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

sion was approximately 0.5%. 
minations were repeated one or more times. 

Many of the activity deter- 

The same ionization chamber was used for all activity 

All three of the 
determinations. All samples were counted for 1.5 hours Acknowledgment--The authors like to 
and a backeround correction was made. thank the Pan American Refining: Corporation for 
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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Acetone cyanohydrin nitrate ( I )  has been found to be a unique reagent for effecting nitration under alkaline conditions. 
Other cyano- By means of this reagent primary and secondary amines may be converted to the corresponding nitramines. 

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 sensitivity of some compounds to 
acids, 4 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 nitramines2 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 l i t e r a t ~ r e . ~  Thus, 
Bamberger isolated phenylnitramine in poor yield 
from the reaction of aniline, ethyl nitrate and so- 
dium ethoxide.4 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- 
t r a t e ~ , ~  and piperidine is alkylated to form ter- 
tiary amines6 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 Easty7 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,8 however, 
that the hydrolysis of nitrate esters must occur by 
cleavage of the oxygen-nitrogen bond since a ni- 
trate ester labeled with OI8 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 peroxytritluoroacetic 
acid [W. D. Emmons, THIS JOURNAL, 76, 3468 (19.5411: (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 (1918)l; and (c) the nitrolysis of dialkylamides with nitric acid 
[A. H. Lamberton, Qriavt. Reus., 5 ,  7.5 (1951)l. Only the second of 
these methods is applicable t o  the synthesis of primary nitramines. 

(3) H. J. Backer, Sammliing Chem. iai?d Chem. Tech. Vorlrdgc,  18, 
365 (1912). 

(4) E. Bamberger, Ber. ,  (13, 2321 (1920). 
( 5 )  E. S. Lane, J .  Chem. Soc., 1172 (1953). 
( 0 )  D. T. Gibson and A. K. Macbeth, ibid., 438 (1921). 
(7) J. Baker and D. Easty, ibid., 1193, 1207 (1952). 
(8) M. Anbar, I. Dostrovsky, D. Samuel and A.  D. Yoffe, i b i d . ,  3003 

(1954). 

taining 0ls. It has also been postulated that oxy- 
gen-nitrogen bond cleavage occurs during the reac- 
tion of hydrazine with certain nitrate estersg 

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 osygen- 
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.I0 In this case the amine attacked 
the a-hydrogen atoms instead of the nitro group. 
Significantly, however, no alkylation was noted. 

$ 8  
C13CCHzONOz + RzNH + R2NHrN02 + ClsCCHO 

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 synthebis of acetone cyanohy- 
drin nitrate (I) was accomplished smoothly by ni- 
tration of the cyanohydrin with fuming nitric acid 
in acetic anhydride. By this method the nitrate es- 
ter I was obtained consistently in yields of 6570%. 
I t  proved to be a colorless liquid which could be 

(9) R. T. Merrow and R .  W. VanDolah, THIS JOURNAL, 76, 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)l have demonstrated tha t  t-butyl nitrate undergoes 
unimolecular solvolysis in aqueous ethanol a t  a rate slmilar to  tha t  of 
I-butyl chloride. 



4388 ~YILLI.IM D. Ehrh1oh.s AND JEREMI III P. FREEXIX Vol. 77 

distilled readily in vacuo and which was stable under 
all conditions of our use. 

OH 

c s  C S  
I 

Acetone cyanohydrin nitrate (I) has been found 
to be a unique reagent for the conversion of amines 
to nitranlines under alkaline conditions. AUiphatic 
and alicyclic secondary nitramines were obtained 
in yields varying from .%-SOY4 and primary tiitrani- 

0 9 0 2  

I 
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 a-aminonitrile. 

1 

RnNH + CH3CCH.y + RnNNOz + (CHa),CO f HCN 

CHa 

RzKH + HCN + (CH3)2CO --+ RINCCX 
I 

CHa 

TABLE I 
NITRATION OF AMINES TO NITRAMINES WITH ACETONE 

CYANOHYDRIN NITRATE 
Nitramine Yield, B.P., ' C .  l t f n D  

Dimethyl' 76 M.P. 57-58 
Diethylb 60 60-52 (0 .2  mm.) 1.4525 
Di-n-propyl' 42 90-92 (8 mm ) 1,4558 
Di-n-butyld 54 69-70 ( 0 , l  m t n . )  1.1367 
Diisobutyl" 60 hI.p. 79-80 
Diisoamyl' 64 112-114 (2 min.) 1.4604 
Mononitropiperazine *55 M.p. 127-128 
Nitropiperidineg 62 62-64 ( 0 . 2  mm. )  1.4968 

