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The Synthesis of Nitrosoalkane Dimers

By WiLLiam D, EMMONS
RECEIVED JUNE 14, 1957

General methods for synthesis of nitrosoalkane dimers through use of oxazirane intermediates have been established, An

improved preparation of cyclopropylamine is also described.

Satisfactory general methods for preparation of
nitrosoalkanes or their dimers have not been pre-
viously described in the literature, and conse-
quently their chemistry has not been investigated
in any detail. The most suitable synthesis of these
materials has been based on the vapor phase pyrol-
ysis of alkyl nitrites.! However, this method is
rather limited by the special apparatus required
and by the rather small amounts of products which
can be prepared conveniently., Furthermore, the

A
R1R2R30NO — RIRQCO —f“ RaNO

purification of nitrosoalkanes obtained in this mar-
ner is frequently tedious, and the method also is
dependent on the availability of the parent nitrite.
Other procedures which have been described for
preparation of nitrosocalkanes involved the reaction
of chlorine and nitric oxide with hydrocarbons in
the presence of ultraviolet light® and the controlled
oxidation of f-alkyl primary amines.® Both of
these methods, however, suffer from limited ap-
plicability as well as from the very low yields ob-
tained.

In connection with a general investigation of the
chemistry of oxaziranes,? it was observed that these
heterocycles react smoothly with one equivalent of
peracetic acid to give fairly good yields of nitro-
soalkane dimers. Thus 2-1sopropyl-3,3-dimethyl-
oxazirane was converted at room temperature in
methylene chloride solvent to 2-nitrosopropane
dimer in 33% yield. It subsequently was found
that it was more convenient to prepare the nitro-
soalkane by direct oxidation of an imine with two

VAN CH,CO:H (CH;),CHNO
(CH;),C—~NCH(CH;); ——————> +
(CH,),CO

equivalents of peracetic acid. In most cases the
crude imine was obtained by condensation of di-
ethyl ketone with the appropriate amine in ben-
zene solution using azotropic distillation to remove
the water. Oxidation of the crude imine usually
yielded the nitrosoalkane dimer in 30-909, yield.
The reaction appears to be quite general and a sum-
mary of the compounds obtained along with the

Et,CO + RNH,
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pertinent physical constants may be found in
Table I. The availability of convenient laboratory
procedures for preparation of the dimers should
make the chemical investigation of these rather in-
teresting compounds feasible.

With the exception of 2-nitrosotctane dimer all of
the compounds were solids. The structure and
purity of the products was established by micro-
analytical data, by a comparison with the physical
constants of those nitrosoalkane dimers prepared
by other methods and finally by the intense ultra-
violet absorption characteristic of nitrosoalkane
dimers at 290 to 300 mu.* Also the absence of any
of the isomeric oximes in the products was con-
firmed by examination of the infrared spectra of
these compounds which showed no absorption in
the lydroxyl or imine regions. Nitrosocyclo-
hexaue also was characterized by its quantitative
conversion to cyclohexanone oxime after heating
in aqueous methanolic sulfuric acid.

The precise nature of this oxidation is uncertain.
One possible formulation of the reaction is, however

O
(0] VN )
RyC--NR —3> [RyC—NR] —> R,CO 4+ RNO
4
(0]

The nitrosoalkanes rapidly dimerize and only in the
case of phenylnitrosomethane was any of the tauto-
meric oxime isolated. The stability of nitroso-
‘alkane dimers has been commented on previously®
and is, of course, the reason why oximes are not
formed to any major extent in this reaction. In-
deed the stability of some of the dimers was quite
remarkable. Thus it was possible to obtain ac-
curate measurenients of the molecular weights of
nitrosocyclohexane and 1-nitrosodctadecane dimers
ebullioscopically in acetone suggesting that very
little if any dissociation of these compounds takes
place in boiling acetone. It is also worth pointing
out that the dimers obtained from this reaction are
frans since the ultraviolet spectra of these com-
pounds in solvents such as ethanol were not time
dependent over several hour periods.'

Efforts to extend the imine oxidation to syn-
thesis of t-nitrosoalkanes such as 1,1-dimethyl-
nitrosoethane were not successful. The major rea-
son for this was the extreme volatility of the mono-
meric #-nitrosoalkanes. The dimers are in this
case relatively unstable because of steric factors
and in solution the monomeric blue nitrosoalkanes
are formed and codistil with even relatively low
boiling organic solvents. Thus 1,1,3,3-tetramethyl-
nitrosobutane codistilled with ethyl ether. It was
found, however, that these nitrosoalkanes could be

(3 H. T. 7. Chilton and B, G. Gowenlock, J. Chem. Soc., 3174
(1954),
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TABLE I
0 09
PREPARATION OF NITROSOALKANE DIMERS, RHIG\D;HII\IHR
Carbon, % Hydrogen, % Nitrogen, % Yield, M.p., Amax,

