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bon dioxide, which was generated in a vacuum system from
1.4000 g. of barium carbonate with sulfuric acid.

The same ionization chamber was used for all activity
determinations. All samples were counted for 1.5 hours
and a background correction was made. All three of the
activity determinations for each set were made in close suc~
cession, in order to minimize variations in the instruments.
The average counting error with samples run in close succes~
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sion was approximately 0.5%. Many of the activity deter-
minations were repeated one or more times.
Acknowledgment.—The authors would like to
thank the Pan American Refining Corporation for
fellowship aid for Mr. Carrick during 1953-1954.
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Acetone cyanohydrin nitrate (I) has been found to be a unique reagent for effecting nitration under alkaline conditions.

By means of this reagent primary and secondary amines may be converted to the corresponding nitramines.

Other cyano-

hydrin nitrates that were studied in this connection are discussed.

The introduction of a nitro group into an organic
molecule almost always requires the use of a highly
acidic reagent. This requirement limits the number
and type of compounds that can be nitrated be-
cause of the sensitivitv of some compounds to
acids. A reagent which could effect nitration un-
der neutral or alkaline conditions would be highly
desirable. As a starting point in the search for such
a reagent, the synthesis of nitramines? from amines
has been examined.

Several attempts to convert amines to nitramines
by the action of a nitrate ester in the presence of
added base are recorded in the literature.® Thus,
Bamberger isolated phenylnitramine in poor yield
from the reaction of aniline, ethyl nitrate and so-
dium ethoxide.* This method has not been use-
ful, however, as the predominant reaction is one of
alkylation. For instance, pyridine is converted to
a quaternary nitrate by the action of alkyl ni-
trates,® and piperidine is alkylated to form ter-
tiary amines.® The predominance of this latter
reaction suggests that nitrate esters behave more
like alkyl halides or tosylates than like carboxylic
esters. This view finds support in the work of
Baker and Easty” who studied the solvolysis of ni-
trate esters. They interpreted their data on the
basis that no reaction involving attack on nitrogen
occurred. It has recently been shown,? however,
that the hydrolysis of nitrate esters must occur by
cleavage of the oxygen—nitrogen bond since a ni-
trate ester labeled with O yields an alcohol con-

(1) This research was carried out under Army Ordnance Contract
W-01.021-ORD-334.

(2) At present there are three good methods for the preparation of
secondary nitramines, and all involve strongly acidic conditions.
They are: (a) the oxidation of nitrosamines with peroxytrifluoroacetic
acid [W. D. Emmons, THts JOURNAL, 76, 3468 (1954)]; (b) the chlo-
ride ion-catalyzed direct nitration of amines [W. J. Chute, K. G.
Herring, L. E. Toombs and G. F Wright, Can. J. Research, 26B,
89 (1948)]; and (c) the nitrolysis of dialkylamides with nitric acid
[A. H. Lamberton, Quart. Revs., 8, 75 (1951)]. Only the second of
these methods is applicable to the synthesis of primary nitramines.

(3) H. J. Backer, Sammlung Chem. und Chem. Tech, Voriridge, 18,
365 (1912).

(4) E. Bamberger, Ber., 83, 2321 (1920).

(5) E. S. Lane, J. Chem. Soc., 1172 (1953).

(8) D. T. Gibson and A. K. Macbeth, 7bid., 438 (1921).

(7) J. Baker and D, Easty, ¢bid., 1193, 1207 (1952).

(8) M. Anbar, I. Dostrovsky, D. Samuel and A, D. Yoffe, ibid., 3603
(1954).

taining O'®. It has also been postulated that oxy-
gen-nitrogen bond cleavage occurs during the reac-
tion of hydrazine with certain nitrate esters.®
Efforts to effect the nitration of amines with
simple alkyl nitrates appeared to be predestined
to failure regardless of the strength of the added
base because of the competition from side reactions.
It was decided therefore to alter the structure of the
nitrate ester with a view to weakening the oxygen—
nitrogen bond so that nucleophilic attack on the
molecule would occur on nitrogen. Efforts in this
direction led to the synthesis of trichloroethyl
nitrate whose reaction with secondary amines has
been reported.’® In this case the amine attacked
the a-hydrogen atoms instead of the nitro group.
Significantly, however, no alkylation was noted.

