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The synthesis of certain poly(difluoramino) strue-
tures such as 1 and 2 has not been possible using
the known chemistry of tetrafluorohydrazine® and di-
fluoramine.* While 1,4-diketones have been reported
to give 1,1,4,4-tetrakis(difluoramino) derivatives with
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difluoramine in sulfuric acid,** the synthesis of the
tetrakis(difluoramino) adduct 1 from a 1,2-diketone
under similar conditions has not been successful. In
addition, the preparation of poly(difiluoramino) de-
rivatives, such as 2, by combining the reactions of
both the difluoramino reagents has been complicated
by the fact that a,8-unsaturated carbonyl compounds
undergo a Michael-type reaction with difluoramine.*®
However, tetrafluorohydrazine and difluoramine have
been suecessfully utilized in the synthesis of 1,2,2-tris-
(difluoramino)alkanes 3 from enol esters.’

Our approach to the synthesis of tetrakis(difluor-
amino) structures, such as 1 and 2, involved the prep-
aration of gem-bis(difluoramino) derivatives possessing
the necessary functionality for further reaction with
either tetrafluorohydrazine or difluoramine. We now
describe the synthesis of several new classes of gem-~
bis(difluoramino) compounds: 3,3-bis(difluoramino)-
2-butanone (4), 2,2-bis(difluoramino)eyclohexanone (5),
3,3-big(difluoramino)-1-butene (7), and 3,3-bis(di-
fluoramino)-1-butyne (9).

The reaction sequence employed for the preparation
of the gem-bis(difluoramino) ketone derivatives 4 and 5

is illustrated below for compound 4 (eq 1). The use
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of the e-triflucroacetoxy ketone in the initial reaction
in this sequence was essential since the a-hydroxy
ketone would easily undergo dehydration under the
acidic conditions used and result in a completely differ-
ent reaction. Both of the ketone products 4 and 5
obtained by this synthetic method were colorless liquids
under atmospheric conditions. However, compound
4 was a volatile liquid and difficult to handle quan-
titatively. Solutions of 3,3-bis(diftuoramino)-2-buta-
none in concentrated or dilute aqueous sulfuric acid
resulted in decomposition of the ketone with the loss
of difluoramine. Beecause of the instability of the gem-
bis(difluoramino)keto structure in acidic media, the
synthesis of the tetrakis(difluoramino) derivatives from
ketones 4 and 5 was not possible.

The preparation of the gem-bis(difluoramino) un-
saturated derivatives 7 and 9 involved the reaction
of halo ketones with difluoramine followed by dehy-
drohalogenation of the corresponding difluoramino
adducts (see eq 2 and 3). The reaction of the halo
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ketones with difluoramine in sulfuric acid proceeded
in a normal manner to give high yields of the cor-
responding difluoramino adducts 6 and 8. Dehydro-
halogenation of 6 and 8 to the gem-bis(difluoramino)-
butene 6 and butyne 9 was accomplished in a vacuum
system at room temperature using potassium hydrox-
ide in triethylene glycol. The use of the high-boiling
glycol solvent in these unusually facile reactions was
necessary for convenient produet isolation.

The effect of the strong electron-withdrawing property
of the gem-bis(difluoramino) structure*®® on the acidity
of the o hydrogens is noted in the relatively mild
conditions used for the dehydrohalogenation reactions.
The stability of the gem-bis(difluoramino) compounds
under the strongly basic conditions used for the dehy-
drohalogenation is entirely consistent with the known
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inertness of this difluoramino structure toward base.”
Both primary and secondary alkyldifluoramines are
readily dehydrofluorinated in basic media.?

Several attempts were made to add tetrafluorohy-
drazine to the l-butene 7 under various conditions
without success. Most of the reactions were done
at elevated temperatures and resulted in the decom-
position of 7. Reaction of l-butyne 9 with difluora-
mine in concentrated sulfuric acid did not give the
tetrakis(difluoramino) derivative nor was it possible
to effect the hydration of 9 to the ketone 4 using mer-
curic salts. Acetylene hydration has been established
as an intermediate step in the formation of gem-bis-
(difluoramino)alkanes from dialkylacetylenes and di-
fluoramine in sulfuric acid.*®

Experimental Section

Caution! Difluoramine and tetrafluoramine are explosive
and should be handled with extreme care; see ref 3 and 8 for pre-
cautions.

Infrared spectra were obtained with a Perkin-Elmer Model
137B Infracord. The nmr spectra were obtained in tetramethyl-
silane-Freon 11 (CCLF) solution (used as references) using
Varian Associates Model A-60 and HR-60 spectrometers. Both
4-chloro-2-butanone® and 3,4-dibromo-2-butanone® were pre-
pared as described in the literature. 3-Trifluoroacetoxy-2-
butanone [n?*p 1.3568, bp 87-90° (131 mm)] was prepared from
3-bromo-2-butanone and silver trifluoroacetate. 2,2-Bis(di-
fluoramino)-3-trifluoroacetoxybutane was prepared from the
corresponding ketone and difluoramine. Alcohol exchange of the
former with methanol gave 3,3-bis(difluoramino)-2-butanol.
The three compounds in this reaction sequence as well as the

