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ABSTRACT

Reactions of aryldiazonium salts with difluoramine were studied with the
objective of synthesizing aryldifluoramines. The products ot these reacticns,
however, were fluoroaryl azides or aromatic hydrocarbons, depending on the nature

of the benzenediazonium salts.

Phenyl azide and isopropyl fluoroformate were obtained in the reaction be-
tween isopropyl N-fluorocarbamate and benzenediazonium fluoborate. Analogous

reactions were encountered with o-, m-, and p-nitrobenzenediazonium fluoborates.

Fluorammonium perchlorate (SAP) was obtained quantitatively in the reaction
between isopropyl N-fluorocarbamate and anhydrous perchioric acid. A process
based on this reaction was developed, and SAP is now being procduced in lots of

70 to 140 g.
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I. INTRODUCTION

The obJective of this program is to develop new methods of preparing high-

energy materials of interest for military applications.

II. REACTIONS OF DIAZONIUM SALTS WITH DIFLUORAMINE (K. Baum)

The synthesis of aromatic difluoramino compcunds by the fluorination of

electronegatively substituted anilines in anhydrous hydrogen fluoride has recently

been reported.* With the objective of developing an alternate and perhaps more
versatile route to aromatic difluoramines, the reaction of diazonium salts with

diflucramine was investigated.
A. DISCUSSION

Most reactions of diazonium salts fall within the classes of (1)

coupling, with or without loss of nitrogen, and (2) reduction, typified by reac-

tions with azide, aniline, and hypophosphorous acid, as follows:**

ArN2® + N3(9 —-ArN3 + N2

ArN2 + NH2-C6H5 —————*-Ar-N=N-NH-C6H

>

ArNé:) + H PO2 ———e= ArH

3

By these routes difluoramine could be expected to yield aromatiz difluoramines,

difiuvorotriazenes, or aromatic hydrocarbons.

*
Synthesis of High Energy Oxidizers, Stanford Research Institute Quarterly Re-
port No. 12, 30 October 1965 (Confidential).

*%
For a review, see P. A. S. Smith, Open-Chain Nitrogen Compounds, Vol. II,

New York, W. A. Benjamin, Inc., 1966.
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II Reactions of Diazonium Sa2lts witn Report No. 0235-01-25/26
Difluoramine, A (cont.)

Preliminary studies were made with isopropyl N-fluorocarbamate as a
model compound for difluoramine. No reaction took place when isopropyl N-fluoro-
carbamate was added to a suspension of benzenediazonium fluoborate in methylene
chloride. The addition of pyridine, however, resulted in the foruation of
pyridine fluoborate, phenyl azide, and isopropyl fluoroformate. The latter com-
pound was identified by elemental analysis and by comparisun with previously re-

ported spectral data.*

The most plausible mechanism for the formation of these products in-
volves diazonium coupling to the carbamate to give l-phenyl-3-{luoro-3-carboiso-

propoxytriazene, followed by fluorine migrstion to carbon and C-N cleavage:

Cglig-Ny~ BF=+ HNF-CO_~iPr + C.H N —-e= C_H_-N-N-NF-CO,-iPr + C.H.N-HEF,
F
!
CH -N=N:N-C-0-iPr — CH.N, + FC-O-iPr

>y 7
0 0
It was subsequently found that potassium fluoride could be used in-
stead of pyridine as a scavenger for fluoboric acid. High yields of the corres-
ponding azides (known compounds)** were obtained from o-nitrobenzenediazonium
fluoborate, m-nitrobenzenediazonium fluoborate, and p-nitrobenzenediazonium fluo-
porate. Methoxybenzenediazonium salts also gave azides, evidenced by infrared

peaks at 4.7 microns, but the products (which were unstable) were not character-
ized fully.

The reaction of benzenedizzonium fluoborate with d¢ifluoramine was
investigated initially with a large excess of liquid difluoram:ne at its boiling
point. The diazonium salt was very soluble in difluoramine but was recovered
quantitatively when the difluoramine was removed. Reaction occurred when pyridine

or potassium fluoride was added to remcve flucboric acid.

*
K. O. Christi and A, E. Pavlath, J. Org. Chem., 30, 1639 (1965).

o
Zincke and Schwarz, Anu., 307, 35 (1899); Noelting, Grandmougin, and Michel,
Ber., 25, 3338 (1892); and H. Rupe and K. v. Majewski, Ber., 33, 3408 (1900).
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II Reactions of Diazonium Salts with Report No. 0235-01-25/26
Difluoramine, A (cont.)

The infrared spectrum of the product soluble in methylene chloride
showed strong azide absorption at 4.7 p. The Fio nuclear-megnetic-resonance (NMR)
spectrum contained peaks at 118.1 and 127.5 ¢, which were shown to be due to p-
fluorophenyl azide, and o-fluorophenyl azide, respectively. The compounds were
cynthesized independently by the nitrosation of the corresponding fluorophenyl-
hydrazines, and the F19 NMR spectra showed peaks at these positicns with the same
profiles. m-Fluorophenyl azide was also synthesized, and was shown not to be
present in the difluoramine reaction product. A 1l:1:1 triplet at -32.5 ¢ and a
broad singlet at -26.2 ¢ were found in several runs, but were absent in other runs
under essentially the same conditions. These peaks are in the NF region, bui
structural assignments cannot be made at present. Benzene was also formed in

variable amounts.

