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Report No. 0235-01-20

ABSTRACT

The reaction of l-nitro-l-nitrosocyclohexane with difluoramine in the presence
of the boron trifluoride complex of phosphoric acid gave nitrocyclohexane and l-
nitro-l-(fluorcazoxy)cyclohexane. The uncatalyzed reaction of alkyl nitrites with
difluoramine gave the corresponding alcohols. 1l-Chloro-l-nitrobutane was nitrosated,
and the unstable product was treated with difluoramine in fuming sulfuric acid to
give l-chloro-1,1-bis(difluoramino)butane.

Evidence was obtained showing that N-fluoroformamide is produced in the direct
fluorination of formamide (no solvent). Fluorination in solventless systems was
extended to methyl- and ethylformamide where, in addition to alkyldifluoramines
previously isolated in aqueous fluorination, the corresponding mono-N-fluoro
derivatives were obtained. Subsequently these mono-N-fluoroc derivatives, and also
N-acetyl-N-fluoro-n-butylamine were obtained, although in very low yields, in the

agueous fluorination of the corresponding N-alkylamides.

Fluorination in the absence of a solvent was also extended to a cyclic amide,
2-pyrrolidinone, where 3-difluoraminobutyryl fluoride was obtained in addition to
N-fluoro-2-pyrrolidinone.

The fluorination of aqueous 2-oxazolidone gave its N-fluoro derivative and

2=-difluoraminoethanol.

It was shown that fluoroammonium perchlorate is insensitive to impact below
4O-45 cm/2-kg wt. Several 30 to 50-mg batches of analytically pure material were
prepared.
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CONTRACT FULFILIMENT STATEMENT

This is the twentieth in a serles of quarterly technical summary reports
submitted in partial fulfillment of the contract. It covers the period 1 April
through 30 June 196L.
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I. INTRODUCTION

The objective of this program is to develop new methods of preparing highe
energy materials for military applications.

II. TECHNICAL DISCUSSION

A. REACTIONS OF DIFLUORAMINE (K. Baum)
1. Discussion

Work was continued toward the preparation of a 1,1,l-tris(di-
fluoramino)alkene through replacement of nitro, nitroso, and halo groups by
difluoramine. It was previously demonstrated* that 1,l-dibromo-l-nitrobutane
reacted with difluoramine in fuming sulfuric acid to give l-bromo-1,l-bis(difluor-
amino)butene, whereas 1,1-dichloronitrobutane gave 1l,l-dichloro-l-difluoramino-
butane. This study has been extended to the halonitro-nitroso derivatives.

1-Chloro-l-nitrobutane was synthesized in high yield by an ex-
tension of the procedure developed by Levering** for preparing l-chloro-l-nitro-
ethane. The chlorination of the sodium salt of nitrobutane was conducted in the
presence of sodium chloride, and the product was removed as it was formed. A
similar procedure was used to prepare l-bromo-l-nitrobutane.

To prepare l-chloro-l-nitro-l-nitrosobutane, l-chloro-l-nitrobutane
was dissolved in aqueous alkali at 0-5°C and sodium nitrite and sulfuric acid were
added. A dark-blue oil separated, which, however, was too unstable for vacuum
distillation. In one case the material fumed off after standing for several

*

Aerojet-General Report 0235-01-19, April 1964, p. 1 (Confidential).
%%

D. R. Levering, J. Org. Chem., 27, 2930 (1962).
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II Technical Discussion, A (cont.) Report No. 023540120

minutes at room temperature. Subsequently the nitrosation product was dissolved in
pentane as soon as it was formed, and was stored at -80°C until it was reacted
with difluoramine. When this blue o0il was reacted with refluxing difluoramine in
fuming sulfuric acid, l-chloro-l,l-bis(difluoramino)butene was formed, as evidenced
by elemental analysis, infrared spectrum (Figure 1), and proton (Figure 2) and
fluorine (Figure 3) NMR spectra. These spectra are similar to those of l-bromo-
1,1-bis(difluoramino)butane.*

One attempt was made to react the nitrosation product of l-bromo-
l-nitrobutane with difluoramine. The product, however, was a complex mixture. This
work will be repeated using different reaction conditions.

The reaction of l-nitro-l-nitrosocyclohexane with difluoramine in
fuming sulfuric acid has been shown to give 1,l-bis(difluoramino)cyclohexane.** This
reaction was repeated using a milder catalyst, the boron trifluoride complex of
phosphoric acid, instead of sulfuric acid. An intermediaete, such as l-nitro-l-
difluoraminocyclohexane, might thus be isolated. No general method for the prepara-
tion of this class of compounds is known.

When a mixture of l-nitro-l-nitrosocyclohexane, difluoramine, and
the boron trifluoride complex of phosphoric acid was allowed to reflux for 45 min, :
two products were isolated: nitrocyclohexane and l-nitro-l-(fluoroazoxy)cyclohexane. §
The latter compound was identified by elemental analysis and its infrared spectrum %
(Figure b).

0 {

;

N % No, e N
- N e -
3'B5P0, k j |
) /

These products might be formed from a common intermediate, the
nitrosodifluoramine adduct. The loss of HF would give the fluoroazoxy compound,

*e
Tvid., p. 3 (Confidential).
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II Technical Discussion, A (cont.) Report No. 0235-01-20

whereas elimination of NONF2 would give nitrocyclohexane. The latter reaction is
essentially the nitrosation of difluoramine by l-nitro-l-nitrosocyclohexane. The

mechanisms of these reactions, and the function of the acid catalyst, if any,
are unknown.