S S
CLCCH,ONO; 4 R;NH —> R;NH,NO,; + CLCCHO

This preliminary study led to the imposition of cer-
tain restrictions on the structure of the nitrate es-
ter to be used for alkaline nitrations.

First of all, the nitrate ester should possess no a-
hydrogen atoms. Secondly, it should contain bulky
groups around the a-carbon atom to hinder bimo-
lecular displacement reactions. Lastly, it should
contain an electronegative group to weaken the
oxygen—nitrogen bond. The latter requirement is
also desirable because it prevents the facile unimo-
lecular solvolysis characteristic of most tertiary
nitrate esters.!! In the search for a molecule
which possessed all these structural features, atten-
tion was focused on the heretofore unknown nitrate
esters of ketone cyanohydrins. The nitration of the
readily available acetone cyanohydrin was at-
tempted first. The synthesis of acetone cyanohy-
drin nitrate (I) was accomplished smoothly by ni-
tration of the cyanohydrin with fuming nitric acid
in acetlic anhydride. By this method the nitrate es-
ter I was obtained consistently in yields of 65-70%,.
It proved to be a colorless liquid which could be

(9) R. T. Merrow and R. W. VanDolah, TH1s JOURNAL, T8, 4522
(1954),

(10) W. D. Emmons, K. S. McCallum and J. P. Freeman, J. Org.
Chem., 19, 1472 (1954).

(11) For instance, G. R. Lucas and L. P, Hammett [THiS JOURNAL,
64, 1928 (1942)] have demonstrated that f{-butyl nitrate undergoes

unimolecular solvolysis in aqueous ethanol at a rate similar to that of
t-butyl chloride.
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distilled readily i# vacuo aud which was stable under
all conditions of our use.

OH ONO,
| (CH;CO)0 f
CH,CCH; + HNOy ——"" " CH,CCH,

|
CN CN

1

Acetone cyanohydrin nitrate (I) has been fouud
to be a unique reagent for the conversion of amines
to nitramines under alkaline conditions. Aliphatic
and alicyclic secondary nitramines were obtained
in yields varying from 55-80%, and primary nitram-

OXNO,

|
RyNH + CHa(’:CHs —> RyNNO: 4 (CH;),CO + HCN
CN

ines were produced in 50-60%, yields. Our results
are summarized in Table I. Under the conditions
of the reaction it was also shown that the hydrogen
cyanide and acetone produced in the nitration re-
action in turn react with excess amine to form the
corresponding «-aminonitrile,

CHa

|
R;NH + HCN + (CH;,),CO —> Ry;NCCN
|
CH,
TasLe I

NITRATION OF AMINES TO NITRAMINES WITH ACETONE
CvYANOHYDRIN NITRATE

Nitramine Yield, ¢, B.p., °C. 7120p

Dimethyl® 76 M.p. 57-58

Diethy?® 60  50-52 (0.2 mm.) 1.4525
Di-n-propyl® 42 90-92 (8 mm.) 1.4558
Di-n-butyl? 54 69-70 (0.1 mum.) 1.4562
Diisobuty!® 60 M.p. 79-80