Although potassium fluoride vas effective in promoting this reaction,
sodium fluoride gave no reaction, probably because of the much greater solubility
of sodium fluoborate. On the other hand, the addition of a trace of cesium
fluoride to the difluoramine solution of the diazonium salt resulted in a detona-
tion. When methylene chloride was used as a diluent, a fume-off took place. A
sodium carboxylate type of ion-exchange resin (Bio-Rex 70) also failed to promote

the reaction.

o-Fluorophenyl azide and p-fluorophenyl azide could be formed from
the simple coupling product, l-phenyl-3,3-difluorotriazene, by loss of fluoride
ion, addition of fluoride to the electrophilic carbons of the resonance-stabilized
cation, and loss of HF. This mechanism is consistent with the absence of the meta

isomer in the product:

CONFIDENTIAL
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Difluoramine, A (cont.)

3 _'_E@_. D)
Cglg-N=N-NF,, Cghg-N=N-NF

®
H
H
=N-N=NF «#—u= =N-N=NF
@ ®

LFG 1F®

(o))

7 \_§-N-nF N-N=NF
* -HF

#{/ On,

-
'

e =+
=]

N
e
=

The benzenre was probably formed by a homolytic path, as jis usually the
case in diazonium-salt reductions.* The aryl or diazoaryl radical formed in the
cleavage of cthe triazene could abstract a hydrogen from difluoramine to give the

stable difluoramino radical:

-N
CH NN - -N=N- 2 :
(,6r15 N=N N'F2 — C6H5 N=N ———-.C6H5
lHNF2 lHNF2

Reactions of other diazonium salts with difluoramine were also studied.
p-Nitrobenzenediazonium fluoborate gave mainly nitrobenzene, but an azide was also
detected; identification is incomplete. p-Methoxybenzenediazonium fluoborate gave

an azide, but no anisole was detected.

¥
Smith, op. cit.
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II Reactions of Diazonium Salts with Report No. 023%5-01-25/26
Difluoramine, A (cont.)

Picramide was diazotized in sulfuric-acid solution,* and the solution

was treated with difluoramine. A high yield of 1,3,5-trinitrobenzene was isolated.

On the other hand, a sulfuric-acid solution of diazotized 2,6-dinitroaniline gave
a product with an azide band in the infrared, but with an elemental analysis that

could not be reconciled with any such structure.

In general, it appears that electron-withdrawing substituents favor
reduction and electron-donating substituents favor azide formation. These results
are consistent with the above mechanisms. Electron-withdrawing substituents would
make ionization of fluoride in the triazene more difficult, allowing the triazene

to survive long enough to decompose by a free-radical path.

A diazonium salt with no electronegative substituents, but with its
ortho and para positions blocked - i.e., 2,4,6-trimethylbenzenediazonium fluo-
borate - was reacted with difluoramine and potassium fluoride. The product was
2,4,6-trimethylphenyl azide and a trace of mesitylene. The ionization of fluoride
from the coupling vroduct in this case should be relatively facile because the
cation is stabilized by three methyl groups. If fluoride adds to the ring, how-
ever, aromatization cannot occur, so the addition would be reversible. The cation

could lose F(:)by'fluorinating difluoramine to yield 2,4,6-trimethylphenyl azide:

CH CH CH
3 3 3
— 0 ©/— Q. p
CH N=N-NF, ——== CH N-N=NF —== =N-N=NF
3 W 2 -2 = CHy
CH. CH3 CH3
lHNF2
CH3
5 N
LH3 3 + NF3
CH

5

¥
L. Blangey, Helv. Chim. Acta, 8, 782 (1925).
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II Reactions of Diazonium Salts with Report No. 0235-01-25/26
Difluoramine (cont.)

B. EXPERIMENTAL

1 Difluoramine Generation

The previously described® procedure for generating difluoramine
from aqueous difluorourea solution was modified in a way that was found more con-

venient for small quantities of difluoramine.

Difluorourea solution (100 ml) was added, dropwise with stirring,
to 300 ml of concentrated sulfuric acid in a 500-ml three-necked flesk. The gen-
erator flask was fitted with a nitrogen inlet, a thermometer, and a trap filled
with Drierite that was connected in turn to a reaction flask fitted with a -80°C
condenser and a thermometer. A slow nitrogen flow was maintained during the reuc-
tion. The rate of addition of difluorourea solution to sulfuric acid was such as

to maintain a temperature of 80 to 90°C. No external heating was required.

