408;

D3° = 1.082. Theorctienl woleoular refrection = 56.46,

Obscrved = 3G.4.

Jitration o H-carbetirors-l-miino- d-nr nol.

In a two liter, fthrec-ncclied finsk providnd with stfrihr,
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thernoneter, and dropping :unncl, thore was placed 735 cc.
(17.5 moles) of 98 por cent nitrie aecicd. ﬁhilc‘dmpl&ying
noderate stirring and naintaining 2 tompercturc of 10° by
cxterncl cooling, there wos cdded dropwiso 147 g. (1.0 role)
of N-carbethoxy-l-anino-2-propanol. After completion of the
acdition the rcaction was maintainced ot 10° for one-half hour
end thon pourcd over 38700 g. of ice and water. The coxecess
acid in the nizturce was ncutralized with 1310 g. of sodium
bicarbonate and tho product cextracted with two portions

(750 ccl, 750 cc.) of cther. The extract -was dried with
anhydrous nognesium sulfete and used cirectly in the next

-

stop.

Aggonglxs;g‘gf N-(@ -nitroxypropyl)initrourcthane.

Isolation of N-!Q-n;trozxpropzl!g;traninc.

The_dried other solution of the nitroxyalkyl nitrourcthonc
vras cooled in on icc bath and saturated with dry amonic. An
oll scparcted, wvhich on stanling solidified to a vhito
erystelline solid, the crmoniun salt of N- (@ -nitroxypropyl)-
nitraninel The salt was filtered ond washed with soveral
portions of dry cther.

The amcnium salt obtoined in the armonolysis was dis-
solved in onc liter of iecc water and ncutrolized te congo red
vwrith concentrated hydrochloric acic., The nitroxyalkyl nitra-
ninc precipitated instontoncously ond ofter filtcring, the

solid wias washed witlhr twe 100 ce. portions of watcr. There
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was obtained 135.1 g. (81 per cent of theoreti:al) of N-(6-
nitro;ypropwl)nitrauine nelting ot 84785{, Tﬁc.ﬁroduet wASs
gecrystallised'once frém ¢ther, and for the fincl purificaf
tion 1t was precipitated fron acetone‘by “he additlion of
vrater. The melting point of tue nmurifiled prqduct wrag 36-87°,
Ana}ysis: Caled. for 03H705ﬁa= c, 21.32; H, 4.27; N,
| 25.45; Meutril Bquivalont, 166.1
Found: C, 21.54; H, 4.04; N, 24.40, 24.70;
. Heutrsl Zcuivalent, 165.

arot L 1= hosy-g-aajne-1-huienol.

Into a one-lliter, four-necked flusk fitted vith stirref,
therrmoneter, and two dropplngz Iunaels, there wos added 389 g.
(1.0 m0les) of 2-anino-i-butinol, 150 cc. of water, and 200
cc. of ether. After coolin; the contents of the flask to
5-10°, and malnteining thls tempersiure, 54.5 g. (0.5 nole)
of ethyl chiorocarbcnute was acdded dropw;so. Next there was
added concurrently = solution of <0 g. (1.0 moles) of sodium
hydro:ide i1a 100 ec. of water and 54.5 g. (0.5 mole) more
ethyl chlorocarbonute. Vigorous stirring twras employed through-
out the addition. The rcaction was stirred one-half hour.
After se¢perotion of the ether layer, tho aqueous solution was
extracted =rith tro portions of ether (200 and 200 cc.). The
conbined exiruct wes drled with 80 g. of megnesium sulfate.
The o:ztract wus concentrated through distillation until a

thick oil rcaeined. Uporn standing the oll erystallized. The
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crude product we*ghed L&Y g, Arter two recry»tallizations,

the rirst rron benzene, cnd the qecond fron ether, the product

(68 5., meltﬂd at 54~50 (yleld, 42 pe* cent) The substance
can also be uistilled at rcuuced nresnure. It boils at

115-1279/2 um.
Anelysis:s  Caloulcted for c,nlsoau- C, 58.15; H, 9.38;
Ll gledl '
Found: €, 51.98) N, 9.:4] N, 0.40.

Preparativa of Diurethune of Diaainoicopropznod.

In e 2000-cc. thiree-necked flack fitted with a mechanicel
stirrer, thermoieter, ond two droprilag fhnuels, there were
nlaced 4% g. (0.5 10le) of 'di&'ﬁ:'.noi:op;‘opanolx (i1.p. 45-47°),
100 cc. of wwabter, ond 400 cc. of ether. The nizture was
cooled %o 0-5° by nmeans of on ice-gclt hath. To the vigorous.
1y stirred ai:turc there vos edded dromdse 54.8 g. (0.5
riole) of ethyl ckloroforacte over & preriod of one hour.
Tollowing this ocddition, o further quuntity of ethyl chloro-
formate (54.5 3.) ond a solutlon of 40 g. of sodium hyc¢rozide
In'100 ce. of waler <rere ndded aepgzatc1y Aand concurrently
¢uring one hour. After the nddition, siirring was continued
fer two hours at 0-5°. The ctier loyer was seperated and
tixe woter loyor estracted vith three 100-cc, portlons of
cther. The ether soluticns were combined ond dried over
rnhydrous magnes siwa sulfate. After reacvel of the ether by

ciastilletion unter vaowrn there wac obtolined 113 . of &

%
Obtnined ot Dr. A. L. Wiison, MHellon Inztituca, Pitisburgh,

Fa.
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yellow viscous residue. Al attexpts to erystallize the
urcthene foiled. Also, 1t could not he distilled at a

pressure of 1.5 m.

Nitration of the Diurcmuuu;jg;Diaminq;gpprgnanol.
One hndred graas of tke cirudae diurethane prepored as

desevibed above wus adfed to 500 ee. of aitric aeld (98 poxr

eent) contzined in & 1000-cc. flask over a fifteen ninuto

period. The recction nixturo was hold ot 0-5° wnd stirred
during tho cddition of the urothane. Aftor tho addition,
the wi-turc was stirred e half an hour znd then pourced

over 2,000 g. of ciracked ice. A colorless pury precipltete
ve3 obtalned wiiich was separated by decentation, washed with
water, and dizsolved in zther. Tho ether zolution wes
wasaed firct writh dllute sodiw: blearbonute solution then

vl vaber cnd finally {oded over anhydrous magaesium sulfato.