Nop _NO e S "

The formation of fluorocazosy compounds from nitroso compounds and
difluoramine has been reported previously only with the use of basic catalysts.*

Alkyl nitrites might be expected to react with difluoramine either
as alkylating agents, giving alkyldifluoramines, or as nitrosating agents, giving

alcohols and NFQNO. The former course would be useful in the preparation of propel-

lant ingredients. When n-octyl nitrite was added to refluxing difluoramine, with
no catalyst, a transient purple color formed, indicative of NFaNO. When the
difluoramine was removed, n-octanol remained. Similarly, t-butyl nitrite gave

t-butanol.

R - ONO + HNF2 e  ROH + NF2N0

Rohm & Hass Co., Quarterly Progress Report on ARPA Projects, Report No. P-61-21,
October 25, 1961, p. 2 {Confidential).
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2.  Experimental
a. Reaction of 1-Nitro-l-nitrosocyclohexane with Difluoramine

-

Difluoramine (27 g) was refluxed over 5 g (0.0316 mole) of
l-nitro-l-nitrosocyclohexane, giving a homogeneous solution. The boron trifluoride
complex of phosphoric acid (2 ml) was added dropwise, and the mixture was allowed
to reflux for 45 min. Methylene chloride (80 ml) was added and the excess
difluoramine was allowed to escape. The lower (catalyst) layer ‘was discerded, and
the methylene chloride solution waes dried over sodium sulfate and distilled to
remove the solvent. The residue was vacuum-distilled to yield 1.50 g (0.0112
mole, 39.4% yield) of nitrocyciohexane, b.p. 30°C/3 mm, which was identified by
comparing its infrared spectrum with that of an authentic sample., Further distil-
lation gave 3.22 g (0.0168 mole, 53.4% yield) of l-nitro-1-(fluoroezoxy)cyclo-
hexane, b.p. 6900/3 mm.

Anal. Calecd. for C6H10N305F: C, 37.7; H, 5.23; N, 22.0; F, 9.9%.

Found: C, 38.1; H, 5.5T7; N, 21.7; F, 10.0.
b. Reaction of Octyl Nitrite with Difluoramine

Octyl nitrite (5.0 g, 0.031k4 mole) was added dropwise to
approximately 27 g of refluxing difluoramine. A purple color appeared, but dis-
appeared after about 1/2 hour. After 4 hours, the excess difluoramine was removed.
Vacuum distillation of the residue gave 3.1k g (0.024 mole, 77% yleld) of n-octanol,
b.p. 5h°c/1 mn, identified by its infrared spectrum.

Ce 1l-Chloro-l-nitrobutane

Nitrobutane (20.0 g, 0.194 mole) was dissolved,with swirling
and heating on a steam bath, in 120 ml of water containing 8.0 g (0.19% mole) of
97% sodium hydroxide. Sodium chloride (10 g) was added and the solution was cooled
in an ice bath. Chlorine was bubbled slowly through the solution, without agita-
tion, while the temperature was maintained at O-SOC. A liquid, heavier than water,
separated. The chlorination was periodically interrupted whenever several ml of
this liquid accumulated, and it was removed with a dropper. When no additional
liquid separated, the combined product was dried over sodium sulfate and distilled
to give 22.5 g (0.164 mole, 84.5% yleld) of l-chloro-l-nitrobutene, b.p. 45°C/6 ma,
n2’ 1.4310.

Page 4
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II Technical Discussion, A (cont.) . Report No. 02355-01-20

Anal. Calcd. for C)HgNOCl: C, 34.9; H, 5.82; N, 10.17.
Found: C, 34.8; H, 5.72; N, 9.85.

d. l=Bromo-l-nitrobutane

A mixture of 10 g (0.097 mole) of l-nitrobutane and TO ml
of water containing 0.097 mole of sodium hydroxide was heated at 50°C until solu-
tion was complete. Sodium bromide (20.0 g) was then added, and the solution was
cooled to 0°C. Iiquid bromine (15.5 g, 0.097 mole) was added dropwise while the
solution was kept at O-SOC. A red oil separated, and was removed with a dropper

whenever several ml accumulated. The combined product was distilled to give 14.5 g
2
(0.080 mole, 82% yield) of l-bromo-l-nitrobutane, b.p. 3600/1.1 mm, nD5 1.4613.

Anal. Calcd. for C HgNOBr: C, 26.4; H, L.4O; N, T.T0.
Found: C, 26.1; H, 4.58; N, T.60.

€. 1-Chloro=-l-nitro-l-nitrosobutane

1 1-Chloro-l-nitrobutane (5.0 g, 0.0364 mole) was added to a

solution of 1.64 g (0.041l mole) of sodium hydroxide at 0-5°C and the mixture was
stirred and maintained at this temperature until solution was complete (about 2

I hours). Sodium nitrite (3.79 g, 0.055 mole) was added and the solution was cooled

with an ice-acetone bath (-8°C) while 20 ml of 25% sulfuric acid was added dropwise.

I The rate of addition was such as to maintain the solution temperature at O-5°C,
although at one point it rose to 10°C. A dark-blue oil formed, and was added by
i means of a separatory funnel to 25 g of pentane. The weight of the crude nitroso

compound was 6.2 g. The pentane solution was stored at -80°C until it was reacted
with difluoramine. A dark oil separated at this temperature.

. A similar preparation of the nitroso compound resulted in
decomposition during an attempted distillation. The product of another preparation
fumed off after standing at room temperature for several minutes without a solvent.

‘ f. Reaction of 1-Chloro-l-nitro-l-nitrosobutane with

- Diflucramine
: This product was warmed to room temperature and was added,
e . with stirring, to a refluxing mixture of 10 ml of 20% fuming sulfuric acid and 27 g
of difluoramine. Refluxing was continued for 4 hours. The mixture was drained onto

$ Page 5
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II Technical Discussion, A (cont.) Report No. 0235-01-20
100 ml1 of crushed ice, which was then allowed to melt. The pentane layer was
separated, and the aqueous layer was extracted with two 50-ml portions of methylene
chloride. The combined organic soclutions were distilled. Vacuum distillation of
the residue that remained after the solvent was removed yielded 0.82 g of colorless
liquid, b.p. 33-3h00/35 mm. Gas chromatography indicated that the materisl con-
tained thre€ minor impurities. The major peak was trapped and characterized as
1-chloro-1l,1-bis(difluoramino)butane.

