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4,lZ except that the preparation of 5 was completed by work-up 
with deuterium oxide containing a small amount of deuterium 
chloride. 

The samples of 2, 3, 4, and 5 were purified by preparative 
vapor phase chromatography on a 2-ft Apiezon column a t  80". 
Their percentage isotopic purity was calculated from low-voltage 
spectra. The low-voltage spectra of the corresponding cyclo- 
hexanones were much more amenable to analysis than the low- 
voltage spect,ra of the cyclohexanols themselves, owing to the low 
appearance potential of the M+ - 1 ion of cyclohexanol. Con- 
sequently, small amounts of 4 and 5 were oxidized to the corre- 
sponding ketones,l4 3,3,5,5-d,-cyclohexanone (89% d4, 11% da) 
and 4,4-dz-cyclohexanone (86% dt ,  13% d l ,  and 1% do), respec- 
tively. 

The mass spectrum of 0-dl-cyclohexanol (1, 86% dl, 14% do) 
wrm obtained as follows. Cyclohexanol was heated in deuterium 
oxide to 100" for 1 hr; the resulting cyclohexanol was isolated 
by ether extraction and introduced into the mass spectrometer 

(12) D. H. Williams, H. Budsikiewicz, Z. Pelah, and C. Djerassi, Monatsh., 
86, 166 (1964). 

after previous exchange of the inlet system with several samples 
of deuterium oxide. 

The isotopic purities of 1-5 are summarized in Table V. 

TABLE V 
ISOTOPIC PURITIES OF DEUTERATED CYCLOHEXANOLS 
--------_I yo ____------ 

Compd do di da da ai 
1 14 86 . . .  . . .  . . .  
2 2 98 . . .  . . .  . . .  
3 .,. . . .  . . .  3 97 
4 . . .  . . .  . . .  11 89 
5 1 13 86 . . .  . . .  

Registry No.-Cyclohexanol, 108-93-0; water, 
7732-18-5; 1,14848-87-4; 2,21273-02-9; 3,21273-03-0; 
4,21273-04-1; 5,21273-05-2. 
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Lithium borohydride reacted with ethyl 5,Sbis(difluoramino)hexanoate to give 5,Sbis(difluoramino)hexanol, 
and with 1,3,3-tris(difluoramino)butane to give 3,3-bis(difluoramino)butylamine, isolated as the trifluoroacetate. 
Hydrolysis of ethyl 5,5bis(difluoramino)hexanoate with hot alkali gave 5,5-bis(difluoramino)hexanoic acid. 
This ester reacted with methanolic hydrazine to give the hydrazide, which was nitrosated to form the azide, which, 
in turn, was converted into the isocyanate and to 4,4-bis(difluoramino)pentylurea. Reduction of 2,2-bis(difluor- 
amino)-5,5,btrinitropentane with alkaline peroxide gave 2,2-bis(difluoramin0)-5,5-dinitropentane, which was 
hydrolyzed to 4,4-bis(difluoramino)pentanoic acid. Reduction of cycloalkyl difluoramines with lithium alu- 
minum hydride gave primary and rearranged secondary amines. Dimethyl N-phenyliminocarbonate was ob- 
tained from reactions of methoxide with ala-dichloro-a-difluoraminotoluene, a-bromo-ala-bis(difluoramino)- 
toluene, and ala-dibromo-a-difluoraminotoluene. The latter was converted into a-bromo-a-fluoriminotoluene 
with ammonia or sodium 2-propanenitronate. 

The synthesis of gem-bis(difluoramin0) compounds 
by the reactiop of carbonyl compounds with difluor- 
amine has recently been reported.2 1 , 1-Bis(difluor- 
amino)-1-halo compounds and 1-difluoramino-1,l- 
dihalo compounds were prepared by replacement reac- 
tions of halo, nitro, and nitroso compounds with di- 
f l ~ o r a m i n e . ~ ~ ~  The present paper deals with some 
chemical properties of these compounds and their abil- 
ity to withstand reaction conditions encountered in 
some common chemical transformations of other func- 
tional groups. 

The effect of reducing agents on difluoramino groups 
has been studied by several groups. The reduction of 
tertiary difluoramino compounds by titanous ion gave 
fragmentation products indicative of nitrene intermedi- 
ates, e.g., acetone and methylamine from tbutyldi- 
f l~oramine.~ The formation of fluorimines from a- 
halodifluoramines has been reported using pyridine: 
iodide ionlS ferrocene,' and iron carbonyL8 Simple pri- 

(1) Thin work was supported by the Office of Naval Research and the 

(2) K. Baum. J .  Amer. Chem. Soc.. 80,7083 (1968). 
(3) K. Baum, J .  Ora. Chem., 34, 2046 (1969). 
(4) K. Baum, ibid., 34, 2048 (1969). 
(5) R. C. Petry and J. P. Freeman, ibid., 39,4034 (1967). 
(6) R. L. Rebertus, J. J. McBrady. and J. G .  Gagnon, ibid., 3% 1944 

Advanced Research Projects Agency. 