f Dinltrasinoizonzonyl nitrato,

The dried etho:r solutlorn contaliing the nitretion product
of the diurcthane vias trented tith anhydrous zascous ammonia
at 5-10°, A gumiy nrceini~te formed vhiceh tras sopesrated by
decantation, washcd with cthor, and dlrsolved in 500 ce. of
wrater. The acuceous solution was ffltarcd ané acidified to
Congé red rith dilute hyd:rochloric acid. The colorless
crystelliae procinitete was filtored, washed thoroughly with
veter and driod in the alr. The product (71.8 .) melted with
doconposition ot 161-163° (corr.). Onc reerystallization

CoOdr»IDLEHYTI AL
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froa 600 cc. of nitronctnanc gave 53.%5 . of a product melt-
ing ot 164-185° (corr.) with deconposition. Tho overall
Yield froz diamincisoproponel -raz 74.C per cent.
Analysis of the silver salt.
Culed. for CHp-N(AzZ)NOp : W, 15.95; Noutral Eguivelent,
' ' ' : 112.5 -
CE0il0,

Cil 2 = (J’t{: ) i 0'

Tor CHa=N(Ap)NOz: N, 14.2%; Noutral Equivalent,
|
CHOH
| .
CH,-I1(Ag)10,

90.0

N, 15.687, 15.27, 15.51; NMoutral Tculvalent, 112.0,
118.4

Preperation ef W N!-Gi-B-cthanol)ethrlonediamine Tetrenitrote.

In & 1000-cc. flasi fitted with stirres o thergometer

s leeed 260 ce. of 92 por ecent nltric celd. Tho
acid mas coolod ts 10-15° by momias of onéerncl cooling and
45.5 g. (0.35 10lo) of I,F'-Cictienol-ctiylenediasine®™ was
cdded slowly with stirrias. The toaperaturce was amaintoined
at 10-15° curing tals addition. Aftcr all of the anine had
been added the aixture vwos worned to &L° and stirred at this
taaperature for ca cdditionel fifteon ainutes.. The clear
solution wes pourcd oveirr 750 p. of cracked ice and tlic result-

inzy acucous solution wes crluted with 500 ce. of 325 per cent

¥

Tne Ny,H'-dicthenol-sthaylonedianine was obtalined through the
courtesy of Dr. A. L. Uiilson, Corblde and Carbon Chen. Corp.
TFellowvship, ilcllon Institute, Plttsburgh, Pa. After ono
cryntellizotion 4t melted wo ©3-102°,

CUOHPIOLDENTIAL
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alcohol. The crystalline solicd :miich precipitoted was

flltered, zashed with two 100-cc. portions of alcohwol and

driec in the air.

The crudé‘pro&uct (97.8 g.)'nelted with decouposition
at 157.5° (corr.) and wee surified by crystsellization fron
aqueous alcohol. There wis obitained 80.1 g. (75.5 ner cent
of the theoretical yicld) of a shite crystalline solic melting
writh deconiposition et 170-171° (corr.). This product proved
to be identical with the substence prepared by various other

methods.

Preparotl LR : : ethylenedini “ramine.
In 2 500-cc. flask fitted with & stirrer and thermometer
there wcs placed 1€.4 g. (0.05 mzole) of N,N!'-di(x-ethanol)
ethyleneéieaine tetranitrate, 100 cc. ci acetic anhydride,
and 1 ce. of concentrated hydrochloric ccid. The rixture
was heated by v water batl: to H0° and ) g. of anhydrous zinc
chloxide was 2dded to the slurry. An erothernic reaction
took place within a minute and it was necessary to ep»?ly ex-

terna_ cooling in order to aalntain a reaction tecapercture

was poured slowly into 500 cc. of water. In a short vhile an

oll separated which solidified upon cooling. The crudo solid

I 2,

No reaction occurred vhen the tetranitrate was heated for
fiftcen ninutes with scetic anhydride alone or rith acetic
enhydrice andé a small awount of hydrochlorice acid.

CORTFTIDEINTIAL
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was filtered, washed with water, snd dried in the air. The
impure product (13.7 g.) melted ct 58.5f60,5°(¢orr.).

The product was nurified by precipitating an ecetone
solution ef tie crude mcteriel with cold water. Thehproduct
obtained in this wmy (1o 3) ielted at 60-62°. (corr.).

Yield, 80 per cent.

Analysis: Caled. for CeHyz0,0Ns, N, 25.81

Preperation of M.N-bis(¢ -nitrosynropyl)aaine Mitrate.

In a 200-cc., threc-necked flask provided with stirrer
and the:nomcte:, there wras ac¢ded 50 cec. of 986 per cent nitric
acid. Ukile the tcupercture was kept belov 15° there was
slowly added 12.3 g. (0.1 :acie) of di-(2-hydroxypropyl)anine.
After the addition, the reaction waes waraed te 35° and stirred
for 15 minutes. Tho content of the flack was then noured
over 180 g..of cricked ice. A orecipitate settled out waich
wes filtered off and washed with iriter. The crude product
(2.5 g.) was recrystaliized from 500 cc. of water and theve

wos obtained a erystaliine solid (17.5 g.) melting at 144° g,

e v

Preparation of N.N-bis(¢-nitroxypronylinitramine.

7o 2 100 cec. three-~neocled flask provided with stirrer
an<d thermoneter therc was placcd 50 cec. of acetic ahhydride,
0.5 ce. of concentrated hydrocaloric acid, and 0.5 g. of zinc
chloride. Thc content. of the flnsk wes warmed to 45° and
10 g. of bls(@-nitrozypropvl)anine nitrate addod; the

teaporature being mainteined et 45-50°. After stirring for

COSTIDENTIAL
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fifteen ninutes at this teuperature the roactlion was Houred
into 250 cc. of water end stirred until tae hydrolysis of
the. em:cess anhydride was comploted. The solid which vas
formed was filtered olf and washed with watcr. There ves
obtained 8.5 g. of substance, melting at approﬁimatcly T8
After a single reerystellization from cther the melting point
was ralsed to 105-4°. L better technique for obﬁain;ng a
purified conpouqﬂ scems to be 1ts reprecipitation froo an

acetone solution througn the cddition of water.

Preporetion of 4,4-Direthvlel O:nzelldone. oaction of Tri-

methylol Aminomethano tith Ethyl Chlorocarbon:te.