Anal. Calcd. for ChHTNEFhCl: C, 2k.T; H, 3,60; N, 1h.4,
Found: C, 24.9; H, 3.89; N, 13.8.

Two attempted fluorine analyses resulted in explosions. The infrared spectrum
(Figure 1) and proton and fluorine NMR spectra (Figures 2 and 3, respectively)
compare closely with those of l-bromo-1,1-bis(difluoramino)butane.

The NMR spectra were obtained using a Varian microcell with
carbon tetrachloride solution containing T™™S (tetramethylsilane) and CFCl3 as
internal references. The proton spectrum contains an irregular triplet at 1.0l ppm,
assigned to the terminal methyl group, -CgQCHB- The multiplet with maximum
intensity at 107 cps, corresponding at least roughly to the expected sextet, is
assigned to the CHQCEQCH3 methylene group. The multiplet with maximum intensity
at 134 cps is assigned to the Cl(NFZ)QCCEQ- methylene group. The Fl9 spectrum
congists of an AB quartet (chemical shifts of -30.42 and -37.35 ppm, coupling
constant 609 cps).

B. DIRECT FLUORINATION (V. Grakauskas)

1. Discussion

R

It has been shown that the fluorination of aqueous monoalkylamides

gives the corresponding difluoramines.* The presence of N-alkyl-N-fluoroamide inter- ?
mediates in these fluorination reactions has been suggested** but the intermediates
have not been isolated. The fluorination of amides was studied more thoroughly
during this quarter with the objective of synthesizing the corresponding N-monofluoro
derivatives. These N-fluorocamides would be desirable intermediates for the prepara-
tion of fluorocammonium salts.

*Aerojet-General Report 2099 (Summary), November 1961, p. 21 (Confidential).
Ibtd., p. 22.
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I' The possibility of synthesizing N-fluoroformamide itself, HCONHF,

was investigated first because of the potential utility of the compound as an inter-
mediate for the preparation of fluoroammonium perchlorate:

HCONHF' + HCth —— N}%E@Clou@ + CO

It has already been shown that the fluorination of aqueous formamide gives N,N-
difluorourea* and therefore, fluorination in aqueous solution did not appear

promising; i.e., it seemed unlikely that a variation of reaction conditions would

change the course of the reaction. Instead, pure formamide was fluorinated at 0-5°C.

The fluorination proceeded smoothly and fluorine was readily consumed. A solid

material gradually accumulated as the reaction progressed. This solid was removed

by filtration at the end of the fluorination and identified as cyanuric acid. The

clear filtrate on standing at 0-5°C gradually deposited more cyanuric acid. The

rate of the formation of cyanuric acid increased significantly when an aliquot of

the fluorination mixture was allowed to warm to room temperature. Another aliquot

of the mixture was examined by NMR; the Fl9 NMR spectrum indicated the presence

of hydrogen fluoride and a doublet at -65.91 ppm suggesting -NHF structure. This

doublet signal was tentatively assigned to N-fluoroformamide. When the solution in ;
the NMR sample tube warmed to 25-2800, the intensity of the doublet signal gradually §
weakened and cyanuric acid deposited. On the basis of the above observations, it is
concluded that formemide undergoes fluorination giving relatively unstable fluoro-
formamide, which then gradually decomposes to cyanuric acid:

HCONH2 + F,. ———————p HCONHF + HF

2
HF

I
}
{
1
1
]
1 . HCONHF ~ ——————3 HNCO
|
i
i
1
\

3 HNGO —————————p cyanuric acid

When the formation of fluoroformeamide had been tentatively
established, attempts were mede to fluorinate formamide in the presence of perchloric
acid with the objective of hydrolyzing fluoroformamide to fluoroammonium perchlorate
in q;tu.. These attempts, however, were unsuccessful. When the fluorination wes

*Aero.jet-General Report 2730 (Summary), October 1963, p. 24 (Confidential).
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II Technical 5£scussion, B (cont.) Report No. 0235-01-20
carried out in an excess of perchloric acid, fluorine passed through the reaction
mixture without reacting. When the ratio of the reagents was reversed, i.e., &
small amount of perchloric acid was added to formamide, the fluorination proceeded
in the same manner as with pure formamide. At the end of the run, the fluorination
mixture contained fluoroformamide but no fluoroammonium salt, as determined by its
Fl9 NMR spectrum. Thus, in this case perchloric acid did not interfere with the
fluorination of formamide, but also did not hydrolyze fluoroformamide.

The fluorination of formamide, presently under further investi-
gation, supplied several important general clues concerning the fluorination of
nitrogenous organic compounds and provided the basis of this quarter's direct
fluorination studies. First of all, it became evident that even in the absence of
an inert solvent, nitrogenous organic compounds can be selectively fluorinated with
elementary fluorine instead of being "burned" to CFH' It also suggested that in
a solventless system organic nitrogenous compounds with long hydrocarbon chains
might also undergo selective direct fluorination on nitrogen instead of an uncon-
trollable attack on the hydrocarbon portion of the molecule. These suppositions

were found to be correct, as shown later in the discussion.