(1967). 

mary and secondary alkyldifluoramines are readily de- 
hydrofluorinated to give nitriles and fluorimines, re- 
spectively, although teritary alkyldifluoramines are rel- 
atively stable toward b a ~ e . ~ , ~  

The reactivity of internal gem-bis(difluoramino)al- 
kanes was screened in test-tube experiments using 2,2- 
bis(difluoramino)octane as a model compound. The 
starting material was recovered after 20 hr a t  ambient 
temperature from methanol solutions of hydrazine, so- 
dium nitrite, and sodium azide, from a slurry with aque- 
ous sodium borohydride, and from an ether solution of 
the more powerful reducing agent, lo lithium borohy- 
dride. The compound did not react with aqueous po- 
tassium iodide, but when acetonitrile containing 10% 
water was used as the solvent, iodine was liberated 
slowly (several days for completion). The compound 
was reduced by lithium aluminum hydride but the pro- 
ducts were not determined. 

Using conditions under which the difluoramino 

(7) R. A. Mitsch, J .  Amer. Chem. SOC., 07, 328 (1965). 
(8) V. A. Ginsburg and K.  N. Sirnov, Zh. Obshch. Khim., 37, 1413 (1967). 
(9) F. A. Johnson, C. Haney, and T. E. Stevens, J .  Org.  Chem., 31, 466 

(1967); G. N. Sausen and A. L. Logothetis, ibid., 33, 2330 (1968); A. L. 
Logothetis and G. N. Sausen, ibid., 31, 3689 (1966): S. K. Brauman and 
M .  E. Hill, J .  Amev. Chem. Soc., 38, 2127 (1967): A. 8. Filatov and M. A. 
Englin, Zh. Obshch. Khim., 30, 1408 (1968). 
(10) R. F. Nystrom, 9. W. Chaikin, and W. G. Brown, J .  Amer. Chem. 

Soc., 71, 3245 (1949). 
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groups of 2,2-bis(difluoramino)octane were unreactive, 
it was possible to carry out selective reductions of other 
functional groups. Thus, ethyl 5,5-bis(difluoramino)- 
hexanoate was reduced to 5,5-bis(difluoramino) hexanol 
with lithium borohydride in tetrahydrofuran. 

T NFz 

I 
NFz 

I LiBHi 
CHaCCHzCHzCHzCOCzHs -+ CHa CHaCHzCHzCHzOH 

THF i 
NFz 

i l  
0 

The possibility of selectively reducing primary di- 
fluoramino groups in the presence of gem-bisdifluor- 
amino groups was examined using l13,3-tris(difluor- 
amino) butane. The trifluoroacetate of 3,3-bis(difluor- 
amin0)butylamine was isolated in 22% yield after the 
reaction mixture was quenched with water, extracted 
with ether, and acidified with trifluoracetic acid. This 
reduction may proceed by dehydrofluorination followed 
rapidly by reduction of the nitrile. Attempts to pre- 
pare 3,3-bis(difluoramino) butyronitrile by reactions of 
1,3,3-tris(difluoramino) butane with base resulted in 
complete decomposition, probably because of the acidic 
hydrogen adjacent to the difluoramino groups in the 
nitrile. 

NFz NFz 

I 
NFz 

LiBHd 
CHa ACHzCHzNFz CHa ACHzCHzNHz 
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The inertness of isolated internal gem-bis(difluor- 
amino) groups toward base, however, was found to be 
sufficient to allow hydrolysis of an ester group with hot 
alkali. Ethyl 5,5-bis(difluoramino)hexanoate was hy- 
drolyzed in refluxing 10% aqueous sodium hydroxide, 
and 5,5-bis(difluoramino)hexanoic acid was isolated in 
79% yield. 

NFz 
I NaOH 

i 
NFz 

CHsC(CH2)sCOzEt 
I 

NFz 

The inertness of gem-bis(difluoramino)alkanes toward 
nitrogen bases was utilized in applying the standard 
Curtius reaction sequence" to ethyl 5,5-bis(difluor- 
amino)hexanoate. The ester reacted with methanolic 
hydrazine to give the hydrazide, an oil, which could not 
be separated from unreacted ester. Nitrosation gave 
the acyl azide, which evolved nitrogen on heating to 
give 4,4-bis (difluoramino) pentyl isocyanate. The iso- 
cyanate codistilled with ethyl 5,5-bis(difluoramino)hex- 
anoate, which was carried through the reaction se- 
quence, but was characterized by nmr spectra. The 
elemental analysis of the mixture of the two compounds 
agreed with quantitative nmr analysis. Addition of 
anhydrous ammonia to the mixture gave 4,4-bis(di- 
fluoramino)pentylurea, a solid which was fully charac- 
terized. 