Diisoamyl’ 64 112-114 (2 mm.) 1.4604
Mononitropiperazine 55 M.p. 127-128
Nitropiperidine? 62 62-64 (0.2 mm.) 1.4968
Nitromorpholine® 81 M.p. 51-53
Nitropyrrolidine® 60 M.p. 55-57

n-Propyt! 50 52-56 (0.1 mm.) 1.4610
n-Butyl 52  79-81 (0.5 mm.) 1.4596
Isobutyt’ 54 58-60 (0.1 mm.) 1.4570
n-Amyl™ 55 60-62 (0.2 mm.) 1.4611
Isoamyl/ " 54 62-64 (0.02 mm.)  1.4594

a Lit. m.p. 57° (ref. 2b). % Lit. b.p. 48° (0.5 mm.),
n®p 1.4539 (ref. 2a). ¢ W. R. Kingdon and G. F Wright
[Tuis JournaL, 72, 1030 (1950)] report b.p. 103-104°
(10 mm.), »n®p 1.4559. 4G. F Wright, et al. [Can. J.
Research, 26B, 114 (1948)] report b.p. 129-130° (11 mm.),
n?»p 1.4557. € This compound has previously been re-
ported as an oil (see footnote d). / A. Berg [Ann. chim.,
[7] 3, 357 (1894)] has reported this compound as an un-
purified oil. ¢ Lit. b.p. 245° (765 mm.), #®p 1.4954 (I.
Heilbron, ‘““Dictionary of Organic Compounds,’”’ Vol. III,
Oxford University Press, New York, N. Y., 1953, p. 775).
kLit. m.p. 53° (see footnote d). ¢ Recrystallized from
water. Anal. Caled. for C;HgN:Os: C, 41.37; H, 6.94;
N, 24.16. Found: C, 40.63; H, 6.58; N, 23.60. 7Lit.
b.p. 90-111° (13 mm.) (see footnote ¢). *G. N. R, Smart
and G. F Wright [Can. J. Research, 26B, 284 (1948)] re-
port b.p. 123-125° (20 mm.), n%®p 1.4603. ! H. van Erp
(Rec. trav. chim., 14, 1 (1895)] reported this compound as
a solid, m.p. 32°, which very readily supercooled. ™ Calcd.
for C;Hi2N2Op: C, 45.43; H, 9.16; N, 21.20. Found: C,
46.09; H, 9.44; N, 20.86. = Caled. for C;H12N:Os: C,
§§.423;0H, 9.16; N, 21.20, Found: C, 45.72; H, 9.38;

, 21.02,
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The effect of various solvents on this reaction
was examined. It was found that the secondary
amines function well as their own solvents although
acetonitrile and tetrahydrofuran may be used if
desired. The variation in yield between these
three systems was less than 109,. In general, the
amine was used in 5:1 excess and heated at 80° for
four hours with the nitrate ester. On the other hand,
the reactivity of the primary amines was profoundly
affected by the choice of solvent. With solvents of
low dielectric or in excess amine itself the reaction
proceeded only to the extent of 20-259; and the
product was difficult to purify. When a 3:1 excess
of the amine was heated with the nitrate in aceto-
nitrile or tetrahydrofuran at reflux for six hours, how-
ever, satisfactory yields of product were obtained.

The behavior of piperazine hydrate in this reac-
tion was highly dependent upon the choice of reac-
tion conditions. Mononitropiperazine (IT) was ob-
tained when the nitration was carried out in di-
methylformamide using an excess of the amine.
If an excess of the nitrate was used, N-nitro-N'-(a-
cyanoisopropyl)-piperazine (III) was produced. In
a methylene chloride—~ethanol mixture and with an
excess of the amine, N,N’-di-(a-cvanoisopropyl)-pi-
perazine (IV) was the only product. The structures
of compounds IIT and IV were proved by indepencd-
ent synthesis.

N SN
HN NNO, (CH;)CN NNO,
N I N
CN
I 111
(CH,).CN NC(CHj3,
{ |
cN T oexN
v

This reagent is not a completely general one as
aromatic amines and aliphatic amines with branch-
ing on the a-carbon atom were unaffected by it.
The failure with the latter compounds is probably
due to steric interference of the alkyl groups of the
two reactants at the locus of incipient bond forma-
tion (F-strain'?). Support for this suggestion is
found by a comparison of the reactivity of various
amines. Reaction occurred most rapidly with the
cyclic amines in which the methylene groups are
pulled back from the face of the nitrogen atoin, and
with the relatively unhindered acyclic dimethy!l-
amine. As the chain length was increased to four
carbon atoms, the reactivity gradually diminished
and then leveled off. B-Substitution had no detri-
mental effect on reactivity. As a rule the primary
amines reacted much more sluggishly than did the
secondary amines.

