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mu. and was identical with that of 1,1-dinitroethane in the 
same solvent mixture. In every run the calculated second-
order constant remained constant up at least 80% reaction 
when calculated on the basis of complete conversion to 
1,1-dinitroethane at infinite time. Exactly the same pro­
cedure was used for the deuterated substrate, the 1% dif­
ference in molecular weight and the small density difference 
being neglected. The data obtained in all runs was treated 
using the first-order integrated equation and the second-
order constant evaluated from a knowledge of nitrite ion 
concentration. 

The data given in Table I for the extent of decomposition 
of 1-chloronitroethane at 30° in the presence of excess 0.1 N 
sodium hydroxide in 50% by volume aqueous ethanol were 
obtained in the following manner: The proper amount of 
1-chloronitroethane was weighed into a 100-ml. volumetric 
flask and the flask filled to the mark with standard 0.1 N 
sodium hydroxide in 50% ethanol. The flask was immersed 
in a 30° thermostat and a 5-ml. aliquot of reaction mixture 
transferred to 25 ml. of a 5 % sodium bicarbonate solution 
after the required time interval had elapsed. A few drops 
of gum arabic solution was added along with 1 ml. of a 1% 
potassium chromate solution and the solution titrated to a 
permanent pink with standard 0.10 N silver nitrate solution. 

Isolation of 1,1-Dinitroethane as Ammonium Salt.—Ten 
grams of potassium nitrite (0.117 mole) was dissolved in 75 
ml. of water and a solution of 0.313 g. (2.85 X 1O - 3 mole) 
of the 1-chloronitroethane described above dissolved in 25 
ml. of ethanol was added. The reaction mixture was al­
lowed to stand at room temperature for one hour. An 
aliquot of this reaction mixture (0.100 ml.) was then taken, 
diluted to 10 ml. as described above and its absorption 
spectrum determined. The single peak a t 380 mn gave an 
optical density of 1.72 after correction for nitrite ion ab­
sorption and indicated that the reaction mixture contained 
1.06 X 10~3 mole of 1,1-dinitroethane (37% conversion of 
1-chloronitroethane to 1,1-dinitroethane). 

A mixture of 15.0 g. (0.216 mole) of hydroxylamine hy­
drochloride, 25 ml. of concentrated hj-drochloric acid and 

An attractive route for synthesis of primary and 
secondary nitroalkanes involves reduction of the 
carbon-carbon double bonds of conjugated nitro­
olefins.3 Catalytic hydrogenation of conjugated4a~e 

and unconjugated41 nitroolefins to nitroalkanes has 
been effected successfully; as yet, however, this re­
action is unsatisfactory as a general method for pre-

(1) Financial support of this research was provided by the Office of 
Naval Research. 

(2) This research has been abstracted principally from a dissertation 
submitted by Dean E. Ley to the Graduate School of The Ohio State 
University in partial fulfillment of the requirements for the Ph.D. 
degree. 1954. 

(3) General methods of synthesis of conjugated nitroalkenes are 
summarized by (a) H. B. Hass and E. F. Riley, Chem. Revs., 32, 373 
(1943), and (b) K. Levy and J. D. Rose, Quart. Revs., 1, 358 (1947). 

(4) (a) A. Sonn and A. Schellenberg, Ber., 50, 1513 (1917); (b) 
E. P. Kohler and N. L. Drake, T H I S JOURNAL, 45, 1281 (1923); (c) 
H. Cerf de Mauny, Bull. soc. chim. France, [5] 7, 133 (1940); (d) 
J. C. Sowden and H. O. L. Fischer, T H I S JOURNAL, 69, 1048 (1947); 
(e) C. D. Hurd, U. S. Patent 2,483,201 (Sept. 27, 1949); (f) K. Alder, 
H. F. Rickert and E. Windemuth, Ber., 71, 2451 (1938). 

75 ml. of ether was placed in a 500-ml. flask bearing a reflux 
condenser, stirrer and dropping funnel and the flask cooled 
in an ice-bath. The dilute 1,1-dinitroethane solution de­
scribed above was added slowly from the dropping funnel 
with vigorous stirring during the course of one-half hour. 
The resulting colorless mixture was saturated with sodium 
chloride and the ether layer separated and dried over mag­
nesium sulfate. A saturated solution of ammonia in dry 
ether was added dropwise to the dry ether solution until 
ammonium chloride ceased to be precipitated and the yellow 
color of the ammonium salt of 1,1-dinitroethane began to 
appear. The solution was then filtered, concentrated to 
10 ml. under reduced pressure and extracted with dilute 
ammonium hydroxide until the aqueous layer was no longer 
colored. The combined aqueous extracts were cautiously 
acidified with concentrated hydrochloric acid in the presence 
of ice and 50 ml. of ether and the ether layer separated, 
washed three times with water (aqueous layer became light 
yellow in color on last water wash), dried over magnesium 
sulfate and evaporated to 5 ml. under reduced pressure; 
0.2 ml. of alcohol was added followed by 30 ml. of saturated 
ammoniacal ether. The precipitated yellow solid was col­
lected on a filter and washed with ether. After air-drying 
it was found to weigh 65 mg. (4.7 X 1O -4 mole) giving a 
4 7 % recovery of 1,1-dinitroethane. 

The yellow solid sublimed at 127-128°,10 had an infrared 
absorption spectrum identical with that of the authentic 
ammonium salt of 1,1-dinitroethane in a Nujol mull and 
gave an absorption peak at 380 m/i in dilute basic solution 
(e = 1.6 X 104 calcd. on the basis of ammonium salt). 
The material was further characterized bv elemental analy­
sis. Calcd. for CH7N3O4 : N, 30.29; C, 17.46; H, 5.39. 
Found: N, 30.65; C, 17.52; H, 5.15. 

(10) J. S. Belew, C. E. Grabiel and L. B. Clapp, T H I S JOURNAL, 77, 
1110 (1955), report m.p. 90-93° dec. for the ammonium salt of 1,1-
dinitroethane. An authentic sample prepared as described above did 
not melt but sublimed at 128-130° without apparent decomposition 
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paring saturated nitro compounds. It has been re­
ported that reverse addition of lithium aluminum 
hydride to 2-nitro-l-phenyl-l-propene6a and to con­
jugated polyfluoroalkylnitroalkenes5b results in 
formation of the corresponding nitroalkanes6c; 
at slightly higher temperatures and with different 
ratios of reagents, 2-nitro-l-phenyl-l-propene re­
acts with lithium aluminum hydride to give phen-
ylacetone oxime, N-(/3-phenylisopropyl)-hydroxyl­
amine and /3-phenylisopropylamine.5a Since boro-
hydrides are generally inert to nitro groups6a~f and 

(5) (a) R. T. Gilsdorf and F. F. Nord, THIS JOURNAL, It, 1837 
(1952); (b) D. J. Cook, O. R. Pierce and E. T. McBee, ibid., 76, 83 
(1954); (c) A. Dornow and W. Bartoch, Ber., 87, 633 (1954). 

(6) (a) S. W. Chaikin and W. G. Brown, T H I S JOURNAL, 71, 123 
(1949); (b) R. F. Nystrom, S. W. Chaikin and W. G. Brown, ibid., 71, 
3245 (1949); (c) H. Shechter, D. E. Ley and L. Zeldin, ibid., 74, 3664 
(1952); (d) H. C. Brown and E. J. Mead, ibid., 75, 8263 (1953); (e) 
D. C. Inland and G. X. Criner, ibid., 75, 4047 (1953); (f) D. C. Iffland 
and Teh-Fu Yen, ibid., 76, 4083 (1954). 
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Sodium trimethoxyborohydride, lithium borohydride, sodium borohydride and lithium aluminum hydride are satisfac­
tory reducing agents for converting conjugated nitroalkenes to their corresponding nitroalkanes. The reduction reactions 
are accompanied by consecutive processes in which the initial reduction products add to the parent nitroolefins to give salts 
of the corresponding 1,3-dinitroalkanes and related polynitroalkanes of higher molecular weights. The unconjugated 
nitrocycloalkene, l-(nitromethyD-cyclopentene, is not reduced by excess sodium trimethoxyborohydride, even under isom-
erizing conditions. Excellent procedures have been developed for reducing D-arafro-tetraacetoxy-1-nitro-l-hexene with 
lithium borohydride or sodium borohvdride to l-nitro-l,2-dideoxy-D-aroio-hexitol tetraacetate. 
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REDUCTION OP CONJUGATED NITROOLEFINS WITH SODIUM TRIMETHOXYBOROHYDRIDE, LITHIUM BOROHYDRIDE, SODIUM BOROHYDRIDE AND LITHIUM ALUMINUM HYDRIDE" 

NaBH(OCHs)jt 
Con- Re-
ver- Addn. aen." 
sion,/ Temp., time, time, 

% "C. hr. hr. 