Selective reduction of a trinitromethyl group was 
carried out with 2,2-bis(difluoramino)-5,5,5-trinitro- 

(11) P. A. 9. Smith, Org.  Reactions, 8 ,  337 (1946). 

pentane.2 Although electronegatively substituted tri- 
nitromethyl compounds can be hydrolyzed to carboxylic 
acids with refluxing aqueous hydrochloric acid, l 2  this 
compound was found to be unreactive under these con- 
ditions. Trinitromethyl compounds are generally re- 
duced to dinitro compounds with alkaline hydrogen 
per0~ide. l~ The reaction of 2,2-bis(difluoramino)-5,5,- 
5-trinitropentane with this reagent gave 2,2-bis(difluor- 
amino)-5,5-dinitropentane1 a high-boiling oil which 
could not be isolated in analytical purity. Nmr and 
infrared spectra were consistent with this structure. 
Hydrolysis of the dinitro compound with refluxing hy- 
drochloric acid gave 4,4-bis(difluoramino)pentanoic 
acid. The latter reaction has been reported to be gen- 
eral for terminal dinitromethyl derivatives. l 2  

Ha01 
CHsC W" )zCHzCHzC( NOz)s + OH - 

HCI 

A 
CHaC(NFz)zCHzCHzCH(NOz)z + 

CHsC(NFz)zCHzCHzCOOH 

Difluoraminocyclohexane and l-difluoramino-l- 
methylcyclohexane were treated with lithium alu- 
minum hydride with the objective of obtaining less com- 
plex products than those from 2,2-bis(difluoramino)- 
octane. Difluoraminocyclohexane was found to give a 
70 : 30 mixture of cyclohexylamine and hexamethy- 
leneimine. 1-Difluoramino-1-methylcyclohexane gave 
N-methylcyclohexylamine and two other amines, ten- 
tatively assigned the structures a-methylcyclohexyl- 
amine and a-methylhexamethyleneimine on the basis of 
nmr spectra of the mixture. Nitrocycloalkanes have 

"2 

been treated with lithium aluminum hydride under the 
same conditions, and both simple reduction to primary 
amines and ring expansion to cyclic secondary amines 
were reported. l4 Presumably, nitrene intermediates 
are involved. 

The reactions of some basic reagents with ala-di- 
bromo-a-difluoraminotoluene, a,a-dichloro-a-difluor- 
aminotoluene, and a-bromo-a, a-bis (difluoramino) tol- 
uene were studied. Methanolic sodium methoxide 
reacted with each of these compounds to give dimethyl 
N-phenyliminocarbonate in high yield. These reac- 
tions can be rationalized on the basis of attack of meth- 
oxide on halogen, with loss of fluoride ion to give fluor- 
imines. Addition of methoxide to the fluorimine 
would give an NF anion, which might undergo phenyl 
migration directly or through a nitrene intermediate re- 
sulting from loss of fluoride. Subsequent displacement 
of the remaining halogen or difluoramino groups by 

(12) M. J. Kamlet, L. A. Kaplan, and J. C. Dacona, J .  Or& Chsm., 36, 

(13) D. J. Glover, Tetrahedron, Supp l .  I. 19, 219 (1963). 
(14) G. E. Lee, E. Lunt, W. R. Wragg, and H. J. Barber, Chem. Ind. 

4371 (1961). 

(London), 417 (1958). 
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methoxide would give the iminocarbonate. This im- 
inocarbonate was prepared previously by the reaction 
of phenyliminophosgeiie with methoxide.16 

NFz 

C6H5&X + CHIO- + CsHs 

if 
N F  -NF CsHsNF 

CsHb X-CeHs X ---t -CX 
CHaO- A I 

OCHa I bCHs 

-F- 4 -F- 
:N: X 

C&CX I + CsHsN= b OCHa 
I 
OCHs 

CsH5N=C(OCHs)z 
a , X  = X' = Br 
b,X = X' = C1 
c, X = NFz; X' = Br 

Stevens'* has recently reported a similar rearrange- 
ment in the reaction of a-fluoriminoarylacetonitriles 
with alkoxides. 

N F  8 OR- 
Ar CN + ArN=C(OR)g 

Fluorimines could not be isolated from the reactions 
of the above difluoraminotoluene derivatives with 
methoxide, even when the reactions were not carried to 
completion. However, the addition of a,a-dibromo-a- 
difluoraminotoluene to refluxing liquid ammonia gave 
a-bromo-a-fluoriminotoluene in 30% yield. The fluo- 
rine nmr spectrum of the fluorimine showed a single 
signal, suggesting that only one of the two possible syn- 
anti isomers was formed. This reduction was also ac- 
complished using sodium 2-propanenitronate in meth- 
anol, but the product contained impurities that could 
not be prepared by distillation. Mechanistic details of 

NHa 
CsH&BrzNFz - C~HSCBI==NF 

or 
(CHdzCNOs- 

the reduction are unknown. Initial nucleophilic attack 
may take place on either bromine or fluorine. Also, 
free radical pathways such as have been observed for 
some displacement reactions of a-halonitro corn pound^'^ 
cannot be ruled out. 