analogous cyclohexyl derivatives (prepared similarly) were iso-

lated, purified, and fully characterized.
3,3-Bis(difluoramino)-2-butanone (4).—A solution of 0.099 g
(0.09 mmol) of chromium trioxide in 1 ml of glacial acetic acid was
degassed using a liquid nitrogen cooling bath and then charged
with 0.173 g (0.9 mmol) of 3,3-bis(difluoramino)-2-butanol vig a
vacuum bulb-to-bulb transfer. The reaction mixture was stirred
under a static vacuum at room temperature for 3 hr. The entire
liquid contents of the reactor were separated from chromium
salts by a vacuum bulb-to-bulb transfer. The colorless liquid
was then treated with small portions of solid sodium carbonate
until the evolution of carbon dioxide ceased. A final distillation
of the residual liquid from the sodium acetate gave the volatile
liquid ketone (4): 0.087 g (50%); veas 1723 (C==0), 970 and 925
cm?! (NF); H! nmr r 8.22 (quintet, CH;C(NF,),), 7.6 (s, CHs-
C=0); ¥F nmr & —31.7 (C(NF:):).
Anal. Caled for CHF.N,0O: C, 27.58; N, 16.09; F, 43.66.
Found: C,27.3; N, 14.7; ¥, 42.6.
2,2-Bis(difluoramino)cyclohexanone (5).—The oxidation of
2,2-bis(difluoramino)eyclohexanol with chromium trioxide in
glacial acetic acid was done in a manner similar to that described
above for the preparation of 4. The cyclohexanone 5 was ob-
tained in 399, yield as a colorless liquid: wneas 1723 (C==0),1010,
980, 910, and 900 cm—t (NF); F nmr & —27.6 (C(NFz);).
Anal. Caled for CHsFN,O: C, 36.0; N, 14.0; F, 37.97.
Found: C, 36.6; N, 13.4; F, 38.3.
3,3-Bis(difluoramino)-1-chlorobutane (6).—Sulfuric acid (2
ml, 1009%) in a 20-ml glass pressure reactor! was degassed
using a liquid nitrogen cooling bath, and 0.8 g (0.0075 mol) of
4-chloro-2-butanone was added to the frozen acid by vacuum
transfer. The mixture was then charged with 2.5 g (0.047 mol)
of difluoramine at —128° (Freon 21-liquid nitrogen bath). The
reaction mixture was allowed to warm to 25° and stirred at am-
bient temperature for 2 hr. Removal of the excess difluoramine
and vacuum transfer gave product6: 1.07g (749); wneat 1000,
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900, 910, and 885 cm~! (NF), 740 (CCl); H nmr 7 7.46 and
6.31 (2 doublets, Jez = 8.0 Hz), 8.34 (quintet, Jar = 2.0 Hz);
BF nmr ® —27.5 (C(NFq)).
Anal. Caled for C.H;CIFN;:
C, 24.89; N, 15.54.
3,3-Bis(difluoramino)-1-butene (7).—A solution of 0.618 g
(0.0032 mol) of 6 in 2 ml of a potassium hydroxide-triethylene
glycol solution!® was stirred for 2.5 hr at 25° under static vacuum.
Vacuum bulb-to-bulb transfer gave the volatile liquid product 7:
0.45 g (90%,); waeats 3110 (C=CHs,), 990, 980, 955, 900, and 880
em! (NF). The *H nmr spectrum consisted of a quintet at r 8.29
(Jar = 2.0 Hz) and an ABC pattern for the vinyl protons cen-
tered at = 3.80, 4.25, and 4.32 (Jas = 8.0 Hz, Js¢ = 20 Hz,

C, 24.69; N, 14.39. Found:

Jac = 19 Hz). The ¥F nmr spectrum had one signal at & —28.9
(C(NFz)2).
Angl. Caled for C;HJFN,: C, 30.38; N, 17.72; F, 48.07.

Found: C, 30.34; N, 17.55; F, 47.0.

3,3-Bis(difluoramino)-1,2-dibromobutane (8).—This compound
was prepared in 919 yield from 3,4-dibromo-2-butanone and di-
fluoramine in 1009 sulfurie acid using a procedure similar to that
described for compound 6. The infrared spectrum of 8 showed
the characteristic ~NF frequencies at 1000, 980, 910, and 895
em~'. The 'H nmr of 8 exhibited signals at = 8.22 (CHs), 6.48
(-CHBr), and 5.61 (CH;Br) and the F nmr spectrum had one
signal at & —29.2 (C(NF;).).

Anol. Caled for C,HBr,F:N,: C, 15.11; H, 1.88; N, 8.80.
Found: C, 15.32; H, 1.67; N, 8.61.

3,3-Bis(difluoramino)-1-butyne (9).—A solution of 1.01 g
(0.0032 mol) of 8 in 3 ml of a potassium hydroxide-triethylene
glycol solutiont® was stirred for 5 hr at 25° under static vacuum.
Vacuum bulb-to-bulb transfer provided 0.50 g of a liquid con-
densate at —128°. However, upon warming to 25°, the liquid
vaporized to a gas. This gaseous product was established as a
6:1 mixture of the l-butyne (9) and 3,3-bis(difluoramino)-2-
bromo-1-butene,! respectively, by vpe analysis on a 2-m 30%
DC-200 on a Chromosorb eolumn. The assignment of the 1-
butyne structure 9 to the major component of this mixture was
based upon the following data: »ges 3320 and 2120 (C==CH), 990,
910, and 895 em~! (NF); 'H nmr r 8.13 (C=CH); “F nmr &
—32.1 and —37.3 (AB system, Apr = 5.2 ppm and Jrr = 615
Hz). :

Registry No.—4, 27723-17-7; 5, 27723-18-8; 6,
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The recent publications by Creger? have reported the
o lithiation of aliphatic carboxylic acids using lithium
diisopropylamide in tetrahydrofuran. The a-lithiated
acid salts thus formed have been shown to react with
alkyl halides and with epoxides.
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