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ABSTRACT: A new syn:ihetic method has been devised for the
preparation of nitroalcohol acetals, principally
bis(trinitroethyl) formal, III:

lp30
2(NO,) 5CCH,OH + HCHO -—;T.:“-) (NOp ) 3CCH,OCHLOCHAC (N0, ) 5
I II  Temp. III TEFO

The compound, III, is prepared very easily by the re-
action of 2,2,2-trinitroethanocl, I, with formaldehyde, II,
in strong sulfuric acid solution at room teaperature.

The crystalline product precipitates from solution and is
isolated in 85-90% yields in less than an hour. Alterna-
tively good yields are obtained by briefly emulsifying a
solution of 2,2,2-trinitroethancl monohydrate in a chlori-
nated solvent with a sulfuric acid solution of formaldehyde
at room temperature and isolating the product from the

solvent phase. k:

CHEMISTRY RESEARCH DEPARTMENT
U, S, NAVAL ORDNAMCE LABORATORY
WHITE OAK, SILVER SPRING, MARYLAND
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This report de:zcribes the preparation and piroperties
of bis(trinitroeti.yl) formal, TEFO, a member i a family
of trinitroethoxy ccapounds of unusual oxygen ccntent of
interest in both rropellant and high explosive formulations
The work, in part a ortion of a fundamental investigation
of organic reactions in sulfuric acid, was largely
supported by Task FR-44, The development of practical
methods of making TEF) on a larger than laboratory scale
was done under Tasi 3’1-664/43006/08 (Explosives Applie
Research),

The work raported here is the basis for a patent
application, and 13 fo- information only.

MELL A, PETERSON
Captein, USN
Commander
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NITROALCOHOL ACETAL PREPARATION IN
SULFURIC ACID, I. SYNTHESIS OF BIS
(TRINITKOETHYL) PORMAL, TEFO (¢)

INTRODUCTION

Energetic organic compcunds having very high oxygen
content are of considerable interest as components of explosive
r'xtures. Three structurally similar compounds, trinitro-
ethyl orthocarbonate, I, bis(trinitroethyl) carbonate, iI,
and bis(trinitroethyl) formal, IIlI, are unusually high

[( 'Og)}CFHQO] uC [Nog) 3ccr.120] 5C=0 (N0p) 3ccugo: ~CHp
1 TNEOC II BTNEC III TEFO

in oxygen content, About 62% of the molecular welght of the
compounds consists of oxygen which 18 20-30% in excesg of
that required for their own combustion to carbon dioxide and
water,

As a group, these compounds are not usavle in the conven
tional type of explosive formulation because of their senei-
tivity to impact. However, recently the Naval Ordnance Test
Station and the Naval Ordnance laboratory have observed that
the compounds are eolulle in polymers such as nolymethyl-
vinyltatrazole (1), nitrocellulose, and polynitrourethan (2).
The soiutions of the high oxygan compounds in a polymer are
somewhat lesa senaitive than the pure dry explosive and con-
stitute a new approach to utilizing these very high ensrgy
compounds in explosive and solid propellant compositions.

These are being considered for further evaluation on a larger
than laboratory scale (2).

Trinitroethyl orthocarbonate and bie(trinitroethyl) car-
bonate have been made by & new reaction of trinitroethanol
with carboa tetrachloride catslyzed by rerric chloride (3).
Initially, biz(trinitroethyl) formal was obtained as a by-
produact ir the pre-pilot plant production of tri.itroethyl
ortrocarbonate and in very small quantities in this
laboratery in the course orf the study of the reaction pro-
dusing the orthocerbonate (3), Because the formal 18 a good
plasticizer for nitropolymers and dissolves more readlly in
propellant polymers than either the orthocarbonate or bis

1
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carbtonate, larger than laboratory reseai'ch quaniities were
desired for further study. Since its synthesis was still

vnknown, a study waa undertalren to prove its structure and
in addition to find a2 pocedure for making the compound by
a method which could bec used on & pilot plant scals.

