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*"THE SYNTHESIS OF FLUORAMMONIUM saLrst
Vytautas Grakauskas, Allen H. Remanick, and Kurt Baum

‘Contribution from Chemical & Biological Prdcesses,
Aero jet-General Corporation, Azusa, California 91703.

" Of the four possible fluorine-substituted ammonium ions, only the tetra-
fluoro derivative has been reported as a stable salt.2s3 Difluoramine and tri-
fluoramine have been reported to form reversible complexes with Lewis acids at
low temperatures. Fluoramlng was claimed to be a by-product of the electroly-
sis of -ammonium bifluoride”:® but the results have been shown to be in error.

" Dimethylfluoramine was synthesized by the fluorination of unsymmetrical di-

methylsulfamide and the compound was sufficiently basic to form a stable hydro-
chloride. Fluorimonium salts prepared by the rearrangement of aikyldifluor-
amines? can also be considered as alkylidene derivatives of substituted fluor-

amines.

Simple‘salts of fluoramine. have ndw been prepared by the reaction of

V'alkyl N-fluorocarbamates with strong acids. The starting materials are syntne-

sized readily by the fluorination of alkyl carbamates.

Fluorammoniurw Bisulfate. Fluorimonium salts have been prepared and
cnaracterized in sulfuric acid. Under these conditions, the hydrolysis of N-
fluorocarbamates in sulfuric acid would be expected to give the fluorammonium
ion, which also should be stable. ) .

Whén a-solution of ethyl N-fluordcarbamate in concentrated sulfuric acid
was heated at &5 to 900 carbon dioxide and ethylene were evolved. The Fl9
nor. spectrum of the sulfuric acid solution consisted of a quartet at 36.8 ppm

‘relative to eszternal trifluoroacetic acid, with a coupllng constant of 38 cps.

Thus, the fluorine was coupled to three equlvalent hydrogens, and it is note~

“worthy that the hydrogens did not exchange-rapidly with the solvent. By con-

™

“trast, the P17 spectrum of an unheated solution of ethyl N-fluorocarbamate in

sul;arlc ac¢id consisted of a single’ broadened signal at 27.5 ppm; the NH pro-

tons of the starting. materlal thus exchanged with the solvent rapidly by the

nmr tlme scale.
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Additional evidence for the fluorammonium ion structure was obtained from re-
actions with carbonyl compounds. The reaction of cyclohexanone with a sulfuric acid
solution of fluorammonium bisulfate gave €-caprolactam, isolated by quenching the
mixture with ice. A probable intermediate was a-fluoraminocyclohexanol, which could
lose a fluoride ion and undergo nucleophic ring expansion. Alternatively, the de-
hydration of this alcohol could give fluoriminocyclohexane, which in turn, would
undergo a similar ring expansion. The Beckmann fragmentation of fluorimines has
been reported recently.ll :
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When n-butyraldehyde was treated similarly with the fluorammonium bisulfate
solution, n-butyronitri'e was formed. A related reaction, carried out in the pres-
ence of base instead of acid is the synthesis of nitriles from aromatic aldehydes
and chloramine.l : -
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Attempts to isolate pure fluorammonium bisulfate, by diluting the sulfuric
acid solution with organic solvents, were unsuccessful.

Fluorarponium Perchlorate. Perchloric acid, which is more volatile than sul-
furic acid, appeared to offer better possibilities for the isolation of a pure
fluorammonium salt. Accordingly, a solution of ethyl N-fluorocarbamate in T0% per-
chloric acid was heated until gas was evolved (680), and the excess perchloric acid
was then removed under vacuum. However, the product was contaminated by organic ma=-
terial of low volatility. Isopropyl N-fluorocarbamate reacted with 70% perchloric
acid at a lower temperature than the ethyl ester (35 to 40°), and gave a less con-
taminated, but still unsatisfactory product. Unexpectedly, fluorammonium perchlo-
rate was fourd to have appreciable vapor pressure, subliming slowly at 46°/.02 mm;
the sublimed salt was analytically pure.
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It is well-recognized that the maximum acid strength of a solution is limited
by the acidity of the conjugate acid of the solvent. For this reason, perchloric
acid is a stronger acid in acetic acid that in aqueous solution.l3? Perchloric acid
is soluble in chloroformt ; therefore,' this solvent, which has very low basicity,
should enhance the acidity. Indeed, isopropyl N-fluorocarbamate reacted more
rapidly with a 10% solution of anhydrous perchloric acid in chloroform, than with
the 70% commercial reagent. An additional advantage was that fluorammonium perchlo-
rate was insoluble in chloroform. Analytically pure product was isolated directly
in quantitative yield. The fate of the isopropyl group was not determined, but in-
asmuch as carbon dioxide free of propylene was liberated, it appears likely that iso-
propyl perchlorate was formed; if it was formed, it would remain in solution.15