When the fluorination of formamide provided evidence that Ne
fluoroamide derivatives can be synthesized, the fluorination of monoalkylamides
was investigated with the expectation that their N-fluoro derivatives might be
less sensitive to decompositibn, and thus possibly could be isolated and charac-
terized. The fluorination of aqueous ethylformamide was studied next:

L)
2
CQHSNHCHO + F2 ——miealy 02H NFCHO e CEHSNFQ

5

A volatile liquid was isolated from the fluorination mixture and the compound was
identified as N-fluoro-N-formylethylamine on the basis of its elemental analysis,
its infrared spectrum (Figure 5), and its proton (Figure 6) and fluorine (Figure T)
NMR spectra. The yield of the material was only 5%. A considerable amount of
ethyldifluoramine was also produced in this fluorination, suggesting that under
these reaction conditions N-fluoro-N-formylethylamine undergoes fluorination at a
faster rate than the starting material.
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The fluorination of ethylformamide in the absence of a solvent
was also investigated. The fluorination was carried out at -U40 to -hSOC and the
reaction was accompanied by frequent localized fires in the reaction flask;
fluorine, however, was readily consumed. At the end of the run, the reaction
mixture was fractionated to remove, first, a mixture of hydrogen fluoride and
ethyldifluoramine, and then N-fluoro-N-formylethylamine. The yield of the latter
amounted to 50%, a significant improvement over the aqueous fluorination. Owing
to the proximity of the bolling points of hydrogen fluoride and ethyldifluoramine,
the mixture was not separated and the yield of ethyldifluoramine was not
established.

N-Fluoro-N-formylethylamine was converted to N-fluorcethylammonium
bisulfate by reacting it with an excess of concentrated sulfuric acid:

. ©
02H5NFCHO + HQSOh -_TE-—) LZHENﬁzE‘E}-ISOh + CO
The reaction was slow at room temperature, but was carried to completion in 45-60
min at 65-7000. No attempts were made to isolate the pure salt. Its presence in
sulfuric acid solution was confirmed by proton (Figure 8) and fluorine (Figure 9)
NMR spectra. The slow hydrolysis of N-fluoro-N-formylethylamine is in agreement
with the bserved stability of fluoroformamide in formamide-perchloric acid solu-
o
tion at O0-37C.

The fluorination of methylformamide (no solvent) was investigated
next. The reaction was analogous to that of the ethyl derivative, except that fewer
localized fires occurred. N-Fluoro-N-formylmethylamine was identified on the basis
of its elemental analysis, its infrared spectrum (Figure 10), and its proton (Figure
11) and fluorine (Figure 12) NMR spectra.

Similarly to the corresponding ethyl derivative, N-fluoro-N-formyl-
methylamine reacted with concentrated sulfuric acid to give N-fluoromethylammonium

bisulfate, CH3NH2§EhBOJE! identified in sulfuric acid solution by its proton (Figure
13) and fluorine (Figure 1l4) NMR spectra.
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One unsuccessful attempt was made to generate N-fluoromethylamine
in situ from its salt and oxidatively couple it to N,N'-difluoro-N,N'-dimethyl-
hydrazine:

ey gy Gy D

CH3M2F® + HQ —> [cn}m{s-] + H_jo@)

A oren

l If it proceeded, this reaction would be analogous to the preparation of tetra-
fluorohydrazine from difluoramine. Aqueous ferric ammonium sulfate was chosen as

| 2 o]

i the oxidizing agent. The desired product was not obtained, and due to the small-
scale experiment no other reaction products could be identified. Little emphasis

}' should be placed on this sole "test-tube" experiment. The results simply mean that

- the desired hydrazine derivative was not obtained under these reaction conditions.
In the absence of additional experimental work at this time, the reaction is presented
here as a possibility that others may wish to investigate.

To extend the scope of amide fluorination reactions, agueous
n-butylacetamide was fluorinated:
F
2
CH3CONHCuH9 + F2 —_— CH300NFC,+H9 — ChH9NF2
No attempt was made to isolate butyldifluoramine. A small amount of a higher-boiling
product was isolated and the materiel was identified as N-acetyl-N-fluoro-n-butylemine
on the basis of its elemental analysis, its infrared spectrum (Figure 15), and its

proton (Figure 16), and fluorine (Figure 17) NMR spectra. !

i
|
1
1
|
Fluorination in the absence of a solvent was extended to a cyclic
¢ l amide, 2-pyrrolidinone. Two products were isolated: N-fluoro-2-pyrrolidinone,
previously obtained in the aqueous fluorination of 2-pyrrolidinone ,* and 3-difluor-
l aminobutyryl fluoride:
|
|
\

*perojet-General Report 0235-01-15, January 1963, p. 13 (Confidential).
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— —NF
F2
C<0 + F, ——> C=0 —=—> NF2(0H2)3COF

The latter compound was identified on the basis of its elemental analysis, its infra-
red spectrum (Figure 18), and its proton (Figure 19) eand fluorine (Figure 20) MMR
spectra. Due to the high freezing point of 2-pyrrolidinone, the fluorination in

this case was started at 25—2700 and the reaction temperature was gradually lowered
to 5-7°C as the concentration of the reaction products in the solution increased,

and thus lowered the freezing point of the starting material. The fluorination was
accompanied by frequent localized fires at the tip of the gas-inlet tube, producing

some carbonaceous material.

In related work, the fluorination of aqueous 2-oxazolidone was
investigated. In this case both N-fluoro-2-oxazolidone and 2-difluoraminoethanol

were obtained:

—0 0,
N\ (H20) - \ F,
Cc=0 + F2 ——cBp C=0 P NF.CH,CH,.OH
—NH —— NF

o it

N-Fluoro-2-oxazolidone wae identified on the basis of its elemental analysis, its
infrered spectrum (Figure 21), and its proton (Figure 22) and fluorine (Figure 23)
NMR spectra. 2-Difluoraminoethanol was previously synthesized.* The main
objective was to synthesize N-fluoro-2-oxazolidone and, therefore, the fluorination

S peesd el eend et e D EED TED BN WP B o e

was stopped at a 1:1 molar ratio of fluorine to substrate. From the results it ap-
pears that at a 2:1 molar ratio of the reagents, this method would be a better and
1 simpler route to 2-difluoraminoethanol than the previously reported two-step
synthesis starting with N-2-hydroxyethylamides.**