This report describes a rapid high yield synthesis of
bis(trinitroethyl) formal, TEFO, by a new process which
conaists simply of the reaction of formaidehyde with trinj-
troethanol in a strong sulfuric acid solution at room
temperature, 7The procecdure is applicable to the praparstion
of other formals, such as bis(2,2-3dinitropropyi) formal.
information coricerning the theoretical aspects of tanls
system and the study of the scope and mechaniem of the re-
actior, will follow as a scparate report (4).

RESULTS AND DISCUSSION

Proof of Structure. Bis(trinitroethyl) formal was
obtainad 1n Jarge quantities as a by-product in the pilot
plant production of trinitroethyl orthocardonate (5). In
addition to the expected orthocarbonate s mixiure of unknown
ccmposition, m.p. 55°-5C°C, was isolated from the reaction
mother liquors and sent ¢o the Naval Ordnance Laboratory for
jdentification of its comp-nents, Examination of the crude
natecrisl showed that 1t was a mixture containing bis(trini-
troethyl) carbonate and an unknown compound.

The as3signment¢ oi structure of the unknowrn compound as
being the bis(trinitroethyl) formal was based on physical
evidence and was made tentative awalting independent syn-
thesis. The elemental analysis indicated ¢mpirical foraulas
of CBHgNgO22, ¥W 583, corresponding to (TNEQ)3C2H30, and
CgHgNGO Y4, FH 374, corresponding to (TNEC}~7Ko or hie{trini-

troethyl) formal, Infrared analysis waa lnconclusive except
to show that no OH groups were present. A moiecular weight
determination by the unit cell voiume method gave .. {iJure
of 373 (6), which strongly indicated that the formal struc-
ture was probable, However, without independent synthzsis
of the compound the assignment of struoture as the srinitro-
ethyl formal was tenable only if it was assumed that the
trinitroethoxy group remained intact in “he reacvion forming
the oy-produst.

2
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Initially it was tnought that a ferric chioride
catalyzed reaction of trinitrocethanol with formaldehydce
impurity in the trinitroethyl orthocarbonate reaction sys“em
accounted for the formation of bis(trinitroethyl) formal,
However only pariizi success was achieved in attempte to
prepare the forwil by the catalyzed reaction of fcrmuldelyds
with trinitroethanol irn chlorinated soivents (7). Because
trinitroethancl exhibited extreme unreactivity expecially
when diluted by solvents in some reaction systems, a fusion
system was used to prepare the formil in order to establish
definitely that the tentative assigned ctructure was correct
and that indeed it could be form2d from {ormaldehyde and
trinitroethancl., In ihis procedure a solvent «as not used
and success depended upon the fact that the aelting point of
trinitroethancl was low enough to be depressed by para-
formaldehyGe and in effect act as its cwr solvent at reaction
temperatures below its melting point. 'The ferri: chloride
dissolved -n this oily mixture and secrved to catalyze the
reaction as well as the depolymerization of the paraform-
aldehyde, In this manner, bis(trinitroethyl) formal was
obtained in 20% yieli and was identical with the product
isolated from the pilot plant mixture. This result con-
Iirmed cthe assigned #tructure,

Although unadaptable to large scale preparations; the
fusion method was investigated briefly in order to obtain
kncwledge of the reaction. The coriginal reaction condition,
70°C for 6 hours was too drastic., Actually the formal was
very eag. to prepare and improvement was obtained by using
milder condicions, particularly lower temperature anac
shorter reaction time, A larger guantity of catalyst than
initially used increased the yields to 72% bafore other
methods of preparation were investigated,