R Caled. Found Caled. Found Caled. Found % °C. mu €max
(CH,;),CH! 49.30 49.02 9.66 9.53 19.15 19.02 33 53-55 295 9300
CeHsCH? 69.40 69.39 5.83 5.60 11.56 11.40 37 116-118 296 8700
n-CioHags 72.31 72.56 12.64 12.83 7.02 6.96 37° 7678 291 9740
n-Ci1sHss 76.26 76.58 13.16 13.33 4,94 5.02 60 87-89 290 9100
CeHyp? 63.68 64.01 9.80 9.86 12.38 11.86 68 8688 297 10300
CH3(CH,4);CH(CHo,) 67.09 67.43 11.97 12.00 9.78 9.74 83k ... 295 9240
CeH;CH,CH, 71.09 71.80 6.71 6.80 10.3¢ 9.83 71 98-100 294 9100
(CHjy)sC3 55.15 55.10 10.41 10.40 16.07 15.70 86 83-84
(CH,)3;CCH,C(CHs), 67.09 66.83 11.97 11.90 9.78 9.60 87 63-64

¢ Rectrystallized from hot ligroin.

prepared conveniently by reaction of aqueous alka-

line hypobromite solutions with the corresponding

hydroxylamines which are readily available from

hydrolysis of 2-f-alkyl-3-phenyloxaziranes.# The

nitrosoalkanes produced in the reaction dimerized

at room temperature and the crystalline dimers

Brz, OH®

R;CNHOH R;CNO

were filtered off in excellent yield from the aqueous
solutions,

Finally it should be mentioned that it was pos-
sible to prepare nitrosocyclohexane dimer in 449,
vield by oxidation of cyclohexylamine with two
equivalents of peracetic acid. While the yield of
product #za the oxazirane was considerably higher,
the availability of cyclohexylamine makes the
direct oxidation a rather attractive synthesis for
this nitrosoalkane. The oxidation of other amines
was not a suitable preparative method for nitro-
soalkanes, however, Also efforts to obtain nitroso-
cyclopropane from either cyclopropylamine or
imines derived from cyclopropylamine were un-
successful. A superior preparation of cyclopro-
pylamine® based on the reaction of methyl cyclo-
propyl ketoxime and trifluoroacetic anhydride was,
however, developed and is described in the Experi-
mental section. The use of trifluoroacetic anhy-
dride for Beckman rearrangements giving water-
soluble amides apparently has not been reported
previously and would appear to offer some advan-
tages over other reagents,

Experimental

2-Isopropyl-3,3-dimethyloxazirane was prepared by reac-
tion of peracetic acid with N-isopropylideneisopropyl-
amine? as previously described.* There was obtained a 629,
yield of the oxazirane, b.p. 60° (40 mm.), n%Dp 1.4072.

Anal. Caled. for CeH3NO: C, 62.57; H, 13.10; N,
12.16. Found: C, 62.51; H, 13.00; N, 12.02.

2-Nitrosopropane Dimer.—To 20 ml. of methylene chlo-
ride was added fairly rapidly at 0° with efficient stirring
3.0 ml. (0.11 mole) of 909 hydrogen peroxide and one drop
of sulfuric acid catalyst.® Acetic anhydride (13.5 g., 0.132
motle) then was added dropwise over a 10-minute period
with continued cooling. The resulting mixture was stirred

(6) J. D. Roberts and V. C. Chambers, TH1s JourNaL, 78, 3177
(1951).

(7) D.G. Norton, V. E. Hawry, F. C. Davis, L. J. Mitchell and S. A.
Ballard, J. Org. Chem., 19, 1034 (1954).

(8) All preparations of peracetic acid were carried out behind a safety
screen, For the hazards involved in handling 909 hydrogen peroxide,
see E, S. Shanley and F. P. Greenspan, Ind. Eng. Chem., 89, 1536
(1947).

» Recrystallized from petroleum ether at —78°, #%p 1.4565.

15 minutes at room temperature and the clear solution so
obtained was treated with 0.5 g. of sodium acetate to neu-
tralize the acid catalyst. The resulting peracetic acid was
added dropwise to an ice-cooled solution of 11.5 g. (0.1
mole) of 2-isopropyl-3,3-dimethyloxazirane in 30 ml. of
methylene chloride. The mixture was allowed to stand
overnight at room temperature. It was then washed with
100 ml. of cold 209, aqueous ammonia and the organic layer
was dried over magnesium sulfate. Evaporation of the
volatile solvent left an oil which was dissolved in 40 ml. of
ether. The ethereal solution was chilled at — 78° for 2 hr,
giving 2.4 g. (339%) of crystalline 2-nitrosopropane dimer,
m.p. 53-55° (lit.! m.p. 52°).

