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A simple new synthesis of primary and secondary 
nitro compounds from alkyl halides and sodium 
nitrite has recently been de~c r ibed .~  As was pointed 
out e a ~ l i e r , ~  the success of this synthesis hinges 
upon the use of S,S-dimethylformamide (DMF) as 
the solvent. 

It has now been found that  dimethyl sulfoxide 
(DMSO) is also an effective medium for the nitro- 
paraffin synthesis and that its use confers certain 
advantages. Sodium nitrite is considerably more 
soluble in DMSO than in D11F;4 as a conse- 
quence, with DMSO much more concentrated solu- 
tions can be employed and this, in turn, makes pos- 
sible shorter reaction times6 (Table I). 

TABLE I 

SODILX KITRITE 
R P,ACTION O F  A4LKYIj AUD CYCLOALKYL HALIDES WITH 

Reaction Time G/‘r Yield of 
(Hr 1 gitroparaffin _______ 

Halide DMSO“ DMF“ DMSO DZIF 

l-Bromooctane 2 G 66 GO 
2-Bromooctsne 12 4 3 ‘ 46 58 
P-Iodooctane 4 4 58 GO 
I 3 3  omocyclopentane 3b 42 55 57 

a Reactions conducted a t  room temperature unless other- 
wise specified. ‘ At 15°C. 

As can be seen from Table I, the yields in DMSO 
and in DMF are comparable. 1-Bromooctane, a 
representative priniary bromide gives essentially 
the same yields of l-nitrooctane in DMSO and in 
DMFO6 With 2-bromooctane, however, the 46% 
yield of 2-nitrooctane in DMSO solution is un- 

( 1 )  Paper XVII in the Series “The Chemistry of Ali- 
phatic and Aliryclic Nitro Compounds ” 

(2) This research was supported by a grant from the 
Explosivw Department of E. I. du Pont de Kemours &- 
Co., Inc. 

(3) N. Kornblum, H. 0. Larson, R K. Blackmood, D. 
D. Mooberrp, E. P. Oliveto, and G. E. Graham, J .  Am. 
Chem. SOC., 78,1497 (1956). 

(4) Thus, in a few minutes, 100 ml. of DMSO dissolves 
19.2 g. of sodium nitrite whereas only 1.88 g. dissolve in 100 
ml. of DMF a t  room temperature after 24 hr. In  DMSO, 
urea is never added to increase the solubility of sodium ni- 
trite in the reaction medium, whereas with D M F  as the 
solvent urea is sometimes employed for this purpose (ref. 3) .  

( 5 )  Rough rate studies made with 1-bromoheptane and 
with ethyl a-bromobutyrate (ref. 7 )  reveal that the reaction 
with sodium nitrite goes on at  essentially the same rate in 
DMSO and in DMF. The shorter reartion times in DMSO 
are, therefore, a function of the higher concentrations which 
can be maintained in that solvent. 

(6) While the reaction using primary iodides in DMSO 
was not studied, there can be little doubt that the yields of 
primarv nitrocompounds would be comparable to those in 
DAIF (57--G1%). 

mistakably lower than the 58% obtained in DMF 
and it seems likely, therefore, that  with open chain 
secondary bromides the reaction in DMF can be 
counted on to  give somewhat higher yields. Vl’ith 
secondary iodides, as exemplified by 2-iodooctane, 
the two solvents give the same yields of nitro- 
paraffin. 

In an effort t o  improve on the 46% yield 
of 2-nitrooctane, ph lo r~g luc ino l~~~  was added to  a 
DMSO run employing 2-bromooctane and sodium 
nitrite. To our surprise, the time needed for the re- 
action to  go to  completion increased from 12 hr. to 
168 hr. and the yield of 2-nitrooctane was only 3701,. 
From this, and other experiments with 2-iodo- 
octane and bromocyclopentane (cf. Experimental), 
it  is clear that phloroglucinol slows down the reac- 
tion of sodium nitrite with secondary halides and, if 
anything, decreases the yields of nitro 

EXPERIMENTAL 

Reagents. Initially, DMSO (Stepan Chemical Co.), dried 
by allowing it to stand over calcium hydride for several 
days, and “analytical grade” sodium nibrite dried by heating 
overnight a t  110”, were used. Runs made with the four 
halides listed in Table I gave the yields recorded there. 
Subsequently, i t  was found, a t  least for l-bromooctane and 
2-iodooctane, that  the DMSO and the sodium nitrite could 
be used as received with no decrease in the yields of nitro 
compounds. Consequently it appears that, in general, pre- 
cautions to  maintain vigorously anhydrous conditions are 
unnecessary. The following is illustrative of the general 
procedure. 

