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Addition of trinitromethane to «,8-unsaturated ethers occurs in ether solvents to give a-trinitromethyl ethers. Dioxane
and trinitromethane form a crystalline adduct having the molecular formula, C;Hz0,.2HC(NO;);; the adduct serves as a
convenient source of trinitromethane. The preparation and properties of five a-trinitromethyl ethers are described. The
direction of addition of trinitromethane to isobutyl vinyl ether was determined by reduction of the adduct, isobutyl 1-
methyl-2,2,2-trinitroethyl ether, with lithium aluminum hydride to 2-isobutoxypropylamine. 2-Isobutoxypropylamine was
synthesized by reduction with iron and hydrochloric acid of isobutyl 1-methyl-2-nitroethyl ether prepared by base-catalyzed
addition of isobuty! alcohol to 1-nitro-1-propene. Reduction of isobutyl 1-methyl-2,2,2-trinitroethyl ether with iron and

hydrochloric acid yielded 2-isobutoxypropionamide.

Trinitromethane (nitroform), a strong acid
(Kionmoy ~ 10—t — 10-%),2 undergoes 1,4-
addition with conjugatively-unsaturated alde-
hydes,? Lketones,®b acids,®® esters,® nitriles,
and nitro3d compounds to give the corresponding
trinitromethyl derivatives. It is now reported that
reaction of equimolar quantities of «,8-unsaturated
ethers and trinitromethane (Equation 1) occurs in

RCH=CH—OR 4 HC(NO,); —> RCH,—CH--OR (1)

(NO,)s

satisfactory yields (> 50-819,) to give a-trinitro-
methyl ethers.* The additions take place readily at
room temperature, with little polymerization,
in basic solvents such as dioxane and ethyl ether.
Upon mixing dioxane and trinitromethane, heat is
evolved, and a white crystalline adduct containing
two equivalents of trinitromethane and one of
dioxane is precipitated (Equation 2).* The solid
adduct is fairly stable and can be distilled at re-

O(CH;—CH: )0 + 2HC(NO,)s
(OsN)CH -O(CH;—CH;).0 HC(NO,): (2)

(1) (a) Abstracted from the Ph.D. dissertation of Harry
L. Cates, Jr., The Ohio State University, 1951. (b) This
research was supported by the Office of Naval Research.

(2) A. Hantzsch and K. Rinckenberger, Ber., 32, 635
(1899).

(3) (a) K. Schimmelschmidt, Ger. Patent 852,684, Oct.
16, 1952; (b) S. S. Novikov, I. 8. Korsakova, and N. A,
Yatskovskaya, Doklady Akad. Nauk S.8.8.R., 118, 954
(1958); (e) S. 8. Novikov, 1. 8. Xorsakova, and K. K.
Babievsky, Iszv. Acad. Nauk S.8.8.R., 10, 1847 (1959);
(d) 8. 8. Novikov, K. K. Babievsky, and 1. 8. Korsakova,
Doklady Akad. Nauk S.8.8.R., 125, 560 (1959).

(4) Additions of trinitromethane to «,8-unsaturated com-
pounds are acid catalyzed. Reactions of the intermediate
conjugate acids with the ambident trinitromethane anion by
carbon rather than oxygen-alkylation probably stem from
thermodynamic factors.

(5) Heat is evolved upon mixing trinitromethane with
tetrahydrofuran or dimethyl Cellosolve; however, no solid
product could be isolated.

duced pressures. In water the adduct decomposes
quantitatively to dioxane and trinitromethane.
The addition-complex is dissociated in various
solvents and may be used as a convenient source of
trinitromethane.®

Trinitromethane has been added (Table I) to
ethyl vinyl ether, isopropyl vinyl ether, isobutyl
vinyl ether, 2-methoxyethy! vinyl ether, and 2,3-
dihydropyran. The adducts were isolated and
purified without serious hazard by use of conven-
tional distillation techniques at reduced pressures.
2,3-Dihydro-5-methylfuran reacted readily with
trinitromethane; the product could not be purified
adequately however because of its thermal in-
stability.