Experimental Section 
Safety Precautions.-Because of the explosive propertiea of 

many difluoramino compounds, the safety precautions described 
previously% were followed, 

(15) W. E. Smith, Am. Chem. J . ,  16, 372 (1892). 
(16) T. E. Stevens, J .  Org. Chem., 8S, 670 (1967). 
(17) G. A. Russel and W. C. Danen, J .  Amer. Chem. SOC., 81, 

(1966). 
5663 

S,S-Bis(difluoramino)hexanol.-Ethyl5,5-bis(difluoramino)- 
hexanoatez (2.46 g, 0.010 mol) was added to 25 ml of tetrahydro- 
furan and 1 g of 80% lithium borohydride (0.04 mol) and the 
mixture was allowed to stand overnight. Water (25 ml) was 
added and the product was extracted with three 20-ml portions of 
ether, dried, and distilled to give 1.00 g (49% yield) of 5,5-bis- 
(difluoramino)hexanol, bp 53" (0.1 mm). 

Anal. Calcd for CBH12N~FIO: C, 35.30; H, 5.88; N, 13.7. 
Found: C, 35.80; H, 6.01; N, 13.0. 

The infrared spectrum consisted of bands a t  3.0 (s), 3.40 (m), 
3.45 (sh), 6.83 (m), 7.2 (m), 8.1 (w), 8.3 (w), 8.8 (w), 9.3-9.6 
(s), 10.05 (s), 10.2 (s), 10.63 (w), and 11.1 p (s). 

The proton nmr spectrum (CClr) solution) showed a quintet 
(J = 2 cps) a t  S 1.58 for the methyl, a broadened triplet (J = 
3.5 cps) a t  S 3.56 for -CHIOH, a singlet a t  S 3.75 for the hydroxyl, 
and broad multiplets a t  6 1.95 and 1.58 for the methylenes. 
The fluorine spectrum consisted of a broadened band at +* 

3,3-Bis(difluoramino)butylammonium Trifluoroacetate.-A 
solution of 3.0 g (0.0142 mol) of 1,3,3-tris(difluoramino)butane~ 
in 15 ml of ether was added with stirring to 1.25 g (0.057 mol) 
of lithium borohydride in 25 ml of tetrahydrofuran. After 2 hr, 
20 ml of water was added slowly. The aqueous layer was ex- 
tracted with two 20-ml portions of ether, and the combined or- 
ganic solutions were dried over sodium sulfate. Trifluoroacetic 
acid (10 ml) was added and the solvent and excess acid were re- 
moved in BUCUO. The addition of 10 ml of ether to the liquid 
residue gave 0.45 g (22% yield) of 3,3-bis(difluoramino)butyl- 
ammonium trifluoroacetate, white needle crystals, mp 128-130" 
after vacuum drying. Recrystallization from ethanol and methy- 
lene chloride did not change the melting point. 

Anal. Calcd for C6HloNaF,0Z: C, 24.92; H, 3.46; N,  14.54; 
F,46.2. Found: C,24.45; H,3.24; N, 14.33; F,46.2. 

The proton nmr spectrum (DzO solution) consisted of a quin- 
tet (J = 2.0 cps) at 8 1.72 for the methyl and multiplets a t  6 
2.5 and 3.2 for the methylenes. The Ruorine spectrum showed a 
broadened signal a t  - 103 ppm (from external trifluoroacetic 
acid). 

S,S-Bis(difluoramino)hexanoic Acid.-A suspension of 3.0 g 
(0.0122 mol) of ethyl 5,5-bis(difluoramino)hexanoatez in 25 ml 
of 10% aqueous sodium hydroxide was refluxed with stirring 
for 1.5 hr. The resulting clear solution was cooled and acidified 
with 25% sulfuric acid. The product was extracted with three 
30-ml portions of ether, dried over sodium sulfate, and distilled 
to give 2.06 g (79% yield) of 5,5-bis(difluoramino)hexanoic 
acid, bp 90" (0.1 mm). 

Anal. Calcd for CBHloNzF4O~: C, 33.03; H, 4.59; N, 12.85; 
F, 34.9. 

The infrared spectrum showed broad OH-CH absorption a t  
3.1-3.9 p and bands a t  5.86 (s), 6.87 (m), 7.10 (m), 7.22 (m), 
7.80 (m), 8.90 (w),9.70 (w), 10.26 (s), and 1 1 . 2 ~  (s). 

The proton nmr spectrum (CCh solution) consisted of a quin- 
tet (J = 2 cps) a t  6 1.65 for the methyl, a triplet (J = 6 cps) a t  6 
2.45 for the methylene adjacent to the carboxy group, a multi- 
plet with maximum intensity a t  S 2.03 for the other methylenes, 
and a singlet at S 12.29 for -COOH. The fluorine spectrum 
showed a broadened signal a t  t#* -26.8. 
4,4-Bis(difluoramino)pentyl Isocyanate and 4,4-Bis(difluor- 