Preparation of %nitrooctane from b- iodo~ctane .~  2-Iodo- 
octane (71.2 g., 0.30 mole) was poured into a stirred solu- 
tion of 225 ml. dimethyl sulfoxide (DMSO) and 36 g. of so- 
dium nitrite (0.52 mole) contained in a 500 ml. flask immersed 
in a water bath held at  room temperature. Stirring was con- 
tinued for 4 hr. The reaction mixture was poured into GOO 
ml. of ice water hyered over with 100 ml. of petroleum ether. 
(b.p. 35-37”), Aft,er separat,ion, the aqueous phase was fur- 
ther extracted with four 100 ml. portions of petroleum ether. 
The combined extracts were washed with four 100 ml. por- 
tions of water and then dried over anhydrous magnenium 
sulfate. The drying agent was removed by filtration and the 
petroleum ether solution was distilled through a small col- 
umn after which the residual liquid was rectified under re- 
duced pressure. At 2 mm., 14.0 g. (30% yield) of 2-octyl 
nitrite (pale yellow, ny 1.4089) came over a t  32’; this was 
followed by a small fraction (3.9 g.), b.p. 53-5G0/1 mm., 
(n’,” 1.4111-1.4482) after which 27 g. (58y0 yield) of 2-nitro- 
octane (a’,” 1.4281; b.p. 61°/1 mm.) mas obtained.10 An 
identical experiment using dried DMSO and sodiiim nitrite 

( 7 )  N. Kornblum, R. K. Blackwood and J. W. Powers, 
J .  Am. Chem. SOC., in press. 

( 8 )  Fortunately, in those cases where phloroglucinol is 
indispensable (the synthesis of a-nitroesters), the reaction 
is intrinsically so fast that despite the retardation due t,o 
phloroglucinol it goes on a t  a good rate (ref. 7).  Although it 
is highly probable that phloroglucinol also slows down the 
rate of reaction of alkyl halides with sodium nitrite in DXF, 
this point has not been investigated. 

(9) Our thanks are due to Mr. D. E. Hardies for carrying 
out a preliminary experiment (cf. ref. 3). 

(10) Nitroparaffins obtained from alkyl iodides some- 
times have a light pink color despite their correct b.p. and 
n’,”. This color is readily removed by allowing the nitro corn.- 
pound to stand in contact with a little metallic silver. 
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(see above) gave a 5791, yield of 2-nitrooctane ( n z  1.4280). 
A duplicate run in which 40 g. of anhydrous phloroglucinol 

was present (DMSO and sodium nitrite dried as described 
above) was allowed to proceed for 8 hr. On working up as usual 
an 11% yield (5.3 g.) of 2-nitrooctane (b.p. 62'/2 mm.; n: 
1.4281) and an 11% yield (5.3 g.) of 2-octyl nitrite (b.p. 
35'/3 mm.; n'," 1.4088) were isolated. I n  addition, there was 
obtained 43.4 g. of material boiling in between the nitrite 
ester and the nitro compound (36"/3 mm. to 58"/2 mm.);  
ny 1.4117-1.4781. Since 40.6 g. out of the 43.4 g. had ng 
above 1.4721 i t  is clear that this material is largely unreacted 
2-iodooctane (n,: 1.4885). 

Preparation of nitrocyclopentane. Cyclopentyl bromide 
(22.0 g.; 0.15 mole) was treated with a solut'ion of 18 g. dried 
sodium nitrite in 100 ml. dried DMSO for 3 hr. a t  15'C. 
On Torking up the reaction mixture 9.9 g. (58% yield) of 
nitrocyclopentane wits isolated; b.p. 62"/8 mm.; ny 1.4538. 