a-Nitrosotoluene Dimer.—A solution of 53.5 g. (0.5 mole)
of benzylamine and 60.4 g. (0.7 mole) of diethyl ketone in
200 ml. of benzene was azeotropically distilled until water
removal was complete. The volatile solvent was evapo-
rated at reduced pressure giving the crude imine in essentially
quantitative yield. A solution of peracetic acid was then
prepared as previously described from 30 ml. of methylene
chloride, 6 ml. (0.22 mole) of 909, hydrogen peroxide, one
drop of sulfuric acid and 27 g. (0.264 mole) of acetic anhy-
dride. -After neutralization with 0.5 g. of sodium acetate
the peracid was added dropwise to 17.7 g. (0.1 mole) of the
imine in 50 ml. of methylene chloride cooled in an ice-salt-
bath. The reaction vessel was then kept at 0° overnight
and subsequently washed with 200 ml. of ice-water and
200 ml. of cold 209, aqueous sodium bicarbonate. The
organic extract was dried and the volatile solvent evapo-
rated. To the mushy solid so obtained was added 25 ml.
of ethanol and the mixture was kept in the refrigerator
overnight. Filtration yielded 4.5 g. (379%) of fairly pure
e-nitrosotoluene dimer, m.p. 114-115°, After recrystalli-
zation from acetone the product melted at 116-118° (Iit.2
m.p. 117°). The ethanol filtrate on evaporation gave 7.4
g. (609%) of oil which on the basis of its infrared spectrum
was largely benzaldoxime.

1-Nitrosodctadecane Dimer.-—A solution of peracetic acid
was prepared from 25 ml. of methylene chloride, 5.5 ml.
(0.2 mole) of 909 hvdrogen peroxide, one drop of sulfuric
acid and 24.5 g. (0.24 mole) of acetic anhydride. After
neutralization with 0.5 g. of sodium acetate this reagent
was dripped into 33.8 g. (0.1 mole) of the crude imine ob-
tained from condensation of z-octadecylamine and diethyl
ketone in 50 ml. of methyvlene chloride at 0°. When addi-
tion was complete the reaction mixture was allowed to stand
overnight at room temperature. A voluminous precipitate
separated and was collected on a filter. The product was
washed with a little cold methylene chloride, and there was
obtained 25.1 g. (709%) of fairly pure l-nitrosoéctadecane
dimer, m.p. 82-84°. This was recrystallized from hot
ligroin and melted at 87-89°. The characteristic blue color
was observed in hot ligroin during the recrystallization,
but it faded at room temperature.

Nitrosocyclohexane Dimer.—A peracetic acid solution
was prepared in the usual way from 50 ml. of methylene
chloride, 12.2 ml. (0.45 mole) of 909, hydrogen peroxide,
one drop of sulfuric acid and 55 g. (0.54 mole) of acetic
anhydride. This solution was then added dropwise to 19.8
g. (0.2 mole) of cyclohexylamine in 75 ml. of methylene chlo-
ride cooled in an ice—salt-bath. The mixture was allowed
to stand overnight during which time the cooling bath
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reached room temperature. The product was then washed
with 200 ml. of water, 100 ml. of cold 159, aqueous ammonia
and 100 nil. of 109; sulfuric acid. The organic laver was
dried and evaporated at reduced pressure leaving an oily
solid. This product was triturated with 50 ml. of cold
ethanol and collected on a filter. There was obtained 10.0
g. (449, of nitrosocyclohexune dimer, m.p. 119-120°.
Recrystallization from ethanol raised the melting point to
120-121° (lit.? m.p. 120°). The same product was ob-
tained in 689 yield by oxidation of the imine derived fromn
condensation of cyclopentanone and cyclohexylamine.

1,1-Dimethylnitrosoethane Dimer.—A solution of 19.2 g.
(0.12 mole) of bromine, 12 g. (0.3 mole) of sodium hydrox-
ide and 75 ml. of water was stirred with ice cooling, and 8.9
g. (0.1 mole) of t-butylhvdroxylamine? in 25 ml. of water
was added dropwise over a 5-minute period. A blue color
immediately developed. The mixture was stirred 2 hr.
and the crystalline dimer was then collected on a filter. It
was washed with water and dried to yield 7.5 g. (869
of the nitrosoalkane dimer. The compound inelted at 83—
84° (lit.3 m.p. 76°) to form a blue liquid.
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Cyclopropylamine.-—A solution of 190 g. (1.92 moles) of
methyl cyclopropyl ketoxime in 400 ml. of 1,2-dimethoxy-
ethane was heated to reflux (82°). At this temperature
with stirring, 282 ml. (2.2 moles) of trifluoroacetic anliydride
was added dropwise over a 1-lir. period. The mixture was
then heated under reflux for one additional hour. Tlhie
volatile solvents were distilled off at atinosplieric pressure by
slowly raising the pot temperature to 150°. The residue
was then cooled and stirred in an ice-batll while a solution
of 300 g. of potassium hydroxide in a mixture of 600 ml. of
ethylene glveol and 300 ml. of water was added. The mix-
ture so obtained was distilled overnight in a Todd columm.
The methylaniine was vented off, and the cyclopropylamine
was distilled over an 8-hr. period. This distillation was fa-
cilitated by the use of an automatic still-head which only
collected product boiling below 51°. There was obtained
in this manner 84.5 g. (77%,) of cyclopropylamine, b.p.
49-51°.8
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Phosphorus Derivatives of Fatty Acids.