Preaparrtion of Bis(trinitroethyl) Formal in
Sulfuric Acid. 1In a previous study of synthetic methods of
the preparzcion of esters of trinitroethanol, 100% sulfuric
acid and fuming sulfuric acid had successfully been used asa
solvents for direct esterification and for transesterifica-
tion. particularly in the preparation of trinitroethyl
trinitrobuty~ate, THETB, from trinitrcbutyric acid or its
methyl ecter and t>initroethancl (8,9). Although equilibria
were get up in such systems, the formation of the least basic
product was favored and the esterification reaction pre-
dominated over the opposing clcsvage reaction:

b
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cleavage
RCOOH + R'OH &= RCOCR!

eaterir?cagion

The est.er grouping of TNETB was sc weakly basic that the
ester was un-ionized by sulfuric acid and precipltated as it
waa formed during the esterification reaction., 3y analogy
on the basis that the trinitromethyl groups in the formal
molecule would make the -OCHpO- group very weakly basic, it
was thought that in sulfuric acid bis(trinitroethyl) formal
formation would predominate over the cleavage reaction in a
similar manner, no‘withstanding the fact that strong acids
were supposed to cleave acetals quantitatively.

To Getermine if bis(trinitroethyl) formal would be
stable in sulfuric acid, a small amount or the formal was
placed in 100% sulfuric acid at room temperature., Upon
finding that the formal was nearly insoluble and not easily
cleaved, a successful exploraiory preparation experiment was
carried out in which a two molar solution of trinitroethancl
in 100% sulfuric acid was heated at 60°C for two hours with
an eguivalent amcunt of paraformaldehyde. Although the
yield was low in this initial attempt the process was studied
further because of its theoretical significance, In addition
its simplicity made plant production of large quanvities
feasible,

The preparation of ¢rinitroethy: formal in suifuric
acid was very easy, requiring much milder conditions for high
yields than were used in the original experiment. Subze-
quent investigation showed that one need only add paraform-
aldehyde to a solution of triritroethanol in commercial
concentrated sulfuric acid at rooum tempersture., Preclpita-
tion of the product began almost immedlately and the reaction
was complete in sbout thirty minutes, The formal was
i3olated nearly pure in good yields by pouring the reaction
mixture into ice and water, filtering and drying. One
recrystallization from slcohol and water sufficed to purify
the product. The following general observations on the
reaction parameters were mads during the study of the
reaction:

(a) Acid strength had a marked sffect on the amount of
product obtained in the preparations, Optimum yields were
obtained in 90-96% sulfuric acid, possibiy as a resuit of
greater insolubility of the formal in acid containing 2

m
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small amount of water, (Table 1),

(b) Yields were optimum wh2n the concentration of
trinitroethanosl in the acid wad 4 molar. At lower concen-
tration the ylields dropped off rap.dly. It was necessary to
warm the alcohol-acid mixture to complete 3olution of the
crystals at the higher concentrations and then cool to rcom
temperature before adding paraformaldenyde,

(¢) Hardlv any exotherm was noted during the reaction,
Some activity in the acid occurred when the paraformalde-
hyde was added, accompanied by & little discoloraticn durisng
the reaction period. However, the precipitated product was
of very good purity.

(d) A period of 30-60 minutes war found to he suffi-
cient for virtual completion of the reaction, Prolonged
reaction periods and heating the resction soliitions werse
ineffective in changing the yleld ay. reciatly.

Strong evidence has been obtaired that this reaction,
like transesterification, is also an equilibrium process and
proceeds toward the formal product to a point at which the
cleavage of the formal 1s in equilibriws with its formation:

cleavage
ROH + HCHO € ""“—; ROCHpOR
formation

The mechaniem by which the "equilibrium yoint" is reached
18 discussed in more detail elsewhers (4).