Sitropyrrolidinei 60 M.p. 55-57 
n-Propyl' 50 52-56 ( 0 . 1  mm.) 1.4610 
n-Butylk 52 79-81 ( 0 . 5  mm.) 1.4596 
Isobutyl' 54 58-60 ( 0 . 1  mm.) 1.4570 
%-Amylm 55 60-62 (0 .2  mm.) 1.4611 
~soarnyl'," 54 62-64 (0.02 mm.) 1.4594 

"Li t .  m.p. 57' (ref. 2b). *L i t .  b.p. 48" (0.5 mm.), 
n% 1.4539 (ref. 2a). c W. R.  Kingdon and G. F Wright 
[THIS JOURNAL, 72, 1030 (1950)l report b.p. 103-104" 
(10 mm.), ~ Z O D  1.4559. G. F Wright, et al. [Can.  J .  
Research, 26B, 114 (1948)l report b.p. 129-130' (11 mm.), 
n z 5 ~  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 oi!; 0 Lit. b.p. 245" (765 mm.), nZ6D 1.4954 (I. 
Heilbron, Dictionary of Organic Compounds," Vol. 111, 
Oxford University Press, New York, N. Y . ,  1953, p. 775). 
h L i t .  m.p. 53" (see footnote d ) .  Recrystallized from 
water. Anal. Calcd. for C4HsN202: C, 41.37; H ,  6.94; 
S, 24.16. Found: C, 40.63; H ,  6.58; N, 23.60. 'L i t .  
b.p. 90-111' (13 mm.) (see footnote c). G. N. R. Smart 
and G. F Wright [Can. J .  Research, 26B, 284 (1948)l re- 
port b.p. 123-125' (20 mm.), n * 6 ~  1.4603. ". van Erp 
( R e c .  trav. chim., 14, 1 (1895)] reported this compound as 
a solid, m.p. 32O, which very readily supercooled. Calcd. 
for CsHl2Nz02: C, 45.43; H, 9.16; N, 21.20. Found: C, 
46.09; H, 9.44; N, 20.86. "Calcd. for CbHllN202: C, 
45.43; H ,  9.16; N, 21.20. Found: C, 45.72; H, 9.38; iv, 21.02. 

Si tromorpholine* 81 X p .  51b53 

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 loyo. 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. TVith solvents of 
low dielectric or in excess amine itself the reaction 
proceeded only to the extent of 20-255~; and the 
product was dificult to purify. M7hen a .'i: 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 rcac- 
tion was highly dependent upon the choice of reac- 
tion conditions. Mononitropiperazine (11) 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, X-nitro-"-(a- 
cyanoisopropyl)-piperazine (111) was produced. In 
a methylene chloride-ethanol mixture and with an 
excess of the amine, S,~'-di-(ri-cyaIioisopropyl)-pi- 
perazine (IV) was the only product. The structures 
of compounds I11 and IV were proved by intlepend- 
ent synthesis. 

/- --,\, F\ 
\.-/ I \-L' 

SSO? H S  NSOr (CIlrM2S 

c s  
I1 111 

n 
(CHi)sCN S C (  CHs'l2 

This reagent is not a completely genera! 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 a t  the locus of incipient bond forma- 
tion (F-strainI2). 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 atom, and 
with the relatively unhindered acyclic dimethyl- 
amine. -1s the chain length was increased to four 
carbon atoms, the reactivity gradually diminished 
and then leveled off. p-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 cycloperitanone (17) and cyclohexanone (TT I )  
cyanohydrins. 

\ /  

I* VI 
0. T O  A C  N 

(12) H. C. Brown H Bartholomay and  M. D Taylor, T H I S  JOUR- 

NAL, 66, 436 (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,13 cyclopenta- 
none cyanohydrin nitrate might possess additional 
driving force for nitration as in the critical step of 
the reaction the coordination number of a ring atom 
changes from four to three. This change has been 
shown to be a thermodynamically probable one. l3  

+ B- + BNOt + + C N 8  

O 2 N O A C N  c v 0 

coord. no. = 4 coord. 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 
here obtained were approximately the same. For 
instance, dibutylamine was nitrated in 63 and 54y0 
yield and n-butylamine was nitrated in 51 and 48% 
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 

r 0 6 -  i 

Vi'hen 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- 

oxo2 I [.- ;- ;":- 1 
(CH3)lCCS + B 3  + B---N---O-C---ChT + 

0.- CHI 
BNOz + (CHa)zCO + CN@ 

niuni 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) €I C Droan, J Drewster and €1 Sliechter, TIiis JOURNAL, 76, 
467 (1954) 

weakens the oxygen-nitrogen bond, thereby favor- 
ing attack a t  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. 