2. Reactions of Isopropyl N-Fluorocarbamate

a. With Benzenediazonium Fluoborate

A stirred mixture of 1.21 g (0.0l mole) of isopropyl N-
fluorocarbamate, 2.0 g (0.010k mole) of benzenediazonium fluoborate, and 10 ml of
methylene chloride was flushed with a2 slow stream of nitrogen and was cooled to
-10°C. Potassium fluoride (2.0 g, 0.03k mole) was adced in several portions, and
the reaction mixture was kept at 0 to BOC for 1 hour. The solution was filtered.
Its infrared spectrum indicated only phenyl azide and isopropyl flucroformate.
Phenyl azide was characterized further by gas chromatography (10-ft column of 10%
dioctyl phthalate on Teflon, 110°C, 60 ml of helium per minute), by comparing its
retention time and the infrared spectrum of a trapped sample with an authentic
sample of phenyl azide. Isopropyl fluoroformate was not separated from the sol-

vent with this columm.

Isopropyl fluorofcrmate was isolated in another run con-
ducted in a mamnner similar to that described above, but with the following start-
ing materials: 3.63 g (0.03 mole) of isopropyl N-fluorocarbamate, 5.73 g (0.03

mole) of benzenediazonium fluoborate, 2.37 g (0.0% mole) of pyridine (instead of

*
Aerojet-General Report 0235-01-10, April 1961, p. 10 (Confidential).

Page 6
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II Reactions of Diazonium Salts with Report No. 0235-01-25/26
Difluoramine, B (cont.)

potassium fluoride), and 30 ml of methylene chloride. The methylene chloride {
solution of the product was concentrated with the aid of a Holzmann column. ‘
Vacuum distillation gave 4.5 g of 1liquid, b.p. 24°C/400 mm Hg, and 0.5 g of

b.p. 2500/200 mm Hg. The residue contained mainly phenyl azide. The 0.5-g frac-

tion was chromatographed on a 10-ft by l/h-in. column of 3% Carbowax 4000 on

Teflon at 60°C, 45 ml He/min. Two peaks were resolved, the second of which was

shown (by infrared and NMR spectra of a trapped sample) to be a mixture of iso-

propanol and methylene chloride. The material responsible for the first peak was

identified as isopropyl fluoroformate.

Anal. Calec'd for ChHTOQF: C, 45.28; H, 6.60.
Found: C, 45.39; H, 6.85.

The infrared spectrum showed carbonyl absorption at 5.5 u.
The F19 spectrum consisted of a sextet at +16.4 ¢, which is in the region reported

for fluoroformates.*
b. With Nitrobenzenediazonium Fluoborates

A three-necked, 25-ml flask (fitted with a thermometer, a
nitrogen inlet, a magnetic stirrer, and a bent closed-end tube containing 1.2 g
(0.02 mole) of potassium fluoride) was loaded with 10 ml of methylene chloride,
2.37 g (0.01 mole) of o-nitrobenzenediazonium fluoborate, and 1.21 g (0.0l mole)
of isopropyl N-fluorocarbamate. The flask was cooled to 0°C and the potassium
fluoride was added slowly, with stirring. After 5 min the flask was allowed to
warm to room temperature, and stirring was continued for 45 min. The solution
was filtered and the precipitate was washed with 25 ml of methylene chloride.
Solvent was removed from the combined methylene chloride solutions with the aid
of a rotary evaporator and aspirator. Tue residue, an oil, was crystallized from
pentane to give 1.61 g (98% yield) of o-nitrophenyl azide, m.p. 51 to 52°C (re-
ported value,** 53°C).

Starting with m-nitrobenzenediazonium fluoborate, the
identical procedure gave 1.40 g (85% yield) of m-nitrophenyl azide, m.p. 51 to
5300 (reported value,*** 5500)-

= {
xxohristi and Pavlath, op. cit. :
wxxlincke and Schwarz, op. cit. i

Noelting, Grandmougin, and Michel, op. cit.
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II Reactions of Diazonium Salts with Report No. 0235-01-25/26
Difluoramine, B (cont.)

Similarly, p-nitrobenzenediazonium fluoborate gave 1.3 g
(79% yield) of p-nitrophenyl azide, m.p. 68°C (reported value,” 70°C).

The three azides gave satisfactory elemental analyses.

The above reactions were also conducted with pyridine
rather than potassium fluoride as the base. Thus, 2.37 g (0.03 mole) of pyridine
was added at O to )OC, dropwise with stirring, to a stirred mixture of 3.63 g
(0.03 mole) of isopropyl N-fluorocarbamate, 5.73 g (0.0242 mole) of p-nitroben-
zenediazonium fluoborate, and 30 ml of methylene chloride. The mixture was kept
at 0 to 500, with stirring, for 30 min. A precipitate, identified as pyridine
fluoborate by its infrared spectrum, was filtered off and washed with methylene
chloride. Solvent was removed from the combined solutions to yield 4.6 g of crude
p-nitrophenyl azide, m.p. 55 to 60°C. Recrystallization from methylene chloride
and pentane gave 2.5 g (63% yield) of product, m.p. T1.5 to 72°C.