II1.> Trialkyl o-Phosphonates

By BERNARD ACKERMAN,** ROSE MARIE CHLADEK® AND DANIEL SWERN
RECEIVED JuLy 8, 1957

Triethyl a-phosphonates have been prepared in 60-969, yield from triethyl phosphite and the ethyl ester of the appropriate

C—Cys straight chain a-bromocarboxylic acid (equation 1; R =

CyH;, CiHy. CioHar, CiaHys, CiaHay and CigHas).  Mixed

trialkyl a-phosphonates (formula 1) have been similarly prepared in 30-909, yield from the appropriate trialkyl phosphite
(trimethyl phospliite, tri-z-butyl phosphite or tri-z-hexyl phosphite) and alkyl ester of tlie a-bromocarboxylic acid (R’ =

CH;, C;H;, n-CiH,, #-CsHy; and 2-ethiylhexyl in formula 1),
liquids, insoluble in water and soluble in organic solvents.

i OC,H;
OC2H5

The a-phosphonates are colorless, odorless, thermally stable
In contrast to the isomeric diethyl acyloxyethylphosplionates

previously reported, the triethyl a-phosphonates are resistant to hydrolysis withh 0.1 N

hydrochloric acid, but they are converted to the tribasic a-phosphonocarboxylic acids (I, R, R” = H) when refluxed for

18-24 hr. with 20-359, hydrochloric acid.

With dilute base in ethanol, the carboxylic ester group is preferentially hydro-

lyzed yielding «a-diethylphosphonocarboxylic acids (I, R’ = H, R* = CH,).

In the first two papers of this series, s we de-
scribed the preparation and properties of phos-
phorus-containing fatty acid derivatives which
hydrolyzed in such a way as to separate the parent
fatty acid from the phosphorus-containing group.

i

i
Thus, dialkyl acylphosphonates | R-C-P-(OR").
were hydrolyzed readily under neutral conditions

(R S |
at the -C—I—P- bond to regenerate the fatty

acid and a ‘fragment believed to be a dialkyl
phosphite.®  Dialkyl acyloxyethylphosphonates
0] 0]

| 1
R-C-O-(CH.):-P-(OR'); |, although considerably

(1) A laboratory of the Eastern Utilization Research and Develop-
ment Division, Agricultural Research Service, U. S. Department of
Agriculture. Article not copyrighted.

(2) Presented at the Fall Meeting of the American Chemical So-
ciety, September 8-13, 1957, New York, N. Y. Paper I1is reference 6.

(3) Fellow of the Fatty Acid Producers' Council of the Association of
American Soap and Glycerine Producers, Inc.

(4) Advance Solvents and Chemical Co., New Brunswick, N. J.

(5) B. Ackerman, T. A, Jordan, C. R, Eddy and D. Swern, Turs
JourNAL, T8, 4444 (1956).

(6) B. Ackerman, T. A. Jordan and D. Swern, tbid., T8, 6025 (1956).

more resistant to hydrolysis under neutral con-
ditions than the dialkyl acylphosphonates, hy-
drolyzed readily under mildly acidic conditions at
the carboxylic ester group to give the fatty acid
and dialkyl hydroxyethylphosphonate.®

An objective of the present investigation was to
prepare phosphorus derivatives of fatty acids
which on hydrolysis would yield a product having
phosphorus attached to the fatty acid chain. The
trialkyl a-phosphonates (I) are such a class of

compounds. They were also of considerable in-
terest hecause it would be possible to stucdy the
i
R—CH—C-—OR'
R"O—P—OR"
(6] I

effect of variations in R, R’ and R” on numerous
physical and chemical properties under investiga-
tion. A few low molecular weight trialkyl «-
phosphonates are described in the literature,” but
aside from them there are no reports on the sys-
tematic preparation and study of the physical and
chemical properties of trialkyl a-phosphonates.

(7) G. M. Kosolapoff, **Organophosphorus Compounds,'* Jolin Wiley
and Sons, Inc., New York, N. Y., 1930, pp. 160-161.