amin0)pentylurea.-A solution of 5.0 g (0.0203 mol) of ethyl 5,5- 
bis(difluoramino)hexanoatez and 0.84 g (0.025 mol) of 97% 
hydrazine in 10 ml of methanol was refluxed for 3 hr. The 
solvent was removed and the viscous residue was dried for 3 hr 
at  0.1 mm. Attempts to induce crystallization were unsuccess- 
ful. The residue was dissolved in 20 ml of chloroform, and 0.022 
equiv of hydrochloric acid in 60 ml of water was added. This 
mixture was stirred at 0-3" while a solution of 0.022 equiv of 
potrtssium nitrite in 5 ml of water was added over a 15-min period. 
The chloroform layer was separated and the aqueous layer was 
extracted with 10 ml of cold chloroform. The chloroform solu- 
tions were combined, washed with two 10-ml portions of ice- 
water, and dried at 0" for 2 hr over sodium sulfate. The solu- 
tion was then refluxed for 3 hr; nitrogen evolution was essentially 
complete after 1 hr. Distillation gave 2.0 g of colorless liquid, bp 
61" (0.25 mm). The infrared spectrum of the product showed a 
strong isocyanate band a t  4.4 p, as well as all of the absorption 
bands of ethyl 5,5-bis(difluoramino)hexanoate. The proton 
nmr spectrum gave the signals reported for this ester and signals 
assignable to 4,4-bis(difluoramino)pentyl isocyanate (molar 
ratio 58:42 by integration). The methyl of the isocyanate gave 

-26.72. 

Found: C, 32.71, H, 5.01; N, 12.7; F ,  35.3. 
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a quintet (J = 2.0 cps) a t  6 1.56; the methylene adjacent to 
-NCO gave a triplet ( J  = 6.0 cps) a t  8 3.35, and the other 
methylenes gave a multiplet a t  6 1.93. The fluorine signal of the 
isocyanate was a broadened peak a t  4* -26.9. 

Ana2. Calcd for 58 mol % CH&(NF~)~(CHZ)&OZCZHE., 42 
mol % CHIC(NFI)I(CHZ)~NCO: C, 36.0; H, 4.98; N, 14.2; F, 
31.8. Found: C,35.5; H,5.14; N, 14.5; F,31.9. 

Anhydrous ammonia was bubbled for 20 min into a solution 
of 0.50 g of the above mixture (0.193 g, 0.00090 mol of the 
isocyanate) in 25 ml of pentane. The product was filtered and 
recrystallized from pentane and methylene chloride to give 0.17 
g (82% yield) of 4,4-bis(difluoramino)pentylurea, mp 85.5- 
86". 

Anal. Calcd for CSHIIN~F~O: C, 31.03; H, 5.18; N, 24.14; 
Found: C, 30.88; H, 5.24; N, 24.32. 

The infrared spectrum (KBr) showed the following peaks: 2.93 
(s), 3.12 (m), 3.5 (w), 6.08 (s), 6.22 (s), 6.51 (s), 7.50 (m), 8.60 
(w), 10.1 (m), 10.3 (m), 11.0 (m), 11.2 (m), and 11.55 p (w). 

The proton nmr spectrum in acetone-& showed a broad multi- 
plet a t  6 6.11 for NH, a broad symmetrical band a t  6 5.42 for 
"2, a distorted quartet (J = 6 cps) a t  6 3.20 for CHI-CHI-NH, 
multiplets a t  6 2.1 for the other methylenes, and a quintet (J = 
2.2 cps) a t  6 1.64 for CHIC(NFI)I. The addition of DIO re- 
moved the NH and NHI bands and collapsed the quartet to a 
triplet. The quartet thus arose because of nearly equal cou- 
pling to the adjacent CHZ and NH. The fluorine spectrum con- 
sisted of a broadened band at +* -27.2. 

From the pentane filtrate, 0.30 g of ethyl 5,5-bis(difluoro- 
amino)hexanoate was recovered; its infrared spectrum was 
identical with that of an authentic sample. 

5,5-Dinitro-2,2-bis(difluoramino)pentane (Impure).-A solu- 
tion of 1.88 g (0.0285 mol) of 85% potassium hydroxide in 15 ml 
of methanol was added with stirring over a 30-min period a t  0 
to 10" to a solution of 3.0 g (0.0097 mol) of 5,5,5-trinitro-2,2-bis- 
(difluoramino)pentane2 and 1.7 ml (0.0146 mol) of 30% hydro- 
gen peroxide in 12 ml of methanol. After an additional 15 min, 
15 ml of water was added and the solution was acidified with 25% 
sulfuric acid. The product was extracted with three 25-ml 
portions of methylene chloride and dried over sodium sulfate. 
Removal of the solvent gave 1.83 g (71% crude yield) of 5,5- 
dinitro-2,2-bis(difluoramino)pentane, which had a carbonyl- 
containing impurity not removable by molecular distillation. 

AnaE. Calcd for CSH~N~F~OI :  C, 22.73; H, 3.03; N, 21.2; 
F, 28.8. Found: C, 23.2; H, 3.37; N, 18.0; F,26.7. 