Starting with o-nitrobenzenediazonium fluoborate, the
same procedure gave 4.8 g of crude product, m.p. 25 to 40°C. Recrystallization
as above gave 2.2 g (55% yield) of o-nitrophenyl azide, m.p. 52 to 53°¢C.

s Fluorophenyl Azides

Sodium nitrite (0.43 g, 0.0062 mole) was added dropwise to a
stirred suspension of 1.0 g (0.0062 mole) of p-fluorophenylhydrazine hydrochloride
in 5 ml of water while the reaction temperature was held at 0 to 500. The mixture
was kept at this temperature for 15 min, and the product was extracted with 3 ml
of carbon tetrachloride. The sclution was dried over sodium sulfate and was
filtered. The F-’ MR spectrum showed a quintet at 118.1 ¢.

The same procedure was used to prepare solutions of c¢-fluoro-
phenyl azide and m-fluorophenyl azide in carbon tetrachloride, employing the cor-
* responding fluorophenylhydrazine hydrochlorides as starting materials. The Fl9
signal of o-fluorophenyl azide was an almost symmetrical multiplet at 127.5 ¢.
That of m-fluorophenyl azide exhibited a general quartet profile with asdditional

splitting of the inner members; its position was 112.0 ¢.

*
Rupe and Majewski, op. cit.
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II Reactions of Diazonium Salts with Report No. 0235-01-25/26
Difluoramine, B (cont.)

The specira of each of these azides also indicated a small amount
of fluorobenzene (11k ¢).

L, Reaction of Benzenediazonium Fluoborate with Difluoramine

To a solution of 5.0 g (0.026 mole) of benzenediazonium fluoborate
in approximately 27 g of diflucramine, 2.05 g (0.026 mole) of pyridine was added
dropwiz2, with stirring. After 4.5 hours, the excess difluoramine was vented, and
the residue was extracted with 60 ml of methylene chloride. The solvent was re-
moved with a rotary evaporator, and the product was vacuum-transferred to a -80°%
rzceiver at 0.1 mm Hg to yield 0.3 g of liquid. The F19 NMR spectrum consisted
of a 1:1:1 triplet at -32.5 @ (J= Y46 cps), a broadened singlet at -26.2 ¢, a
"quintet" at +119 ¢, and a multiplet at +127 ¢. The relative arecas of the four
peaks were 108:88:385:215, respectively; the latter two signals were identical in
position and profile to those of p-fluoropkenyl azide and o-fluorophenyl azide,
respectively. Repetition of this reactioa under virtually identical cowditions

failed to give any downfield F19 signals.

Pyridine (0.82 g, 0.0194 mole) was added dropwise, with stirring,
to a mixture of 2.0 g (0.0104 mole) of benzenediazonium fluoborate and approxi-
mately 4.5 g of difluoramine at -40°C. The reaction temperature was allowed to
rise to -10°C over a l-hour period and 10 ml of methylene chloride was then added.
Excess difluoramine was vented off, and the remaining solution was filtered. The
filtrate was kept at ambient temperature while the solvent was removed by distil-
lation into a -80°C receiver as the pressure was gradually reduced to 100 mm He.
The pressure was then lowered to 10 p Hg to yield 0.1 g of distillate. The Fl9
MR spectrum showed p-fluorophenyl azide (@ = 118 ppm) and o-fluorophenyl azide
(¢ = 127 ppm) in a ratio of 62:102. There were nc downfield signals.

Potassium fluoride (2.5 g, 0.Ch2 mole) was placed in a bent tube
connected tc a three-necked flask containing 2.0 g (0.0104 mole) of benzenediazon-
ium fluoborate. Difluoramine (approximately 4.5 g) was generated and was refluxed
over the fluohorate, and the potassium fluoridc was added in small incremenls, wilh
magnetic stirring. Methylene chloride (5 ml) was added after 30 min and the di-

fluoramine was vented. The temperature during the reaction period was -5 to o°c.

Page 9
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II Reactions of Diazonium Salts with Report No. 0235-01-25/25
Difluoramine, B (cont.) |

The solution was filtered and the precipitate was washed with methylene chloride.
Solvent was removed from the combined solutions, and vacuum transfer of the residue
yielded 0.05 g of product. The Fl9 spectrum showed o- and p-fluorophenyl azides,
and barely detectable signals at approximately -3%2 and -27 ¢.

A mixture of 2.0 g (0.0104) mole) of benzenediazonium fluoborate
and 2.0 g (0.034 mole) of potassium fluoride was placed in a three-necked flask
and cooled to -80°C while L.5 g of difluoramine was introduced. The mixture was
allowed to reflux for 2 hours and was worked up as described above. The F19 NMR
spectrum of the product (0.2 g) showed p-fluorophenyl azide and o-fluorophenyl
azide in a ratio of 240:190. A weak 1:1:1 triplet was noted at -3%2 ¢ and a broad
signal at -25 ¢. Four similar experiments gave no trace of downfield signals. In
one such case the NMR spectrum was run at 0°C with a sample obtained by adding
5 ml of carbon tetrachloride to the refluxing difluoramine mixture, venting di-

fluoramine while keeping the solution at 0°c.

Sodium fluoride (1.4 g, 0.033 mole) was added to a refluxing mix-
ture of 2 g (0.0104 mole) of benzenediazonium fluoborate and 4.5 g of difluoramine.
After 1 hour, the difluoramine was removed, giving a quantitative recovery of

sodium fluoride and benzenediazonium fluoborate.