CH 3 CH=CHNO 2 

C2H6C(NO2 ) = C H 2 

CH3CH=C(NO2)CH3 

(CH 3 ) 2 C=CHN0 2 

C 3H 7C(N0 2)=CHC 2H 6 

CCl 3 CH=CHNO 2 

CF 3 CH=CHNO 1 

CF 3(CH 3)C=CHNO 2 

C3F7CH=C(NO2)CH3 

C3F7CH=C(NO2)C2H6 

C 5H 5CH=CHNO 2 

C6H6CH=C(NO2)CH3 

(C4H3O)CH=CHNO2 

(Ci2H17O8)CH=CHNO2 ' ' 

C2H6CH2NO2 

C 2 H 6 C H ( N O 2 ) C H ( C H 3 ) C H 2 N O 2 

C2H6CH(NO2)CH3 

C2H6CH(NO2)CH2C(CH3X NO2)C2H6* 
C2H6CH(NO2)CH3 

C 2 H 6 C ( C H 3 ) ( N O 2 ) C H ( C H 3 ) C H ( N O 2 ) C H 3 

( C H S ) 2 C H C H 2 N O 2 * 

C3H7CH(NO2)C3H7 

CCl3CH2CH2NO2 

C C I 3 C H 2 C H ( N O 2 ) C H ( C C I 3 ) C H 2 N O 2 

CF3CH2CH4NO. 
C F 3 C H 2 C H ( N O 2 ) C H ( C F 3 ) C H 2 N O 2 

CF3(CH3)CHCH2NO2 

C3F7CH2CH(NO2)CH3 

C3F7CH2CH(NO2)C2H6 

C6H6CH2CH2NO2 

C6H6CH2CH(NO2)CH(CeH6)CH2NO2 

C6H6CH2CH(NO2)CH3 

(C4H3O)CH2CH2NO2 

(Ci2H17Os)CH2CH2NO2
2 

82 
11 
45 
35 
63 
11 
59*' 
55* 
44 
26°-p 

- 7 0 1.2 0.5 

-62 1.2 

- 7 0 1 1 

C*.) 

- 3 
0 

- 4 0 

.6 
3.0 
0 .5 

Con­
ver­
sion,/ 

% 

50 
2 

59 
14 
46 

48"' 
65*'* 
85*"1 

-LiBH4" 

Temp., 
0 C . 

Addn. 
time, 

hr. 

Re-
aen.ff 
time, 

hr. 

-70 3 2 

-70 3 2 .5 

-37 2 .5 2 .5 

0 0 .5 3 

- 6 7 4 4 
- 7 0 3 .5 3 .5 

• NaBHW . 
Con- Re-
ver- Addn. acn." 

sion,/ time, time, 
% hr. hr. 

64 

. LiAlH4 «-
Con- Re-
ver- Addn. acn." 

sion,/ Temp., time, time, 
% "C. hr. hr. 

22' 

84 
91 
39' 
24 M 

28* 

-67 
-60 
-40 

-40 

2.0 
2.0 
1.6 

1.8 

1.0 
1.0 
0.4 

0.9 

88 
91 
55M 

31* 
54 

-65 
-60 
-70 

-73 
0 

4 
4 
3 

5 
1.2 

4 
4 
0.25 

0.25 
2 

14 
24 

64 

53 

44" 

25" 
25 
55* 

85r 

50, 47" 
6, 1.7" 

43, 31"'" 
16* 

-65 2 .5 3 .5 

-70 3 .5 3 .5 

-40 2 

-70 1.5 

-70 3 
-40 2.2 

-40 2 
-55 3 

3 

3 

3 .5 
3 

3 
3.5 

0.75 

" AU reductions, except as noted, were effected with 5 0 % excess NaBH(OCH3)3 and 100% excess LiBH4, NaBH4 and LiAlH4, respectively. b Conducted, except as noted, by adding 
the nitroalkene (0.15 mole) in ethyl ether (25 ml.) to sodium trimethoxyborohydride (0 225 mole) in ethyl ether (125-150 ml.) and tetrahydrofuran (50 ml.). c Conducted, except 
as noted, by adding the nitroolefin (0.15 mole) in ethyl ether (25 ml.) to lithium borohydride (0.075 mole) in ethyl ether (125 ml.) and tetrahydrofuran (25 ml.). "* The nitroalkene 
(0.10-0.15 mole) in ethanol (150 ml.) was added at 0° to sodium borohydride (0.05-0.075 mole) in ethanol (50 ml.). • Effected, except as noted, upon adding the nitroalkene (0.10 mole) 
in ethyl ether (25-50 ml.) to the reductant (0.05 mole) in ethyl ether (100-150 ml.) and tetrahydrofuran (0-25 ml.). f Based on initial nitroalkene added. In many experiments, 
the recovery of nitroolefin was appreciable. « The reaction mixtures were usually acidified at 0° in 0.75-1.5 hours; salts of nitro compounds which resist Nef hydrolysis may be 
acidified in shorter periods without excessive losses. * The higher boiling products were not characterized. * Conducted with 10% excess of reducing agent. ' Slightly contami­
nated. * Yield 74%. ' Reduction of 4-nitro-3-heptene occurs very slowly and, in this experiment, is quite incomplete. m Reaction was effected at one-half the concentration listed 
in footnote c. * Conducted with 5 % excess reductant. * Isolated by crystallization of the concentrated crude reaction product. v May exist in 2 (/,/-modifications. q The con­
version is not increased by using large excesses of reducing agent, effecting reduction at lower temperatures, or using high dilution techniques. ' The nitroalkene (0.057 mole) in 
ethyl ether (25 ml.) was added to the reducing agent (0.01945 mole, 20% excess) in ethyl ether (125 ml.)-tetrahydrofuran (25 ml.). * w-Nitrostyrene (0.1 mole) in ethyl ether 
(50 ml.) and tetrahydrofuran (50 ml.) was added to sodium trimethoxyborohydride (0.1 mole) in ethyl ether (152 ml.) and tetrahydrofuran (25 ml.). ' w-Nitrostyrene (0.1 mole) 
in ethyl ether (75 ml.) and tetrahydrofuran (50 ml.) was added to a stirred suspension of lithium borohydride (0.05 mole) in ethyl ether (125 ml.) and tetrahydrofuran (50 ml). 
The mixture was then warmed to —15°; the temperature then shot to 18° and poly-<a-nitrostyrene separated. " Inverse addition. * An unidentified white solid of high molecular 
weight, m.p. 255°, was obtained in 20% conversion; see Experimental. " Conducted with 20% excess reductant. * A brown glassy solid of high molecular weight, m.p. >350°, 
was obtained in 47% conversion; the product is similar to that obtained by polymerization of 2-(2-nitrovinyl)-furan with hydroxides. " D-arafto-Tetraacetoxy-1-nitro-l-hexene. 
z l-Nitro-l,2-dideoxy-D-ora6o-hexitol tetraacetate. 
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yet are nucleophilic reducing agents63-d similar to 
lithium aluminum hydride, the present research 
has been concerned primarily with the reactions of 
conjugated nitroolefins with sodium trimethoxy­
borohydride, lithium borohydride and sodium boro­
hydride.7'8 A study also has been made of reduc­
tion of conjugated nitroalkenes with lithium alumi­
num hydride78 in order to develop an additional 
general method for preparing primary and second­
ary nitro compounds. 

1. Metal Borohydrides.—Sodium trimethoxy­
borohydride, lithium borohydride and sodium 
borohydride have been found to be excellent re­
agents for reducing the carbon-carbon double 
bonds of conjugated nitroalkenes. The reduction 
reactions (eq. 1 and 2) are of the Michael type9 and, 
R 2 C = C R N O 2 + NaBH(OCHa)3 — > 

R2CHCRNO2Na + B(OCH3)3 (1)» 
1, LiBH4 or 

4R 2 CC=CRNO 2 + "BH4 
2, NaBH4 

( R 2 C H - C R = =N02)4B- (2)» 

upon acidification10 and hydrolysis of the products, 
result in satisfactory general methods for preparing 
primary and secondary mononitroalkanes. The 
results of reduction of various a,/3-unsaturated ni­
tro compounds are summarized in Table I. Of par­
ticular interest is that the carbohydrate deriva­
tive, l-nitro-l,2-dideoxy-D-ara&o-hexitol tetraace­
tate4'1 (II), may be conveniently prepared (eq. 3) 
from D-ara&o-tetraacetoxy-l-nitro-l-hexene4d (I) 
by reduction with lithium borohydride (54% con­
version) or sodium borohydride (64% conversion). 

HCNO2 

Il 
CH 

I 
AcOCH 1 

HCOAc 2, H 
I 

HCOAc 
I 

H2COAc 
I 

H2CNO2 

I 
HCH 

I 
BH4 AcOCH 

*- I 
HCOAc 

I 
HCOAc 

I 
H2COAc 

II 

(3) 

Reduction of a conjugated nitroolefin by a boro­
hydride is accompanied by consecutive reactions of 
the Michael type in which the primary reduction 
product, a salt of a nitroalkane, adds to the initial 
conjugated nitroolefin to yield a salt of the corre-

(7) T h e p resen t research was c o n d u c t e d a t essent ia l ly t h e s a m e t i m e 
as t h a t r e p o r t e d in ref. 5b . T h e p resen t a u t h o r s should l ike t o ac ­
knowledge t h e p r i v a t e c o m m u n i c a t i o n s of D r s . Cook, Pierce a n d M c B e e 
concern ing t h e progress of the i r i nves t iga t ions a n d t o t h a n k L. F r i ed ­
m a n for p rov id ing t h e s t i m u l u s for incep t ion of m a n y phases of t h i s 
work . 