Two other cyanohydrin nitrates have been ex-
amined in this reaction. They are the nitrate es-
ters of cyclopentanoue (V) and cyclohexanone (V1)
cyanohydrins.

-y ‘/\\T
0:NO” NCN 0.NO~ NN
v VI

(12) H. C. Brown, H. Bartholomay and M. D, Taylor, THIS JOUR-
NaL, 66, 435 (1944).
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It was of interest to determine whether these two
nitrates might possess some advantages over ace-
tone cyanohydrin nitrate because of steric consid-
erations. In both of these molecules the a-meth-
ylene groups are part of a ring and as a result are
pulled back from the site of reaction. This decrease
in steric interference might conceivably permit re-
actions to occur which were impossible with ace-
tone cyanohydrin nitrate. On the basis of a recent
correlation of reactivity with ring size,!? cyclopenta-
none cyanohydrin nitrate might possess additional
driving force for nitration as in the critical step of
the reaction the coérdination number of a ring atom
changes from four to three. This change has been
shown to be a thermodynamically probable one.!?

G + B- —» BNO, + + CNe

0:NO” N\CN J

coord. no. = 4 codrd. no. = 3

In practice, however, it was found that the reac-
tivity of these cyclic cyanohydrin nitrates was
grossly comparable to that of acetone cyanohydrin
nitrate. The same steric limitations on their use
were present, and the yields of the nitramines that
were obtained were approximately the same. For
instance, dibutylamine was unitrated in 63 and 549,
yield and #-butylamine was nitrated in 51 and 489,
yield by cyclopentanone and cyclohexanone cyano-
hydrin nitrates, respectively. Neither of these
cyclic nitrates reacted with diisopropylamine or
cyclohexylamine.

The unique reactivity of acetone cyanohydrin
nitrate may be understood by an examination of
the probable transition state for the reaction. For-
mally this reaction may be compared to the
Claisen condensation and the transition state may
be formulated as

(0L
5= flo o
B»—-E‘\’v—-OR —> BNO; + ORS
b
When an ordinary nitrate ester is employed, the
reaction amounts to a simple displacement on ni-
trogen and very little driving force for nitration is
contributed by the leaving group. In the case of
acetone cyanohydrin nitrate, the displacement reac-
tion most likely occurs with concerted fragmenta-
tion of the leaving group. Thus the incipient
formation of the carbon-oxygen double bond in the
transition state gives the nitro group some nitro-

RONO; + BS —>

ONO, 0 cm,
& |l 8-
(CH,):.CCN + BS —> B~-N+---o:$-—-CN —
i
06‘ CHa

BNO; + (CH;)CO + CN©

nium ion character and adds considerable driving
force for nitration. The reactivity of this reagent
appears to be due to three factors: (1) the tertiary
nature of the nitrate ester which reduces the possi-
bility of a simple alkylation reaction; (2) the pres-
ence of the electronegative nitrile group which

(13) H. C. Brown, J. Brewster and H. Sliechter, Tnuis Jourwat, 76,
4067 (1954),
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weakens the oxygen-nitrogen bond, thereby favor-
ing attack at the nitro group, and which prevents
solvolysis of the tertiary nitrate ester; and (3) the
facile decomposition of the cyanohydrin structure
upon attack of a nucleophilic reagent which pro-
vides the driving force for nitration. The impor-
tance of this third factor is highlighted by the fact
that neither trichloro-f-butyl nitrate (VII) nor
ethyl a-nitratoisobutyrate (VIII) were found to be
effective nitrating agents, yet both contain potent
electronegative groups. Both were recovered un-
changed from reactions with various amines.