The reaction was attempted with cesium fluoride instead of
sodium fluoride. A detonation occurred when the first trace of cesium fluoride
was added. The reaction was repeated with the difluoramine mixture diluted with
10 ml of methylene chloride. A fume-off occurred when the cesium fluoride was
added.

A sodium carboxylate type of ion-exchange resin (1 g, Bio-Rex T0)
was added to a refluxing mixture of 2 g of benzenediazonium fluoborate and 4.5 g
of difluoramine. After 2 hours, 5 ml of methylene chloride was added and the 4i-
tluoramine was removed. The F19 NMR spectrum of the methylene chloride showed

essentially no fluorine.

=

5is Reaction of 2,4,6-Trimethylbenzenediazoninm Flunbcrate with
Diflucramine

To a solution of 2.34 g (0.01 mole) of 2,4,6-trimethylbenzene-
diazonium fluohorate in 3 ml of refluxing difluoramine, 2.0 2 (0.034 mole) of

potassium fluoride was introduced by means of an addition tube. The mixture was
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Diflucramine, B (cont.)

stirred under reflux for 1.5 hours, and 5 ml of methylene chloride waec added. Un-
reacted difluoramine was vented and the solution was filtered. The precinitate
was washed with 50 ml of methylene chloride, and the combined solutions were
stripped of solvent in a rotary evaporator. The residue consisted ¢f 1.l g of oil,
the infrared spectrum of which indicated that it was mainly 2,4,6-trimethylphenyl
azide containing some mesitylene.* Attempted vacuum distillation of the material

resulted in decomposition.

A sample of 2,4,6-trimethylphenyl azide for comparison was pre-
nared by adding a solution of 0.28 g (0.0043 mole) of sodium azide in 5 ml of water
to a solution of 1.0 g (0.0043 mole) of 2,4,6-trimethylbenzenediazonium fluoborate
in 20 ml of water at BOC. An oil separated; after 15 min it was extracted with
10 ml of methylene chloride. The solution was dried over sodium sulfate and the

solvent was removed under vacuum.

Anal. Calc'd for C9H11N3: C; 67-1; H, 6.83; N, 26.1.

Found: C, 67.27; H, 6.74; N, 25.k41,

The infrared spectrum contained peaks at 3.40 (w), k.72 (s),
6.2 (w), 6.8 (m), 7.6 (m), 7.8 (n), 9.1 (w), and 11.7 microns (m).

6. Diazotization and Difluoramination of Picramide

Picramide was diazotized in ccncentrated sulfuric acid using a
procedure reported by Blangey.** Sodium nitrite (0.72 g, 0.011 mole) was added
slovly, with stirring in a nitrogen atmosphere, to 8 ml of sulfuric acid at 0.
'fhe solution was heated to 70°C and was then cooled to 0°C. Picramide (2:3 g
0.0l mole) was alded, with stirring, end the mixture was kept at 0°C for 2 hours

and then at rcom temperature for 20 hours.

Difluoramine (L4.5 g) was generated frow difluorcurea and was
allowed to reflux over the abuve solution for 3 hours. The reaction mixture was
drained onto 100 ml of ice, and a solid that precipitated was filtered off and was
dissolved in 5C ml of methylene chloride. The methylene chloride solution was

dried over socium sulfate, and the solvent was remcved at aspiratcr pressure to

*
Ho. U539 in Sadtler Stundard Cpeccra, #Jladelphia, Sadtler Research Labora-
xebories, 1962,

Gp. cit.
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Report No. 0235-01-25/26
give 1.9 g (0.0089 mole, 89% yield) of 1,3,5-trinitrobenzene, m.p. 83 to 87°C.
The infrared spectrum of the material was practically identical to that of an

authentic sample.

Anal. Calc'd for c6H N_O C, 53.8; H, 1.k; N, 19.7.

336
Found: C, 33.15; H, 1.L40; N, 19.27.

Ts Diazotization and Difluoramination of 2,6-Dinitroaniline

The diazotization® of 2,6-dinitroaniline was conducted by adding

0.76 g (0.011 mole) of sodium nitrite to 10 ml of sulfuric acid at 2°c, with
stirring and a nitrogen sweep. The colution was heated to 70°C and was cooled
again to room temperature. Then, 1.83 g (0.010 mole) of 2,6-dinitroaniline was
added cliowly and the solution was allowed to stand for 2 hours. Difluoramine
4,5 g) was generated from difluorourea ond was allowed to reflux over the sul-
furic-acid solution for 30 min. The mixture was drained onto 100 mi of ice.
After the ice melted, a precipitate was filtered off, and the agueous layer was
extracted with 100 ml of methylene chloride. The precipitate was dissolved in

50 ml of methylene chloride, and the solution was dried over sodium sulfate and
stripped of solvent to yield 0.90 g of 2,6-dinitroaniline, identified by its in-
frared spectrum. The extract solution of the aqueous layer was dried over sodium
sulfate and the solvent was removed. Distillation of the residue (0.70 g in a
molecular still gave 0.20 g of a liquid at a pot temperature of 60°C at 0.025 mm
Hg and 0.03% g at 8000/25 mm Hg. Both materials solidified in the receivers, giv-
ing solids with m.p. values of 45 to 55°C and 58 to 63°C, respectively. Infrared
spectra of the fractions were virtually identical, showing the absence of NH, OH,

and carbonyl groups and the presence of strong peaks at 4.7 p, indicating azide.