The proton nmr spectrum showed a quintet ( J  = 2 cps) a t  
6 1.69 for the methyl, multiplets a t  6 2.8 and 2.3 for the methy- 
lenes, and a triplet (J = 8 cps) a t  6 6.18 for the methine. The 
fluorine spectrum showed a singlet a t  4* -27.16. 

4,4-Bis(difluoramino)pentanoic Acid.-A mixture of 1.5 g 
(0.0057 mol) of the crude 5,5,-dinitro-2,2-bis(difluoramino)pen- 
tane and 40 ml of constant-boiling hydrochloric acid was re- 
fluxed for 4 hr. The resulting solution was cooled to room tem- 
perature and extracted with three 30-ml portions of methylene 
chloride. The methylene chloride solution was dried over sodium 
sulfate and distilled through a 25-cm Holzmann column to give a 
colorless liquid, bp 90" (0.05 mm), which was found by its ir 
spectrum to contain some starting material. 

The mixture was dissolved in a minimum amount of 10% 
sodium hydroxide, and 1 mi of 3% sodium hypochlorite was 
added. After 15 min, the solution was extracted with methylene 
chloride and the organic phase was discarded. The aqueous 
phase WM acidified with 10% sulfuric acid and the product was 
extracted with methylene chloride. The methylene chloride 
solution was dried over sodium sulfate and stripped of solvent. 
Molecular distillation of the residue gave 0.23 g (20% yield) of 
4,4-bis(difluoramino)pentanoic acid. 

Anal. Calcd for CaH,NIF402: C, 29.41; H, 3.92; N, 13.7; 
F ,  37.2. Found: C,29.78; H,4.13; N, 13.4, F ;  36.0. 

The infrared spectrum showed the following bands: 3.3 (m, 
br), 3.8 (sh), 5.80 (s), 7.0 (m), 7.19 (m), 7.64 (m), 8.10 (m), 
8.7-8.9 (w), 9.4 (w), 9.9 (m), 10.2 (s), 10.4 (sh), 10.8 (sh), 11.03 
(s),11.3(s),and11.85p(w). 

The proton nmr spectrum (CC1, solution) consisted of a quin- 
tet (J  = 2 cps) a t  6 1.68 for the methyl, overlapping multiplets 
for the methylenes with major components a t  6 2.53 and 2.62, 
and a broadened singlet a t  6 11.83 for the hydroxyl proton. 
The fluorine spectrum consisted of a broadened singlet a t  +* 

Reaction of Difluoraminocyclohexane with Lithium Alu- 
minum Hydride.-A solution of 2.40 g (0.0179 mol) of difluoro- 

- 26.86. 

aminocyclohexanel8 in 5 ml of ether was added dropwise to a solu- 
tion of 2.85 g (0.07 mol) of 95% lithium aluminum hydride in 
75 ml of ether. After 20 hr, 20 ml of water was added slowly 
and the layers were separated. The aqueous layer ww extracted 
with two 20-ml portions of ether. The combined ether solution 
was dried over sodium sulfate and distilled to give 1.3 g (73% 
total yield) of colorless liquid, bp 37" (7 mm). Gas chromatog- 
raphy [26y0 tris(cyanomethoxy)propane on Chromosorb W, 
78'1 and nmr showed that the product was a 70:30 mixture of 
cyclohexylamine (singlet a t  6 0.91, "2; multiplet a t  6 2.5, CH; 
multiplets a t  6 1.07, 1.2, and 1.63, CHI) and hexamethylene- 
imine (singlet a t  8 1.17, NH; triplet a t  6 2.76, CHI-N; broadened 
band a t  6 1.56, CHI) by comparison with authentic samples. 

Reaction of 1-Difluoramino- 1-methylcyclohexane with Lithium 
Aluminum Hydride.-The above procedure with 3.0 g (0.0201 
mol) of I-difluoramino-1-methylcyclohexane's gave 1.62 g (71 % 
yield) of colorless liquid, bp 40' (7 mm). 

The nmr spectrum showed the presence of N-methylcyclo- 
hexylamine (singlet a t  6 0.63, removed with DzO, NH; singlet a t  
6 2.33, CH,; multiplets with peaks at 6 1.68 and 1.23 for ring 
hydrogens) by comparison with an authentic sample. Other 
peaks in the spectrum are tentatively assignable to a-methyl- 
cyclohexylamine (singlet a t  6 1.02, CH3) and a-methylhexa- 
methyleneimine (double a t  6 1.01, CHCH,). The relative 
amounts of the three components was approximately 2: 1:2. 
Attempts to separate the mixture by gas chromatography were 
unsuccessful. 

Dimethyl N-Pheny1iminocarbonate.-A solution of 3.42 g 
(0.01 14 mol) of a,a-dibromo-a-difluoraminotoluene* and 0.06 
equiv of sodium methoxide in 80 mol of methanol was allowed to 
stand a t  ambient temperature for 18 hr. The solvent was re- 
moved in vacuo and 50 ml of methylene chloride WBS added. 
The mixture was filtered and distilled to give 1.11 g (59% yield) 
of dimethyl N-phenyliminocarbonate, bp 54-55' (0.15 mm). 