In a continuing search for useful solvents that will withstand
fluorine, dimethylformamide was considered as a good ionizing medium, possessing

) S N .
Aerojet-General Report 2730 (Summary), October 1963, p. 25 (Confidential).
W
8 Ibid.
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good solubility characteristics, and probably inert to the action of fluorine, at
least in the presence of reactive substrates. A control run was carried out and it
was found that fluorine was readily consumed by dimethylformamide. There was very
little firing at -40 to -50°C, and the resulting straw-yellow fluorination mixture
readily oxidized potassium iodide. The solution retained the oxidizing properties
for at least several days when stored at -80°%. However, when the mixture was
allowed to warm to room temperature it graduelly turned dark, gassed, and rapidly
lost its oxidizing power. The oxidizing species present in the solution has not
yet been identified, but mey be due to dimethylfluoramine:

(CH3)2NHCH0 + F, —> (CI-Lj)QNF + HCOF

The oxidizing species apparently is unstable at ambient temperatures and decomposes
with the elimination of hydrogen fluoride. This path of decomposition has been
previously observed in the fluorination of aqueous dimethylformamide where
methylamine was isolated:*

-HF 1,0
[(CH.j)zNF] ——» CH,=NCH, —S—> HCHO + CH,NH,

24 ggpgrimental
Qe Fluorination of Formamide

Formamide (Eastman, White Label), 200 g, was fluorinated at
0-3°C with elementary fluorine (diluted with nitrogen, 1:5) until 17 liters of
fluorine was consumed (3.0 hours). Fluorine was readily consumed and a white solid-
gradually accumulated in the reaction flask. At the end of the run the reaction
mixture was filtered and the filtrate was kept at O-2°C. The filter ceke was washed
with some formamide, then with ethanol and'ether. The white solid, m.p. > 305°C,
amounted to 7.0 g. A sample of the material was crystallized from water and a
sample of the crystallized material was submitted for infrared analysis. Its infra-
red spectrum was found to be identical with that of an authentic sample of cyanuric
acid.

*Aerojet-General Report 2099 (Summary, November 1961, pp. 21-22 {Confidentisl).
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A sample of the cold filtrate was examined by NMR. The
fluorine NMR spectrum indicated the presence of hydrogen fluoride and another
signal, a doublet which was assigned to the -NHF structure. The originally clear
solution gradually turned turbid when it warmed up in the NMR sample tube. At the
same time the intensity of the -NHF signal gradually decreased. The white solid
was identified as cyanuric acid.

In another experiment, a solution of 4.5 g (0.1 mole) of
formamide in 63 g (~«o.5 mole) of T72% perchloric acid was subjected to fluorination
at 0 to -SOC. Fluorine consumption wes very poor. After passing in 2.5 liters
of fluorine, a sample of the fluorination mixture was examined by NMR. No NF
species was detected.

This experiment was repeated usiﬂg "reverse" ratio of
reagents. Fluorine (diluted with nitrogen, 1:5), 3 liters, was passed at 0-5°C
into e solution of 13.5 g (0.1 mole) of T2% perchloric acid in 135 g (3.0 mole)
of formamide. In this run, fluorine was consumed readily. An aliquot of the
fluorination mixture was examined by NMR. The fluorine NMR spectrum indicated the
presence of hydrogen fluoride and fluoroformamide, but no fluoroammonium ions.

b. N-Fluoro-N-formylethylamine

A solution of 73 g (1.0 mole) of ethylformamide in 350 ml
of water was fluorinated at 0-5°C until 22 liters of fluorine was consumed. During
the course of fluorination, 4.5 ml of ethyldifluoramine accumulated in a -80°%
trap connected in series with the reactor. At the end of the run the fluorination
mixture was extracted with three 50-ml portions of methylene chloride, followed by
five 50-ml portions of diethyl ether. All extracts were combined, dried, and worked
up to give 5.0 g of a colorless liquid, b.p. 20-2100/25 mn, n§5 1.3930, which was
identified as N-fluoro-N-formylethylamine.

Anal. Caled. for C,H/NNFO: C, 39.55; B, 6.64; N, 15.38; F, 20.86.

Found: C, 39.6; H, 6.8; N, 15.4; F, 21.1.
The infrared spectrum of the material is shown in Figure 5.

The 60-mc proton and 56.4-mc fluorine NMR spectra were
obtained using a CDGl3 solution with ™S and CF013 a8 internal references. The
assignments are as follows.

Page 13
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The proton spectrum (Figure 6) is readily rationalized on
the basis of the suggested structure. The triplet at 1.31 ppm is assigned to the
methyl group, cg5cng-. The doublet (splitting 31.2 cps) of quartets at 3.84 ppm
is assigned to the cnzcge- methylene group. The doublet (splitting 13.3 cps) at
8.53 ppm is assigned to the aldehyde proton, ~NFCHO. The chemical shift of the
extraneous weak signal at 2.0l ppm corresponds closely to that of acgtonitrile.

On the basis of the coupling observed in the proton NMR
spectrum, the fluorine NMR spectrum (Figure 7) would be expected to consist of a
triplet (31.2 cps) of doudblets (13.3 cps). However, only a broad, unresolved .
signal at +8l.7 ppm is observed. There seems t0O be no obvious explanation for the
form of the signal. Quadruple broadening by nitrogen is unlikely, since well-
resolved multiplets have been observed for many analogous N-fluorocarbamates.
The signal would be complicated by cis-trans isomerisms, but there is no evidence
of this in the proton spectrum. In any cese, the chemical shift is consistent
with the ~NFCO- structure.