?NOz ?NOZ
CLCCCH, CH,;CCO,C;Hj
CHa CHK
VII VIII

The success attained in this investigation suggests
the study of cyanohydrin derivatives in other dis-
placement reactions.

Experimental!'*

Acetone Cyanohydrin Nitrate.—To a stirred solution of
462 g. of white fuming nitric acid (d. 1.48-1.50) in 1225 g. of
acetic anhydride was added 255 g. (3.0 moles) of acetone
cyanohydrin in one portion. The solution was stirred at
room temperature for 30 minutes and then poured into 1500
ml, of ice-water. After one hour of intermittent stirring, -
the aqueous solution was extracted with three 300-ml. por-
tions of methylene chloride. The combined methylene
chloride solution was washed once with 200 ml. of 5%
aqueous sodium bicarbonate solution and then dried over
anhydrous magnesium sulfate. Fractional distillation at
reduced pressure yielded 255-267 g. (65-689%,) of acetone
cyanohydrin nitrate, b.p. 65-66° (10 mm.), n%®p 1.4172.

Amnal. Caled. for C(HgN,0;: C, 36.92; H, 4.65; N,
21.54, Found: C,37.11; H, 3.90; N, 21.97.

Diisobutylnitramine.—The following method was found
to be the most general one for the nitration of secondary
amines. Individual cases in which this procedure was
modified are noted.

To 64.5 g. (0.5 mole) of diisobutylamine in 100 ml. of
acetonitrile was added slowly at room temperature 13.0 g.
(0.1 mole) of acetone cyanohydrin nitrate in 50 mi. of aceto-
nitrile. The mixture was heated at 80° for four hours, and
then was poured into 200 ml. of 109, hydrochloric acid solu-~
tion and extracted with methylene chloride. The organic
extracts were washed with 5% sodium bicarbonate solution
and water, and dried over magnesium sulfate. The solvent
was removed by evaporation to yield 10.4 g. (60%) of a
white solid. Recrystallization from ethanol and water
yielded shiny white platelets, m.p. 79-80°.

Anal. Caled. for CsHpN,O,: C, 55.14; H,
Found: C, 54.69; H, 9.90.

Nitromorpholine.—To 17.4 g. (0.2 mole) of morpholine
was added 13.0 g. (0.1 mole) of acetone cyanohydrin ni-
trate at room temperature. A pale yellow color developed
in the mixture which was heated at 80° for an hour. It was
poured into dilute hydrochloric acid and extracted with
methylene chloride. The extracts were dried, the solvent
was evaporated and the residue was cooled until it solidified;
vield 13.0 g. (95%). This material was recrystallized from
ethanol and water to yield 10.9 g. (819%) of pure nitro-
morpholine, m.p. 51-53°.

n-Butylnitramine.—The following procedure was typical
of those used in the preparation of primary nitramines.

To a solution of 36.5 g. (0.5 mole) of n-butylamine in 50
ml. of acetonitrile was added 13.0 g. (0.1 mole) of acetone
cyanohydrin nitrate. This mixture was heated under re-
flux for six hours and then poured into 100 ml. of 109, hy-
drochloric acid and extracted with ether. The organic ex-
tracts were dried over magnesium sulfate, the solvent was
evaporated and the residue was distilled to yield 6.1 g.

10.41.

(14) We are indebted to Dr. Keith S. McCallum for infrared inter-
pretations and to Miss Annie Smelley for microcombustion data.



4390

(1555%% of n-butylnitramine, b.p. 68-70° (0.05 nim.), #¥p

The aqueous extracts were made alkaline with sodium
carbonate and extracted with ether. After drying, these
extracts were concentrated and distilled to vield «-butyl-
aminoisobutyronitrile, b.p. 58-39° (8 mim.), n®p 1.4286;
vield 5.6 g. (40%,).

Anal. Caled. for CgHigNy: C, 68.52; H, 11.50.
C, 68.28; H, 10.95.