A duplicate run to which 20 g. of anhydrous phloroglucinol 
had been added was conducted at room temperature. Despite 
the higher temperature in this run, the reaction required 
10 hr. to proceed to completion (followed by tit'rating bro- 
mide ion liberated). The yield of nitrocyclopentane (b.p. 
48"/1 mm.; ny 1,4539) was 8.7 g. (51%), 
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Reactions of Dinitroolefins with 
Nucleophilic Reagents' 
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1,2-Dinitroolefins (I) possess an  unsaturated 
system which is particularly vulnerable t o  nucleo- 
philic attack. I n  this respect they are similar to  
nitroaryl halides, 0-chlorovinyl ketones, and al- 
koxymethylenemalonic esters. It is not k n o m  
whether these reactions are concerted or involve 
an unstable intermediate, but in general they may 
be expressed as follo~m: 
RC=CR + H - +  

! I  
NO2 XOJ 

I 

1 YO* SO* 

Rh-!R c--) Rh-CR --+ 
I 1 1  4 YO? B NO26 

RC-CR + NOze 
I 1  B NO2 

It has previously been shown that dinitroolefins 
react with amines to  form p-aminonitroolefin~~~~ 

(1) This research was carried out under Army Ordnance 
Contract W-01-021-ORD-334. 

(2)  For leading references, see E. Kenlrert and T. E. 
Stevens, J .  Am. Chem. Xoc., 78, 2318 (1956). 

( 3 )  L. Claisen, Ann., 297, 1 (1897). 
(4) L. B. Clapp, J. F. Broiyn, and L. Zeftel, J. Org. Chem., 

15, 1043 (1950): ' 

(5) J. P. Freeman and W, D, Emmons, J .  Am. Chem. 
Sac., 78, 340.5 (195G), 

and with alkoxide It has now been found tha t  
they also react very rapidly with azide and thiolate 
ions. With azide ion, nitrogen was evolved and thc 
product was a furoxan (11). The structure of these 
compounds was wtablished by reference to  their 
RC=CR t KaK3 + RC-CR + SaSO, + N i  
I I ,I I1 

I1 

elementary analyses and characteristic infrared 
spectra.6 In  addition one of the compounds, di- 
methylfuroxan, n-as synthesized independently by 
the action of dinitrogen tetroxide on dimethyl- 
glyoxime . 

The production of furoxans under the gentle 
conditions of this reaction is of interest. First of all, 
it furnishes what appears to  be a general route to 
dialkyl furoxans, up to  now a relatively inacces- 
sible group of compounds. Secondly, their process 
of formation must be fundamentally different 
from tha t  of benzofuroxans from o-nitrophenpl 
 azide^.^ The latter reaction is a thermal one occur- 
ring a t  temperatures around 100-150". The azide- 
dinitroolefin reaction occurs almost instantaneously 
at room temperature iyith a vigorous eyolution of 
nitrogen suggesting a concerted ionic process. 

Both cis- and trans-3,4-dinitro-3-hexene reacted 
TI ith sodium p-toluenethiolate to  produce the 
same 3-p-toluenethio-4-nitro-3-hexene (111), pre- 
sumably the trans isomer. This compound proved 
to be an oil and Tvas converted to  the corresponding 
sulfone for identification. This reaction was not PX- 

CnHfiC-CGH, + p-CFIsCoHASKa + 

' I  
p-CH,CsH,S NO2 

amined with the other dinitroolefins, but is pre- 
sumed to  be a general reaction. 

Four pairs of dinitroolefins, the cis and trans 
isomers of 1,2-dinitrostilbene, 2,3-dinitro-2-butene, 
3,4-dinitro-3-hexene, and 2,3-dinitro-2-hexene were 
examined in the azide and amine reactions. In 
each case only one product was obtained from each 
pair. The forrnatioii of only one compound is to be 
expected in the case of furoxan formation. In  the 
aminonitroolefin series the cis form appears to be 
stabilized by hydrogen b0nding.j It was originally 
thought that different isomers or isomer ratios 
might be obtained in the thiolate reaction in Tien- 
of the recent report of different isomer ratios re- 
sulting from the reaction of thiolate ions with cis and 
trans-p-chlorocrotonic esters.5 Apparently in the 
dinitroolefin series a relatively long-lived inter- 

(6) N. E. Boyer, G. AI. Czerniak, H. S. Gutomsky, and 
H. R. Snyder, J .  Am. Chem. SOC., 77, 4238 (1955). 

(7 )  J. Boyer and F. Canter, Chem. Revs., 54, 35 (1954). 
(8) D. Emyr Jones, and C. A. Vernon, Nntuw, 176, 791 

(19<55). 