Paraformeldehyde, HC(CH,0)pH, was used almost exclu-

sively as the source of anhydrous formaldehyde. As

obtained commeraially it contains more than G9% formaldeiyde
with perhaps a small amount of adsorbed water., Theo ease of
weighing and handling the polymer and ica rapid depolymeri-
zation in the sulfuric acid soiutions made it idea. for
obtaining e&xactly the amcunt o anhydrous formsldehyde
desired. Methylal, CHzO0CHZzOCH3, was tried without particular
advantage as an alternative formaldehyde source by its
degradation in acid to methanol and formaldehyde,

P
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TABLE I

Effect of Acid Strength and Alcohol
Concentration on Yields of TNE iormal

Initial
HoSO4 Acicd Stra2ngth

80%
S0%
96% (b

100%

5% SC3
10% SC3

in HoSO4
in HpSOY

% Yleld /a

50
87
89
(44
70
58

L% - Reaction in 4 molar TNEOH solution
[P ~ Commercial ccncentrated zulfuric acid

Initial
TNEOH Concentration in
96% HoS04

2 Molar

¥ Molar

5.5 Moiar

9
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Froperties of Bis(trinitroethyl) Formal. T[he syntiesis
of bis(trinitroethy13 formal in sulfuric acid confirmed an
early observation that the formal was quite stable unaer
acidic conditions which would hydrolyze ordinary acetals,
Severali efforts were made earlier to hydrolyze the trini-
troethyl formal under the usual hydrolytic conditions
without effect, Under one extreme condition tne formal was
held at the reflux temperature of aqueous methancl satu-
rated with hydrogen chloride for 100 hours, undergoing only
a few percent 1os8s (3). This unusual stability to acid
criginally cast some douvbt on the reasonabieness c¢f the
acetal grouping in the assignment of structure, Ostensibly
normal acetals hydrolyzed quite easily by scid catalysis
according to the litersture. The trinitroethyl formal 1s
not an exception to this assertvion but i1g instead the first
example of the reversal of the often discussed equilibrium
between an acetal and its cleavage productza,

Under bagic conditions degredation of the trinitroethyl
formal did take place, as have other nitroform derivatives,
but apparently involved the nitro carbon groups rather than
the acetal grouping. In aqueous alcoholic sodium hydroxide
solucion the typical intense yellow color of nitro alkane
anions arose, Spectrophotometric measurements of the reac-
tion solution indicated an absence of any appreciable
quantity of trinitromethyl anion which would have been
present 1f saponirficatiorn followed by deformylation had
occurred. Instead a maximum abscrpticn was cbsevrved at
265 mu, suggestive of a dinitroalkane anion. The prcducts
of the degradation have been identified for the reaction of
the formal with pase in the presence of hydrogen peroxids (10).
In this system the acetal grouping apparently was unaffected
also, and the corresponding dinitroethyl formal anion was
formed by reduction of the terminal trinitromethyl groups.
Bis{potassium dinitroethyl) formal was isolated from tle
reaction of the formuwal with alcoholic potassium hydroxide in
the presence of hydrogen peroxide,

Bis(trinitroethyl) formal has shown unusual stability
when subjected to the standard vacuum thermal stability
test. The formal has not shown the instabiiity sometimes
exhibited by an explosive when heated above 1ts melting
point, At 100°C, 35° abecve 1ts melting puint, the
formal evolved only 3.4 cc of gas per gram over a period
of saven days, and only 1.6 cc of gas per gram at 90°C in
8ix deys. This unusual stability in the non-crystalline

7
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state probably accounta for the gcod thermal stability of
the compositions in which it 1s dissolved, Por instance, a
composition containing 22.5% TEFO, 49.8% TNEOC and 23.7ﬂf
guncotion, evolved 0,74 cc of gas per gram at 100°C in
forty-eight hours (2).