Into a ono-litér, throe-nocked flask provided with a
stirrer, thermonmeter, and tvio dropning funnels thore vrere
adced 121 7. (1.0 mole ) of trimothylol aminomothane and 200
ce. of water. While maintaining theltcmporaturc &t 5-10°,
54.3 g. (0.5 mole) of ethyl chlorocarbonato was added dromrise.
Next there were added concurrently 54.5 g. (0.5 mole) additionzl
cthyl chloroccerboncte and a solution of 4C g. (1.0 mole ) of
sodlum hydroxlido in 360 ce. ol wetor. Tho temporaturce was
allowed to riso %o room tcuperaturo and the stirring was con-
tinueéd ovornight. Tho solution was distilled at reduced pres-
sure untll alaost all of the wator was removed and the
residue was taken up in absolute alcohol. Tho inorganic salts

wero filtored off and tho alecohelle filtrate was concentrated

CONTPTIDENTILAL
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et reduced nressuro.: The olly residuo was dissoived 1n 125
cc. of nothyl aléchol und cooled overnight. The erystallino
depos%t wes filtered off, washed vith 50 ce. of .cold.ucthyl
alcohol and cgain with otlier. Thore was obtained a solid
(40.0 g.) uoclting ot 108-9°. By working up the filtratos
and ‘again rcchStgllizing, an additionul 28.1 g. ol 4,4-dliac-
thylol oxsazolidonc was ‘obtaincd. - Yield, 46 por ccnt.:
Analysis:s  Caleculated for CsﬂQO4N= .C, . 40.82; -H,. 8.12;
N, 9.52, "

Founds C, 40.7%, 40.75; H, 5.57, 5.72; W, 9.64, 9.85.

Preparation of ¢.4-Bis(nitroxymethyl)oxazolidonc.
In a 200 cc., three-necked Ilesk fitted with stirrer and

thermoitcter tierc was placod G2.5 cc. (1.49 moles) of 98 per
cent nitric ecid. ¥While maintalning the tecaperaiture at 5-10°C.
there was added in portions 10 g. of ¢,4-dincthylol oxuzoli-
done. Afier stirring at this tenpcreture for two hours, the
reaction was cucnched by pouring over 250 g. of eracked ice.
A yhite erystaliine precipitate saporated which was filtered
off and washed with two 50 cc. portions ol water. A small
additional quraniity of the samgc substance was rccoverod by
neutralizing the csid filtrute with sodiun bicarbonate. The
conblned product wes rcerystallized from 35 ce. of methyl
alcochol. Therc was obtaincd ¢,4-bis (nitroxymethy)oxazolidone
(11.0 g.), uclting at 106-7°.

CONFIDENTIAL
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Calculated for CzH,0aNs: C, 25.40; H, 2.95;

N, 17.72.
C, 25.57, :15.09, £5.0¢, 25.88; H, 5.46, 5.85,

5.28, T.87; N, 17.59, 17.54.

Proparation of iNitro-4,4-bis(aitrosynethyl)oznzolidene.

A nitrating nisture was prepared by adding 6%2.5 ce. (1.5
moles) of 98 pef cent nitric acid to 62.5 cc. (1.17 noles) of
céonc'cnt-ra‘.:ed sulfuric acid. Afier cooling the mixed ;cid to
5—i0°, 10 g. (0.068 aole) of 4,4-dinethylol oxizolicone was
added in portions, naintainiineg the srme tenmperature. After
the addition the temperature was roised to 50° and held there
for one-half houvr. After ccoling, the recaction was poured
over 530 7. of cracked ice. A precipitate wes Iforued which
vras filtered and wached +'th o B0 ce. nortlons of wuter.
After recrystallizing the resultent solid from 150 ce. of
methyl alcohol o crystalline substance (4.9 g.), 3-nitro-2,4-
bis(nitro::ymetnyl)o::azolidonc,; , melting ot 122-3° was obteined.
Yicl¢, 30 nexr coent.

Analysis: Caloulzsted for CgHji0,.Ne: C, 81.28; H, 2.13;

N, 15.886.

Tound: C, 2325, 21.06; H, 2.12, 2.01; N, 19.49, 19.Z8.
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A nitrating mixzture conslsting of § ce. of 98 per centl
nitric acld and 5 ce. of counccatroted sulfuric acld was pre-
pared. Yhile stirring and oeintairing a teuperature of 3-109,

23 5y (0,024 00le) of 4,4-blz(nitro:ymethyl)oxazolidone wa
added. The veactlon -tas houted Vo 50° and ltept at this teaper:
ture for one-hall howr. Alter cooling, tiie solutlon was nourel
over 50 3. of cracked ice. Tne preciritate rhich formed wes
Tilltored and washed -rith water. After one recrystallization

from 50 ec. oF umethyl aleoliol there s obtodned o solid (1.21

Z.), S-nitro-4,4-bis(ndtrouxyactayl)oinsolidene, aelting at

121-2°, Yielid, C per cent.

Bffact of Lroaln on 4,4-Tis(nitrorymetlvl)onazolidone zand

S-Nitro-4,4-bis{nitre:ynetiyl)ozuzolidone,

In one axporiuent, C.0 g. of 4,4-bis(nitroxmmethyl)-
oxanodildone ey dissolved ‘n 0 ce. of metiiyl aleohol nnd dry
aivionli gag bubhled thircusly the sclutica for several minutes.
The araoaniveel zoluilon was Loiled for goveral ilmatos. After
removinagz tihc soivent only the original compound vas :I.sole.ted'.

In anothes cxporiucas, 4,4-bis(nitro:gnictivl)oxazolidone
vias dlssolved in B0 ce. of -~c.1r:ohol,. 2% ce. of water, and 2.5
cc. of anmsonium hydrossicde and aewted on a steam heth. Upon
working up the sclution culy 4,4-bis(nitroiymethyl)onezoliden.

wag lsolatced.
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then 3.7 g. of 3-nitro-4,4-bis(nitroxymethyl)oxczolidone
vas suspended in 35 ce. of'methfl‘alcohoi'and 2.5 cc. of am-
monium hydroi;de aéded, solution of the solid occurred,

sccompanied by some heat. After standiné for a fé#'minutes,

the solution was Gistilled st ioﬁuced prossﬁre to rezove the

solvent. No prodﬁct ves lsolated.

Ereparation of n-carhe;hg;x-z-:migg-B-ncggxl-l-nggpgggl.