3 . In another experiment, ethylformemide, 100 g, was fluorinated
at -40 to -MSOC with elementary fluorine (diluted with nitrogen, 1:5) until 7.2
liters of fluorine was consumed (2.5 hours). Fluorine was readily consumed, but
occasional firings were observed, mainly at the end of the gas-inlet tube. At the
end of the run the fluorination mixture was subjected to aspirator vacuum (25 mm)

and allowed to warm up from -40 to +20°C. A mixture of hydrogen fluoride and
ethyldifluoramine wes removed from the solution and the products were collected in

a -80°% trap. The mixture amounted to gg. 10 ml. When it was poured into 40 ml of ‘
cold water, ca. 4 ml of water-insoluble liquid remained which evaporated when the i
aqueous mixture was warmed to 30°C. The compound must be ethyldifluoramine.

After removal of hydrogen fluoride and ethyldifluoramine,

the fluorination mixture was subjected to a 0.3-mm vacuum at 25°C to remove N-fluoro- }
i

i

N-formylethylamine. The distillete was condensed in a -80°% trap and the crude
material amounted to 13 g. The product was redistilled to give 12.0 g (gg. 50%
yield) of a colorless 1liquid, b.p. 20-21°C/25 m, ngs 1.3925. Its infrared spectrum
was ldentical in all respects with that of analytically pure N-fluoro-N-formylethyl-
amine.

Page 1h

CONFIDENTIAL

o benernse gt e




CONFIDENTIAL

ey el I

II Technical Discussion, B (cont.) Report No. 0235-01-20

The fluorination of ethylformamide in the absence of a
solvent was repeated several times with similar results.

o

Ce N-Fluoroethylammonium Bisulfate

N-Fluoro-N-formylethylamine, O.4 g, was added at 20-25°C
with stirring to 2.0 g of concentrated sulfuric acid, but little or no reaction
was noticed. The'solution was gradually warmed to 65-70°C (gas evolution began
at hO-hSOC), and the reaction was completed at this temperature in 45 min. The
presence of the fluorocammonium salt in sulfuric acid solution was established on
the basis of NMR spectra.

The 60-mc proton (Figure 8) and 56.L4-mec fluorine (Figure 9)
NMR spectra were obtained using concentrated sulfuric acid‘solution. The proton
signals are referred to sulfuric acid signal in ppm positive upfield. The fluorine
spectrum is referred to external TFA. The assignments are as follows:

©\ bt s ot B o a8 e e

H' . The triplet at +9.83 ppm is assigned to the CHBCHQ-
methyl group. The pair (splitting 28.3 cps) of multiplets at +7.46 ppm is assigned
to the CH3Q§2- methylene. This signal would be expected to be a doublet (coupling
to the fluorine) of triplets (coupling to the - o protons) of quartets (coupling
to the CH3 protons). While all of the 24 lines are not resolved, the signal is
clearly of the expected form. The pair (42.2 cps) of broadened triplets at +0.22
prm is assigned to the -CH2N§2F't’ protons. The weak, sharp signal at +8.81 ppm
is unassignable, and is apparently due to an impurity or a decomposition product.

F19 . The fluorine spectrum consists of & single multiplet,

a triplet (42.5 cps) of triplets (28.7 cps) at -15.51 ppm. It is assigned to the
-CH,NH_F ™ fluorine. The coupling constants are in excellent agreement with those

i

observed in the proton spectrum.

It should be noted that the practice of using sulfuric acid
ae an internal standard for proton spectra has been shown to be unsatisfactory,
and the proton spectrum will be reobtained with tetramethylammonium ion as an
internal standard.

d. N-Fluoro-N-formylmethylamine

Methylformemide, 100 g, was fluorinated with elementary
fluorine (diluted with nitrogen, 1:5) at =20 to -25°c until 15 liters of fluorine
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was consumed (2.5 hours). At the end of the run the reaction mixture was subjected
to aspirator vecuum (25 mm) at 10-15°C to remove hydrogen fluoride and methyldi-
fluoramine. The product was removed from the unreacted methylformamide at 20-25°C/
0.2 mm and condensed in a -80°C trap. The material was redistilled to give 8.0 g
of a colorless liquid, b.p. 76-77°C, ngs 1.3800, which was found (ges chromatograph)
to be 93-95% pure N-fluoro-N-formylmethylamine. An analytical semple was purified
by gas chromatography.

Anal. Calc. for CthNFO: C, 31.17; H, 5.23; N, 18.18; F, 24.66.
Found: €, 31.3; H, 5.4 N, 18.0; F, 2h.1

The infrared spectrum of the material is shown in Figure 10.

The 60-mc proton (Figure 11) and 56.4-me fluorine (Figure
12) NMR spectra were obtained using a CDCl3 solution with T™™MS and CFCl3 added as

internal references. The assignments are as follows:

H' . The doublet (splitting 26.2 cps) at 3.45 ppm is
assigned to the methyl group. The broadened doublet (splitting 13.0 cps) at 8.58
ppm is assigned to the aldehyde proton. The latter signal appears rather weak,
but an average of the integrals gave a ratio of 0.99:3.00 for the strengths of the
two signals. This is within the expected experimental error.

Flg. The fluorine spectrum consists of a single broadened

signal at +6T7.1 ppme On the basis of the coupling observed in the proton spectrum,
one would expect a quartet (26.2 cps) of doublets (13.0 cps). The situation may
be complicated by the existence of cis and trans conformations with slightly
different chemical shifts. A similar behavior was noted for the corresponding
ethyl derivative (see Figure 7).

After removal of the first "crop" of N-fluoro-N-formyl-
methylamine, the unreacted methylformamide was subjected to further fluorination
at -%0 to -ho°c, and 11 liters of fluorine was passed into the solution. The
reaction mixture was worked up in the same manner as above. After removal of 1l1-12
g of hydrogen fluoride-methyldifluoramine mixture, 13 g of N-fluoro~N-formylmethyl-
amine was obtained.
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e. N-Fluoromethylammonium Bisulfate

N-Fluoromethylammonium bisulfate was prepared from N-fluoro-
N-formylmethylamine and concentrated sulfuric acid in the same manner as described
for the corresponding ethyl derivative (see paregraph B,2,c, above). The pure salt
was not isolated; its presence in sulfuric acid solution was demonstrated by NMR
spectra.