ON02 ON02 
I I 

I I 
CHaCCOzCzHa ChCCCHa 

CHI 
VI1 

CH3 
VI11 

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 a t  
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. (6548%)  of acetone 
cyanohydrin nitrate, b.p. 65-66' (10 mm.), n 2 0 ~  1.4172. 

Anal. Calcd. for C4H6N203: 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 a t  room temperature 13.0 g. 
(0.1 mole) of acetone cyanohydrin nitrate in 50 ml. of aceto- 
nitrile. The mixture was heated a t  80" for four hours, and 
then was poured into 200 ml. of 10% 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. Calcd. for CsHlaN202: C, 55.14; H, 10.41. 
Found: C, 54.69; H ,  9.90. 

Nitromorpho1ine.-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 a t  80' for an hour. I t  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; 
yield 13.0 g. (95%). This material was recrystallized from 
ethanol and water to yield 10.9 g. (81y0) of pure nitro- 
morpholine, m.p. 51-53'. 

n-Butphitramhe.-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 10% 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. 

(14) We are indebted to  Dr. Keith S. hlcCallum for infrared inter- 
~xr ta t ions  and to Miss Annie Sinellcy for Inicrocornbiistioir dala.  
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(52%) of n-butylnitraniine, b.p. 68-70' (0.05 nini.), nz0D 
1.4596. 

The aqueous extracts were made alkaline with sodium 
carbonate and extracted with ether. After drying, these 
extracts were concentrated and distilled to yield a-butyl- 
aminoisobutyronitrile, b.p. 58-59' (8 nim.), nzoD 1.4286; 
yield 5,6 g. (40%). 

Anal. Calcd. for C8HISPiP: C, fiX.32; H, 11.50. Found: 
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 mole) of 
piperazine hexahydrate in 100 nil. of dimethylformamide 
was added 13.0 g. (0.1 mole) of acetone cyanohydrin nitrate. 
The mixture was heated at 80" for five liours and tlieii the 
bulk of the solvent was removed by distillation in  V ~ C Z I O .  
The residue was cooled in a Dry Ice-acetone bath whereby 
crystallization was induced. The pale yellow solitl \ \ a s  col 
lected on a filter and recrystallized from etlinnol to yield 
small white platelets of mononitropiperazine, 111.p. 127- 
128'; yield 7.0 g. (55%). 

Anal. Calcd. for CaH9N;02: C, :Vi.64; H, G.9U; N,  
32.04. Found: C, 35.94; H,  6.64, S,  32.14. 

By treatment Kith phenyl isotliiocyaiiate, mononitropi- 
perazine was converted to its phenylthiourea, m.p .  204-20t5" 
(from ethanol). 

A n d .  Calcd. for CllH14N402S: C, 49.61; I I ,  5.30; S, 
21.04. Found: C,49.89; H,5.38; X,21.31. 

(b).-To 38.4 g. (0.2 mole) of piperazine hydrate dis- 
solved in a mixture of 100 ml. of ethanol and 50 ml. of meth- 
ylene 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-(a-cyanoisopropyl)-piperazine which was 
recrystallized from ethanol, m.p.  178-180°; yield 6.7 g. 

A n d .  Calcd. for CLZHzoNa: C, 65.42; H, 9.15. Found: 
C ,  65.30; H, 8.66. 

An authentic sample of this material was prepared from 
piperazine hydrate and acetone cyanohydrin by the method 
of Jacobson.1s The infrared spectra of the two materials 
were identical and the melting point of their mixture was 
180-18 1 O. 

(c).-To 19.4 g. (0.1 mole) of piperazine hydrate in 75 
nil. of dimethylforniamide was added 26.0 g. (0.2 mole) of 
acetone cyauohydrin nitrate. This mixture was heated at 

The solvent was then evaporated t o  
idue. Recrystallization from ethaiiol 

furnished N-nitro-N'-(a-cyanoisopropy1)-piperazine , m . I ) .  
110-142', yield 6.8 g. (37%).  
.4naZ. Calctl. for C8Hl(i\(r302: C, 48.47; H, 7.12; S, 

28.27. Found: C, 48.88; H, 6.86; S, 28.27. 
An authentic sample of this material was prepared by the 

condensation of nitropiperazine and acetone cyanohydriii. 
The melting point of this mixture was 141-142' antl their 
infrared spectra were identical. 