In.a'one-litcr,-four-neched fluaslke nrovided with. stirrer,
thernometer and fwo dropuing funnels, there wereplaced 89 g.
(1.0 moles) of é-aniﬁo—B-methyl-l-propanol, 150 ce. of water,
and 200 cec. of efhef. Vhile paintaining the temperature at
5-10° therc was added dropwise 54.3 g. (0.5 mole) of ethyl
chlorocarboncto. Then thore wre added concurrently a solution
of 40 g. ()..0 moles) of sodiux hydroxide in 100 cc. of .
weter and 54.% g. (0.5 mole) adéitional ethyl chlorocarbonate.
Afte> tho addit;on the recction was stiéred for one-half hour.
Tho ether s sep&rated'and the cgueous layer extracted with
tiae two portioﬁs (200, 100 cc.) of other. After drying the
combinod aextroct, thg ether vas renoved by distillation. The
residué 18 distilled at reduced nressure. There was obtained
az oily “iquid (241 g.) boilinz at 96-97°/2 m. ¥Yicld, 88
per cent. Dfu = 1,008, n®° = 1.45]1. Observed molcculaor re-
fraction, 40.7; calculateg, 41.1.
' Analysis: Calculsted for Cyll;0sN: C, 52.153 H, 9.583

N, 5.69. '
Found: C, 51.74) H, 9.42; N, 3.1%.
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To a ona-liuer, .;-nockeu flas’f. providcd v.tﬁh atirrer,
thermometer » dropping funnel, and a tran for abeorbing gases »
t-here weroadced 144 g. (0.95 mole) of trimcthylol nitromethanc
and 257 g. (3.0 mole) of pyridine. To this mixture was edded
357 2. (2.0 noles) of thionyl chloride, maintainin~ the temper:.
ture at 40-50°. The conpleve addition roquired siy: hours.
The reaction was slloved to stund overnight and rrus next hectc
on & steam bath to 909 énd aintained at this temperature for
-one~-half hour. After cooling, the content of the rlask was
poured into 1000 cc¢. of loe-water. A praocipitote formed which
was .filtered off and weshed well with water. After onc re-
erystallization from 500 cc. of absclute alcohol there was
obtained a thite crystalline produet (145 g.) melting at
105-104°. Yield 75 per cent. |

Altienpted Amionolysis of Tris(chlorometayl)nitrouethage,

The ammonolysis of tris(chloroncthyl)nitromethane was
attenpted by heating in & pressure rcactor the following sub-
3trnces: 34.4 g. (.133 mole) of Lr'ls(chlorometlwl)nitro-

nethane, 75 cc. of alcoiiol, 75 cc. of water, 53.5 g. (1.

mole) amuoniwm chioride, and 300 cc. of limiéd amonia. It

required ono hour to heict the reaction to 120-1350°. This '
temper~ture z: aalntaineé for two hours. At the end of this

time the mi::ture waos coolcd end tihen ovaporatod on a’ stear
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Yatli, The slurry was teken up in £00 cc. of water znd made
distinctly ccid to congo with hydrochloric acid. Considerable
'gas evolution accoupaniced the neutrelizatioa. A ‘sticky sgludge

forimed but no purc substance coﬁlﬁ be :.{colated.

Preparution of Metlivlenediurethanc. .
Into a two-liter becker contalning 1000 ce. of . water

. there vare ndded 178 . (8 noles) of uretrane, 2.7 g. (1 mole)
ol éé.s per cent lormalin, and 2-5 ce. of concentrated hydro-
chloric acid. The reactlon mizvure wos alloved . to stand for
a period of ikiriy days, . allovin; the soluiion to evaporate.
From time to timc the crysizls . which formed were filtered of:
and washed with -a -spall zitownt of ‘vater.  There was obtained
170 z. of methylcnediurcthane meltinz ot 130-1°, Recrystal-
lization froix alcohol: rased the melting »olnt to 120-1T1.5°.

Yield, 90 per cent.

To a flask'eguipﬁéd 1ith stirrer aﬁd thermoizeter, and
containing loofcc.:of'SG ner ceat nitric acid thefe was added
glowly 19 z. (0.1 nole) of mqthylenediﬁreﬁhane. The tempera-
ture vas maintained atld¥5° éurina.the addition. After stir-
ring 15 ninuten a2t the samne teaperature tﬁb reaction was pour-

ed over J00 g. of cracked lce and the ucid neutralized with
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_8odium bicarbonate. Anioil formed which was extracted with
four portions of ether (150 ce. each) and the extract was
dried with magnesium sulfote. Tho cthercal solution. was
saturcted with dry ammcnia gas whercupon a precipltate
formed. This was filtered off and washed with ether. !}old,
12.5 g. (74 por cemt). o

‘Into a 8300 ce. flosk containing 50 ce. of wator thore

: wero added 41.4 cc. (0.6 mole) of 38.3 por cent formalin and
10 cc. of concentrated hydrochloric acid. UThile the tempera-
ture was kept below 25°, 44.5 g. (0.5 molo) of urethane was

- added. Precipitation of mcthylcenediurethane occurred and

on standing changed to ah oil. At this point, the reaction
was refluxed for forty-five ainutes and then allowed to cocl.
The acid was neutralized with sodiun bicarbonate and the oil
extracted with cther (500 cc.). The extract was dried with
magnesiun sulfate and 6vnporatod.' The o1l foiled to cr&stcl—
lize whcn cooled and ellowed to stand. It was then refluxed
with a mixture of 75 cc. of acetic acid and 75 cc. of scetlc
anhydride for twelve hours. The anhydiide and acld were dis-
tilled off and the oiiy residuc pourcd into water. A seml-
solid formed which was recrystollized from alcohol. There
was obtained 14 g. of cyclo-trimcthylenetriurethane (n.p. 100-
2°). Yiecld 28 per cent.

CONFIDENTIAL
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Attenpted Nitration of Cvelo-trimethvlenetriurethape.

All attempts to convert eyelo-trimethylenctriurothane
Anto RDX failod. Cyclo-trimethylcnotriurethane was added
to nine times its woight of 98 per eont nitric acid while
cooling at 0-5°. In one exporiment the reaction was quenched
with wator giving c completely hofiogoneous solution. In
another experiment the nitric acid was evaporated undor re-
ducod prossure. Only an oily residuc was formed which failed
" to crystallize aftor ﬁanv weoks of standing.

Precaration of Pentaglvcerine.

Preparative Proecdure I. Into a 5000-cc., throe-
‘pecked flask equipped with stirror, thermometcr, and condenser.
there were added 2700 cc¢. of water, 60 g. (1.04 moles) of pro-
pionaldehydo, 258 g. (3.12 noles) of 36.3 per ecnt formalin
solution, and a suspension of 150 g. (2 moles)'of calcium
hydroxide in 600 ce. of water. The nixture was heated on a
astean bath for twenty-four hours. Tho exeess slcked lime was
removed and the filtrate aeidifiod with dilute sulfuric aeid.
Tho preeipitato of ecaleium sulfate was filtored off by suction.
Oxalie aeid may also be used instead of sulfurie acid. The
filtrato was cveporated to a syrup over a steam bath. Upon
dissolving in cold absoluto aleohol, the inorganic mattor .
romainod bchind and when the alcoholie solution was concen-
trated and cooled, crystals of pentaglycerine soparated.
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The product wes Tiltzreda and wasiheé with ether. The filtrate
yields an uduitional auantity of nenta~1yccr¢ne uvon furthor

conconurut;on. ”he conbiued volids wore rncrygtaaliucd from

cbsolute alcohol. | Thn product (oa.o g ) Al ed at 13%5-200°

(uncérr.).' Yiclu, fage) por COLt.

e .