The structure of the adduct of isobutyl vinyl
ether and trinitromethane, isobutyl 1-methyi-2,2,2-
trinitroethyl ether, was determined by characteriz-
ing its reduction products. Reduction of the adduct
with iron and hydrochloric acid occurred slowly
to give 2-isobutoxypropionamide (Equation 2)7a.b;
with lithium aluminum hydride, the trinitromethyl
ether was reduced to 2-isobutoxypropylamine’
(Equation 3).

(6) The acid-base reactions of trinitromethane and
dioxane and the properties of the adduct are analogous to
those of dioxane and sulfur trioxide; C. M. Suter, P. B.
Evans, and J. M. Kiefer, J. Am. Chem. Soc., 60, 538 (1938).

(7) (a) This is the first example of reduction of a 1,1,1-tri-
nitro compound to an amide. The basic organie products
from this reduction were not identified because of their
complexity. (b) T. Henderson and A. K. Macbeth, J. Chem.
Soc., 121, 892 (1922) have reported that reduction of tetra~
nitromethane with titanous chloride yielded guanidine.
V. Meyer and J. Locher, Ann., 180, 172 (1876) obtained
formic acid, hydrogen cyanide, ammonium chloride, hy-
droxylamine, and oxides of nitrogen from reduction of tetra-
nitromethane with zine and hydrochloric acid. It is thus
possible that reduction of isobutyl 1-methyl-2,2,2-trinitro-
ethyl ether with iron and hydrochloric acid yielded 2-iso-
butoxypropionamidine which then hydrolyzed to 2-iso-
butoxypropionamide and ammonia. (¢) Reduction of a
1,1,1-trinitro compound to its corresponding amine by
lithiumn aluminum hydride has not been reported previ-
ously.



52 SHECHTER AND CATES voL. 28
i
1. Fe, HC]
P H:C——CH——CH,—O—CH—é—NH, {(2)
NO, / H, H;
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Hi,C—CH=CH—NO, + H,C—CH—CH,OH ——————» H,C—CH—CH;—0—CH—CH.NO, (5
H, H, H;

The amine and its derivative, 1-(2-isobutoxy-
propyl)-3-phenyl-2-thiourea, are identical with
that prepared by reduction of isobutyl 1-methyl-2-
nitroethyl ether with iron and hydrochloric acid
(Equation 4) and reaction of the product with
pheny! isothiocyanate. Isobutyl 1-methyl-2-nitro-
ethyl ether was synthesized by reaction of 1-nitro-
1-propene, isobutyl alcohol, and potassium iso-
butoxide (Equation 5). The direction of addition of
trinitromethane to «,8-unsaturated ethers is thus
analogous to that of vinyl ethers with hydrogen
halides,®carboxylic acids,and alcohols,® respectively.

EXPERIMENTAL

Materials. Trinitromethane was prepared by slowly adding
conced. sulfurie acid to a cool suspension of potassium tri-
nitromethane in petroleum ether (b.p. 60-90°). After
potassium sulfate had been removed by filtration, trinitro~
methane was isolated by erystallization at —60 to —80°.
Repeated recrystallization of the product from petroleum
ether yielded very pure trinitromethane; white needles,
m.p. 26.38°%; lit. m.p. 15°,2 22~23°.1 Trinitromethane has
been stored for months in Pyrex bottles at refrigerator tem-
peratures without extensive decomposition. Distillation of
trinitromethane can be effected at reduced pressures; how-
ever, a higher melting product is obtained by crystalliza~
tion. Potassium trinitromethane was prepared by reduc-
tion of tetranitromethane with alecholic potassium eth-
oxide.?

Vinyl ethers were supplied by the Carbide and Carbon
Chemicals Corporation. Dihydropyran was obtained from
E. 1. du Pont de Nemours and Co. 1-Nitro-1-propene was
prepared by dehydration of 1-nitro-2-propanol with phthalic
anhydride.2*

Isobutyl 1-methyl-2,2,2-trinitroethyl ether. A mixture of
isobutyl vinyl ether (10.7 g., 0.107 mole) and dioxane (35
ml.) was added dropwise (2.5 hr.) to a stirred solution of
trinitromethane (16.5 g., 0.109 mole) and dioxane (15 ml.)
at 20°. The yellow mixture, after standing at room tem-
perature for 4 days, was distilled to give isobutyl 1-methyl-

(8) (a) W. Reppe and K. Baur, Ger. Patent 566,033,
March 15, 1938.