(8) (a) T h e general nucleophi l ic r e d u c i n g ac t iv i t i e s of t h e h y d r i d e s 
i nves t i ga t ed in t h i s s t u d y a re r e p o r t e d t o b e : L i A l H 4 > L i B H 4 > 
N a H B ( O C H i ) i > N a B H 4 ; Techn ica l Bul le t in , M e t a l H y d r i d e s , I nc . , 
Beve r ly , M a s s . ; (b) H . C. B r o w n , E . J . M e a d a n d B . C. S u b b a R a o , 
T H I S J O U R N A L , 77 , 6209 (195S). 

(9) T h e mechan ics of t he se r e d u c t i o n s a p p a r e n t l y invo lve nucleo­
phil ic a t t a c k of t h e t r i m e t h o x y b o r o h y d r i d e ion a n d t h e b o r o h y d r i d e 
ion a t t h e re la t ive ly pos i t ive end of t h e c a r b o n - c a r b o n doub le b o n d of 
t h e con juga t ed n i t roa lkene . W i t h t h e b o r o h y d r i d e s a d d i t i o n p r o b ­
ab ly resu l t s in i t ia l ly in fo rma t ion of a m e t a l m o n o a l k a n e n i t r o n a t o -
b o r o h y d r i d e , Li or N a ( R j C H — C R = N O j ) B H 1 . T h e i n t e r m e d i a t e 
m o n o a l k a n e n i t r o n a t o b o r o h y d r i d e ion m a y t h e n u n d e r g o a series of 
r e d u c t i v e a d d i t i o n r eac t i ons w i t h t h e c o n j u g a t e d ni t roolef in t o give 
finally t h e m e t a l t e t r a a l k a n e n i t r o n a t o b o r i d e . 

(10) N . K o r n b l u m a n d G. E . G r a h a m , T H I S J O U R N A L , 7 3 , 4041 

(1951) . 

sponding 1,3-dinitroalkane (eq. 4,11-12 see Table I). 
R 2 C H C R = N O 2 - + R 2 C=CRNO 2 — > 

R 2 C H C R ( N O 2 ) C R 2 C R = N O 2 - ( 4 ) " 

For example, reduction (Table I) of 1-nitro-1-pro-
pene with sodium trimethoxyborohydride also 
gives 2-methyl-l,3-dinitropentane (11%), 2-nitro-
1-butene gives 3-methyl-3,5-dinitroheptane (35%) 
and 2-nitro-2-butene gives 3,4-dimethyl-2,4-dini-
trohexane (11%). In order to minimize the com­
peting reactions leading to polynitroalkanes, the 
nitroalkene was always added to the borohydride 
(normal addition). Partial control over the forma-

TABLE II 

REDUCTION OF 2-NITRO-1-BUTBNE WITH SODIUM T R I ­

METHOXYBOROHYDRIDE0 

Convers ion , % 
6Re-

Moles covery , 3 -
of % m e t h y l -

N a H B - 2- 2- 3,5-di-
A d d n . R e a c n . (OCHs)J ; n i t r o - N i t r o - n i t r o -

T e m p . , t i m e , t ime , n i t r o - 1- 1- hep- PoIy-
0 C . hr . hr . a lkene b u t e n e b u t a n e t a n e m e r s c 

1 ± 1 
58 ± 2 
63 ± 2 

1.5" 
1.2" 
1.2' 

1.5 
0.5 
0.5 

1.1 
1.1 
1.0 

18 
17 
11 

9 
30 
45 

5 
46 
35 

68 
7 
9 

"Normal addition. ' T h e nitroalkene was removed by 
extraction with aqueous sodium bisulfite; the percentage 
recovery was calculated by difference. c Unidentified poly-
nitro adducts of higher boiling points than that of 3-methyl-
3,5-dinitroheptane. d A solution of 2-nitro-l-butene (0.15 
mole) in ethyl ether (25 ml.) was added drop wise to a stirred 
suspension of sodium trimethoxyborohydride (0.165 mole) 
in ethyl ether (125 ml.) and tetrahydrofuran (50 ml.). The 
solvent volumes were the same in the subsequent experi­
ments. ' 2-Nitro-l-butene (0.12 mole) was added to so­
dium trimethoxyborohydride (0.132 mole). ! See Experi­
mental; 2-nitro-l-butene (0.15 mole) was added to sodium 
trimethoxyborohydride (0.225 mole). 

TABLE I I I 

REDUCTION OF 2-NITRO-1-BUTENE WITH LITHIUM BORO­

HYDRIDE" 
C o n v e r s i o n , % 

3-
fcRe- m e t h y l -

Moles of covery , 3,5-di-
A d d n . R e a c n . L i B H 4 : % 2- n i t r o -

T e m p . , t ime , t ime, n i t ro - 2-n i t ro- N i t r o - hep- PoIy-
0 C hr . hr , a lkene 1-butene b u t a n e t a n e m e r s " 

- 1 ± 1 
-52 ± 2 
-69 ± I 
-69 ± 1 

1.5 2.5 
0.8 1.1 
3 5.5 
3 5.5 

0.25 
.25 
.25 
.52d 

45 
67 
40 
8 

16 
24 
39 
59 

23 
6 
9 
14 

16 
3 
12 
19 

" A solution of 2-nitro-l-butene (0.15 mole) in ethyl ether 
(25 ml.) was added dropwise to a stirred suspension of 
lithium borohydride (0.0375 mole) in ethyl ether (125 ml . ) -
tetrahydrofuran (50 ml.). 'Removed from the reaction 
product by extraction with sodium bisulfite; the percentage 
recovery was calculated by difference. c Unidentified prod­
ucts of higher boiling points than that of 3-methyl-3,5-di-
nitroheptane. d The amount of reductant added was 0.0788 
mole. 

(11) T h e s e r eac t i ons a r e p i c tu r ed in t h i s m a n n e r because sal ts of 
m o n o n i t r o a l k a n e s a d d t o c o n j u g a t e d n i t r o a l k e n e s t o give sal ts of t he 
co r re spond ing 1 ,3-d in i t roa lkanes (eq. 4 ) ; A. L a m b e r t a n d H . A. 
P iggo t t , J. Chem. Soc, 1489 (1947) ; C. T . B a n n e r a n d H . T . Ki t e , 
T H I S J O U R N A L , 7 1 , 3597 (1949). I t is possible t h a t t h e sa l t s of t h e 
ini t ia l r e d u c t i o n p r o d u c t s a r e t r ans fe r r ed t o t h e con juga t ed n i t ro ­
a lkenes t h r o u g h t h e agency of m e t h y l b o r a t e a s N a ( R j C H — C R = 
NOa)B(OCHa)s a n d as i n t e r m e d i a t e a l k a n e n i t r o n a t o b o r i d e s (see foot­
n o t e 9) . 

(12) T h i s r eac t i on is ana logous t o t h e po lymer i za t i on of N , N -
d i e t h y l c r o t o n a m i d e a n d t o i t s r e d u c t i v e coupl ing t o N , N , N ' , N ' -
t e t r a e t h y l - l - e t h y l - 2 - m e t h y l g l u t a r a m i d e upon inverse add i t i on of 
l i t h i u m a l u m i n u m h y d r i d e ; H . R . S n y d e r a n d R . E . P u t n a m , ibid., 
7 6 , 33 , 1893 (1954). 
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tion of polynitroalkanes also could be obtained by 
effecting reduction at lower temperatures. The ef­
fects of experimental variables on reduction of 2-
nitro-1-butene with sodium trimethoxyborohydride 
and with lithium borohydride are illustrated in 
Tables II and III. 

The various 1,3-dinitroalkanes obtained in re­
duction were identified by their quantitative and 
infrared analyses and molar refractions. The 
structure of the 3-methyl-3,5-dinitroheptane ob­
tained from reduction of 2-nitro-l-butene was es­
tablished upon its conversion to 3-methyl-3-nitro-
5-heptanone and its 2,4-dinitrophenylhydirazone via 
its sodium salt, the Nef reaction13 (41%) and sub­
sequent reaction with 2,4-dinitrophenylhydrazine. 
The 3-methyl-3-nitro-5-heptanone 2,4-dinitrophen­
ylhydrazone was identical with that obtained from 
authentic 3-methyl-3,5-dinitroheptane prepared by 
Michael reaction of 2-nitro-l-butene and 2-nitro-
butane. 