Prepurative Procedurc 1. into ¢ tan-litor -earthen-
were -crock, provided with sultuble cover, .stirring device,
thicraomotor, and;addition;fuupql;;herq_ﬁgrn @Qdcd 6.5 litexs
of water, 277 5,n§4,77 molcu);pf-pygpioqgldehyﬁg{-gnd_GOO .
(20.0 moles) cf parafonzaldeiiyde. To this vigorously stirred
suupension thero vos adced 130'g; 5145 ‘moler) “of pordered
calcium hyuroxide in nﬂﬂl' portions. The'rate'of"éd&ition was
3¢ hdjusted ﬁhutﬂthe {ecperaturc rose to 45° in“thirt} minutes.
‘hftow the nadition, tir Etimrdaz wes contlnued overnight, and
on the fol;ovinb uc,nin: the execccs celeiun hydresiide wes
flltered off. "he filtrduC wes nnde acld to litous "ith dilute
hydrochloric zetd anc the:: concentrated under vacuum, Cryrotels
of caleiwm formute separated ovt mad vwere filtercdé off. The
qonccntration anc filtrétlon oporations wrere reperted several
times until there finelly reuainced & cleaw viscﬁus oll. This
oil wus dissolved in ene'ilter of abzolute :lcohol and the
remaining insolnble ealedits selis Piltered off.  Severel o
centrntiona cf uhC al oho_ solution with E“bscouent r*oolinb
yioldcn several crons of s0lid penuag ycerine of 1n_e“ior .

melting point. The combincn crupE Wure reflwred with ethon
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in orcer to remove formelcdelyce izpurities. .Afier filtering
off{ the ether the solid s recrystallizec fron abgclute .
alcoiol. -There wves obtalned 265 g. of-pentaglyce:ine, M. D,
199-200°. Yield, 46 per cent.

Preparctive Proeedure IITX. In a five-litbr, three-

necked flask, fitted with stirrer and thormoumeter, thure vere
nlacod four liters of woter, =77 g. (4.77 noles) of redistilled
propionaldchyde, and 60O g. (20 moieé)'cf paraformcldehyde.

Vhile employins modercte stirring there wes cdédec in nortions

186'3. (2,4E.mcles) of caleium hydro:ide. The rate of addition

weg 8o adjusted that the tempersiure of the reaction rose to
in one-half hour. Thc remcinder of the caleium hyﬂroxide
2d¢ed kecping the teaperatuve bzlorm 53°., The reaction
lsture was siirred for feour hours and elloved to set overnight
The execsn solid wes filtered off and the flltrate was concen-
troted by veewum distillation. It wes necessary to remove
caleium forme.te wh%éh erystallized out during the distillation
periotically. Thore finally rewined & =micr vhite oil vhieh
ves token up in 100 ce. af ebsoiute alecohol. The remainder
of the insoluble salts wan Tiltered of and the aleoholic
filtrete conceatratod nt reduced pressure. Upbn cooling the
eoncentratz, saveral erons of erude pentaglycorine wore ob-
téincd. e éruﬁe natericl was ddrosteld w2th ether and

filtered. Tne nortiully mirifice pentaglycerine s re-
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ervatallized froa absoluto alechol. ‘A total of 141 g. of
pentﬁgl#cerine, melting at 197-9° wzs obtained.

| Tho'ether'solhtion used In the digestion operation was
concentratad eand & 80lid crystalline conpounéd obtainod. 'After
a_reerystallizotion from ether erystals of the formal deriva-
tive of 5—mqthy;—5-mothylo1-}{ S-alozene (20 g.), melting at

93-100°, were obt.inod.

anelysis: Caleulated for Cy2M340s: C, 56.503 H, 5.76;
u.V. 278, ,
Found:  C, 57.1%, 56.75y H, 8.91, 5.67, M.W., 255, REG.

The alcoholic filtr:te{ obtained after reuoving tho
penteglycerine, wes hected on-é steou bcﬁh to rowove the last
traces of sclveat. Onc liter of cther wes adlod to the resi-
duo, Most of tho materlcl vent into solution. After the
extreet weo dr}cd wi;h megnesiwn sulfato 5nd.thcn conccentrater,
the ;*siéuc wes ¢iseillod at rcduccd_gresgufq. Thore wcs ob-
teined an oily liquid, bS-mathyl-5-methylol-1,3-dlozanc (145 ¢g.’
boiling nt 06.5-87°/5 mm. Dg°, 1.113; ny®, 1.4562.

Analydss C;lcu;ufcd for CoBy203: C, 54.51; H, 9.15;

2. 7., 182,
Found: C, 54.45, 53.82; 4, ﬁ.:é, 0.27; M.V, 14, 131.
Tho distiliction resicue (50 3.) ms solublo in ethér'and con-
sistcd largely of the formal derivative of S-nothyl-5-methylol-

1,5-dloxanc.
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Tao cther insoluble, water soluble residuc (91 g.) from

the oxtraction operation was not further studicd., In all prob-

ability 1t was o couple: nixturo of products containing mole-

cules with both aleocholie groups and acotal linkages.

Preparative Proceduros IV qgg__; . Into ¢ five-litor,
threg-neeked £lask there wereaddoed 4000 cc. of water, B77 2.
(4.77 molos) of-proéionaldchyde; and 450 g. (15 nolos) of
paraformaldohydo. To the mixture, cmploying modcrate'stirring,
thero was added in portions 180 g:'(2.43 moles) of ‘calciun
hydroxide. The rato of addition was so adjusted that the
teaperatuwre of thc'roaction_rosq to 50° in one-half hour.