Reaction of Piperazine Hydrate with Acetone Cyanohy-
drin Nitrate (a).—To a solution of 38.4 g. (0.2 niole) of
piperazine hexahydrate in 100 ml. of dimethylformamide
was added 13.0 g. (0.1 mole) of acetone cyanohydrin nitrate.
The mixture was heated at 80° for five hours and then the
bulk of the solvent was removed by distillation 7n vacuo.
The residue was cooled in a Dry Ice-acetone bath whereby
crystallization was induced. The pale vellow solid was col
lected on a filter and recrystullized from ethauol to vield
small white platelets of mononitropiperazine, ui.p. 127-
128°; vield 7.0 g. (55%).

Anal. Caled. for CiHgN,O;: C, 36.64;
32.04. Found: C, 35.94; H, 6.64; N, 32.14.

By treatment with pheny! isothiocvanate, mononitropi-
perazine was converted to its phenvithiourea, m.p. 204-205°
(from ethanol).

Amnal. Caled. for CnHuN;O.8: C, 49.61; I, 5.30; N,
21.04. Found: C, 49.89; H, 5.38; N, 21.31.

(b).—To 38.4 g. (0.2 mole) of piperazine hydrate dis-
solved in a mixture of 100 m!. of ethano!l and 50 ml. of meth-
vlene chloride was added 13.0 g. (0.1 mole) of acetone cyano-
hydrin nitrate. The mixture was heated under reflux for
four hours and then allowed to stand at room temperature
overnight. The solvents were evaporated to yield a solid
residue of N,N’-di-(«-cyanoisopropyl)-piperazine which was
recrystallized from ethanol, m.p. 178-180°; yield 6.7 g.
(30%).

Anal. Caled. for Clezo\\Ig: C, 6542; I‘I, 9.15.
C, 65.30; H, 8.66.

An authentic saniple of this material was prepared from
piperazine hydrate and acetone cyanohydrin by the method
of Jacobson.® The infrared spectra of the two materials
were identical and the melting point of their mixture was
180-181°,

(¢).—To 19.4 g. (0.1 mole) of piperazine hydrate in 75
ml. of dimethviformamide was added 26.0 g. (0.2 mole) of
acetone cvauohvdrin nitrate. This mixture was heated at
75° for four hours. The solvent was then evaporated to
vield a solid residue. Recrystallization from ethanol
furnislied N-nitro-N’-(a-cyanoisopropyl)-piperazine, m.p.
140-142°, vield 6.8 g. (37%,).

Anal. Caled. for CgHyiN3;Oq: C, 48.47;
28.27. Found: C, 48.88; H, 6.86; N\, 28.27.

An authentic sample of this material was prepared by the
condensation of nitropiperazine and acetone cyanohydrin.
The melting point of this mixture was 141-142° and their
infrared spectra were identical.

Cyclohexanone Cyanohydrin Nitrate.—Cyclohexanouc
cvanohvdrin® was nitrated by the same method as de-
scribed for acetoiie cyanohydrin. From 90 g. (0.72 mole)
of the cvanohydrin, 111 g. of fuming nitric acid and 180 g.
of acetic anhvdride therc was obtained 107.5 g. (88%) of
cvelohexanone cyvanohydrin nitrate, b.p. 62-64° (0.3 mm.),
n%p 1.4660.

Anal. Caled. for CyH;oN:O3: C, 49.41;
16.47. TFound: C, 49.48; H, 5.538; N, 16.88.

(15) R. A. Jacobson, THIS JOURNAL, 67, 1996 (1945).
{16) R. L. Frank, R. E. Berry aud O. L. Shotwell, tbid., 71, 3880
(1949).