Cyclohexanone Cyanohydrin Nitrate.-Cycloliexanotic 
cyanohydrin'6 \vas nitrated by the same method as tle- 
scribed for acetone cyanohydriii. From 90 g. (0.73 mole) 
of the cyanohydrin, 111 g. of fuming nitric acid and 180 g .  
of acetic anhydride therc was obtained 107.5 g. (88yo) of 
cyclohexanone cyanohydrin nitrate, b .p .  62-64" (0.3 mm.),  
W ~ O D  1.4660. 

(30%).  

.InaZ. Calctl. for C,HleSzOa: C, 49.41; €I, 5.88; S, 
16.47. Found: C, 49.48; H, 5.58; S, 16.88. 

(15 )  R. A. Jacobson, THIS JOUXNAL, 67 ,  I996 (1945). 
116) R I,. Frank, R E. Brrry and 0. I,. Shotwell, ib id . ,  71, 388'3 

(1949). 
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Cyclopentanone Cyanohydrin.-The method described 
for the preparation of cyclohexanone cyanohydriniB 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 moles) of potassium cyanide and 377 ml. 
(4.0 moles) of acetic aiiliydride in 500 ml. of water, there 
was obtained 183 g. (82%) of cyclopeiitaiione 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 cyanohydrin nitrate, b.p. 50-51° (0.25 mm.), nZoD 
1.4582. 

Anal. C,iIcd. for C6H85203: C, 46.15; H ,  5.13; N, 
17.95. Fouiid: C ,  40.45; H ,  4.97; K, 17.96. 

Reaction of Dibutylamine with Cyclohexanone Cyano- 
hydrin Nitrate.--A mixture of 8.5 g. (0.05 mole) of cyclo- 
hexanone cyaiioliydrin nitrate and 32.3 g.  (0.25 mole) of di- 
butylamiiie w:is heated in 30 nil. of tetrahydrofurnti for 
four hours. It was then poured into dilute hydrochloric 
acid and eytracted with ether. The ether extracts wcrc 
washed with l o  yo sodiuiii bisulfite solution, dried and con- 
centrated. The residue 'rms distilled to obtain 5.0 g. (Fi4Yo) 
of dibutyliiitra~nirie. 

Reaction of Dibutylaniine with Cyclopentanone Cyano- 
hydrin Nitrate.-Following the same procedure, from 7.8 
g. (0.5 mole) of cyclopentanone cyanohydrin nitrate and 
32.3 g. (0.25 mole) of dibutylamine, there was obtained 
-5.5 g. (Wy,) of dibutylnitrarniiie. 

2,2,2-Trichloro-t-butyl Nitrate.-To a mixture of 102 g. 
of acetic anhydride arid 18.9 g.  of aiihydrous nitric acid \Vas 
added 2L.:j g.  (0.1 mole) of 2,2,2-trichloro-t-butanol dihy- 
drate over ;I ten-minute period. The solution was stirred 
for 30 minutes a t  room temperature and quenched in 400 
nil. of :I xvater-ice mixture. The 1)roduct was extracted 
with threc 100-nil. portions of ether. The combined ex- 
tracts were washed with IO yo 3odium carboilate solution and 
ivitli water aiid dried over magiieiiuni sulfate. The solvent 
i v a s  removed i7z vacuo atid 20.0 g. (80y0) of 2,2,2-trichloro- 
t-butyl nitrate, h.p.  46-60' (1.0 mi11.), n% 1.4810, was 
obtained b y  distillation. 

.inaZ. Calcd. for CaH6NO3Cl3: C, 21.59; H, 2.72; 
S,  6.29. Foulld: C, 22.25; H, 2.98; X, 6.45. 

S o  re,ictiirn \vas observed between thi.; nitrate estcr and 
1)ilwridiiio. 

Ethyl wNitratoisobutyrate.---To :I riii\turc of 18.9 g. of 
, i l ~ w l u ( c ~  iiirrir LLcid, 51 g .  of acetic arih!-dride and  30 g .  of 
dcetic . i c i ( i  ux< ,Itltied 18.2 g.  (0.1 mole) of eth\.l why-  
tlrouyiwlxit \-r,itc. The mixture was stirred a t  room tem- 
iwruturr fur  t11-o liours, then poured into ice-water antl cs- 
tr;tctetl \!, i t l i  methylene chloride. These extracts wcre 
dried an(1 conceiitrated and ethvl a-nitratoisobutvratc, b . D .  
74-76' (12 mm.), T Z ~ ~ D  1.4172, \;-a5 obtained by dstillatioii, 
>-ield 15.9 g. (90%). 

.Inal. Calcd. for CGHIISO;,: C, 40.67; H,  6.26. Found: 
C .  40.69; H, 5.96. 

No reaction was observed between this nitrate ester and 
secoiidary amines. 
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