Selective reduction of a conjugated nitroolefin 
and competitive addition of the reduction product 
to the initial nitroalkene are apparently subject to 
marked steric manifestations. The relatively hin­
dered nitroolefin, 4-nitro-3-heptene, is reduced very 
slowly at —40° by sodium trimethoxyborohydride, 
and even after prolonged periods at 0°, reduction is 
incomplete. Similarly 1,3-dinitroalkanes derivable 
from competitive Michael additions were absent in 
reduction of 2-methyl-l-nitro-l-propene and of 4-
nitro-3-heptene. Reduction of the relatively un­
hindered nitroalkene, 2-nitro-l-butene, and sub­
sequent addition of 2-nitrobutane to 2-nitro-l-bu­
tene both occur quite rapidly; 3-methyl-3,5-dini-
troheptane is usually a major product (35%) of re­
action along with 2-nitrobutane. A further aspect 
of steric factors in reactions of 2-nitro-l-butene and 
sodium trimethoxyborohydride or lithium borohy­
dride at 0° (Tables I—III) is that significant yields 
of involatile higher-molecular weight polynitroal­
kanes (unidentified) are obtained; this suggests 
that competitive Michael reactions involving the 
reduction product advance beyond 1:1 addition.14 

Selective reductions of 4,4,5,5,6,6,6-heptafluoro-
2-nitro-2-hexene and 5,5,6,6,7,7,7-heptafiuoro-3-ni-
tro-3-heptene with sodium trimethoxyborohydride 
and lithium borohydride occur relatively rapidly 
and in excellent yields (Table I). There was no 
evidence in these systems for addition of the reduc­
tion product16 to the initial polyfluoronitroalkene. 
The much more rapid reduction of 5,5,6,6,7,7,7-
heptafluoro-3-nitro-3-heptene at —70° than of 4-
nitro-3-heptene, a comparably hindered (but unre-
active) nitroolefin,16 at 0° illustrates the expected 

(13) J. U. Nef, Ann., 280, 263 (1894); K. Johnson and E. F. Deger-
ing, J. Org. Ckem., 8, 10 (1943). 

(14) The steric influences of substituents on reduction of conjugated 
nitroalkenes by complex hydrides and on subsequent addition of initial 
reduction products to the parent nitroalkenes parallel the results ob­
tained from inverse addition of lithium aluminum hydride to substi­
tuted N,N-dialkylacrylamides. ia 

(15) It has been reported8b that polyfluoronitroalkanes of this 
type do not undergo the Nef reaction. *' I t has now been found that the 
sodium salt of l.l.l^^.S.S-heptafluoro-S-nitroheptane is converted to 
5,5,6,6,7,7,7-heptafluoro-3-heptanone by the action of sulfuric acid in 
54% yield; see Experimental. 

(16) On the basis of the need for excess lithium borohydride to effect 
rapid and complete reduction of a bulky nitroolefin, it is possible that 
steric and electrical factors become greatly increased as each alkane-

influence of electron-withdrawing groups in nitro­
alkenes on the rate of nucleophilic reaction with 
borohydrides. The electronegatively-substituted 
nitro compounds: 3,3,3-trichloro-l-nitropropene, 
w-nitrostyrene and 2-(2-nitrovinyl)-furan are also 
rapidly and selectively reduced; co-nitrostyrene and 
2-(2-nitrovinyl)-furan suffer from the disadvantage 
(see Experimental), however, that they are rapidly 
and extensively polymerized to high molecular 
weight adducts via Michael processes.17 

Reduction of l-(nitromethyl)-cyclopentene, a 
non-conjugated nitroolefin, could not be effected 
with sodium trimethoxyborohydride under condi­
tions which were satisfactory for reducing conju­
gated nitroolefins. Attempts were made under 
reducing conditions to isomerize (base-cata­
lyzed) 18,19a l-(nitromethyl)-cyclopentene to its con­
jugated exocyclic isomer, nitromethylenecyclopen-
tane, and then effect reduction. In all experiments, 
however, the unisomerized l-(nitromethyl)-cyclo-
pentene was recovered (>83%) essentially un­
changed.19b 

The reactions of 2-nitro-l-butyl acetate with ex­
cess sodium trimethoxyborohydride and with lith­
ium borohydride were investigated as a possible 
simple method for preparing saturated nitro com­
pounds. Since the hydrides are bases, it was 
deemed possible that acetic acid would be elimi­
nated from 2-nitro-l-butyl acetate20 to give 2-nitro-
l-butene; reduction of 2-nitro-l-butene and subse­
quent acidification were expected to yield 2-nitro­
butane. Reaction of 2-nitro-l-butyl acetate with 
sodium trimethoxyborohydride at 3-5° and at 

nitronate ion becomes incorporated in the borohydride; the effective 
reducing activities of the relatively hindered di- and trialkanenitronato-
borohydride ions may thus be less than that of the borohydride and the 
nionoalkanenitronatoborohydride ions. 

(17) (a) In the present studies the yields of products vary greatly 
and no reducing agent was found to be universally better than the 
others. We generally prefer to use lithium borohydride, but perhaps 
the most important criterion is the availability of a particular hydride. 
If conversion or yield is of great importance in an investigation it is 
suggested that each reducing agent be tried under various experimental 
conditions, (b) Since completion of this study, it has been reported8b 
that isopropyl alcohol and the dimethyl ether of diethylene glycol are 
improved solvents for sodium borohydride. These solvents may thus 
be of real advantage in reduction of nitroolefins with sodium boro­
hydride. 

(18) H. Shechter and J. W. Shepherd, T H I S JOURNAL, 76, 3617 
(1954). 

(19) (a) It might be expected that nitromethylenecyclopentane 
should be an intermediate because of the general stability of exo double 
bonds in cyclopentane ring systems (H. C. Brown, J. H. Brewster and 
H. Shechter, ibid., 76, 467 (1954)) and the resonance stabilization re­
sulting from conjugation of the nitro group with the carbon-carbon 
double bond, (b) Subsequent attempts to isomerize (base-catalyzed)18 

l-(nitromethyl)-cyclopentene and l-(nitromethyl)-cyclohexene to their 
conjugated exocyclic isomers have been unsuccessful. The resistance 
to extensive isomerization of l-(nitromethyl)-cyclopentene and 1-
(nitromethyl)-cyclohexene to nitromethylenecyclopentane and nitro-
methylenecyclohexane19a may be related to the relatively greater C-H 
hyperconjugation in an unconjugated nitroalkylcycloalkene and in 
particular to the steric requirements resulting from cts-interaction of 
the (coplanar) nitro group in the nitromethylenecycloalkane with the 
a,a'-methylene hydrogen atoms of the ring (in cyclohexyl systems 
the interference will result from one of the two equatorial a,a'-hydro-
gen atoms). It is suggested that (1) cis steric effects play important 
roles in the exo and endo equilibria of other related unsaturated cyclic 
compounds and (2) the observed fact that substituted 6-membered 
rings tend to accommodate endo double bonds more readily than do the 
analogous 5-membered rings may be partly the result of cis steric 
considerations.19a 

(20) Bases such as sodium bicarbonate and sodium acetate, etc., will 
convert vicinal nitro esters of this type to conjugated nitroalkenes. 3a»k 
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40° and with lithium borohydride at 3-4° resulted, 
however, in reduction of the carboxylic ester21 to 
give 2-nitro-l-butanol (~40%); neither 2-nitro-l-
butene nor 2-nitrobutane could be isolated. 

2. Lithium Aluminum Hydride.—Conjugated 
nitroolefins of various representative types are re­
duced advantageously to primary and secondary 
nitro compounds (Table I) by lithium aluminum 
hydride in ethyl ether at —40° and below. Reduc­
tion of these nitroalkenes to oximes, hydroxyl-
amines and amines is avoided by proper temperature 
control; competitive processes involving addition 
of the initial reduction product to the parent nitro-
alkene giving substituted 1,3-dinitroalkanes do oc­
cur, however (eq. 4). The apparent stoichiometry 
(eq. 5) and mechanics9'11'12'16 of reduction and of 
formation of the polynitroalkanes (eq. 4) are analo­
gous to those involved in reduction of nitroalkenes 
with sodium trimethoxyborohydride, lithium boro-
4 R 2 C = C R N O 2 + LiAlH4 — > 

[ ( R 2 C H - CR=NOs)4AlLi] (5) 

hydride and sodium borohydride, respectively. As 
with the previous hydrides, the reduction reactions 
are advantageously accelerated, and the conversions 
of nitroalkenes to mononitroalkanes are increased 
by use of excess lithium aluminum hydride. 

The previous reductions of 2-nitro-l-phenyl-1-
propene6a and of polyfluoroalkylnitroalkenes5b have 
been effected by inverse addition of lithium alumi­
num hydride to the nitroolefins. Since a major com­
petitive process is addition of the initial reduction 
product to the nitroolefin, it is to be expected that a 
better procedure for obtaining the initial nitroal-
kane will involve addition of the unsaturated nitro 
compound to the hydride (excess). Under compara­
ble conditions it has been found that addition of 2-
nitro-1-phenyl-l-propene to lithium aluminum hy­
dride produces 2-nitro-l-phenylpropane in 44% 
conversion; inverse addition gives only 31% con­
version to 2-nitro-l-phenylpropane. Normal addi­
tion to a>-nitrostyrene results in 50% conversion to 
l-nitro-2-phenylethane; inverse addition gives 
47% conversion. Inverse reduction of 5,5,6,6,-
7,7,7-heptafluoro-3-nitro-3-heptene has been pre­
viously reported513 to yield 1,1,1,2,2,3,3-heptafiuoro-
5-nitroheptane in 69% conversion; in the present 
study normal addition gives the initial reduction 
product in 85% conversion. The procedure of 
normal addition is also much the better method for 
reducing the readily polymerizable nitroolefin, 2-
(2-nitrovinyl)-furan. Considerable difficulty was 
experienced, however, in reduction of 3,3,3-tri-
fluoro-1-nitropropene to 3,3,3-trirluoro-l-nitropro-
pane, even upon using the best techniques of tem­
perature control and of normal addition of the ni-
troalkene to large excesses of reducing agent; this 
system is unsatisfactorily complicated by the ease 
with which the initial product reacts with 3,3,3-tri-
fluoro-1-nitropropene to give, after acidification, 
l,3-dinitro-2,4-bis-(trifluoromethyl)-butane.22 

(21) It has been previously reported^ that ethyl benzoate and ethyl 
butyrate are reduced only very slowly by sodium trimethoxyboro­
hydride at 100-140°. 