Found:

H, 6.90; N,

Found:

H, 7.12; N,

H, 5.88; N\,
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Cyclopentanone Cyanohydrin.—The method described
for the preparation of cyclohexanone cyanohydrin!® was
used in the synthesis of this compound after several at-
tempts to duplicate other methods described in the litera-
ture” had failed. From 168 g. (2.0 moles) of cyclopentan-
one, 260 g. (4.0 noles) of potassium cyanide and 377 ml.
(4.0 moles) of acetic anhydride in 500 ml. of water, there
was obtainced 183 g. (82%,) of cyclopentanone cyanohydrin,
b.p. 74-76° (0.3 mm.).

Cyclopentanone Cyanohydrin Nitrate.—By the method
described, from 183 g. (1.65 moles) of cyclopentanone cy-
anohydrin, 310 g. of fuming nitric acid and 837 g. of acetic
anhydride there was obtained 216 g. (84%) of cyclopentan-
one cvanolivdrin nitrate, b.p. 50-51° (0.25 mm.), »¥*p
1.4502.

Anal. Culed. for CeHsN,0;: C, 46.15;
17.95. Found: C, 46.45; H, 4.97; N, 17.96.

Reaction of Dibutylamine with Cyclohexanone Cyano-
hydrin Nitrate.—A mixturc of 8.5 g. (0.05 mole) of cyclo-
liexanone cyanohydrin nitrate and 32.3 g. (0.25 mole) of di-
butylamine was heated in 50 ml. of tetrahydrofuran for
four hours. It was then poured into dilute hydrochloric
acid and extracted with cther. The ether extracts were
washed with 109, sodium bisulfite solution, dried and con-
centrated. The residue was distilled to obtain 5.0 g. (549%,)
of dibutylnitramine.

Reaction of Dibutylaniine with Cyclopentanone Cyano-
hydrin Nitrate.—Following the same procedure, from 7.8
g. (0.5 mole) of cyclopentanone cvanohvdrin nitrate and
32.3 g. (0.25 mole) of dibutylamine, there was obtained
3.0 g. (63%) of dibutylitramine.

2,2,2-Trichloro-t-butyl Nitrate.—To a mixture of 102 g.
of acetic anhvdride and 18.9 g. of auhydrous nitric acid was
added 21.3 g. (0.1 mole) of 2,2,2-trichloro-t-butanol dihy-
drate over u ten-minute period. The solution was stirred
for 30 minutes at room temperature and quenched in 400
ml. of a water-ice mixture. The product was extracted
with three 100-ml. portions of ether. The combined ex-
tracts were washed with 109 sodium carbouate solution and
with water and dried over magnesium sulfate. The solvent
was removed <n vacuo and 20.0 g. (89%,) of 2,2,2-trichloro-
{-butyl nitrate, b.p. 46-50° (1.0 mm.), »*p 1.4810, was
obtained by distillation.

dnal. Caled. for CHgNO3;Cl: C, 21.59;
N, 6.29. Vound: C,22.25; H, 2.98; N, 6.45.

No redaction was observed between this uitrate ester and
piperidie.

Ethy! «-Nitratoisobutyrate.-—To a wiixture of 18.9 g. of
absolite nitric acid, 31 g. of acetic anhydride and 30 g. of
acetic seid was added 13.2 g. (0.1 mole) of ethyl «-hy-
droxyisobutyrate. The mixture was stirred at room tem-
perature for two hours, then poured into ice-water and ex-
tracted swith methylene chloride. These extracts were
dried and concentrated and ethyl e-nitratoisobutyrate, b.p.
74-76° (12 mm.), n®¥p 1.4172, was obtained by distillation;
vield 15.9 g. (90%,).

Anal. Caled. for CGH; 1 NO;: C, 40.67; H, 6.26. Found:
C, 40.69; H, 5.96.

No reaction was observed betweeu this nitrate ester and
secondary amines.

Acknowledgment—We are indebted to Dr.
M. F. Hawthorne for helpful discussion concerning
the mechanism of the alkaline nitration reaction,
and to Dr. Robert M. Ross for several suggestions
throughout the course of this investigation.

H, 5.13; N,

H, 2.72;
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(17) A. H. Cook and R. P. Liustead, J. Chem. Soc., 956 (1934).