(9) The melting point was determined by Bro. V. J.
Wottle, Ph.D. dissertation, The Ohio State University, 1951.

(10) K. v. Auwers and L. Harres, Ber., 62, 2296 (1929).

(11) E. Schmidt, R. Schumacher, and H. Kuhlmann,
Ber., 54, 1483 (1921).

(12) G. D. Buckley and C. W. Scaife, J. Chem. Soc., 1471
(1947).

2,2,2-trinitroethyl ether as a colorless liquid; b.p. 64-
65° (0.7 mm.) (Table I); yield, 18.2 g. (75%).

T'rinitromethane-diozane adduct. Dioxane (4.4 g., 0.05
mole) was added dropwise to trinitromethane (15.1 g., 0.10
mole). Heat was evolved and cooling was necessary to
keep the temperature of the mixture below 20°, On com-
pletion of the addition, the mixture solidified to a white
crystalline mass. The product was distilled under reduced
pressure to yield the pure trinitromethane-dioxane adduct
a8 a white solid: b.p. 61~62° (9 mm.); m.p. 44-44.5°; yield,
18.0 2. (92%).

Anal. Caled. for CsH,N4Owi: C, 18.47; H, 2.58; N, 21.54.
Found: C, 18.06; H, 2.77; N, 21.11.

The solid adduct dissolves in water to yield an acidie
yellow solution which has a neutral equivalent of 193; the
calculated neutral equivalent for C;H;0,.2CH(NO,), is 195.
Reaction of the adduct with an aleoholic solution of potas-
sium hydroxide yields potassium trinitromethane and
dioxane.

Ethyl 1-methyl-2,2,2-trinitroethyl ether. A solution of ethyl
vinyl ether (6.0 g., 0.083 mole) and dioxane (20 ml.) was
added dropwise (1 hr.) to a stirred solution of trinitro-
methane-dioxane complex (16.0 g., 0.041 mole) and dioxane
(25 ml.) at 23°, After standing at room temperature for 4
days, the amber solution was distilled to give ethyl 1-methyl-
2,2,2-trinitroethyl ether (Table I); b.p. 59-60° (0.6 mm.);
yield, 13.4 g. (73%). The product was identical with that
obtained from reaction of trinitromethane and ethyl vinyl
ether.

Isobutyl 1-methyl-2,2,2-trinitroethyl ether and lithium alums-
num hydride. A solution of isobutyl 1-methyl-2,2,2-trinitro-
ethyl ether (55.1 g., 0.219 mole) and anhydrous ethy! ether
(750 ml.) was added dropwise (6 hr.) to a stirred mixture of
lithium aluminum hydride (40.0 g., 1.054 moles) and
anhydrous ethyl ether (1000 ml.). The excess hydride was
decomposed with water (30 ml.); 20% potassium sodium
tartrate solution (900 ml.) was then added to the mixture.
The ether layer was separated and washed with potassium
sodium tartrate solution, water, and saturated sodium
chloride solution. Distillation of the dried solution yielded
2-isobutoxypropylamine as a colorless liquid; b.p. 40-41° (7
mm.); nyy 1.4170; yield, 5.3 g. (18%). The amine was identi-
cal with that prepared by reduction of isobutyl 1-methyl-
2-nitroethyl ether.