Tho reﬁaindur'dr tiie caleciun hydroxide was added while keeping
tho hcmporaturc below 55°. The scolution wras stirred for twenty
hours andﬂdavaloped & lizht brom color. Tho czlcium was re-
moved by cddinz 152 cec. of U8 per écnt sulfuric acid. The
precipitate of calzium sulfate was filtercd off end the filltrate
concentrated ot reduced pnressure until e syrup remaincd. ho
residue wes talten un in ﬁcthyl alcohol. The rcmainder of thg
Inorgenic sz2lts was rcuaoved by filtrution and the nlcbholic
filtrato concentraicd ovor a stean b?th. Yhen allowred to cool
overmlght, crystals of érﬁic pentaglycorine seperatcé and vere
renoved by filtration. Reerystaliization from mefhyl alcohol

vlelded a solld (268 g.), aclting at 197-9°,
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No products, similur to those obtained {rom Procedure III

could-bo isolcoted. . Tho finul residve, a dark brown. viscous
syrup, possessed an odor rcminiseent-of.burnt sugar.  The
probability that the reslduc eonuiSund ol “formoso“ augarsg
is not unlilely. . ;

Hydrolysis of 5-Mothyl-5-pethyldl-1,3-dloxane.

_-The hydrolysis.of S-methyl-5-mothylol-1,5-dicxanc was
carried out .by. reflwidng 1i.2 g. (0.1;mq;o).of the 1;qu;d in
© 50 ee. c¢f ‘1 N. hydrochloric aeid for one-helf hour. The odor
6f fornaldehyde was unmistckooble, likewlise, the solution gave
a positive Tollen's test. The solution wa3 evaporatod over. a
steo bath and thére remained an cther insoluble residue
wolghing 1.1 g. and mclting ct 180-2". .Two rcerystalliza-
tions from methyl alcohol raiscd the melting point to 195-6°
.and a mixed melting point with an authontic sample of penta-

glycerino shoved no depression.

Lxggg_x sis of the Fo ;gg; no;;vat;vo of 5-Methyl-5-methylol-1,%
dioxeno.

| " The hydrolysis of tho foraal derivative of S-methyl-5-
methylol-1,3-dloxane iras carriod out naralleling thc direetions
given for the hydrolysis of S-nacthyl-5-methylol-1,3-dioxane.
Similiar rcsults werce obtcined. ’ ” '

COUFIDENTIAL
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ZransZorzation Induced by Bolling §-Methyl-S-methylol-1.8-

Accordingly, 13.2 g. (0.1 mole) of 5-methyl-5-methylol-
1,3-dionano was boilad under roflux for two hours. After
cooling, it vas nddod to 100 cc; of water. A procipitate
formed vhich was filtercd off and washed vith a small amount
of water. After roerystallization from cthor a solid (0.8 g.)
melting et €7-3° was obteined. No depression of melﬁing
point was observed vwhon :alxed wvith a sample of the formal
derivative of S5-mcthyl-5-methylol-1,3-dloxanc.

Likewise, a similarly troated roection was pourod into

cthor. It wec hoped that pontaglycerinc might be precipitated.
Howevor, none was obicinod. '

Hitration of 5-Methyl-5-mothylol-1,8-dioxang.

A nitrating mixtﬁrq we.s prepored by adding 57.6 g. (0.90
mole) of 93 per cont nitric acid to £€6.4 g. (0.8€ mole) of
concentrated sulfuric acid. Vrilo stirring tho selution and
maintaining tho teuperature at 20°, thero was acded dropwise
15.2 g. (0.1 @olo) of S5-methyl-5-methylol-1,3-dloxano. After
the additioa, cooling was discontinucd and tho recaction was
stirrod for onc and throc-quarter hours. During this in-
terval the temporaturc had riscn to 6C° and an oil formed on
tho surface. Aftor cooling the roaction, the nmi:ture was
pourcd over cracked ice. The nilky oll was scparated and

washod with soveral succossivo portions of water, soediua bi-
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carbcnate solution, und finally watoer. Aftor drying the oil

over caleium chloride and filtering, thore was obteained '18.2

g. (85 per ecnt of theorctical} of a colorless liquid melting

at +9°C.: DI¥ = 1.46; ny’ = 1.4760. This product was shown

to be trimethylolmethylmethane trinitrate.
' A drop of the oll plaéed on zn anvil, detonated shearply
vhen struck with a hammer. .
Analysis: Calculated CslgOgNs: N, 16.47; H.W., 255.
Found: N, 16.61, 16.11, 16.15; M.U., 248, R49.

Nitrotion of the Fomu) Derivitive of 5-Methyl-S-nethylol-
;,5-d;oxﬁne.

A nitrating mixture vos prepered by adding }1.6 g. (0.18
nole) of 96 pef cent nitric acid to 17.4 g. (6.1? mole) of
concentrated sulfuric aeld. Talie stirriag and nointaining
the teaperature of the razaectiecn at 20°, there was added 2.46
g. (.009 molé).of the feraal derivative of B-methyl-5-
methylol-1,3-diozenc. The rowuction wes stirred 2t this temp-
ercture for throc hours end them heated slorly to 60° and held
at this temperuture for 2 few minutes. After cooling, the re-
cotion was poured over ice. The oll wos sepcorated end washel
successively with portions of water, sodium bicarbonate’ solr.-
tion and‘rinnlly water., After drying with calelum chloride
the ligquid was filtered. There was obtalned 2.30 g. of
produet, showring tic same rroperties as the nitration product

obteined from Semetiyl-B-methylol-l,3-dloxane. Di = 1.46,
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n® = 1,4762. Molecular Weight = 244, 248.

Nitr.tion of Pontaglycerine., Prepurction of Trimethylol-
nethylmethane Trinitrate.

-Into & 200 ce., three-necied flask, oguipacﬁ vith stirrer
and thermometer there was added ¢ nitrating mixtura coﬁsisting
of 20.6 . (0.46 mole) of 98 per cent nitrie acid and 45.82 g.
(0.43 mole) of 92 per cent sulfuric acid. 1Mhile meintecining
the tempercturo &t 20°, 12 z. (0.1 mole) of pentaglycerine
was added. Tie recction vas allowed to atond for ono-half
hour &nd was then heeted to 60° cnd held =t this temperntufe
for a few minutes. After cooliug, tho reaction wes poured into
cerached 159.‘ The oil was seporcted and trached vith portioné
of wmter, sodiun bicarbonate solvtion, und finally weter. The
product -r.c dried over calcluia chloricde. After filtlerinsg,

e licuid (17.5.g.) was obiained. Yield 70 pexr cent.
n;’ = 1,4760; D3 =.1.46; u.n., +5°C.

Prepara of Pentagiycer:) Tuoibromide. Isol.tion of Penta-
orythrityl Broiide s Inwurity.