(22) The reduction of 3,3,3-trifiuoro-2-methyl-l-nitropropene with 
lithium aluminum hydride (Table I) is also complicated by the marked 
tendency of the initial reduction product to add to the parent nitro­
olefin. 

Experimental 
Reagents.—Sodium trimethoxyborohydride, lithium boro­

hydride, lithium aluminum hydride and sodium borohydride 
were purchased from Metal Hydrides, Inc., Beverly, Mass. 
l-Nitro-l-propene,23a w-nitrostyrene,23b 2-nitro-l-phenyl-l-
propene,230 2-(2-nitrovinyl)-furan,23d D-ara&o-tetraacetoxy-l-
nitro-l-hexene,4<1 l-(nitromethyl)-cyclopentene23e and" 2-
nitro-1-butyl acetate23 ' were prepared by literature proce­
dures. 2-Nitro-l-butene,23'.24!'.b.° 2-nitro-2-butene23f.24a.b 

and 2-methyl-l-nitro-l-propene24d were obtained in 74, 66 
and 76% conversions, respectively, from their acetates by 
reaction with hot sodium acetate. 3,3,3-Trichloro-l-nitro-
propene25a was prepared by reaction of l , l , l-trichloro-3-
nitro-2-propyl acetate26b and sodium carbonate. 4,4,5,5,-
6,6,6-Heptafluoro-2-nitro-2-hexene5b and 5,5,6,6,7,7,7-hep-
tafluoro-3-nitro-3-heptene6b were the gifts of Dr. O. R. 
Pierce. 

4-Nitro-3-heptanol.—4-Nitro-3-heptanol (248.3 g., 1.54 
moles, 77% conversion, light yellow) was prepared by reac­
tion of propanal (116.2 g., 2.0 moles), 1-nitrobutane (206.2 
g.,2.0 moles) and sodium hydroxide (3.5 N,23 ml.)in ethanol 
(95%, 200 ml.) at 30-35° for 48 hours; b .p . 71.0-71.5° (0.5 
mm.) , B20D 1.4475, (Z20M 1.0324, MRD (calcd.) 41.79, MRD 
(found) 41.76, strong infrared absorption for aliphatic 
mononitro26 (6.4 and 7.2 n) and hydroxyl (2.9 n) groups. 

Anal. Calcd. for C7Hi6NO3: C, 52.15; H, 9.38; N, 
8.69. Found: C, 52.67; H, 9.41; N, 8.49. 

3-Acetoxy-4-nitroheptane.—Reaction of acetic anhydride 
(128.6 g., 1.26 moles) and sulfuric acid (1 ml.) with 4-nitro-
3-heptanol (193.4 g., 1.2 moles) at 40-50° for 2.5 hours gave 
colorless 3-acetoxy-4-nitroheptane (216.9 g., 1.07 moles, 
89% conversion), b .p . 69° (0.1 mm.), n2»D 1.4352, dw

i0 
1.0409, MRD (calcd.) 51.12, MRD (found) 50.97, strong in­
frared absorption for carbonyl (5.7 /j), mononitro26 (6.4 and 
7.2 M) and acetate (8.1 u) groups. 

Anal. Calcd. for C8HnNO4 : C, 53.19; H, 8.43; N, 
6.89. Found: C, 53.26; H, 8.32; N, 6.88. 

4-Nitro-3-heptene.—3-Acetoxy-4-nitroheptane (131.5 g., 
0.65 mole) and sodium acetate (6.6 g.) were heated at 115° 
(12 mm.) in a Claisen flask equipped with a Vigreux column, 
a downward condenser and an ice receiver; the reaction 
product distilled at 75-80° (12 mm.) . The distillate was 
dissolved in ethyl ether, washed with saturated aqueous 
sodium bicarbonate, dried over sodium sulfate and distilled 
to give 4-nitro-3-heptene (67.6 g., 0.473 mole, 72.8% con­
version) as a light-green lachrymatory liquid, b .p . 70.0-
70.8° (5.2 mm.), W20D 1.4585,"strong infrared absorption 
for an olefinic mononitro group26 (6.6 ,u). 

l,l,l-Trifluoro-3-nitro-2-propanol.— Condensation of ex­
cess nitromethane27" (92.0 g., 1.5 moles), fluoral hydrate2"3 

(76.0 g. of fluoral hydrate-water azeotrope, 47.0 g. of fluoral, 
0.48 mole) and sodium carbonate (4.0 g., 0.029 mole) at 50° 
for 4 hours and then a t 25-30° for 15 hours gave colorless 
l,l,l-trifluoro-3-nitro-2-propanol (64.4 g., 0.405 mole) in 

(23) (a) E. Schmidt and G. Rutz, Ber., 61, 2147 (1928); G. D. 
Buckley and C. W. Scaife, J. Chem. Soc, 1471 (1947); (b) D. E. Wor-
rall, "Organic Syntheses," Coll. Vol, I, John Wiley and Sons, Inc., 
New York, N. Y., 1947, p. 413; (c) L. Bouveault and A. Wahl, Compl. 
rend., 134, 1145 (1902); Bull. soc. chim. France, [S] 29, 519 (1903); 
(d) J. Thiele and H. Landers, Ann., 369, 303 (1909); O. Moldenhauer, 
W. Irion, D. Mastaglio, R. Pfluger and H. Doser, ibid., 583, 67 (1953); 
(e) H. B. Frazer and G. A. R. Kon, J. Chem. Soc, 604 (1934); (f) 
B. M. Vanderbilt and H. B. Hass, Ind. Eng. Chem., 32, 34 (1940). 

(24) (a) A. Lambert and A. Lowe, / . Chem. Soc, 1517 (1947); (b) 
H. B. Hass, A. G. Susie and R. L. Heider, J. Org. Chem., 15, 8 (1950); 
(c) W. J. Seagers and P. J. Elving, T H I S JOURNAL, 73, 947 (1951); 
(d) N. Levy, C. W. Scaife and A. E. Wilder-Smith, J. Chem. Soc, 52 
(1948). 

(25) (a) F. Brower and H. Burkett, T H I S JOURNAL, 76, 1082 (1953); 
(b) prepared from l,l,l-trichloro-3-nitro-2-propanol and warm acetic 
anhydride; the preparation may be simplified by removing the excess 
acetic anhydride, adding ethanol, and allowing the product to crystal­
lize at 0°, m.p. 58-60°.25a 

(26) D. C. Smith, C-Y. Pan and J. R. Nielsen, / . Chem. Phys., 18, 
707 (1950); R. N. Haszeldine, J. Chem. Soc, 2525 (1953). 

(27) (a) Improved procedure: previously reported&b in 47% yield 
from equimolar quantities of fluoral hydrate and nitromethane in the 
presence of potassium carbonate, (b) D. R. Husted and A. H. 
Ahlbrecht, T H I S JOURNAL, 74, 5422 (1952); D. D, Krehbiel, Ph.D. dis­
sertation, The Ohio State University, Columbus, Ohio, 1954. 
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84% conversion, b .p . 62-66° (5.5 mm.) , W20D 1.3792; lit.Eb 

b.p. 84° (17 mm.) , n*>D 1.3771. 
3,3,3-Trifluoro-l-nitropropene.—(a) A mixture of 1,1,1-

trifluoro-3-nitro-2-propanol (45.5 g., 0.286 mole) and 
phthalic anhydride (45.5 g., 0.306 mole) was heated at 140° 
in a vacuum distillation apparatus. After the mixture be­
came homogeneous, it was heated to 180°, and the product, 
an oil dispersed in water, was collected. The pressure was 
lowered gradually during the dehydration until evolution of 
the volatile product was complete. The distillate was dis­
solved in ethyl ether, dried and then rectified to give 3,3,3-
trifluoro-1-nitropropene (19.2 g., 0.136 mole, yellow-green 
lachrymator) in 4 8 % conversion, b .p . 89°, W20D 1.3609, 
dwin 1.423, marked infrared absorption for a conjugated 
nitro group at 6.4128 and 7.32 p.® 

Anal. Calcd. for C3H2NO2F3: C, 25.53; H, 1.42; N, 
9.93. Found: C, 26.33; H, 1.71; N, 10.25. 

