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United States Patent Office Secrecy Order

NOTICE

The Aerojet-General Corporation has filed patent applications in the U. S. Patent Office to
cover inventions disclosed in this publication, and the Commissioner of Patents has issued a
secrecy order thereon.

Compliance with the provisions of this secrecy order requires that those who receive a
disclosure of the secret subject matter be informed of the existence of the secrecy order and of
the penalties for the violation thereof.

The recipient of this report is accordingly advised that this publication includes information
which is now under a secrecy order. It is requested that he notify all persons who will have access
to this material of the secrecy order.

Each secrecy order provides that any person who has received a disclosure of the suhject
matter covered by the secrecy order is

“in nowise to publish or disclose the invention or any material information
with respect thereto, including hitherto unpublished details of the subject
matter of said application, in any way to any person not cognizant of the
invention prior to the date of the order, incuding any employee of the prin-
cipals, but to keep the same secret except by written permission first obtained
of the Commissioner of Patents.”

Although the original secrecy order forhids disclosure of the material 1o persons not cognizant
of the invention prior to the date of the order, a supplemental permit attached to each order does
permit such disclosure to:

“(a) Any officer or employee of any department, independent agency, or bureau
of the Government of the United States.

“(h) Any person designated specifically hy the head of any department, inde-
pendent agency or bureau of the Government of the United States, or hy
his duly authorized subordinate, as a proper individual to receive the
disclosure of the above indicated application for use in the prosecution
of the war,

“The principals under the secrecy are further authorized to disclose the
suhject matter of this application to the minimum necessary number of persons
of known loyalty and discretion, employed by or working with the principals
or their licensees and whose duties involve cooperation in the development,
manufacture or use of the subject matter by or for the Government of the
United States, provided such persons are advised of the issuance of the
secrecy order.”

No other disclosures are authorized, without written permission from the Commissioner of
Patents. Public Law No, 239, 77th Congress, provides that whoever shall “willfully publish or
disclose or authorize or cause to be puhlished or disclosed such invention, or any material
information with respect thereto,” which is under a secrecy order, “shall, upon conviction,
fined not more than $10,000 or imprisoned for not more than two years or both.” In addition,
Public Law No. 700, 76th Congress, provides that the invention in a patent may be held ahan-
doned, if it be estahlished that there has been a disclosure in violation of the secrecy order.

It must be understood that the requirements of the secrecy order of the Commissioner of
Patents are in addition to the usual security regulations which are in force with respect to
activities of the Aerojet-General Corporation. The usual security regulations must still be
observed no:withstanding anything set forth in the secrecy order of the Commissioner of Patents,
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Report No. 0235-01-12

ABSTRACT

The reaction of wethallylacetone witi difluoramine in sulfuric acid gave
2,5,5~-trimethyl-2(difluoramino )tetrahydrofuran. Methyl acrylate gave methyl
p=diflueraminopropionste. 3-Methyl-2-pentanone, n-heptaldehyde and 2,T-octanedione
gave the expacted gem-difluoramines, The reactions of ethoxyacetylene, cyclobutanone
end dicyclohexylcarbodiimide were carried out, but the products have not yet been

fully characterized,

Fluorination of aqueous methylene- and ethylenedicarba:ates gave a mixture
of products. Ethyl difluorarinomethylcarbamate and ethyl-g-difluoraminoethyl-
{luorocarhamate respectively, were the main reaction products. N,N'-Difluoro
devivatives were also obtrited in both cases. Fluorination of aqueous methyl-
encdiacetanide and methylenediformamide yielded only trace amounts of bis-
fdi1flvoramino jmethane, Fluorination of allyl- and arylureas and cyanoguanidine

gove N,N'-difluorourea as the main reaction product.

Page ii
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L. INTRCODUCTION

The cbjective of this program is to develop new methods of preparing high-
en~rgy materials which are of interest for military applicaticns. During this
pericd wotrk was continued on the reactions of difluoramine with carbonyl com-
Fcunds, olefins, &cetylcnes, and carbon-nitrogen unsaturated compeunds. The
aqueous fluorination reaction was extended to systems canable of ylelding

serinal and vicinal bis-difluoremines.

II. TECINICAL DISCUSSION

As REACTTONS OF DIFLUORAMINE
1. Discussion
& Unsaturated Xetones

The reaction of 5-hexerc-2-one with difluoramine in
culifuric acid was previously found to give 2,5-dimethy1-2-(difluoramino)tetra-
ovarofuran.” Tuis product must result from the initial protcnation of the double

vond, {ollowed Ly alkylation of the carbonyl group.