CHC1
(CH ) CHOﬁNI{F + 2 HCth —m%— (CH ) cuoc1o + CO T FClol+

Fluorammonium perchlorate was a white solid which melted with decomposition at
104 to 105°. Differential thermal analysis showed a sharp exotherm at this tempera-
ture. The impact sensitivity was the same as that of RDX. The salt was hygroscopic
ané decomposed rapidly in the presence of atmospheric moisture. Although the synthe-
sis and isolation was carried out in glass equipment under an atmosphere of dry ni-
trogen, some etching of the glass was visible after several hours of contact with
the salt. However, samples have been stored at room temperature for several months,
without decomposition, in fluorocarbon or passivated-nickel containers.

Fluorammonium perchlorate was insoluble in hydrocarbons and halocarbons; it
was soluble in simple esters, nitriles, nitroalkanes, and in such ethers as mono-
glyme and tetrahydrofuran. It formed a 1:1 complex with dioxane. Concentrated
solutions (e.g., 30 to 50%) in any solvents were unstable, and in several instances,
fumed off shortly after they were prepared. Addition of chloroform to the ethyl
acetate solution precipitated unchanged fluorammonium perchlorate.

The fluorine nmr spectrum of fluorammonium perchlorate in sulfuric acid con-
sisted of a quartet (J = 44.1 cps) at 34.3 ppm from trifluoracetic agld (@ = 110.8),
while the proton spectrum showed a doublet (J = 4k cps) at 10.28 8.10 However, when
acetonitrile was used as the nmr solvent, the proton spectrum gave a broadened sing-
let at 10.7 5, while the fluorine spectrum gave a slightly unsymmetrical singlet at
122.4 ¢. In ethyl acetate, the proton signal was a sharp singlet at 11.5 8, and the
fluorine signal was a sharp singlet at 122.8 ¢ Thus, rapid hydrogen exchange” took
place in the organic solvents but not in sulfuric acid. If the mechanism of ex-
change were direct displacement of protons, a higher rate could be expected in sul-
furic acid than in the organic solvents. The more basic solvents apparently allow
dissociation of fluorammonium perchlorate, to a small extent, to fluoramine and per-
chloric acid. The high volatility of fluorammonium perchlorate, compared to that of
ammonlum perchlorate might also be the result of dissociation.

@
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Fluoramroniun Methanesulfonate - Fluorammonium methanesulfonate was synthe-
sizeé by heaiing ethyl N-fluorocarbamate and methanesulfonic acid at 900. The salt
was precipitated by the addition of ether. The melting point and dta exotherm were
essentially the same as those of the perchlorate, and of the perchlorate-dioxane
COmpiex; this temperature range appears to be the stability limit of the fluoram-
monium ion. '

(CH )ECHOﬁN}[F + CH,SO0,H ——= H3NF () CH,S0
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The infrared spectrum is described in the Experimental Sectioﬁ.

Methylfluorammonium Bisulfate - To determine whether substituted fluorammon-
ium salts could be prepared by these methods, the reaction of ethyl N-fluoro-N-
rethylcarbamate with. sulfuric acid was studied. Gas was evolved at 85 to 95°. The
719 nar spectrum of the sulfuric acid solution consisted of an incompletely resolved
triplet of quartets at -29.5 ppm (external trifluoroacetic acid reference), with
coupling constants of 42 cps to the NH2 and 28 cps to the methyl.

s HSO, | ©
FN-C0,CH

T F-NCH

©
3 1505

A sulfuric acid solution prepared in this manner reacted with cyclohexanone and
-~ water to give N-methylcaprolactam.

H_0
50,0 —2 =
O + CH,NH,F' HSO, N

These reactions are analogous to those of the unsubstituted fluorocarbamates
and indicate broad applicability of the synthesis methods.
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