Reduction of isobutyl 1-methyl-2,2,2-trinitroethyl ether with
iron and hydrochloric acid. A solution of isobutyl 1-methyl-
2,2,2-trinitroethyl ether (50.0 g., 0.199 mole) and ethyl
ether (100 ml.) was added dropwise (4 hr.) to a stirred,
refluxing suspension of clean iron filings (100.0 g., 1.791
moles) in water (200 ml.). Throughout the reduction,
coned. hydrochloric acid (24 ml.) was added in 1-ml. por-
tions every 10 min., and the aqueous mixture was kept
refluxing by application of heat. The ethyl ether was re-
moved by distillation and the mixture was refluxed for 9
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A8 br. The mixture was then cooled and filtered under vacuum.
Els = ¥ ] 2 ?ﬁ §'3 The filtrate was extracted with ether. The combined ether
EP : e © ~|E%s & extracts were washed with water, dried, gnd dlgtllled unde:
g7 = 5 5 5 ‘g" g3 E reduced pressure to yield 2-isobutoxypropionamide; b.p. 98
& R 3% (3 mm.); yield, 4.7 g. (186%). Upon cooling thg amide
g B CRE = S > i% = g crystallized into a soft, white solid; m.p. ca. 30 ..2-159&
Z % 2 N R E g g « butoxypropionamide is insoluble in dilute h)_'drochlonc aci
iR " 2 & 5 é o & g and dilute sodium hydmxidg; when heated with .10% sodium
2 g 3 hydroxide solution, the amide evolved ammonia.
. $EZ 8 Anal. Calod. for CiELuNOy: G, 57.90; H, 1041; N, 0.65.
SE 3y 8 Q982 Found: 58.05; H, 10.47; N, 9.41. i o
t‘ ;§ § f 2 : : 3 & E ? No 2-isobutoxypropylamine was fpund in the oz:icld::
% §t"gfj'g, aqueous layer fr(?m the redl.lctlon.fmxture;_the ;;)rtauc
2| ,_.-g . 'g isolated (in low yl.eld) were high-boiling a}kahne 8u ? ncis
= = € 8 8 % & ggég which wgr_e:a3 91;01; identified; b.p. 85-102° (1 mm.); neut.
= IR R B equiv. 34 . ) .
° =8 ;’-E’ quobutyl 1-methyl-8-nitroethyl ether. A solution of 1-nitro-
-Eﬁ g & 1-propene (19.8 g, 0.227 mole) and isobutyl aleohol (75
ERES 2 8 =z §|~ofB ml.) was added dropwise (2 br.) to a stirred mixture of
2 | e SEEFE i 0.233 mole) and isobutyl aleohol (100
N2 |w ® B o|Iggds potassium (9.1 g., 0.233 mole y 3 e
|8 & B & S1328E3 ml.) in ethyl ether (75 ml.) at 0°. After being) warmed to
g g? = 23‘ 25°, the mixture was dilu_ted with water (100 ml.) and acidi-
iz 8 v o9 p|SE2% Bied with 20% scetio asid (80 ml.). The two layers were
o '% R 0 g Z °3 separated, and the aqueous pl}ase was extragted with et eri
z OIR 8 & & B 488 _% The ether extracts were combined with the lsobutyl g.lco'ho
8 58 layer. After the solvents had been_removed by distillation
& - & 2 §§ at 50 mm., isobutyl 1-_methy1-2-mtr2ethyl ether"was 08-
g g ® © o o | < <] 5 8 tained as a colorless liquid; b.p. 55-59° (2 mm.); n% 1;4123)0:
El S|F ¢ 3 B SEES @33 0.9747; MRp (Caled.) 41.79; MRp (Found) 90;
Z é E LR yield 16.1 g. (44%). The residue (10.4 g.) from the distilla-
A p=-J = S 3 - tion was a polymeric black oil.
SI7Ele 22 2 |BEEY Anal. Caled. for CHyNO,: C, 52.15; H, 9.38; N, 8.69.