Into a 500 cec., S5-nceked flusk provicdeéd with a thormometer
aropping fumiel, and cir condenser to which thore was attached
a suitable trap.for absorbing fuses, there vas placed 120 g.
(1.0 nole:) of penteglycerine. The flask wa: hezted by nmeens

of a wator bnthh to necarly 100° and 408 3. (1.5 moles) of phos-
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phorus tribroaide was added cromise. After the addition was
couplcted the wuoter both s renliced by an electrically
heated oll beth und the reactlion uixture wns slovly hected to
180-170°., This teaperature tras unintained for twenty hourcs.
The flesk was then cooled (nd 1ts contents poured intc 1500 cc.
of vater. Tae wentuzlyceryl tridbronlde settled to the bottom
ce an oil, vhich 4iter filtsins to reuove insoluble solics,
was etrocied wwWth four portions of cther (500, 500, 250, and
250 cc.). ‘The oriract wes dried with nagnesiwa sulfate and
tho 'solution was concentrated by distilling off the ether.
The residue was fractionzted through a 80 cni. colwin under a
pressure of ¢ m:. o7 Hg. & fraction (177.5 g.) boiling at

. o) a
30-83° as collected, _n; = 1,558, Yield, 5 per cent.

Analysis: Calculataé}E;HQBrs: Br, 77.55.

Founcd: %7.°2, 73.0€.
Tre recidue frow distillation solidilied upon standing
sné after recrystellizcilon frou ether there was oblained a
smill amount ol solid neliing =t 150-160°. The compound‘gnve
no depression of .elting roint ihen nixed with an‘authcntic
saiaple of nentaceryuhrityl broivide, n.p., 1659.5-180°.
Analysiss Calcnlated for CsHgBry: €,.15.49; Ii, 2.08;
" Br, 82.44.
Found: C, 15.54, 15.508 &, 2.07, 2.27; Br, C2.18

32.57.
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Amnonolysis of Pentaerythriiyl Bromide.

The cmnonolysis of pentaerythrityl bremide was cerried

out using (1) aleoholic armoni~, (2) liquid amaionia, (3) a

nixture .of Zicuid armmionia and cleohol, (4) licuid aasonia,
2lcohol, and amnonigm chloricde, and (5) ilaouid ammonies and
pyridine.

In the cases where liquid wcumonie wan used, the mixture
vas ceoled dowm in the recetor (the liner) with acetone-dry
lee mirture in order to pravent the cvaporction of ammonia.
After the rcaction wae finished, the reacior was cooled dowm
to room temperature ond the amvonio wros allowed to esecpe
slotrly through the valve aitached to the bomb.

Generally the recetion nl:iture was evaporated to dryness
en the stesnn both to reiove excess amuonia. The reslidue wvas
tesied for unresched pentacrythrityl bromtde by noting the
presenec ol ony woater incoluble material. Sufllicient water
ras added to eifcet comnlaote solution of the nnine hydro-
bronide. The coluvion ven filtered froa any unreacted motericl
and the flltrate treated with o:cess dilute sulfuric acid
(Congo Red). The amine sepurcted ac the disulfate. To insure
complete precinitation, the acueous solution was diluted 1vith
an cqual volune of 95 prnvy cent cthyl zleohol and allowed to
stand overnigit. The disulfate salt was filtered and woshed

with 50 per eent ethyl alcohiol. The crude sulfate vas sus-
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pendod in two to chree times its weizht of waoter, tae mixture

wafmed ard mcde allzaline with sodium hydroxidc solution. The

alkaline solution was filtered, heated to boiling, and ceidi-
fied trith dilute sulfurie acic (Congo Red). The resulting
erystalilne precipltate wes filtered and washed with water
or 30 per cent ethyl alcohol.. The disulfzote obtained nelted
with deconposition 1n the runge of 296-300.5°., The disulfate
of pentaerythrityl tetronine 1s insoluble in weter cad in
50 per cent'ethyl alcohol contelining &l %e sulfuric acid.
It is soluble in dilute suifuric acié (12 R) alone. 1In the
nresence of impurltles 1t'is nrecipitated slowvly f{rom its
solutions. The ylelds were calculated os the disulfate,
C(CHaNH;) (~PHz80,. The results are swunrized in the tablos
wnlch follow,
Tible XIV
Amnonolysics of Pentcerythrity) Brenice
with Alconolic Axzonis

Ant. of Ant. of Alco~ Teig. Amt. ol Unrc~ Yield
Bronide holic Arionia (°C) _‘iue acted Broaide(%) (%)
6800 ce
g. (95%) 2025 days 100 0
. &00 ce
g. (99.5%) 160 hrs.
00 ce
g- {954) 160 - 12 hrs,
200 cc
(905 3 hus.
Z00 cc
(75,5) > hi's.
600 cc
(70%) ars.
€600 cc
(755) 8.
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Table XV
Artaonolysts of Peptacerythrityl Bromide
with Liculd Arwvonia

Ant. of Aat. of Lig- - Teup. Aut, of Unreacted !1e1d
Bromice wid fmaonia _ (°C mimg .nxggide (£.) h

18 ce. 20-28 D
150 ce. o0 3]
150 cec. 100-110 8
150 ce. 125-130 7

days 5 Honc
hrs. 9.1 : n
hrs. None n
hrs. None "

Table XVI
Amnonelysia of Peptacrythrityl Brouide

' Yielc of
Ant. of Ant. cf Liq. Ant, nif%}fate

Bro.ide fruzonie alc.

25 g. 100 ce. 50 cc. l 5 8.6
(=bs:lute)

25 g. 100 cc. 50 ce. 160-170
(7o)

100 cc. 50 ec. ~ 175-100
{ubsolube)

100 ce. 50 cc. 160
(70:9)

100 ce. 50 cc.
(70;%)

+

DJue to heat of reaction, the temperature rose about 20
degreces above tiie speclified teaner;turu for 10 minutes.




COUrFrIDERTIAL

Tobze ZVIX

4\1‘.‘.1'}- Of
Brouid

cec.
Cce.
CCa

50 cc.

- 50 cc.
(50% cle.)

+

When the temporoture wos roeisod to 140°, heeting wos dis-
continued for 15 nin., ducing ~hich tine tho teaporotwre
Inercased to 155° saontiacoucsly. Tuils wos due to the hent
of tae reactlon. =

4

The yinld was slightly lover, because nore woater had to be
used to dissolve the lorge wiount of acumoniwvia chlorids.