An at tempt to dehydrate refluxing l,l,l-trifluoro-3-nitro-
2-propanol with excess tetrachlorophthalic anhydride for 2 
hours resulted in 68% recovery of the initial trifluoronitro al­
cohol. Efforts to convert l,l,l-trifluoro-3-nitro-2-propanol 
to l,l,l-trinitro-3-nitro-2-propyl acetate and then effect con­
version of the acetate to 3,3,3-trifluoro-l-nitropropene by 
reaction with sodium carbonate were unsuccessful because 
of the difficulty in separating the trifluoronitropropene from 
its parent ester. 

(b) l,l,l-Trifluoro-3-nitro-2-propanol (50.1 g., 0.315 
mole) was added at atmospheric pressure to stirred phos­
phoric anhydride (50.0 g., 0.35 mole as P2Os) at a rate such 
that the yellow-green product distilled slowly from the reac­
tion mixture. Occasional hand stirring was necessary to 
prevent excessive foaming of the viscous mixture. After 
the dehydration was nearly completed, additional product 
was obtained upon reducing the pressure of the distillation. 
Rectification of the crude product gave 3,3,3-trifluoro-l-
nitropropene (30.2 g., 0.214 mole) in 68% conversion, b .p . 
89-90°, » » D 1.3607, d»201-423. 

Attempts to dehydrate l,l,l-trifluoro-3-nitro-2-propanol 
with excess polyphosphoric acid or with mixtures of phos­
phoric anhydride and polyphosphoric acid at 160° resulted 
in low conversions to 3,3,3-trifluoro-l-nitropropene. 

l-Nitro-2-trifluoromethyl-2-propanol.—1,1, 1-Trifluoro-
acetone (30.1 g., 0.269 mole) was added dropwise to a stirred 
mixture of nitromethane (565 g., 9.2 moles) and anhydrous 
potassium carbonate (4.0 g., 0.029 mole) at 0° . The solu­
tion was warmed to 20-30° and stirred for 3 days. The 
mixture was neutralized, dried with saturated sodium chlo­
ride and with sodium sulfate, and then distilled to give color­
less l-nitro-2-trifluoromethyl-2-propanol (29.3 g., 0.169 
mole) in 6 3 % conversion, b .p . 42-43° (3 mm.) , »20D 1.3881, 
d*>2o 1.2302. 

Anal. Calcd. for C4H6NO3F3: C, 27.75; H, 3.49; N, 
8.09. Found: C, 27.96; H, 3.32; N, 8.04. 

l-Nitro-2-trifluoromethyl-2-propyl Acetate.—Acetyl chlo­
ride (41.6 g., 0.53 mole) was heated with l-nitro-2-tri-
fluoromethyl-2-propanol (81.0 g., 0.47 mole) for 20 hours 
at 30°. Distillation gave l-nitro-2-trifluoromethyl-2-propyl 
acetate (88.4 g., 0.41 mole) in 87% yield, b .p . 93.5-94.5° 
(30 mm.) , W2»D 1.3905. 

Anal. Calcd. for C6H8NO4F3: C, 33.49; H, 3.75; N, 
6.51. Found: C, 33.42; H, 3.76; N, 6.63. 

l-Nitro-2-trifluoromethyl-l-propene.—(a) l-Nitro-2-tri-
fluoromethyl-2-propanol (60.0 g., 0.347 mole) was added 
dropwise to stirred phosphoric anhydride (60.0 g., 0.423 mole 
at P2Os) at 190-200°. Constant attention and occasional 
hand stirring were necessary to minimize formation of foam 
and of large viscous clumps in the reaction vessel. A light-
green product was distilled (3 hours) from the reaction mix­
ture at reduced pressure into a receiver at —80°. Redis­
tillation (twice) of the volatile product gave: (1) l-nitro-2-
trifluoromethyl-2-propanol (11.2 g., 0.064 mole, 18% re­
covery) and (2) l-nitro-2-trifluoromethyl-l-propene (34.4 
g., 0.222 mole, 64% conversion, 79% yield), b .p . 79-82° 
(200 mm.) , n*»D 1.3791, d™m 1.353, a powerful lachrymator 
of green color, infrared absorption for a conjugated nitro 
group at 6.42 and 7.42 M-28'29 

(28) The infrared absorption for a nitro group in conjugated nitro-
olefins usually occurs in the regions of 6.6 and 7.4/i.18 

(29) It is possible that the l-nitro-2-trifluoromethyl-l-propene is or 
becomes contaminated with its unconjugated isomer, 3-nitro-2-tri-
fluoromethyl-1-propene; see ref. 18. 

Anal. Calcd. for C4H4NO2F3: C, 30.98; H, 2.59; N, 
9.03. Found: C, 31.13; H, 3.41; N, 9.13. 

(b) l-Nitro-2-trifluoromethyl-2-propyl acetate (40.0 g., 
0.186 mole) in ethyl ether (100 ml.) was stirred with aqueous 
sodium bicarbonate (10%) until carbon dioxide was no 
longer evolved. The ether solution was dried over sodium 
sulfate and then distilled to give l-nitro-2-trifluoromethyl-l-
propene (6.05 g., 0.039 mole) in 2 1 % yield, b .p . 80.0-
80.5° (210 mm.) , B»D 1.3785. 

Techniques of Reduction.—Sodium trimethoxyborohy-
dride and lithium borohydride were used (Table I) in sus­
pension in mixtures of ethyl ether (3-4 parts) and tetrahy-
drofuran (1 part) at —70 to 0°. Tetrahydrofuran may be 
used to effect homogeneous reductions with sodium trimeth-
oxyborohydride or with lithium borohydride. The single 
solvent is somewhat unsatisfactory, however, since the reac­
tion mixtures are acidified with aqueous acetic acid-urea; 
in such systems the reduction products cannot be conven­
iently ether-extracted. Reductions with sodium trimeth-
oxyborohydride or lithium borohydride may be effected in 
suspension in ethyl ether. Ethyl ether as a single solvent, 
however, offers the disadvantages that (1) reductions of the 
nitroolefins occur slowly because of the limited solubilities 
of the hydrides, (2) if reduction is insufficiently complete, 
it is often difficult to control the exothermic activity of the 
reaction mixture upon allowing it to warm up before being 
acidified, and (3) consecutive Michael processes involving 
the reduction product and the initial nitroolefin become of 
greater importance. 

Absolute ethanol a t —40 to 0° was employed as the sol­
vent for reductions with sodium borohydride. Conjugated 
nitroalkenes, even in trace concentrations, catalyze decom­
position of sodium borohydride in ethanol. There is an 
apparent maximum concentration of sodium borohydride 
in ethanol (~2 .84 g., in 50 ml.) at 0° that can be used satis­
factorily for reduction; if more concentrated solutions of 
sodium borohydride are used, decomposition of the hydride 
occurs very rapidly, often in a few seconds, upon introduction 
of the nitroalkene. When using more dilute solutions, 
gases are evolved slowly; the reduction of nitroalkenes 
usually occurs so rapidly however that competitive destruc­
tion of the borohydride is of minor importance in this 
method. Ethanol does have the disadvantage that it is dif­
ficult to separate from low-boiling nitroalkanes. An at­
tempt to effect heterogeneous reduction of 5,5,6,6,7,7,7-
heptafluoro-3-nitro-3-heptene in tetrahydrofuran (3 par ts ) -
ethyl ether (7 parts) was unsuccessful. 

In all reductions, except those which allowed a special 
study of the effect, a solution of the nitroolefin was added to 
a homogeneous hydride solution or to a heterogeneous hy­
dride slurry. I t was found (Tables II and III) that the rate 
of addition of each nitroolefin, the temperature and time 
permitted for reduction to occur, the ratio of hydride to 
nitroolefin, and the period allowed for the reaction mixture 
to warm before being acidified are important experimental 
variables. The results reported in Table I are usually for 
satisfactory preparative procedures; no exhaustive efforts 
were made to determine the optimum conditions for reduc­
tion of the various nitroolefins. 

The reaction products (Table IV) were hydrolyzed (as 
in eq. 6) with aqueous acetic acid-urea10 to free the nitro­
alkanes from the various boron and aluminum complexes. 
[ ( R 2 C H - C R = N 0 2 ) 4 B L i ] + H 3 C - C O 2 H + 3H3O — > 

4 R 2 C H - H C R N O 2 + H3BO3 + H 5 C-CO 2 Li (6) 
The excess acetic acid was removed by extracting an ether 
solution of the product with aqueous sodium bicarbonate. 
Caution must be exercised in this separation because electro-
negatively-substituted nitro compounds such as 3,3,3-tri-
fluoro-1-nitropropane are sufficiently acidic to react with 
sodium bicarbonate. 

Reaction of 2-Nitro-l-butene and Sodium Trimethoxy-
borohydride.—2-Nitro-l-butene (15.2 g., 0.15 mole) in 
ethyl ether (25 ml.) was added in 70 minutes (Tables I and 
II) to a stirred suspension of sodium trimethoxvborohv-
dride30 (28.8 g., 0.225 mole) in ethyl ether (125 ml.) and 

(30) The reduction of nitroolefins may be effected with stoichiometric 
quantities of metal hydride (Equations 1, 2 and 5); incomplete reduc­
tion may occur, however, resulting in formation of mixtures of nitroal-
kane and nitroalkene. It is more practical usually to use excess reducing 
agent and drive the reduction to (near) completion. The remaining 
nitroalkene may then be removed by reaction with aqueous sodium 
bisulfite; R. L. Heath and H. A. Piggott, / . Chem. Soc, 1481 (1947). 
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TABLE IV 

PHYSICAL PROPERTIES OF REDUCTION PRODUCTS 

B.p. ' 
0 C. 