The 60-mc proton (Figure 13) and 56.4-mc fluorine (Figure
14) MMR spectras were obtained using concentrated sulfuric acid solution. In the
proton spectrum the signal positions are referred to sulfuric acid signal, position
upfield. An external TFA reference was used for the fluorine spectrum. The assign-
ments are as follows:

H' . The pair (splitting 28.3 cps) of unresolved triplets
at +7.96 ppm is assigned to the methyl group. The pair (splitting 41.0 cps) of
partially resolved quartets is assigned to the -NH- protons. The weak, broadened
signal at 3.12 ppm has no obvious assignment and is apparently due to an impurity.

Eig. The fluorine spectrum consists of a single multiplet,

a triplet (Bplitting 41.9 cps, coupling to the -NH- protons) of quartets (splitting
28.1 cps, coupling to the methyl group protons) at -29.17. The observed coupling
constants are in good agreement with those of the proton spectrum.

The proton and fluorine NMR spectra are consistent with each
other and with the CHBNH2F@ structure.

f. Attempted Preparation of N,N'-Difluoro-N,N'-dimethylhydrazine

N-Fluoromethylammonium bisulfate was prepared from 2.0 g of
Nefluoro-N-formyl methylamine and 10.0 g of concentrated sulfuric acid as described
under paragraph e, above. The resulting sulfuric acid sclution of the salt was
placed in a dropping funnel and was added dropwise with stirring at 5-10°C toa
solution of 15 g (0.03 mole) of ferric ammonium sulfate, [Fe(NHh)(SOh)a'la H20],
in TO ml of distilled water. The reactor, flushed with nitrogen, was connected in
series with 0 and -80°C traps. No visible reaction occurred either at 5-10°C or when
the reaction mixture was warmed to 25-3o°c. No products were found in the cooling
traps.
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e N-Acetyl-N-fluoro-n-butylamine

A solution of 86.5 g (0.75 mole) of n-butylacetamide in 450 ml
of water was fluorinated at 0-5°C until 17 liters of fluorine was consumed. The
reaction mixture was extracted with three 50-ml portions of methylene chloride, and
the combined extracts were dried, filtered, and concentrated to remove the solvent
and n-butyldifluoramine. The residual material was distilled to give 2.0 g of a
colorless liquid, b.p. h5-6°C/25 mm, which contained 70-T5% of N-acetyl-N-fluoro-n=-
butylamine as determined by ges chromatogrephy. An analytical sample was separated
by gas chromatography.

Anal. Caled. for C6H12NFO: C, 54.12; H, 9,08; N, 10.52; F, 1k.27.
Found: €, 54.0; H, 9.1; N, 10.8; F, 14.6.
The infrared spectrum of N-acetyl-N-fluoro-n-butylamine is shown in Figure 15.

The 60-mc proton (Figure 16) and 56.4-mc fluorine (Figure 1T)
MMR spectra were obtained using a carbon tetrachloride solution with ™S and CFC].5
added as internal references. The assignments are as follows:

) H' . The irregular triplet at 0.95 ppm is assigned to the
n-butyl methyl group, -CHQCEB. The pair (splitting 33.8 cps) of triplets at 3.73 ppm
is assigned to the methylene group bonded to nitrogen, -M‘cgecna-. The complex
multiplet with maximum intensity at 92 cps is then assigned to the remaining methy-
lene groups, -CHQCEQCLIQCH}. The doublet (splitting T.6 cps) at 2.12 ppm is assigned
to the CEZCO- methylene group. The T.6-cps splitting arises from an unusually long-
range coupling to the -NF- fluorine, as is confirmed by the fluorine NMR spectrum.

El_?_. The fluorine spectrum consists of a triplet (splitting
33,8 +0.5 cps) of poorly resolved quartets (splitting 7.3 +1.0 cps) at +66.37 ppm.
It is assigned to the CHBCONECHQ- fluorine. The triplet splitting rises from
coupling to the adjacent methylene group. The quartet splitting can only result
from coupling to three equivalent protons and must be attributed to the CHBCO-
methyl group. The good agreement of the coupling constants obtained from the proton
and fluorine spectra confirms the assignment.

The proton and fluorine NMR spectra are consistent with each
other and with the suggested structure.
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he Fluorination of 2-Pyrrolidinone (No Solvent)

2-Pyrrolidinone (Bastman, Practical Grade), 140 g, was
fluorinated with elementary fluorine (diluted with nitrogen, 1:5) until 11.5
liters (0.5 mole) of fluorine was consumed (2.5 hours). The fluorination was
started at 2&-2600 and the reaction temperature was gradually lowered to O-SOC. %
Frequent firing occurred in the reactor during the course of fluorination, and the ‘
reaction mixture gradually turned dark due to the formation of carbonaceous combus-
tion products. Most of the hydrogen fluoride escaped from the reactor during the
course of fluorination. At the end of the run, the reaction mixture was subjected
to 0.1-0.2 mm vacuum. After removal of & gaseous forerun of 20—3500, N-fluoro-2-
pyrrolidinone was distilled at kO-TSOC bath temperature. The crude material was
redistilled to give 12.5 g of pure N-fluoro-2-pyrrolidinone, b.p. 38-900/0.2 mm,

2 1.4385, 1Its physical properties and infrared spectrum were identical with those
p

previously reported.*

The forerun, of N-fluoro-2-pyrrolidinone distillation,
amounting to ca. 1.5 g was redistilled. The distillate came over as a gas at
2000/0.2 mm and was condensed in a -80°C trap. The distillate was found (gas
chromatograph) to be 95-97% pure 3-difluoraminobutyryl fluoride. An analytical
sample was obtained by gas chromatography.