CH2 - CH2

1] 1]

Ci.=CilCH Cli.CCH, —————a CH,CHCH..C C CH_-CH C-CH

i ~CilCil, (1l CCH, 5ClCH,CH,CCHy —— ¢, Ceciy
¢ s 0 0:+)

CH, - CH

! < '2

—~——— CH, - CH C - CH
= B

0 NF?

3

1‘Ar‘roje:-Ceneral Report 2099, 7 November 1361, p 11 (Confidential),

Page 1
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II Technical Discussion, A (cont.) Report No. 0235-01-12

Another example of a 5-ketoolefin, methallyl acetone, has also
been investigated. The purpose of this experiment was both to show the generality
of this reaction and to provide additional structure proof for the product formed
from S-methyl-5-nitro-2-hexanone under these conditions, by a novel denitration
reaction,®™ The Products of these two reactions were found to be identical by

comparing their physical properties and infrared spectra.

C  OH
\ ,f+\"_
NO, O N 0
CH,,Cit ¢ K cu,-con,cn, e
=NCH,Ci1, 021 - "CH.
CH "CH,Cit, I —  CH,~CCH,CH, Hy
CH,
%
CH CH, '
] 3 H +’\ [] 3' t
-C-C : =C CH,CH,,CCli
CH,~C HyCH,C0H, — CH, ,CH,CCli
0] £y 0
A S
‘I
4
?“2'?%’ HNFo b
CH.-C . C-TH CH,-C  C-CH.
5N e T D7y
C, NF, CH,

Another S5-ketoolefin which was examined in this reaction was
2-methyle2-heptane-C-cue, CH3COCH20H2CH=C(CH3)2. In this case the formation of a
tatrahydreofuren derivative veould require antl-Markownikoff protonaticn of the
couble bond, so it 1s rot surprising that this reactjon was not observed, A
carbonyl- costaining NF2 compound was formed, which was tentatively identified as
?-motnyl-?-(difluoramino‘-F-hcptnnone. The carbony! group was probably not rc¢-

pluced tecause of an incufficient reaction time,

LF,
(

'
= 3 C ]
CH;COCH,,CH,,CH c(m3)2 - CH;COCH,CH,CH,C(CH s

N

*Aerojet-Goneral Report 0235-01-11, 14 July 1961, p 3 (Confidential)

r
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II. Technical Discussion, A (cont,) Report No. C235-01-12

b. Conjugated Olefins

The 1,4~ addition of difluoramine to methyl vianyl ketones
and acrylic acid has been reported.® Several other examples of this reaction
hiive been investigated. Thus the reaction of methyl acrylate with difluoramine
in sulfuric acid proceeded similarly, with the formation of methyl p=-(difluor-
amine )propionate in high yield. The infrared spectrum of this product is shovm

ia Figure 1,

2

—(OHNO" v
CH,=CHCO0CH, ——e NF 1

CHECH COOCH5

Ltiyi methacrylate and methyi mcthacrylate, however, did not react under these
concitions and the starting materiels were recovered. Styrene, acrylamide, and
Z-methyl-l-butene-3-yne underwent decomposition or polymerization and no NF’
coupeunds vere isolrted. These reactants, with the exception of acrylamide
fwhich wes dissolved in the sulfuric acid prior to the reaction), were added to
n refluxing mixture of difluoramine and sulfuric acid. Decomposition might be

prevented by adding the acid last.
C. Acetylenes

Fthoxyacetylene reacts with hydrogen halides to form the
unsaturated halides and ggg-dihnlides.*

X
214 -]
HC=C-OEt ._IE:__f- CH2=C-OEt 2 CHB-C-OEt
' ]
X X

The adcition of difluoramine to ethoxyacetylene would be expected to give iricially
l1-cthoxy~-2{difluoramino) ethylene(I). However, several subsequent reaction patns
ara poscible. A fluorine atom could migrate from nitrogen to carbon to form
i=tluorimino-l-ethoxy=-2-fluoroethane(II). The addition of a second mole of

cifluoramine to I might take place faster than the rearrangement to give

Aero jet-General Report 0275-01-11, 1& July 1961 (Confidential)

F
K. Brockema, S. Vander Werf and J. F. Arens, Rec. Trav. Chim. 77 (1959)

3
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II Technical Discussion, A (cont.) Report No. 0235-01-12

1,1-bis(diflucramino )-1-ethoxyethane (III), and this compound might react farther
to give 1,1,1-tris(difluoramino)ethane (IV).

HNF2

=C- t ) == t
HC=C-0E —> cuac':ox-: (1)
FCH.COEt ¥ HNF

LE et

NF (II)
CHC(NF,), NE2 CH~C(NF ) OBt

(EtoH)
(1v) (111)

The reaction of difluoramine with ethoxyacetylene was
carriad out in cthe absence of solvents or catalysts, simply by allowing difluor-
awine to reflux over the ethoxyacetylene at atmospheric pressure. A complex
vixture of products was formed, of which the two ma jor components were isolated
by pas curomatography. The infrared spectra (Figures 2 and 3) indicate NF
absorption as well as peaks cue to olefin or fluorimine (G.l to 5.2 ) and, in
tne case of the compound with the smallest retention time, possiltly carbonyl

Se62. 5.77 u)s Analytical results are not vet available. Further work with

this resction will include the investigation of acid catalysts.,

The formetion of gem-diflucrarines by the addition of
difluoramine in sulfuric zcid to simple acetylenes apparently involves the
nydraticn of the triple bond.* An attempt was made to carry out the addicion
of difluoramine to 3-hexyne in the presence of mercuric oxide to test for o
rossible catalysis of the direct addition of difluoramine. In this expor iment,
the gem-difluoramine was isolated, as well as some 3-hexanone. The reaction oi
¢ifluoramine with 3-hexyne in fuming sulfuric acid was also attempted, but cnly

a trace ol oxidizing product was isolated.