129 
86.3 

138.5 
79-81 

78-80 

Mm. 
742 
0.8 

756 
0.7 

»*°D 

1.4023 
1.4558 
1.4044 
1.4573 

d«io 

1.1707 
0.9676 
1.1125 

Calcd. 
H 

-Analyses, % -

N C 
Found 

H 

40. 

47.05 

6.87 15.90 41.17 7.00 15.82 

.90 13.70 47.98 7.80 13.50 

0.1 1.4657 1.126 47.05 7.90 13.70 47.09 7.86 13.79 

69-70.7 
70-71 

70.0-71.3 
150-151M 

70 
9 

3 

1.4090 
1.4224-
1.4236 
1.4899 

0.9627 
0.9269 

1.5347 

57.90 

18.72 
18.82 

10.41 

2.10 
1.58 

9.65 

7.28 
7.32 

58.32 

19.10 
18.78 

10.53 

2.21 
1.71 

9.50 

7.13 
7.28 

132 

76.9 

750.6 1.3549- 1.4203 
1.3555 

0.9 1.3910 1.6181 25.36 2.13 9.86 25.65 2.41 9.77 

Products0 

C2H3CH2NO/'0 

C 2 H 6 C H ( N O 2 ) C H ( C H 3 ) C H 2 N O 2 

C2H5CH( NOj)CH3
0 'd 

C2H5CH(NO2)CH2C(CH3)-
(NO2)C2H5'' 

C2H5C(CH3)(NO2)CH(CH3)-
CH(XO2)CH3 

(CHs)2CHCH2NO2
0^ 

C3H7CH(NO2)C3H7
0 ' ' '0 

CCl3CH2CH2NO2 

CCl3CH2CH(NO2)CH-
(CCl3)CH2NO2 

CF8CH2CH2NO2 ' ' 

CF3CH2CH(NO2)CH-
(CF3)CH2NO2 

CF3(CH3)CHCH2NO2 

C3F7CH2CH(NO2)CH3* 
C3F7CH2CH(NO2)C2H5 ' ' '* 
C6H5CH2CH2NO2

0 ' ' ' ' ' 
C6H6CH2CH(NO2)CH-

(C6H5)CH2NO2 ' ' 
C6H5CH2CH(NO2)CH3"* 
(C4H3O)CH2CH2NO2"'0 

» AU products reported, as indicated by infrared analyses, are free of initial nitroalkene and give strong absorption for 
aliphatic mononitro groups except as noted, at 6.4 and 7.2 n. The molar refractions of all liquids were in satisfactory agree­
ment with that calculated. b Lit. b.p. 130.5° (761 mm.), W20D 1.4013 (A. I. Vogel, J. Chem. Soc, 1833 (1948)). ' Converted 
via the Nef reaction to the corresponding 2,4-dinitrophenylhydrazone (45-62% yields), no depression by an authentic sample. 
" See Experimental. « Lit. b.p. 140.5°, M25D 1.4050, d25

2S 0.9625 (H. B. Hass, E. B. Hodge and B. M. Vanderbilt, Ind. Eng. 
Chem., 28, 339 (1936)). Possibly slightly contaminated with 2-methyl-3-nitro-l-propene and 2-methyl-l-nitro-l-pro-
pene.18 ' Lit.81 b.p. 10° (25 mm.), rc26D 1.4200, d*h 0.919. ' Slightly contaminated. h M.p. •'Crystallized from methanol 
and from carbon tetrachloride as a white fibrous solid. ' Lit. b.p. 134-134.8° (748 mm.), W20D 1.3558, d2\ 1.4220 (H. Shech­
ter and F. Conrad, T H I S JOURNAL, 72,3371 (1950)); b.p. 135.5°, K20D 1.3525, d*>t 1.4259 (E. T. McBee, H. B. Hass and I. M. 
Robinson, ibid., 72, 3579 (1950)). * The infrared absorption of the aliphatic mononitro group is shifted to 6.34-6.35 and 
7.2 n; lit.5b b.p. 64° (23 mm.), W20D 1.3412. ' W. Borsche and F. Sinn, Ann., 533, 265 (1942). *» Lit.68 b.p. 103-104° 
(4 mm.). n 2-(2-Nitroethyl)-furan (colorless.) • Strong infrared absorption for a mononitro group (6.35 and 7.15 n) and 
a furan ring (13.5 n). 

83.5-84 
77.0-78.8 
78.5-79.0 
73.0-74.5 
120.5-121.0'' 

81.5-82 
61.5-63.0 

150 
39-40 
23-25 
0.5 

0.8 
2.0 

1.3643 
1.3407 
1.3488 
1.5270 

1.5214 
1.4843 

1.312 
1.4861 
1.4286 
1.1314 

1.2052 

30.58 

63.56 
63.99 

51.06 

3.85 

6.00 
5.37 

5.00 

8.92 

9.27 
9.33 

9.93 

31.52 

63.52 
63.87 

51.17 

3.92 

6.03 
5.18 

5.00 

8.87 

9.38 
9.39 

10.10 

tetrahydrofuran (50 ml.) at —60 to —65°. After the mix­
ture had been stirred for 30 minuses at —60 to —65°, it was 
acidified in one hour at 0° with aqueous acetic acid-urea10 

and then saturated with sodium chloride. The aqueous 
layer was separated and extracted with ethyl ether. The 
ether extract was washed with saturated aqueous sodium 
bicarbonate and saturated aqueous sodium bisulfite (3 X 
150 ml.), dried over sodium sulfate, concentrated and then 
distilled to yield: (1) 2-nitrobutane (colorless, 6.95 g., 
0.0675 mole, 4 5 % conversion), b .p . 60-70° (80 mm.) , 
137.5° (742.3 mm., capillary method), W20D 1.4048-1.4050; 
(2) 3-methyl-3,5-dinitroheptane (5.34 g., 0.026 mole, 3 5 % 
conversion), b .p . 86-90° (0.5 mm.), K20D 1.4568-1.4577; 
and (3) residue (1.3 g., unidentified). Redistillation of 
fraction 1 gave purified 2-nitrobutane (Table IV) in only 
slightly lower yield, b .p . 138.5° (756.4 mm.) , M20D 1.4044, 
d*>-,0 0.9676; lit. b.p.3 1 139.6° (760 mm.) , W20D 1.4036,3a 

1.4042,31 (22O2O 0.968.31 

Redistillation of fraction 2 gave purer 3-methyl-3,5-di-
nitroheptane in slightly lower yield, b .p . 79-81° (0.7 mm.) , 
W2»D 1.4573, d20

20 1.1125, MRD (calcd.) 50.61, MRD (found) 
50.03. The 3-methyl-3,5-dinitroheptane32 was similar in 
properties to that prepared from 2-nitro-l-butene and 2-
nitrobutane. The 3-methyl-3,5-dinitroheptane was con­
verted to 3-methyl-3-nitro-5-heptanone via the Nef reaction13 

and then to 3-methyl-3-nitro-5-heptanone 2,4-dinitrophenyl­
hydrazone ( 4 1 % over-all conversion), m.p. 131.5-132.5°, no 
depression by an authentic sample. 

Anal. Calcd. for Ci4H19N5O8: C, 47.59; H, 5.42; N, 
19.82. Found: C, 47.48; H, 5.29; N, 19.96. 

(31) E. B. Hodge, Ind. Eng. Chem., 32, 748 (1940). 
(32) This product may exist in two racemic modifications. 

Reaction of 2-Nitro-l-butene and 2-Nitrobutane.—2-Ni-
tro-1-butene (4.45 g., 0.044 mole) was added in 35 minutes 
to a solution of 2-nitrobutane (4.54 g., 0.044 mole) and po­
tassium hydroxide (2.91 g., 0.052 mole) in ethanol (20 ml.) . 
The mixture was acidified10 below 0° and then extracted with 
ethyl ether. Distillation of the dried extract gave colorless 
3-methyl-3,5-dinitroheptane (2.64 g., 0.0129 mole, 29% 
conversion), b .p . 80-85° (1 mm.), ra%> 1.4565, d%0 1.1132. 
3-Methyl-3-nitro-5-heptanone 2,4-dinitrophenylhydrazone, 
m.p. 131.5-132.5°, was prepared in 52% over-all conversion 
from 3-methyl-3,5-dinitroheptane via the Nef reaction13 and 
subsequent reaction with 2,4-dinitrophenylhydrazine. The 
derivative is identical with that obtained from 3-methyl-
3,5-dinitroheptane derived from reduction of 2-nitro-l-
butene with sodium trimethoxyborohydride. 