The physical properties of trinitroethyl formal have
Leen summarized in Table II,

TABLE II

Properties of Bis(trinitroethyl) Formal

Melting Point 65.3 - 65.4°C

Vacuum Stability 1.60 cc/g/6 days at gc°c

Impact Sensitivity 18 ¢m (number is dependent upon
(50% height, 2.5 kg weight, particle size; RDX=5C cm
har2 tools) with bare tools)

269 cm (as 30% TEFO-1ilcohol
solution)

2iC cm (damp with water)

Crystal Density 1.72
Heat of PFormation -103 kcal/mole (RIM=+14 kcal/mole)
Solubility Soluble: hexane, pentane

Very soluble: chloroform, methanol

8
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Process Development. Trinitroethanol wa.: preparedé by
simultaneous acidif'ication and formylation of scdium nitro-
form in methanol-water solution, The crude alcohol
separated as an o0il which was a mixture of the alcohol mono-
hydrate with some methanol, water and other impur‘ties (1l1).
Normally the trinitroethanol oil had to be dried before iv
could be used for succeeding syntheses., Therefore in order
to eliminate the dArying step, several efforts were made with
only partial success to utilize the oil directly by the
addition of tne crude oil to & strong fuming sulfuric acid

solution of paraformaldehyde,

As an alternative, a twc phase system was investigated
consisting of an aicohol-solvent phase and a sulfuric acid-
paraformaldehyde phase, Such a system was designed to serve
three purposes: 1) it provided a means of overcoming the
equilibriur by continual extraction of the product from the
sulfuric acid reaction medium by the organic solvent;

(2) the alcohol could be completely or partially dried in the
solvent and used without isolation; (3) the system was adapt-
able to continwous processirg of the reaction componente and
producte. In an initial experiment the crude trinitro-
ethanol oil dissolved in a chlorinazted organic solvent was
slurried with a solution of paraformaldehyde in 5% fuming
acid which fimectioned both as a drying agent and resction
medium. The product was isolated from the organic phase with
the sulfPwric acid retaining very little of the formal. The
yields were still unsatisfactory possibly beceuse of reaidual
W“ater and methanol not separateil from the chlorinated solvents,
However, trinitroethanol monohydrate prepared by adding water
to d&ry trinitroethanol worked well in a two phase system in
¥hich the monohydrate in methyle¢ne chloride was slurried
vigorously with 5% fuming sulfuric ecid for 15 minutes. The
recrystallized yield xas 76% compared with 80% yield from a
similar system in which dry trinitroethanol in methylene
chloride was slurri2® with 100% sulfuric acid, These yields
were about 2% below the maximum btainable and may be
improved with further experimentation,

In principla these axperiments estaolished thet the two
phase system can be used but it may be neceasary to dry the
sarude trinitroethanol oil in solution »:ntil at least the
monohydrate stage of the alcohcl is reached, The fcrmal
synthesis lends itself to adaptation as a continuwus procaess,

9
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For insta.ice, continuous addition of a methylene chloride
solution of trinitroethanol monohydrate and sulfuric acid
solution of paraformaldehyde into - reactor with continuous
take off to a separator is {easible. Fortification and re-
cycling of the acid and recycling of ti.e methylene chloride
mother liquors with additional trinitroethanol shouid permit
efficient use of these components. In fact the entire
synthesis from tetranitromethane is reaaonably simple. The
following reaction sequence incorporaztes the current experi-

mental results:

NaNO2 H +
C(NOg)y ————> NaC(NO2)3 ~—popg > TMEOH o1l
(1)CHpC12
Extraction
(2) Dry
TNEOH in CH,Cl,
Recycie 5
HCHO - HpSOy HCHO in H,S50y

Layer
Separation |

K
CHoClp - TEFO - TNEOH

\ TNEOH - CH,oCl, Recycle T

TEFO

10
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EXPERIMENTAL

Typical experiments conducted during the study of the
synthesis of bis(trinitroethyl) formal follow:

(A) Sulfuric Acid Method. A solution of 2.62 g (0.02 mole)
trinitroethanol in 5 ml of concentrated (96%) sulfuric acid
was prepared by warming and stirring in a small (25 ml)
erlenmeyer flask, After cooling to room temperature 0,30 g
(0.01 mole) of formaldehyde as paraformaldehyde was added
with stirring. As the paraformaldehyde dissolved in the re-
action mixture the temperature of the mixture rose to 35°C
and a colorless oil formed on top of the solution, Within

a few minutes this o0ll began to crystallize in glistening
leaflets, The mixture was stirred for 30 minutes ani then
poured onto flaked ice. The precipitated white crystalline
product was filtered off, washed well with water and dried,
The yield was 3,36 g or 90% of the theoretical yield and had
a melting point of 62-63°C. Recrystallization from 50%
methanol-water gave a pure white crystalline product melting
at 64-65°C,

The results of the study of the reaction parameters
of this method are summarized ‘n Table III,

(B) Two Phnase System. A solution of 0.30 g (0.01 mole)
formaldehyde as paraformaldehyde in 5 ml of 100% sulfuric
acid was prepared in a 50 ml, 3-neck, round bottom flask
fitted with a mechanical stirrer. To this solution was added
a solution of 3.62 g (0.02 mole) of trinitroethanol in 10 ml
of methylene chloride and the resulting mixture was stirred
very rapidly for 15 minutes, At the erid of that time the
methylene chloride layer was separated from the sulfuric acid
layer by means of a separatory funnel. The sulfuric acid
layer was washed cnce with 5 ml of methylene chloride and
this was added to the methylene chloride layz2r. The methylene
chloride was then removzd by evaporation under reduced pres-
sure and the residue was washed with water, filtered and dried.
The yield of crude product was 3.14 g or BL% of thecry, The
melting point of the crude material was 60-61.5°C. Recrys-
tallization from methanol-water gave a pure product which
melted at 64-65°C; total yield, SO%. No additional product
was obtaincd by pouring the svifuric acid layer into ice and
water,

Additional experimente which were run utilizing “trini-
troethano) oil" and trinitroethyl monohydrate are swmamarized

in Table IV,

) 5
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TABLE III

Preparation of
Bis(trinitroethyl) Formal in Sulfuric Acid

Reaction: 2TNEOH + HCHO ——>»TNEOCH20TNE

Alcohol  HpS0y

Alcohol/HCHO Conc., Acid Reaction Tempera- Yield
Moles Molar Strength  Period ture Mole %
.02 /.01 y 80% 1.0 hr. at room 50
.02 /.01 4 90% 1.0 hr. at room 9l
.02 /.01 4 96% 15 min. at room 87
.02 /.01 4 96% 2 hrs. at 45°C 83
.02 /.01 2 96% 30 min, at room 67
.02 /.01 5.5 96% 30 min, at room 86
.022/.01 b4 96% 30 min, at room 93

(10% xcs TNEOH)

2 /il 4 96% 2 hrs, at room 88
2 /.1 y 96% 16 hrs. at room 90
.02 /.01 4 100% 30 min, at room i
04 /.01 h 100% 30 min. at rcom 98

(100% x¢s TNEOH)

02 /.02 4 100% 30 min., at room 81

Sloo% xcs HCHO;

LOO% xcs HCHO) 4 100% 30 min. at room 7
.c2 /.01 h 5% fueing 30 min. at room 70
.034/.01 5.8 5% fuming 30 min, at room 95

(70% xca TNEOH)

02 /.01 L 16% fuming 30 min, at room 58
12
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(C) Pusion Method. A mixture of 3.6 g (0.02 mcle) trinitro-
ethanol, 0.30 g (0.01 mole) formaldehyde as paraformaldehyde
and 1.62 g (0.01 mole) anhydrous ferric chloride was placed
in a large test tube and heated in a water bath at 60°C for
one hour with magnetic stirring. The reaction mixture was
then poured on flaked ice, a small amount (5 ml) of ©6 N HC1
added, and the resulting mixture scirred until the ferric
chloride dissolved and the sclid product was greyish white.
The product was filtered off, washed well with water and dried.
The yield was 2.7 g or 72% of theoretical. The product was
recrystallized from methanol and water to give a beautiful

white product, m.p. 64.5-65°C.
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