*

Acrcjet-Ceneval Rerort 0235-01-11, 1k July 1961, p. 6 (Confidential).

Page L

CONFIDENTIAL




CONFIDENTIAL

II Technical Discussion, A (cont.) Report No, 0235-01-12

d. Simple Ketones and Aldehydes

The reaction of cyclobutanone with difluoramine in sulfuric
acid previously resulted in a fume-off*. Another attempt has now been made to
carvy out this reaction, The addition of cyclobutanone to difluoramine and sul-
furic acid liberated a large amount of heat, but by very slow addition of the
ketone, th= reaction could be controlled. No material insoluble in the acid was
formed, Lut crenching rth2 a~id with ice gave a material with infrared absorption
n th2 carkonyl and NF regions. The elemental analysis was in fair agreement
vith theovetical 3-fluorimino-2-butanone, CH3SCOCH3' The identification of this
woceriel is still in progress. NF

9=-Methyl-2-pentanone was converted to the corresponding
pen-diflucranine to deterrine whether c-methyl groups interfere with the reaction,

The recctien proceered normally,

n-Heptaldehyde wes treated with difluoramine in fuming
sulfuric acic¢ to prepare 1,1-bis(difluoramino)heptane, This product was preparec
s & staole redel ccmpound for studying the dehydrofluorination of terminal gem-
difluoramines Lo pregare the trifluoroamidines. However, because of reports

that *his reaccvion had been carried out elsewhere, we discontinued this work.

The reaction of 2,7-octanedione with diflucramine was
21l:o studied. It was of interest to see whether this reaction would give a hetero-
cyclic difioramino comwpound, as was found for acetonylacetone, or the gem-
¢! leoramina.™ forkup of the reaction mixture gave a material with some carhonyl
ebsorption in the infrared. This peak was removed by washing the product with
concentrataed sulfucic acid. The infrared spectrum (Figure L) and preliminery
rnitytical data showed that the product was 2,2,7,7-tetrakis(difluoramino) octane.
Thoe lack of ether absorptisu befcre and after the purification indicate taat

the cvelic product was not lormed.

*Acrojct-Cenctal Report 0235-C1-10, 14 April 19€1 (Confidential),
7%
Ibid.
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II Technical Discussion, A (cont.) Report No. 0235-01-12
Nr, MR,
[ ] ]
cujco(cuz)ucocu3 N cnjs:(cag) hfﬁg
N, NF,

Y
N > 5“"2)%
CH;~C.. o~ C-Clis
NE, ©NF,

e, Miscellaneous

The reaction of 1,3, 3-triethoxybutane with difluoramine
In sulfuric acid gave en NF compound which has no:t yet been identified. Although
the elemental analysis is in approximate céreemont with theoretical for
l-ethoxy-3,3-bis(difluoramino) butane, the infrared spectrum shcws extremely
strong carbonyl absorption., Further work will be done with this material.

The addition of difluoramine to dicyclohexylcarbodiimide
vas studied as a possible means of preparing a material with four nitrogen atoms
connected to a carbon. In the initial experiment, difluoramine was refluxed over
the carbodiimide at atwospheric pressure for 4 hrs without an added catalyst or
sclvent. The infrared spectrum of the product indicated mainly starting material,
but with major new peaks at 6.0 and 11,7u. These would suggest the formation of
the monoadduct, 06H11N-§NHC6H11. This reaction was then repeated, with the

NF,
addition of sulfuric acid to the refluxing solution of the diimide in difluoramine.,

In this case a large yield of a white oxidizing solid, m.p. 489, was isolated.
This material has not yet been identified.

2 Experimental
a. 2,5,5-Tr1methy1-2-(difluotamino)tetrahydrofuran

To a refluxing mixture of 6 g difluoramine and 15 ml conc
sulfuric acid was added, dropwise, 2,28 g (0.02 mole) of methallylacetone. The
solution became slightly yellow during the addition. After 3-1/2 hr the excess