Anal. Calc'd for C6H3N30h: €, 39.8¢ H; 1.65; N, 23.8.

Found: C, L40.48; H, 1.52; N, 23.9 (for first fraction).
C, 40.03; H, 1.37; N, 23.71 (for second fraction).

III. FLUOROAMMONIUM PERCHLORATE (V. Grakauskas)

This year's program has included a prozess study leading to the preparation
of snveral pounds of fluoroammonium perchlorate (SAP). The process that was de-

veloped is hased on the reaction between isopropyl N-fluorncarbamate and anhydrous

¥
Touben-Weyl, Methcden der Organischen Chemie, Stuttgart, Georg Thieue Verlaug,
Jol. X,3, Tt. 1, p. 2k (1965).
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perchloric acid, and high-purity SAP is obtained quantitatively. The material is
presently produced in lots of 7O to 140 g; pound quantities of the salt are now

available.
A, DISCUSSION

The preparation of SAP from isopropyl N-fluorocarbamate and T0% aque-
ous perchloric acid* is a moderately good process when only few grams of the ma-
terial is required. Scaling up appeared very complex, requiring large amounts of
starting material and highly purified solvents. Furthermore, relatively elaborate
remote-control, dry-box installations would have been required. Simplification of
the method employed for the purification of crude SAP was the primary objective of
the current work. Three different techniques had been used in the past: (1) sub-
limation, (2) crystallization from an ethyl acetate and chloroforum mixture, and
(3) chromatography on silica gel using an ethyl acetate solution of crude SAP.**
Any one of these would have beern too time-consuming in larger-scale preparations.

Attempts to simplify purification led to a new process for SAP preparation.

Because SAP has limited solubility in 70% perchloric acid, it appeared
that the material might be purified by crystallization from the acid. For evalu-
ation of this method, the product resulting from the hydrolysis of isopropyl N-
fluorocarbamate in an excess of T0% aqueous perchloric acid was partially concen-
trated until a portion of the SAP precipitated. The salt was collected and dried
in vacuo; elemental analysis indicated that the material contained 0.5 to 1.2% of
carbon. Repeated attempts to obtain carbon-free material in this manner failed.

Although it is possible that improvements could have been realized, this approach

was abandoned.

SAP has limited stability in T70% aqueous perchloric acid, and a con-

siderable portion of the material is destroyed during its preparation from iso-
propyl N-fluorocarbamate. This decomposition may be responsible for side reac-
tions leading to the formation of carbon-containing solids that coprecipitate

with SAP and are difficuit to remove during purillcalion. In facl, when Lhe sensi-
tivity of SAP toward moisture is considered, it is surprising that the material

can be obtained at all in the presence of TO% aqueous perchloric acid.

¥
xxAerojet-General Report 2945 (Summary), October 1964, p. 34 (Confidential).
Aerojet-General Report 3132 (Summary), October 1965, p. 22 (Confidential).
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The utilization of anhydrous perchloric acid for the preparation of
SAP was considered in the past, but no experimental work was carried out because
it was thought that aqueous perchloric acid would suffice. The unsatisfactory
yield and purity of SAP obtained in 70% perchloric acid led tc experimentation
with the anhydrous acid. It was found that isopropyl N-fluorocarbamate reactls
readily with anhydrous perchloric acid at ambient temperature in methylene
chloride or chioroform solution to yield SAP quantitatively. Elemental analysis
and differential thermal analysis (DTA) showed that the product was of high pur-
ity. Preparaticn was repeated several times in the laboratory on a 5- to 1lO-g
scale, and high-purity SAP was obtained practically quantitatively in all in-

stances.

The reaction between anhydrous perchloric acid and isopropyl N-fluoro-

carbamate proceeds as follows:

(cHC1

) ® 160
NHFCO,C,H, + 2HCLO, ——L—NH5F €10, + ¢0,, &nd C,h C10,

Isopropyl N-fluorocarbamate in chlorofcrm solution is added to the
anhydrous perchloric acid in chloroform solution. The rate of the reaction is
followed by the rate of carbon dioxide evolution. The reaction is only mildly
exothermic and the addition of the carbamate solution can be completed in a matter

of minutes at 20 to 5OOC.

After the successful laboratory experiments, the preparation of SAP
was scaled up to batches ranging in size from 70O to 140 g. This entire larger-

ccale operation is carried out remotely. (

The storage of SAP presents a problem. Earlier work showed that SAP
could be stored for several months at ambient temperature in nickel containers.*
These storability studies were conducted with small amounts of the material pre-
pared by a different technique, and the results may or may no. apply to the stor-
ability of SAP as it is now mede. Attack on the walls of nickel containers was
apparent when larger quantities of SAP (50 to 70 g) were stored at ambient tempera-
ture for 1 to 2 weeks. Pretreating of the nickel containers with HF appears to

alleviate the corrosion problem.