Tadle XVIIX
Aomaonolysis of Pentaerytheityl Dromicde with Liculd
Aipontc, Arvaonium Chioride, cné Aloohol

Amt. of ant. of Liq. Ant. Ale, ~ Teap, Yield
Brozido A:monic 50%(50;20) HHCl (°C') Time (%)

GO g. 600 cc. 300 ee.. 155.6 g« 160 l hr. B8.O
n 1 " " L 1 58.5
L] 1 1 n n: " 58.0
" i n " 80.3
n : i " i 88.6

n W 0 . i n g7.2
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_ Table XIX
Anmonolysis of Pentaserythrityl Bromide

wit ‘u ﬂ Ammonia and ridl

Amt. of Liq. Aat. of Temp.
Anmonia Pyridine - (°C.) . Time

Yield
%

50 ce. 25 ce.. - 160 . - '8 hrs. .11.8
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FORMULA INDEX OF NITRAMINE DERIVATIVES

(References to experimental procedures.are
indiczted by underlined figures).

CH N 4O4
., Methylenedinitranrine
attempted synthesis of, 54, 134

02H5N30?

@-niiroxyethyl)nitramine {NENA)
prepno Of, 30’ 106-192 ;
salts of, 20, 31, 1 habdi
exrlosive propertieS of, 72

CQHQN‘OQ
~ Ethylenedinitranine(EDNA, Haleite)
cog;srsion to- N-metﬁyl and’ N,N'-dimethyl derivs.,
J -
conversion to 1,3-dinitropiperazine 7, 76
salts of, 11, .
halogenation of, 12, 85

mixed melting ooints with MeEDNA, Me,EDNA, and PDNA,
14, 89

CEH4N‘O‘BI'2
N,N'-dibromo- othylencdinitramine
prepn. from ethylenedinitramine, 12, 85

CaHeNeOs
Cyclo-trimethylenetrinitremine (RDX)

attempts to prepare from cyclo-trimethylenetriure-
thane, 54, 135-126

CaHeNal
z@—nitroxypvoﬁyl)nitrwhsne (IsoMeNENA)
prepn. of, 46, J£0-1Z2

N- «3 nitroxyethyl)methylnitramine (MeNENA)
precon. from iso-N*',N4-dimethyl-triethylenetetra-
‘nitramine, 9, 81
prepn. from MeEDNA, 10, 82 :
prepn. from methyl ethanolﬂmine, 32, 110-116

effect of temperature, 36

%gfluence of varying ratios of acetic anhydride,
influence of varying ratios of nitric acid, 39
catalysts for preparation, 40

solubility in aqueous acetic acid, 35

stabilizution of, 41, 116

properties of, 42, 43

explosive properties of, 72
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C3H,Ns07
Dinitraminoisopropyl Nitrete
prcgn of, 47, 125-125
xp sive propcrticu of, 72

C3HagN40,

H-mothyl—cthylenedinitrgmine (MeEDNA)
prepn. of, 6, 74
alkylation with cthylene dibromide, 8, 78
offect of nitric acid on, 10, 82
selts of, 11, 4
halogenation of, 14 88 .
?%ﬁﬁd aelting points with FDHA, HeaDDNA, and

17,

cxplosivc propcrtics of, 67

Propylenedinitramine (PDNA, l,2-dinitraminopropanc)
prepn. of, 15, £6-89
mixed mcl%ing points with EDIA, MeEDNA, and Mep-
EDNA, 17, 89
cxglosive propcrtics of, 70

C3HeNaOs ! '
1 2 S-Trinitraminonropunc (NGX, glycczyltrinitranine)
prepn. of, 23, 99-102

aH9N40° _ .
Triu(nitraminomcthyl);nine . R
attompts to uynthcuiac, 25, 102-108

Cc 3H7N404BI‘ ‘
N-nethyl-N'-bromo-cthylenedinitramine
prepn. -from McEDNA, .14, 86 '
cxplosive. propertvics -of, 89

CaHaN,0.,
N N'-dinitroDiperazine (1,4-dinitropipe rﬁzine).
prepn. of 7, 76 ¢ ;

cxploﬂivc propnrtic, of, 68

C.Hgl0g ,
N,H- bis(@-n*t“oxycthyl)nitraminc (DINA), 48

Coll\H30s
IQN-(@-nitroxyothjl)ethylnitradinc (LtNENA)
vrepn. of, 44, 118

N-(8- nitrox.yproayl)'ncthylnitramino (McaNDNA)
srepn. of, 45, 119

C4H_N,04q

7ris(nitraninoncthyl)nitromethane
attcmpted synthesis, 51, 133-154
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CyHy ,N40,

§,N-dimethyl- ctlgylcncdinit"'amine (Me,EDNA)
prepn. of
effcet of ni%r%% acid on, 10, QT
mixed melting point vith’ EDNA, eEDNA and
PDNA, 17, 89

axﬂlosivc propertics of, 67

CsHoN4Oy ot hadi b opsiveio g
3-Nitro- 4,4-bis(nitro:gymethyl)oxazolidone
prepn. from 4,4-dimethylol oxazolidone, 50, 130
prepn. from 4, -bis(nitrOTymcthyl)omazolidonc, 50, 131
behavior toward ammonia, 51, 131

CsHoN304
4 4-Bis(nitrozynethy1)oxazolidone
prepn. of, 50, 129
conversion to 3—nitro-4 4-bis(nitroxymethyl)oxavolidonc_

50, 13l
behavior toward snmonia, 51, lgL

CsH,,Ns50
CsH11M50q
N-methyl-N'-(8-nitroxycthyl)ethylcenedinitramino
prepn. from iso-ﬂi,n‘ dimcthyl triethylcnotctra-
nitramine, 9, 81 i

CsHyaNeO4
Pent%glycol Dinitramine (2 2- diuethyl l,u-dinitraminOpro-
pano
attompts to synthesize, 21, 97-99

CsH; 2NoOg
Pentaglyccryl Trinitraminc (PGX)
prepn. of, 19, 92-8G6 -
explosive’ propertics of, 7
salts of, 96

CsHy aNgOg
Pcntacrythrityl ;ctranitramlne (PETX)
prepn. of, 18, 90-91
exrlosivo properties of, 70

CsHy2N40g '
,H-bis(B~nitroxypropyl)nitramine
prepn. of, 48, 127-128 .

CeH12Ng0;2
N, I'-bis(p-nitroxycthyl)ethylcncdinitraminc

‘prepn. of, 43, 125-127 .
exnlosive propcrtica of, 73
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CeHyeNe 03
N®,N4-dimethyl-tricthyleonctetranitraaine
prepn. of, 8, 78
proof of structuro, 9, 80
explosive properiies of, 88

Iso-N?,N*-dimcthyl-tricthylenctetranitranine
prepn. of, 8, 73
proof ol structurc, 9, 80
cxplosive propertics of, 69
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