Page ¢
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II Technical Discussion, A (cont.) Report No 0235-01-12

difluoremine was removed and the solution was poured over 150 ml of ice. The
product was extracted with three 50-ml portions of methylene chloride, washed
with 50 ml of water and dried over sodium sulfate. The solution was filtered
ond the solvent distilled off. The remaining liquid was distilled to give (.66 3
2,5,5-trimethyl-2-(difluoremino )tetrahydrofuran, identical to the procuct prepared

from 5-methyl-S-n!trc=-2-hexanone.®

b. Reaction of 2-Methvl-2-heptene-6-one with Difluoramine

Difluoramine (€ g) was refluxed into 20 ml of concentrated
sulfurie acid. 2-Methyl-2-heptene-G-one (2.52 g, 0.02 mole was added dropwise.
After 4 hrs, the exccss difluoramine was removed and the solution was poured over
127 wl of ice and the product extracted with 150 ml c{ methylene chloride. The
rcthylene chloride solution was washed sith 50 ml of water, dried over sodium
culfote, end the sclvent distilled off, Distillation of the residue gave 0.4 g

2=wethyl-3%-(difluorsmino)~-C~heptanone,
Anal. cale'd for C8H150NF2: C, 53.5; H, 8.4 ; N, 7.8
Found: C, 50.0; H, T.48; N, T.€0
c. Methyl B-Difluoraminopropionate

Methyl acrylate (2.92 g, 0.034 mole) was added to a re-
Pluxing mixture of § 5 of difluoramine and 17 ml of concentrated sulfuric acid,
. pale vellow. hoaoneneous solution formed. The excess difluoramine was removed
after 3=1/2 hr an? the colution was pourcd over 150 ml of crushed icn, A heavy
laver separated and was extracted with four 50-ml portions of methylune chloride.
q1ka soluticn vas warhed with 50 ml of water and dried over sodium sulfate. The
solvent was removed by distillation, Distillation of the residue gave 3.5 g
C.C25 mole, 73.5% yield) of methyl g-difluoraminopropionate, b.p. 479C/20 mu,
e

n_ < L.3795.

r

*Aerojct-ccngral Report 0235-01-11, 1k July 1961 as correcced in Errata,
7 hugust 1961, Figure L,

Fege T
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II Technical Discussion, A (cont.) Report No. (235-01-12

Anal. Calc'd for CyH,0NFy: €, 34.53; H, 5.04; N, 10,07
Found: C’ 5&.25; H, 5.22; N, 10.2
d. Reaction of Difluoramine with Ethoxyacetylene

Pifluoramine (5 g) was allowed to reflux over l.h g
(092 mela) of ethoxyacetylene for Le1/2 hr. The excess difluoramine was removed,
aud the preduct wes vacuum-transferred at 0.1 mm to a -80° trap. Fractions of
the two major cumponents were trapped by gas chromatography and the infrared

rpectre were ootained. Elemental analyses have rot yet been obtained,
e. 5-Methyl-2,2-bis(difluoranino) pentane

ifluoramine (8 g) was refluxed over 15 ml conc sulfuric
acid, and 2.5 g (0.025 mole) J-methyl-2-pentanone was added dropwise. During
the Z-hr rcflux period a colorless layer separated from the solution. The excess
citlvoramire was removed, and the product was vacuum-transferred into a -80°C
trup at 1 ma to yield 1.30 g of colorless liquid. Distillation gave 0.43 g
-rethyl-2, 2-gem(difluoramino )pentane, b.p. 59°C/27 mm.

Anal. cale'd for 06H12N2Fh: C, 28.2; H, 6.4; N, 14.6; F, 40.i
Found: C, 33.0; H, 7.0; N, 14,1; F, 8.4
f. 22,7, T-tetrakis (Difluoramino Joctane

A solution of 2.13 g (0.015 mole) of 2,7=cccaredione in
17T wl of cone swlfuric acid was prepared at 0°C, Difluoramine (7 g) was
fencrated and allewed to reflux over this solution for L-1/2 hr. The excess
¢Lfluoremine was then SWwept out and the acid was poured over 150 ml of crushecd ice,
ihe product was extracted with three 50-ml portions of methylene chloride. The
wetkylene chiloride solution was then washed with 50 ml of water, dried cver
sodium sulfate and concentrated by distillation., Vacuum distillution of the
recidue gave 1.5 g of colorless liquid, b.p. 71 to 720/0.1 mm, wiich showed
cerbenyl absorption in the infrared spectrum. This matericl was stirred with

L @l of conc sulfuric acid and extracted with 6 ml of methylcne chloride, The

Page 8
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II Technical Discussion, A {cont.) Report No. 0235-01-12

solution was washed with two 5-ml portions of water and dried over sodivm sulfate,

and the solvent was removed, The residue was 0.53 g of white solid, m.p. 60°,
Found: C, 29.3; H, 3.99; N, 16.5; F, 4.0

when the acid layer from the purification was poured

over ice, no precipitate was formed,
g Reaction of Cyclobutanone with Difluocamine

To a refluxing mixture of 20 ml of sulfuric acid and 6g
of difluoramine, 1.4 g (0.02 mole) of cyclobutanone was added dropwise. A high
reaction exotherm requived very slow addition of the cyclobutanone, After L hr,
the homogenaous soluticn was poured over 150 ml of ice, The product was extracted
vich three 50-ml portions of methylene chloride., The combined methylene chloride
solution wes then washed with 50 ml of water and dried over sodium sulfate, and
the solvent wes distilled off through a €-in. packed column. Distillation of the

residue cave (.4 g of a colorless liquid, b.p. 41°9/0.1 mm,
hual. fourd: C, bh.2; H, 5.42; N, 12,6, F, 17.6,
h. Reaction of 1,3, 3-Triethoxybutane with Difluoramine