2l S| ¢ 8 8 '|2%%S Found: C, 52.22; H, 9.31; N, 8.68. T
= - '::zo .8 2-I'sobutoxypropylamine. C?ncentrated hydrochlqnc acid
E RN (four 15-ml. portions) and isobutyl 1-methyl-2-m.troeth)ﬁ
-~ B 8 2 8 & (= %" g & ether (15.2 g 0094 mole) were a.c.ided g.lternatefly 1r;‘e smz;s
] a: 2 2 8 3 5|2 g - g portions, with stirring, to a refluxing mixture ou w:;.l T (.
g a I T T N E’ =23 ml.) and clean iron filings (20.0 g., 0.358 mole). T e mix-
= s '>'§' Q-E ture was stirred and refluxed for 4 hr: Afte}' having be?en
& g ~ o o 'é* g 2 cooled, the mixture was filtered, and solid sodium hg*d(r)g)iude
£ oe| ® § d g gieew _g = (10.0 g.) was added to the .ﬁltrau.a. The addition c!)) x:’ fl::l
3 E ; N N n 8-4‘ s B hydroxide caused precipitation of iron hydroxides, but, a. e 5
:g -~ = =~ H I BHE 12 hr., the basic mixture was easily §eparated from the 80] d
4 a';'lg £5 by decantation. The alkaline solution was extracted wit
s Swk g K ether; the extracts were washed with water, dried, concen-
5 3 =g =" & E -2 trated at atmospheri.c pressure and thgn gixstllled t,oogwe
) g E —_ 25 f: =3 2-isobutoxypropylamine as a colorless liquid; b.p. 46M(I§9
4 © T 7 w g £ 25 3F mm.); 35 0.8311; n% 1.4172; MRp (Caled.) 39.72; MRp
S ~le 8 8 4 g 828 (Found) 39.72; neut. equiv. (caled.) 131; neut. equiv.
Bl Hlo E B T o|EEFEG (found) 134; yield, 4.9 g. (40%).
3] Bl v onon 213 2o =8 Anal. Caled. for CG;HzNO: C, 64.07; H, 13.06; N, 10.67.
T S ST EEDES Found: C, 64.08; H, 12.80; N, 10.88.
i n b & 8 2O =3 h 1-(2-Isobutozypropyl 3-phenyl-2-thiourea. . 2-Iso.but.oxyi
© e e = "3 § 5-;'2.‘5 propylamine (0.32 g.), prepared by reducthn of- isobuty.
% £eg ,-%’ l-methyl-2-nitroethyl . ether, ?.nd phenyl isothiocyanate
o E8 02 g (excess) reacted to give 1-(2-isobutoxypropyl)-3-phenyl-2-
28 B R 8 & 5 E‘E 23 thiourea as white needles; m.p. 64-65°, recrystallized from
s 28% 3 E‘ a mixture of ethanol and water; yield, 0.65 g. (100%).
Eggtg Anal. Caled. for C,;HyyN:08: C, 63.32; H, 8.32; N, 10.52.
Y g| 88523 Found: C, 62.80; H, 8.30; N, 10.39. e red
2 5 2 & E E25e 2 & 2-Isobutoxypropylamine (0.24 g.), prepared by the yc];
g 3 £ o4 a °3 gad tion of isobuty! 1-methyl-2,2,2-trinitroethyl ether wit
£ 5 & 9 .5 . E a2 lithium aluminum hydride, and phenyl mothxoc.yanat,ef
- g Al ; 2 = g g < ; = reacted to yielfl 1-(2—150buto.xypropyl)-3-ph§uyl-2.-thlo;1:ig,
L3 & o ¥ _ 8|8T 5% m.p. 64-65°; yield, 0.30 g. (62%). The melting point o t]:
Slee = & gfﬁ g 84> g derivative was not depressed by the addition of the su
gl & B LB%|ged °E stituted thiourea prepared from 2-isobutoxypropylamine
g2 §.%.8%% agie & obtained from isobutyl 1-methyl-2-nitroethyl ether.
S|§ Fsesgag|Ese3a Anal. Caled. for CoHN;08: C, 63.32; H, 8.32; N, 10.52.
g —g,%_';‘é £28 22 F3fa) Found: C, 63.29; H, 7.85; N, 10.60.
- g BBy g88 ook
;::.-é’ g—gg%’ggﬁ égg-“g’g CoLumBUs 10, Onio
) 1 D —_—
CRE R IR B & §§E (13) M. Senkus, Ind. Eng. Chem., 40, 506 (1948).