Anal. Calcd for C ~ H U N O ~ :  C, 65.45; H, 6.66; N, 8.5. 
Found: C, 65.31; H,6.73; N,8.5. 

The infrared spectrum showed peaks a t  3.30 (m), 3.36 (m), 
3.50 (m), 5.97 (vs), 6.26 (s), 6.70 (m), 6.82 (s), 7.0 (s), 7.73 (s), 
7.80 (s), 8.40 (s), 9.30 (s), 9.70 (s), 11.1, 12.6 (m), 13.3 (s), 13.9 
(s), 14.35 (s), and 15.3 p (s). The proton nmr spectrum (CD- 
Cla solvent) consisted of a methoxy signal a t  6 3.78 and an aro- 
matic multiplet. 

The reaction of 1.47 g (0.005 mol) of a-bromo-a,a-bis(difluor- 
amino)toluene4 with 0.025 equiv of sodium methoxide in 40 ml of 
methanol a t  ambient temperature for 1 hr gave 0.58 g (70% 
yield) of the same product. 

~,~-Di~hloro-a-difluoraminotoluene~ gave this compound in 
only 25Q/, conversion in 1.5 hr a t  the reflux temperature of the 
solution. Starting material was recovered. 

a-Bromo-a-fluorimiiotoluene .-a,a-Dibromo-a-difluoramino- 
toluene' (2.45 g, 0.00815 mol) was added dropwise with stirring 
to 10 ml of anhydrous ammonia, refluxing under a -80" con- 
denser with nitrogen sweep. After 1 hr, 15 ml of ether was 
added and the ammonia was allowed to escape. The ether solu- 
tion was filtered and distilled to give 0.50 g (30.4y0 yield) of a- 
bromo-a-fluoriminotoluene, bp 29" (0.5 mm). 

Anal. Calcd for C7HsNFBr: C, 41.58; H, 2.48; N, 6.93; F, 
9.40. Found: C, 41.40; H,2.56; N,6.77; F ,  9.54. 

The infrared spectrum showed peaks a t  3.27 (w), 6.30 (w), 
6.45 (m), 6.72 (w), 6.92 (m), 8.0 (m), 10.50 (s), 10.82 (w), 11.20 
(s), 13.15 (s), 14.55 (s), and 15.3 p (9). 

The proton nmr spectrum consisted of an aromatic multiplet 
with maximum intensity at 6 7.47, and the fluorine spectrum 
consisted of a broadened band a t  +J* -64.1. 

This product was also formed by reacting 2.45 g (0.00815 mol) 
of a,a-dibromo-a-difluoraminotoluene with 0.0163 mol of sodium 
2-propanenitronate in 45 ml of methanol for 1 hr a t  ambient 
temperature. Distillation gave 0.98 g of material shown to be 
about 85% pure by gas chromatography, and containing six more 
volatile impurities. 

Registry No.-5,5-Bis(difluoroamino)hexanol, 21272- 
94-6 ; 3,3-bis(difluoroamino) butylammonium trifluoro- 
acetate, 21272-95-7; 5,5-bis(difluoroamino)hexanoic 
acid, 21272-96-8; 4,4-bis (difluoroamino) pentyl iso- 

(18) K. Baum, J .  Ow. Chem.. 89,3648 (1967). 
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cyanate, 21272-97-9; 4,4-bis(difluoroamino)pentyl 
urea, 2 1272-98-0; 5,5-dinitro-2,2-bis (difluoroamino)- 
pentane, 21272-99-1 ; 4,4-bis(difluoroamino)pentanoic 
acid, 21273-00-7; dimethyl N-phenyliminocarbonate, 
13997-51-8; a-bromo-a-fluoriminotoluene, 21273-07-4. 
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Kinetics of dehydrofluorination of several mono-, bis-, and tris(N,N-difluoramino)alkanes have been measured 
in diglyme-water (30:70) a t  50 and 75". The rates of these imine-forming reactions are relatively insensitive 
to the inductive and conjugative effects of substituents; the stereoselectivity of the dehydrofluorination seems 
to reflect the steric requirements of the alkyl group. The elimination appears to be a concerted process in which 
the degree of N-F bond breaking is not only quite extensive, but also nearly equal to the degree of C-H bond 
breaking in the transition state. All of the dehydrofluorination products have been fully characterized. 

While the mechanisms of olefin-forming dehydro- 
halogenation reactions have been studied extensively12 
the elimination of hydrogen halide across C-N bonds 
has received very little attention. Except for our 
earlier  result^,^ the only reported kinetic data are for the 
base-catalyzed dehydrochlorination of bensalchlo- 
r i m i n e ~ . ~  With the recent availability of various al- 
kyldifluoramines, we undertook an extensive investi- 
gation of the mechanism of elimination of hydrogen 
fluoride across C-N single bonds. The previous paper 
in this series3 describes our early studies on one com- 
pound. We now wish to report our final results for 
several different mono-, bis-, and tris(N,N-difluor- 
amino)alkanes, compounds 1-11 in Table I. The 
results from these compounds provide for the first time 
information regarding the nature of the transition state 
for dehydrofluorination reactions across C-N single 
bonds. 