¥
Acrojet-General Report 0235-01-23, August 1965, p. 15 (Confidential).
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It was cbh~~rved very recently that SAP prepared from anhydc.,us per-
chleoric acid may exist in at least two different crystalline forms. When the ma-
terial is prepared in chlorofcrm solution, it is usually (but not always) obtained
in the form of a coarse crystalline solid. This form appears to be metastable and
rearranges, with an increase in the bulk density and a decrease in crystal size,
after a few days at room temperature. It appears that high-bulk-density SAP can
be obtained directly if the reaction between isopropyl N-fluorocarbamate and an-
hydrous perchloric acid is carried out in methylene chloride solution instead of

chlcroform.

The preparation of SAP requires large quantities of isopropyl N-
fluorocarbamate, which is obtained by the fluorination of isopropyl carbamate in
acetonitrile. The crude isopropyl N-fluorocarbamate is coataminated with iso-
propyl carbamate and isopropyl N,N-difluorocarbamate. The latter can be readily
reroved from the mixture, but the separation of isopropyl N-fluorocarbamate from
the starting material is difficult. The isolation of N-fluorocarbamate from this
mixture by fractional distillation was found to be a tedious operation, and other
potential purification routes were investigated. It was found that the mixture
can be separated chromatographically on a silica column with methylene chloride as
the solvent. The N-fluoro derivative can thus be readily eluted with the solvent
and separated from isopropyl carbemate. This purification procedure, in conjunc-
tion with fractionation for the removal of difluorocarbamate, is ncw employed to

obtain pound quantities of isopropyl N-fluorocarbamate.
B. EXPERIMENTAL

1. Preparation of SAP

a. With 70% Aqueous Perchloric Acid

To 2.8 g of T0% aqueous perchloric acid was added, drop-
wise with stirring at 25 to BOOC, 2.0 g of isopropyl N-fluorocarbamate over a {
period of 10 min. The reaction mixture was wvarmed to 35 to 40°C at the enad of
the carbawale addition and was allowed Lo sland al Lhis lewperalure for 1 Lour.

The solution was then concentrated, at 40 to 43°C and a pressure of 50 u Hg, to

approximately 50% of its original volume. Al this stage, scme SAP precipitated

and further removal of perchloric acid was discontinued. The reaction mixture

A S i
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was cooled to EOOC, and SAP was collected by filtration in a sintered glass fun- }
nel in a dry nitrogen atmosphere. The filter cake was transferred into a 10-ml }
round-bottomed flask, and residual perchloric acia was removed from the solid at '

50 ¢ Hg and ambient temperature; the dry SAP amounted to 0.5 g.

Anal. Calc'd for NH

el e AR

FC10,: C, 0.0; H, 2.2; N, 10.2; F, 1k.0.
Foundy €5 0.7; X, 265 F, 1Zal.

3

The above experiment was repeated with 7.0 ml of T70% perchloric acid and 5.0 g of

isopropyl N-fluorocarbamate. The concentrated reaction mixture wus &llowed to
stand at room temperature overnight and SAP was then isolated as above; weight,
1.7 g.

Anal. Found: C, 0.8; H, 2.7; F, 13.k4.

b, With Anhydrous Perchloric Acid

Anhydrous perchloric acid was prepared from TO% agueous
perchloric acid and 20% “uming sulfuric acid following a procedure described by
G. F. Smith.” To a solution of 6.9 g (0.0657 mole) of the acid in 70 ml of
methylene chloride was added, from a dropping funnel at 20 10 22°C over a period
of 40 minutes, a solution of 4.15 g (0.0343 mole) of isopropyl N-fluorocarbsuate
in 50 ml of methylene chloride. Slow gassing continued throughout and at the end
of the car%amate addition. The reaction mixture was allowed to stand at 25°C for
S hours, after which there was no noticeable evolution of gas. SAP was collect=d
by filtration (sintered glass funnel, dry nitrogen atmospher:s), and the filter
cake was washed with three 20-ml portions of methylene chloride. The residual
solvent was removed from the solid at a pressure of 0.2 mm Hg, and the stoppered

funnel containing the material was transferred intc a dry box; weight of SAP,
2.9 g (63% yield).
Anal. Found: C, 0.1; H, 2.5; N, 9.7; F, 14.0.
In this experiment it appeared that a weak complex was
formed betwecn SAP and the solvent; the removal of the residual methylene chloride

from the product proceeded slowly and a relatively long period of pumping (60 min)

was reqguired. To avoid this possible complex formation, SAP was prepared in

*I. Am. Chem. Soc., 75, 184 (1953).
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chloroform as follows: To a solution of 8.0 g (0.0762 mole) of anhydrous per-
chloric acid in 75 ml of chloroform (Baker's reagent grade, containing ebout 0.6%
of methanol) was added, dropwise at 2L to 28°C, a solution of 4.6 g (0.0381 mole)
or isopropyl N-fluorocarbamate in 12 ml of chloroform over a pericd of 20 min.