1,3, 3-1riethoxybutane (¢0 g, 0.0105 mole) was added
dropwise to a refluxing mixture of 7 g of difluoramine and 18 ml of conc sulfuric
acid. After L hrs the mixture was poured cver 150 ml of crushed ice. The product
vas extracted with three 5C-ml portions of methylene chloride and the organic
colution was washed with 50 ml of water and dried over sodium sulfate, The
methylene chloride was distilled through a 6 in. packed column and the residue wis
¢istilled to yield (.2 g of colorless liquid, b.p. 370/4rm, The infrared spectru:
chowed a strony peak at 5.8 y, as well as peaks at 7.0, 7.3, 8.6, 10.?, 11.¢

and 12.2 p.

An.".l. FOuﬂd: CJ 30.14’; H’ )“-65; N, 1)4.5; F, "‘0060
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II Technical Discussion (cont.) Report No. 0235-01-12

3. /QUZOUS FLUORINATION (V. Grakauskas)
1. Discusesion
Q. Fluorination of Dicarbamates

It has been shown that simple carbamates undergo direct
fluorirationr to give the corresponding NF derivatives.® This work has been
extended tu gcminal and vicinal dicarbamates witl: the objective of synthesizing

t~e corresponding bis({diflucramino) derivatives.

An aqueous suspension of diethyl methylenedicarbamate
w.e Slucrinatod until three moles of fluorine per mole of the dicarbamate were

consumed, 4 trace of bis{difluoramino )methene was found in the cooling trap.

A V7quid product possessing strong oxidizing properties
wz2s !solated on extraction of the aqueous reaction mixture. Fractional
discillation of this extract yielded a high-boiling compound. The high-boiling
liquid (*7% vield) was identified as diethyl N,N'-difluoromethylenedicarbamate,
CH“(NFCOOC2H5)2, on the basis of itc infrared spectrum (Figure 5) and elemeantal
anaiysis. A weak infrared peak at 2.5 u may be due to a contaminant such as
diethyl fluorcmethyldicarbamate. Gas chromatographic purification could not be
csed because of the high boiling point of the material. A preliminary proton

M4l spectrum (rucicar magnetic resonance) agreed well with the proposed structure.

The major component of the lower=-boiling {r:action was
cepurnted by gas chromatography and, on the basis of infrared spectrum (Figure 6)
and elemental aralysic, the compound was tentatively identified as ethyl

dflucraniucemethylesrbamate, NFECHaNﬂcooczﬂs. The analytical results would also

azree with th~ isomeric structure, NHFCHQNFCOOC2H5. NMR spectroscopy will be used

to differentiate between these structures,

*serojet-Cerercl Report 2050 (Annual Summary), November 19€l, p. 25 /gonficeniial),

Page 10
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II Technical Discussion, B (cont,) Report No. 0235-01-12

Another component (5 to 104) of the low-boiling mixture
Was separated by gas chromatography, and on the basis of its infrared spectrum
and clemental analysis the material was tentatively identified as ethyl
H-diflvoramxnomethyl-u~f1uorocarbamate, NF20H2NFCOOCZH5. The elemental analysis
vas not completely satisfactory, and additional work is in progress to secure
a sample of higher purity,

The fluorination of aqueous aiethyl methylenedicarbamate
may be tentatively formulated as follows:

. Ho0 ' .- v
cnz(xxucooc2us)2 4 F2 > CH2(NF2)2 + NF2CH2hFCOOC2H5 + I\I‘2CH2NHCOOCE.IS

+ cuz( m}'cooca,u5 ) o

The fluorination of diethyl ethylenedicarbamate was
carried out under similar reaction conditions to those used for the fluorinition
vf the methylene analogue. The fluorination was again arbitrarily interruptead
at & 3 to 1 molar ratio of fluorine to substrate, Traces of 1,2-bfs(difluor-
amino Jethane were obtained, A high-boiling Component present in the mixture of
pProducts extracted from the aqueous fluorination mixture vas separated by fractional
¢istillation, This compound, isolated in 4% yield, was identified as dicthyl
L.N'-difluoroo:hylcnedicatbamate, (CH2NFC00C2H5)2, on the basis of its infrared
cpectrum {Figure 7) and alemental analysis. Despite an accepteable elemental
analysis, the presence of a weak absorption of (2.9 .) in the infrared spectrum

¢ the compound Suggests that the corpound was somewhat impure,

A Iower-boiling fraction contained several ccmpenents,
mest of rhem only in trace “uounts, The major component of this mixture vas
senavated by gas chromatography and, on the basis of its infrared spectrun
(Figure &) and elemental analysis, the compound was identified as
ethvl f-difluoraminoethylfluorocarbamate, NF2CH2CH2NFCOOC2H5. The yleld of thi,
maierial was about 304, The fluorination of aqueous diethyl ethylenedicarhansate

is represented by the following equation:

(
(Cit Nicoocit, ) 4+ F, Ha0)

Pl
C

(CH2NF2)2 + (CH2NFCOOC2H5)2 3 mecuecn:mccocans.