Results 
The kinetics for dehydrofluorination of compounds 

1-13 in Table I have been measured in diglyme (di- 
ethylene glycol dimethyl ether)-water (30: 70, v/v) by 
means of an aliquot extraction-gas chromatographic 
technique. The data for 6, 12, and 13 have been 
reported previ~usly.~ I n  all cases the rate of disap- 
pearance of starting material was determined, and, 
where possible (4-8), the rate of appearance of product 
was also measured. All compounds were studied at  
50". Generally, kinetic experiments were performed 
a t  least in duplicate; lack of material prevented repeat 
measurements for 5 and 9. The average observed rate 
constants for disappearance of starting material a t  50" 
are given in Table I. The experimental error is f3%; 

(1) This work was supported by the Office of Naval Research. Contract 
Nonr 3760(00). 

(2) (a) H. L. Goering and H. H. Espy, J .  Amer. Chem. SOC., 78, 1454 
(1956); (b) S. J. Cristol and R. 8. Bly, Jr., ibid., 84, 142 (1960); (c) D .  J. 
Cram, F. D. Greene. and C. H. DePuy, ibid.. 78, 790 (1956); (d) W. H. 
Saunders, Jr. ,  and R. A.  Williams, ibid. ,  70, 3712 (1957); (e) C. H. DePuy 
and D.  H. Froemsdorf, ibid., 70, 3710 (1957); (f)  C. H. DePuy and C. A. 
Bishop, ibid. ,  88, 2532 (1960); ( g )  C. H. DePuy and C. A. Bishop, ibid., 84, 
2535 (1960); (h) J. Sicher, J. ZBvada, and M. PhkovB, Chem. Commun., 
1147 (1968): (i) N. B. Chapman and J. L. Levy, J .  Chem. SOC., 1673 (1952); 
(j) W. H. Saunders, Jr., S. R. Fahrenholtz, E. A. Caress, J. P. Lowe, and 
M. Schreiber. J .  Amer. Chem. Soc., 87,3401 (1965). 

(3) 9. K.  Brauman and M. E. Hill. ibid. .  89, 2131 (1967). 
(4) C. R.  Hauser, J. W. LeMaistre, and A. E. Rainsford, ibid.. 57, 1056 

(1935); W. E. Jordan, H. E. Dyas, and D. G. Hill, ibid.. 68, 2383 (1941). 

all rates followed pseudo-first-order kinetics to a t  least 
80% reaction. Where both values could be deter- 
mined, the rate of disappearance of starting material 
was within 8% of the rate of appearance of product. 
The latter rates for 6 and 7 showed induction periods. 
The case for 6 has already been discussed.a Although 
several different extraction solvents were tried, low 
concentrations may account for the failure to observe 
the various expected intermediates in the dehydro- 
fluorination of 7. 

In  general, product yields were greater than 80%, 
even for those products (16, 22, and 23, Table I) which 
were unstable in the reaction medium. The dehydro- 
fluorinated materials were all' identified by comparison 
with authentic material; the new N-fluorimines were 
independently prepared and characterized. Kinetic 
product isomer ratios were determined by vpc and nmr. 
Compounds 7 and 10 give 1: 1 mixtures of syn and anti 
isomers (the syn and anti assignments refer to the 
fluorine and methyl group, or diffuoramino group for 
23, on the C-N double bond). Compounds 8 and 9 
give only one isomeric product each which is assigned 
the syn geometry from steric considerations alone. 
The complex stereochemistry for 6 has already been 
de~cribed;~ the syn to anti isomer ratio of mono-N- 
fluorimines, 12 and 13, formed from 6 is 3.2:l; the 
synpyn to syn,anti ratio of bis-N-fluorimines, 19, from 
12 is 24.6: 1; and the syn,anti to anli,anti ratio from 13 
is 5.2: 1. 

Dehydrofluorination rates were also measured a t  
25" for 10 and at  75" for all other compounds. The 
activation parameters are included in Table I. 

Discussion 

Alkyldifluoramines undergo rapid general base cata- 
lyzed dehydrofluorination yielding N-fluoroketimines, 
aldimines, or  nitrile^.^ Our results show that dehydro- 
fluorination is quite fast, even when water acts as the 
base. Since the solvent, water, is the base, the kinetics 
in this aqueous system are pseudo first order. sec- 

(5) (a) F. A. Johnson, C. Haney, and T. E. Stevens, J .  Ow. Chem.. 82, 
466 (1967); (b) R. C. Petry and J. P. Freeman, ibid., 82, 4034 (1967); 
(c )  R. C. Petry and J. P. Freeman, Abstracts, 152nd National Meeting of the 
American Chemical Society, New York, N .  Y., Sept 1966, p 8-48; (d) 
T. E. Stevens, J .  Org. Chem., 33, 2660 (1968). 