At the end of the addition, the reaction mixture was warmed to 42 to 43°C and

kept there until the evolution of carvon dioxide ceased (15 to 20 min). The re-
action mixture was ccoled to 20 tn 2500: SAP was collected by filtration and was
washed with five 10-ml portions of chloroform. The vacuum-dried, crystalline, low-

bulk-density material amounted to 4.7 g (91% yield;.
Anal. Found: C, 0.16; H, 2.4; N, 9.7; F, 1k.3.

The foregoing preparation was scaled up to 94 g (0.9353
mc , of anhydrous perchloric acid and 56.6 g (0.4676 mole) of isopropyl N-fluoro-
carbamate to give 63 g (quantitative yield) of low-bulk-density crystalline SAP.

Anal. Found: C, 0.1; H, 2.4; N, 10.1; F, 13.6.

Yet another run in chloroform under identical conditions
yielded 64 g of SAP.

Anal. Found: C, 0.09; H, 2.1; F, 1L.0.

The subsequent batches of SAP were obtained with remotely
ope.ated apparatus, which is being modified to arrive at the simplest and most
efficient design. The final design will be presented in a special report on
fluoroammonium perchlorate. The apparatus now consists of a well-shielded, three-
necked, round-bottomed, 2-liter, glass flask equipped with a magnetic stirrer, a
thermometer, and gas inlet and outlet tubes. The flask is surrounded by a tri-
chloroethylene bath, which is used initially for cooling and subsequently for warm-
ing of the reactor. The bath is placed on the top of a remotely controlled hot-

plate, magnetic-stirrer apparatus.

At the beginning of a run, the bath surrounding the reac-
tor is kcpt at -80°C and anhydrous perchloric acid is distilled at reduced pressure
from the generator and cundensed in the reactor. The gas-inlet-tube join:c of the
reactor at this stage of the operation is used to receive the end of a condenser
from the perchloric-acid generator. The gas-outlet tube of the reactor is con-

nected through a -80°¢c safety trap to a vacuum pump. The perchloric-acid generator,
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containing a mixture of T0% perchloric and 20% fuming sulfuric acid, is weighed be-
fore and after the distillation; in this manner the weight of anhydrous perchloric
acid distille into the reactor is obtained. The perchloric-acid generator is now
removed and replaced by sn adapter that accommodates a dropping funnel containing
chloroform (about 75 ml per 10 g of the acid). The reactor is warmed to =30 to
-40°C and chloroform is introduced from the dropping funnel through the condenser.
The reactor is now warmed to 20 to 2500. the gas-outlet tube is connected to a wet-
test meter, and isopropyl N-fluorocarbamate solution in chloroform (2 ml of chloro-
form per gram of carbamate) is added to the stirred perchloric-acid solution over
a period of 20 to 40 min. After the carbamate addition, the reaction mixture is
warmed to 40 to 45°C and the reaction is completed in 10 to 15 min. The reaction
mixture is cooled to 20 to 2500, ard the thermometer in the center neck of the
fluek is replaced (remotely) by a filter stick. The solution is removed from the
reactor by suction and replaced by fresh chloroform. At this stage, the reactor
containing SAP suspension in chloroform is disconnected from the apparatus and the
salt is collected by filtration in a sintered glass funnel. The filtration assem-
bly is enclosed in a polyethylene bag, and a fast stresm of dry nitrcgen is passed
through it during this operation. The filter cake is washed several times with
chloroform, and the residual solvent is removed at 0.2 mm Hg. The closed funnel

is now transferred to a dry be-. for the sampling and packaging of SAP.

This apparatus has been used to prepare SAP in lots of TO
to 140 g, and ten runs have successfully been completed. The SAP yields are
practically quantitative in all cases, and the purity of the material corresponds

to that observed in small-scale runs

2. Purification of Isopropyl N-Fluorocarbamate

A solution of 1370 g (13.3 moles) of isopropyl carbamate in
9000 ml of acetonitrile was fluorinated at -10°C until approximately 16 moles of
fluorine was consumed. The fluorination mixture was concentrated, first at 25 to
3500/25 mm Hg and then at 20 Lo 2500/0.3 mm Hg, to give 685 ¢ of crude product.
The material was diluted wita 650 ml of methylene chloride, and the resulting solu-
tion was chromatographed on a silica column (2-l/h in. ID and 5 ft 5 in. long) con-
taining 1900 g of silica gel (Grace Chemical Division, desiccant activated, 28 to

200 mesh). Methylene chloride was used as the eluent.

Page 18

CONFIDENTIAL




CONFIDENTIAL

III Fluoroammonium Perchlorate, B (cont.) Report No. 0235-01-25/26

Isopropyl N-fluorocarbamate, 285 g (b.p. 46 to 48°C/0.3 to 0.5 mm
Hg, ND25 1.3935), was isolated from the first six 500-ml fractions of methylene
chloride solution by evaporation of the solvent, followed by distillation of the

residual liquid. The distillation forerun contained some isopropanol.
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