Page 11
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It is interesting that while NF2CH2NHCOOCEH5 was the main

reaction product in the fluorination of diethyl methylenedicarbamate, the fluorin-
etion of the ethylene analogue gave mainly NF20H20H2NFCOOC2H5.
NFaC”a““COOCpﬂs: the difluoramino group apparently deactivates the NH toward

CH,CH,NHCOOC,H., on the other

" 25
hand, being one carbon further removed from the NH, has less effect on the

In the case of
further fiucrination, The difluoramino group in NF

activity of the NH,
b, Fluorination of Methylenediamides

It has been shown that the fluorination of N-methylamides
gives methyldifluoramine in high yields.* Geminal diamides are readily available
and the fluorination was extended to these compounds with the objective of

eyjathesizing the correspending gem-difluoramino derivates:
RR'c{vHCoR"), + F,(H20) _ gric(NE,), + R"CoOH
N 2 Tt 2’2

Methylenediacetamide was fluorinated in aqueocus solution
until from 4 to 5 moles of fluorine per mole of diamide were consumed. Only

¢ small amount of impure bis(difluoramino )methane was isolated in the cooling trap,

Workers at Rohm & Haas Co. have reported obtairing
bis(difluoramino Jnethene from the fluorination of aqueous methylenediformamide, ##
We have attempted this reaction using reaction conditions similar to those used
fur the fluerination of the diacecamide derivetive. As was the case with the

letter, only very small amounts of bis(difluoramino)mathane were isolated. No

stucy of reaction conditions with a view to improving the yield of CHQ(NFq >

has yet been made,
c. Fluorination of Allyl- and Arylureas

Fluorination of arylureas has beer dcrived previously,**«

N,N-Difluorourea hes been identified as one product of these reactions. A voletile

’Aerojot-General Repert 2C59, p. 21.

>
Privete communicetion from Dr. J. P. Freeman, Rohm & Haas Co., to
Dr. N. W. Thomas, Aerojet-Genaral Corporacion,

***Aerojet-ceneral Report 2099 (Annual Suamary), November 1G61, p. 19,
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liquid, b.p. 240C, was also isolated, which has now been identified as Freon~ll
(FCCIB). This material was a propellant for the Aerosol antifoam agent used to

prevent the foaming of the aqueous solution during fluorination.

The fluorination of aqueous allylurea also resulted in

cleavage of the C-N bond, with the formation of N,N-difluorourea:

(H20)
CH2 = CHCH2NHCONH2 + F2 -.__ia; NF2C0NH2 + 17

Small amounts of solid and liquid products (with strong oxidizers) were also

produced, but these materials have nct been identified.
d. Fluorination of Cyanoguanidine

One experiment has been carried out in which agueous
cyanoguanidine vas fluorinated. Fluorine was readily consumed and & large amount
¢f & brown, watcr-insoluble solid was produced. This material possesses no
oxidizing properties and has not been identified. A small amount of N,N-dillu-

crcurea was isolated from the aqueous solution.
2.  Ezperinental
a. Fluorination of Diethyl Methylenedicarbamate

A solution (partial suspension) of 38 g diethyl methyl-
cnedicarbemete (0.2 mole) in 50 ml water was fluorinated at 10 to 159C with
e l-to-li mixture of fluorire and nitrogen until approximately 15 liters of
flucrine gas was passed into the reaction mixture. The reactor was connected in
series with -80 and =1109C traps to condense volatile reaction products. At
the end of the run each cooling trap conteined 0.3 ml of colorless liquid. Tue
material exploded when an attempt was made to obtain a gas sample for infrared
analysis. In another similar experiment, however, a gas sample was securoc
without explosion and the material was identified on the basis of its infrarec
spectrum &8 bis(difluoramino)methane contaminated with carbon dioxice and nitregen
cxides,

The aqueous fluorination mixture, conteining from 3 to §
ml of a heavy colorless liquid, was extracted with seven TS=wml portionz of methylenc

chloride. 7The combined extracts were dried and filtered and the filtrate was
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concentrated to 75 ml. The methylene chloride solution was stirred with solid

sodium bicarbonate for 5 min and filtered; the filtirate was concentrated to

remove the solvent. The residue, 16,0 g of a pale yellow liquid, was fractionated,

but on the basis of gradually increasing boiling point (25 to 50° C/0.l mm) and

refractive index of the distillate, it was found that the lower-boiling mixture,

13 g, could not be separated on distillation. The end fraction of the mixture,

1.5 g, b.p. 85 to 379G/0.1 to 0.3 mm, N%s 1.4232, was identified on the basis of

its infrared spectrum and elemental analyses as diethyl N,N'-difluorcmethylene-

dicarbamate, CHz(hFCDOC2H5)2:

Anal. calc'd for c,(umr‘,sz i G 37.175 H, 5.355 N, 12.4; F, 16.0
Found: C’ 36.8 ’ H’ 5035; N’ 12.3; F, 16-5

The low-boiling material (13 g) was submitted for gas
chromatographic analysis. The mixture wes found to contain many components, most
nf them precsent only in traces. The main component of the mixture was found to
be vresent ‘n 80 to 90 % concentration, A sample of this material was scparated

it a semipreparative gas chromatographic column for infrared and elementel

analyses (sec paragraph c, betow). The infrared spectrum showed the presence of a
“treng N-H absorption pesk. Cn the basis of infrared and elemertul analysis, the
turl diflvoraminemethylcarbamate structure, NFECHeNHCOOC2H5, h2s been assigned to
“he cempound, Hewever, as roted in the discussion, the isowmeric structure,
LLFCH \rrocc?ub, carnot be evciuded. The yield was 70% based on the chromato-
srarh peak arveas.
Ancl, calc'd for C\ HgF N,0,: C, 51.15; H, 5.23; N, 18.18; F, 24.6¢
Found: C, 351l.5 ; H, 5.40; N, 13.1 ; F, 2.1
Another constituent of this mixtu:c was 2lso isolaccd,
A sample of this matorial, apparently not pure, was anclyzel, but the zlemental
2NI'COOCQHS.
Aual, cale'd for C L B-F N0 C, 27.9; H, L.10; N, 16.3; F, 33.1

i"3aa
FOund C, 25.3; H, 4.6 ; N, 15.6; F, 20.6

onalysis is somewhat off from that calculated for NFECH

The material showed practicclly no N-Il absorption in the infrared spectrum,
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b. Fluorination of Diethyl Ethylenedicarbamate

A partial solution of 40.5 g diethyl ethylenedicarbamate
(0.2 wole) in 650 ml water was fluorinated at 15 to 20°C with elementary fluorine
diluted with nitrogen (l:4) until 16 liters of fluorine gas were passed into tha
veaction mixture. The reactor was converted in series with -80 and -110°C traps
to condense volatile reaction products. At the end of the run, each trap contained
0.2 ml of a colorless liquid. These materials were combined, and a sample was
submitted for infrared analysis. The infrared spectrum showed the presence of

highly contaminated 1,2-bis(difluoramino) ethane.

The aqueous fluorination mixture containing from 5 to 7 ml
of a heavy water-insoluble oil was extracted with ten 75-ml portions of methylene
ciiloride. The combined e:xtracts were dried and filtered and the clear filtrate
ves concenirated to 100 ml. The solution was deacidified by treating it with
5 g of solid sudium bicarbonate. The filtered solution was concentrated to remove
the residual solvent, The residue was purified by distillation and gave 14 g
of a eolerless liquid, b.p. 20 to 35°C/0.1 to 0.3 mm. The distitiation residue,

& to 9 g of viscous dark liguid possessing only weak oxidizing properties, was

rot investigated in this experiment,

The distillate was redistilled, After the removal of 12 ¢
«f liguid, b.p. 20 to 659G/0.1 mm, there were collected 2 g of colorless liquid,
b.p. 75 to 78°C/0.1 mm, nD25 1.42L5, This materisl was redistilled, b.p. 78 to
T¢0C/C.1 te 0.3 mm, n025 1.4258. On the basis of the Infiorad spectrua and
elementary analysis, the compound was identified as diethyl N,N'-difluoroethylene-

¢icarbamate, CH,NFCOOC.H_)
2 25

2l
Aral. calc'd for CgH. F N0, : C, L0.0; H, 5.87; W, 11.66: F, 15.C2
Found: ¢C, 39.8; K, 5.70; N, 11.80; ¥, 15.4

The mixture of lower-boiling products (12 g) could not be
pucvified by distillstion, The material was submitted for gas chromarographic

annlysis., 7Tt was found that the mixture contained many components, moct of thenm
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present only in traces. One compound, 85 to 90% of the total, was predominant

in the mixture., A sample of this material was separated for infrared and elemental
analyses on a semipreparative column, On the basis of elemental anglyses and the
Infrared spectrum (no N-H absorption peak), the compound was identified as ethyl
difluoraminomethylfluorocarbamate, NFECH26H2NF00002H5, yield 30%.