Apal. Caled. for G HANF,0: C,"34.05; H, 4.29; N, 9.93; F, 40.39.

Found: C, 34.2; H, 4.23; N, 10.05; F, 39.2.

The infrared spectrum of 3-difluoraminobutyryl fluoride is shown in Figure 18;

A vk 3 nin

*x
in general, it is similar to that of 3-difluoraminobutyryl chloride.

The 60-me proton (Figure 19) and 56.4-mc fluorine (Figure
20) NMR spectra were obtained using a carbon tetrachloride solution with ™S and
CFCl3 added as internal references and employing a Varian microcell. The assign-
ments are as follows:

¥*
Aerojet-General Report 0235-01-15, January 1963, p. 18 (Confidential).
L 3 )
Aerojet-General Report No. 2381 (Summary), October 1962, Fig. 20 (Confidential).
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H' . The triplet (splitting 28.9 cps) of triplets at
3.58 ppm is assigned to the NF.CH,- methylene group. The quintet at 2.08 ppm is
assigned to the -CHECL{QCH2 - methylene group. The triplet at 2.68 ppm is assigned
to the -CHéCEéCOF methylene group.

H
F19. The fluorine NMR spectrum consists of a poorly re-

solved triplet at -54.16 ppm assigned to the NF,CH,- fluorines, and a singlet at
-43.87 ppm assigned to the -COF fluorine. The triplet appears to be relatively
weak, but an average of ten integrals gave a ratio of 2.02:1.00 for the intensity
of the two signals as required by the assignment.

The proton and fluorine NMR spectra are consistent with

each other and with the NF2(CH COF structure.

2)3

i. N-Fluoro-2=-oxazolidone

A solution of 42 g (0.5 mole) of 2-oxazolidone in 250 ml
of water was fluorinated at 0-5°C until 11.5 liters (0.5 mole) of fluorine was
consumed. The reaction mixture was extracted with five 30-ml portions of methylene
chloride, followed by five 30-ml portions of diethyl ether.

The methylene chloride extracts were worked up to give 20 g ¢
of & colorless liquid, b.p. 51-4°C/0.3 mm, n°? 1.41.20. An analytical sample of
the material was obtained by redistilling anDaliquot of the crude product, b.p.
¥7-8°C/0.1 mm, ngs 1.4165.

Anal. Calcd. for C

LHNFO,: C, 34.28; H, 3.84; N, 13.33; F, 18.08. i

Found: C, 34.6; H, 4.1; N, 13.2; F, 18.2.
The infrared spectrum of N-fluoro-2-oxazolidone is shown in Figure 21.

The 60-me proton (Figure 22) and 56.4-mc fluorine (Figure
23) NMR spectra were obtained using CDCl3 solution with ™S and CFCl3 added as
internal references. The assignments are as follows:

H' . The differences in the chemical shifts of the two-ring
methylene groups are relatively small and much second-order splitting is evident.
However, the spectrum has roughly the form of a triplet with maximum intensity at
264 cps assignable to the -cnécgeo—'mathwlene group, and a peir of triplets with-
maximum intensities at 224 and 242 cps assignable to the -CH2Q§ENF methylene group.
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F19. The fluorine NMR spectrum consists of a triplet

(splitting 15.4 cps) at +69.48 ppm assignable to the ~CH,NECO- fluorine.

The proton spectrum is somewhat ambiguous as a result of
the small differences in chemical shift, but the proton and fluorine spectra are
generally consistent with each other and with the suggested structure.

The forerun obtained in the N-fluoro-2-oxazolidone distil-
lation was redistilled to give 1.5 g of a colorless liquid, b.p. hO-h2°C/25 mm,
n§5 1.3680, which was iientified (infrared spectrum) as 2-difluoramincethanol,
synthesized previously. The ethereal extracts were worked up to give additional

2.5 g of 2-difluoraminoethancl.
c. FLUOROAMMONIUM PERCHLORATE (V. Grekauskas)

The preparation of fluoroammonium perchlorate from isopropyl N-fluoro-
carbamate and T72% perchloric acid has teen previously reported.** During this
quarter, several 30 to 50-mg batches of the compound were prepared following the
same procedure, with one small modification. The excess of perchloric acid was
removed at 35-&200, which significantly speeded up the concentration step. The
material was used to determine its impact sensitivity. On the basis of a limited
number of determinations, it was found that fluoroammonium perchlorate is not
sensitive to impact (bare anvil, 2-kg wt) below U40-45 cm in a dry argon atmosphere;
one positive firing occurred at 50 cm. To be certaln that the salt did not become
desensitized by the absorption of some moisture during the process of impact-
sensitivity determination, a portion of the material was saved (same sample) and
analyzed. Its elemental analysis (found: C, 0.35; H, 2.3; N, 10.0; F, 14.h4)
indicated that the salt was analytically pure; therefore, the impact-sensitivity data
is valid.

Although not exhaustive, the impact-sensitivity determination shows that
fluorocammonium perchlorate can be handled safely in this respect. Work is now
planned to synthesize several 100-mg batches of the salt to determine its sensitivity
to static charge and to friction before the preparation of gram quantities required
for determination of its heat of formation 1s attempted.

*keroJet-General Report 2730 (SummaIY): October 1963, p. 33 (Confidential).
**Aeroaet-cenerll Report 0235-01-19, April 1964, p. 24 (Confidential).
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III. PERSONNEL

The experimental synthesis work was performed by K. Baum, J. M. Cavallo,
V. Grakauskas, and M. P. Mascari. Analyticel support was provided by C. L. Deuel

(gas chrometography), K. Inouye (microanalysis), and H. M. Nelson (NMR and
infrared analysis).
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