Reaction of 5,5,6,6,7,7,7-Heptafluoro-3-nitro-3-heptene 
and Lithium Borohydride.—A solution of 5,5,6,6,7,7,7-
heptafluoro-3-nitro-3-heptene (15.34 g., 0.057 mole) in 
ethyl ether (25 ml.) was added in 4 hours (Table I) to a 
stirred suspension of lithium borohydride (0.62 g., 0.0285 
mole) in ethyl ether (125 ml.) and tetrahydrofuran (50 ml.) 
at —60 ± 2° . The mixture was stirred for4 hours at —60°, 
then acidified10 below 0° in 45 minutes. The product was 
extracted and dried as described previously. Distillation 
gave colorless 1,1,1,2,2,3,3 - heptafluoro - 5 - nitroheptane 
(14.08 g., 0.052 mole, 91%, conversion), b .p . 79.0-79.5° 
(24.5-25.0 mm.) , M20D 1.3493; lit.51" b.p. 60° (9 mm.) , 
M2»D 1.3493. 

Nef Reaction13 of l,l,l,2,2,3,3-Heptafluoro-5-nitrohep-
tane.15—A solution of l,l,l,2,2,3,3-beptafluoro-5-nitrohep-
tane (1.00 g., 0.00369 mole) in methanol (10 ml.) was added 
to a mixture of sodium hydroxide (0.4 g., 0.01 mole) and 
water (10 ml.) and kept at 0° for 18 hours. The solution 
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was dropped into a mixture of coned, sulfuric acid (2.5 ml.) 
and water (12 ml.) at 0°; 2,4-dinitrophenylhydrazine in 
sulfuric acid was then added. An oil separated which was 
crystallized from hot ethanol to yield 5,5,6,6,7,7,7-hepta-
fluoro-3-heptanone 2,4-dinitrophenylhydrazone (0.83 g., 
0.00198 mole, 53.5% conversion) as orange needles, m.p . 
123—124°. 

Anal. 'Calcd. for C13HnN4O4F7: C, 37.15; H, 2.64; N, 
13.33. Found: C, 37.62; H, 2.85; N, 13.53. 

l-Nitro-l,2-dideoxy-D-araio-hexitol Tetraacetate (II).— 
(a) A solution of D-ara&o-tetraacetoxy-l-nitro-l-hexene 
(I , 1.81 g., 0.005 mole) in ethyl ether (10 ml.) and tetrahy­
drofuran (4 ml.) was added (Table l ) in 70 minutes to a 
stirred suspension of lithium borohydride (0.11 g., 0.005 
mole) in ethyl ether (15 ml.) and tetrahydrofuran (5 ml.) at 
0° . The mixture was stirred for 2 hours at 0° and then 
acidified below 0° in 15 minutes with aqueous acetic acid-
urea. The mixture was saturated with sodium chloride; 
the ether layer was separated, extracted with aqueous so­
dium bicarbonate, and then dried over sodium sulfate. 
After concentrating the extract, ethyl ether (5 ml.) was 
added, and the mixture was cooled; crude l-nitro-l,2-di-
deoxy-D-oraio-hexitol tetraacetate ( I I , 1.37 g.) separated, 
m.p. 63-73°. Recrystallization of the product from ethyl 
ether did not raise its melting point (the product is possibly 
contaminated at this stage because of reduction or of hy 
drolysis of some of the acetyl groups). 

Crude II was heated with acetic anhydride (15 ml.) and 
coned, sulfuric acid (1 drop) for one hour at 85-95°. The 
acetic acid and acetic anhydride were removed at reduced 
pressure; ethyl ether was added, and the mixture was 
cooled. A yellow solid (1.08 g.) separated; two recrystalli-
zations from ethyl ether gave II (0.99 g., 0.00271 mole, 54% 
conversion) as a white solid, m.p. 90-92°, lit. m.p. 91-92°.4d 

(b) A solution of I (1.00 g., 0.0028 mole) in absolute eth­
anol (10 ml.) was added in 45 minutes (Table I) to a stirred 
suspension of sodium borohydride (0.12 g., 0.0032 mole) 
in absolute ethanol (10 ml.) at 0°. The mixture was stirred 
for 2 hours at 0° and then acidified in 10 minutes below 0°. 
The mixture was concentrated at reduced pressure to a 
volume of approximately 5 ml., then diluted with ethyl ether 
and dried over sodium sulfate. Removal of solvents yielded 
crude II (0.65 g., 0.00179 mole, 64% conversion) as a white 
solid, m.p. 82-84°. One recrystallization from absolute 
ethyl ether gave pure I P 3 in only slightly lower yield, m.p. 
91-92°, lit. m.p. 91-92°.4d 

Reaction of w-Nitrostyrene and Lithium Aluminum Hy­
dride (Reverse Addition).34—A solution of lithium aluminum 

(33) In reduction of nitrocarbohydrate esters of this type, sodium 
borohydride may be the reagent of choice since it reduces conjugated 
carbon-carbon double bonds, but does not rapidly reduce carboxylic 
esters. Sodium borohydride also provides an advantage in that ali­
phatic nitro derivatives of carbohydrates will often be much more solu­
ble in ethanol than in tetrahydrofuran or ethyl ether. 

(34) Reverse addition of lithium aluminum hydride to w-nitiostyrene 
at —40 to —50° and subsequent Nef hydrolysis of the products has 
been reported5* to give phenylacetaldehyde (0-10%). Evidence was 
obtained6* for the formation of l-nitro-2-phenylethane; however, it 
was not isolated. 

hydride (1.90 g., 0.05 mole) in ethyl ether (100 ml.) was 
added in 2.2 hours to a stirred mixture of w-nitrostyrene 
(14.90 g., 0.1 mole), ethyl ether (125 ml.) and tetrahydro­
furan (25 ml.) at —40 to —45°. The mixture was stirred 
at —40 to —45° for 3 hours and then acidified below 0° in 
45 minutes. The hydrolysate was worked up as described 
previously and distilled to give: (1) l-nitro-2-phenylethane 
(7.15 g., 0.0473 mole, 47 .3% conversion), b .p . 73-74.5° 
(0.5 mm.) , M*>D 1.5275, <2*>20 1.1314, MRu (calcd.) 41.37, 
MRv (found) 41.52 (lit. values, Table IV); and (2) residue 
(viscous, 6.9 g.). 

Fraction 2 was crystallized from ethanol to give amorphous 
products and l,3-dinitro-2,4-diphenyIbutane32 (0.25 g., 
0.00083 mole, 1.7% conversion, Table IV), white plates, 
m.p. 120-121°, strong infrared absorption for an aliphatic 
mononitro group (6.4 and 7.3 >J.) and a mono-substituted 
benzene ring (14.4 n). The melting point of this product 
is not depressed by the l,3-dinitro-2,4-diphenylbutane32 

obtained from reduction of w-nitrostyrene with sodium tri-
methoxyborohydride or sodium borohydride. 

In reduction of w-nitrostyrene with sodium trimethoxy-
borohydride a t —40° (Table I ) , an amorphous white solid 
(20% conversion), m.p . ca. 255° d e c , is obtained along with 
l-nitro-2-phenyle.thane and l,3-dinitro-2,4-diphenylbutane. 
At —2° (as in Table I ) , a similar amorphous product, m.p . 
263° d e c , is formed in 89% conversion. Reaction of w-
nitrostyrene with sodium borohydride at 0° (as in Table I) 
yields an unidentified white solid (34% conversion), m.p. 
ca. 228-232° d e c ; at - 4 0 ° the reduction products are 1-
nitro-2-phenylethane ( 1 1 % conversion), l,3-dinitro-2,4-
diphenylbutane (22% conversion) and the unidentified 
white solid (19% conversion), m.p. ca. 232-235° dec. The 
unidentified solids are insoluble in boiling Skellysolves, 
ethyl ether, benzene, methanol, ethanol, carbon tetrachlo­
ride, chloroform, acetone and acetic acid. They dissolve in 
hot aqueous sodium hydroxide to form dark red solutions; 
oxidation of an alkaline solution of the product, m.p. ca. 
255° d e c , by sodium permanganate gave benzoic acid upon 
acidification. The unidentified products are believed to be 
polymers of w-nitrostyrene.36 These products have prop­
erties which are similar to that obtained, m.p. ca. 205-210° 
d e c , by anionic polymerization (87% conversion) of w-
nitrostyrene by benzyltrimethylammonium hydroxide in 
methanol at 25°. Analysis of the product, m.p. ca. 255° 
d e c , is in agreement with that calculated for poly-w-nitro-
styrene. 

Anal. Calcd. for (C8H7NOa)1: C, 64.40; H, 5.73; N, 
9.32. Found: C, 64.42; H, 4.73; N, 9.39. 

COLUMBUS 10, OHIO 

(35) (a) P. Herrmann and D. Vorlander, Chem. Zentr., 70, I, 730 
(1899), report that w-nitrostyrene is polymerized to a white amorphous 
solid (C(H7NOj)I, m.p. ca. 280° d e c by sodium ethoxide and ethyl 
malonate in ethanol. (b) 2-(2-Nitrovinyl)-furan is also rapidly con­
verted to polymer (95% conversion), m.p. >350°, by benzyltrimethyl­
ammonium hydroxide in methanol-ethyl ether. This polymer is in­
soluble in all usual organic solvents and is similar in properties to that 
isolated from reaction of sodium trimethoxyborohydride and 2-(2-
nitrovinyl)-furan (Table I). 