Anal, calc'd for CEH9F5N202: C, 32.26; H, 4.87; N, 15.05; F, 30.62

Found: €, 32.5 ; H, 4.82; N, 14.8 ; F, 20.8
c. Analysfs of Products from the Fluorination of Diethyl

Methylenedicarbamate (1) and Diethyl Ethylenedicarbamate

(IX) (R. M. Roberts)

Distilled isolates taken from these two fluorinated reaction
mixtures werc examined by gas chromatography under essentially identical conditionms.
4 3/ x 6-in. column of 5% LAC (ethylene glycol-succinate polyester) on Chromosorb
wes operated at 900C at a helium flow rate of 200 ml/min. Ten constituents were
detected in mixture I and seven in mixture II. From the richer distillation cuts,
L2 te 9C% of the material was eluted as pure comporent from I after 9~1/2 min,
while u 90-to0-95% yield was obtained from II as a lower-boiling eluate in about
7 minutes., These chromatographically pure isolates were liquids at room temperature
and could be collected directly into tared capillary tubes without resorting to
cnilling. ‘hen 50~-ul portions of the mixtures were run, only two or three in~-
jectionus were needed to provide ample center cuts for elemental and infrared

analysis,

The capillary tubes, initially sealed on one end, then
left completely cpen in most of the component work, were immediately taken for
aralysis. Preg! microcombustion C-H analysis was performed according to the

method described by Strahm.,® A notable modification introduced in the Strahm

*R. D. Strahm, in Bulletin of 16th Meeting, JANAF Penel on Analytical Chemistry
_of Sclid Propeilants, October L=6, 1960, pp 45-7
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method was the inclusion of a 15-mm section of Mg0 between the Ag and the second
00205 section, This greatly extends the life of the combustion tube by eliminat-
ing HF attack on the quartz walls, This addition was largely made at the expense
of the first Cu0 bed, which was shortened to about 30 mm, This did not constitute
a compromise, nowever, since the capillary tube was placed in a ceramic boat and
buried in Cu0 to minimize chances of detonaticn. At Strahm's verbal suggestion,
the ratio of CuO:Cr203 in the mixed bed was also changed from 2:1 to 10:l.
ilitregen was detarmined by the micro Dumas method outlined in the same reference,

but without modification.

Fluorine analysis was performed by the Knallgasflamne or
Wickbold technique, in which the volatilized sample undergoes combustion in a
hvdrogen-oxygen flame contained in an all-quartz system.* A new thorium titration,
involving the mixed indicator alizarin-methylene blue was investigated and found

to yield superior reproducibility to that of the standard methods,”*
d. Fluorination of Methyleneformamide

A solution of 10,2 g methylenediformamide in 350 ml
witer was fluorinated at 0 to 5°C as described above, Fluorination was continued
until 12 liters of fluorine had pessed into the reaction mixture. Tluorination
wee quite sluggish and considerable amounts of unreacted fluorine escaped from
the recctor. At the end of the run, the -80 and -110°C traps each contained
V.1 ml of a volatile liquid. This material was identified by its infrared
spectrum as bis(difluoramino)methane contaminated with carbon dioxide and other

unkncwn imrurities,
e, Fluorination of Allylurea

A zolution of 25 g allylurea (0.25 mole) in 100C ml water
wwus £lvorinated at O to S°C with elementary fluorire (diluted with nitrogen, 1:i)

until 21 liters of fluorine gas were passed into the reaction mixture. At the

*R. Levy, in Proceedings of the International Symposium on Microchemistry,
195, Pergamon Press, 1900, p. 112,
»*

¥ . .
H, Soep, Mededeel Vlagm Chenm Ver 21, 49 (1959) (cA 5%, 4253, 1660
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end of the run the pale-yellow reaction mixture contained small amounts of suspended
solid, The -80°C trap converted in series with reaction flask contained 0.2 ml
of a colorless liquid.

The aqueous mixture was extracted with seven 50-ml portions
of diethyl ether, The solid dissolved slowly. The ether solution was dried,
filtered and concentrated to remove the solvent. The viscous residue was distilled
to give from 1 to 2 g of colorless liquid, b,p. 40°C/0.1 to 0,3 mm(partial sub-
limation), which solidified to a white solid. This material was identified as
N,N-difluorourea by comparing its infrared spectrum with that of an authentic

sample.

The distillation residue, from 1 to 2 g of a viscous
brown oil, solidified on washing with methylene chloride., This material was

not identified,
f. Fluorination of Cyanoguanidine

A solution of 42 g cyanoguanidine (0.5 moles) in 650 ml
wewer wes fluorinated at 1C to 15°C with elementary fluorine (diluted with nitrogen
l:h) until 22 liters of fluorine gas had passed into the reaction mixture. A

liquid (0.2 ml) which accumulated in the -110°C trap was lost in manipulation,

The aqueous reaction mixture, containing large amounts of
. brown solid, was filtered, and the solid material washed first with water, then
with ethanol and ether. The solid, b.p.> 300°C (no oxidizing properties), amounted

to 8 grams.

The aqueous filtrate was extracted with seven 70-ml portioms
of diethyl ether, and the combined extracts were dried, filtered and concentrated.
The semi-solid residue was purified by distillation at 50°C and 0.1 mm pressure
to give 1 g of white crystalline solid, which was identified by its infrared

spectrum as N,N-difluorourea.
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