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Table I 
Reaction of Aryl Chlorides with Sodium Methoxide in  HMPA 

Reaction conditions -- _- 
Molar/ 

Registry Aryl Temp, Time, equiva Yield,b Registry 
no. chloride "C h CH,ONa Product % no. 

541-73-1 
CI 

9 5-5 0- 1 
CI 

108-90-7 0- 

90 20 1.2 P O C K  
90 1 9  1.1c 

90 19.5 1.1 @OCK 

c1 

\ c1 

87 2845-89-8 
79 

7 8d 766-51-8 

100-66-3 50 

90-13-1 120  1 9  1.5 54 2216-69-5 

106-43-4 C H i O C I  120  24 1.5 CH,+OCH, 13 104-93-8 

a Commercial sodium methoxide used in all cases except where noted. b Yields determined by GLC. C Sodium methoxide 
generated in reaction mixture from methanol and sodium hydride. d Addition of  0.1 molar equiv of p-dinitrobenzene had 
no effect on  yield. =Trace of 2-methoxynaphthalene also present. 

and an infrared spectrum identical with that of an authentic sam- 
ple. An alternative procedure involved generation of sodium meth- 
oxide from methanol and sodium hydride. A mixture of 0.71 g (22 
mmol) of methanol, 1.06 g of a 50% dispersion of sodium hydride in 
mineral oil (22 mmol), and 40 ml of dry HMPA was stirred at  room 
temperature for 1.5 h before addition of 2.94 g (20 mmol) of m-di- 
chlorobenzene and heating at  90' for 19 h. Completion of the reac- 
tion as in the above procedure gave a 79% yield of m-chloroanisole. 

o-Chloroanisole. A magnetically stirred mixture of 2.94 g (20 
mmol) of o-dichlorobenzene, 1.19 g (22 mmol) of sodium methox- 
ide, and 40 ml of dry HMPA was heated at  90' for 19.5 h in a flask 
equipped with a condenser and drying tube. A work-up procedure 
the same as that described for m-chloroanisole gave 2.66 g of liq- 
uid. Analysis of the liquid by GLC (SE-30, 120°, or methyl sili- 
cone, 145') revealed that it consisted of o-chloroanisole and a 
small amount of unreacted o-dichlorobenzene and that the yield of 
o-chloroanisole was 78%. m-Chloroanisole had a shorter retention 
time than o-chloroanisole and was completely absent. Product pu- 
rified by GLC gave a refractive index of nZoD 1.5440 (lit.Io n20D 
1.5445) and an infrared spectrum identical with that of an authen- 
tic sample. When the above reaction was run in exactly the same 
manner except that 0.34 g (2  mmol) of p-dinitrobenzene was also 
added, there was no change in the yield of o-chloroanisole. 

Anisole. A magnetically stirred mixture: of 2.25 g (20 mmol) of 
chlorobenzene, 1.62 g (30 mmol) of sodium methoxide, and 40 ml 
of dry HMPA was heated at  120' for 18.5 h in a flask equipped 
with a condenser and drying tube. A work-up procedure the same 
as that described for m-chloroanisole gave 1.71 g of liquid. Analy- 
sis of the liquid by GLC (methyl silicone, 127') revealed that it 
consisted of anisole and unreacted chlorobenzene and that the 
yield of anisole was 50%. Product purified by GLC gave an infrared 
spectrum identical with that of an authentic sample. 

1-Methoxynaphthalene. A magnetically stirred mixture of 3.25 
g (20 mmol) of 1-chloronaphthalene, 1.62 g (30 mmol) of sodium 
methoxide, and 40 ml of dry HMPA was heated at 120' for 19 h in 
a flask equipped with a condenser and drying tube. A work-up pro- 
cedure identical with that described for m-chloroanisole gave 2.80 
g of liquid. Comparison of GLC (Carbowax 20M, 165') retention 
times with those of authentic samples revealed that the liquid con- 
sisted of 1-methoxy- and 2-methoxynaphthalene (97:3 ratio), some 
unreacted 1-chloronaphthalene, and an unidentified product of 
short retention time. The yield of 1-methoxynaphthalene, which 
had only a slightly shorter retention time than the 2-methoxy iso- 
mer, was 54%. Product purified by GLC gave a refractive index of 
nZoD 1.6219 (lit.lo n2OD 1.6220) and an infrared spectrum identical 
with that of an authentic sample of I-methoxynaphthalene. 

p-Methylanisole. A magnetically stirred mixture of 2.53 g (20 
mmol) of p-chlorotoluene, 1.62 g (30 mmol) of sodium methoxide, 
and 40 ml of dry HMPA was heated at  120' for 24 h in a flask 
equipped with a condenser and drying tube. A work-up similar to 
that previously described for m-chloroanisole gave 1.98 g of liquid. 
Analysis of the liquid by GLC (SE-30, 122' or Carbowax 20M, 

120') revealed that it consisted of p-methylanisole and much un- 
reacted p-chlorotoluene and that the yield of p-methylanisole was 
13%. Product purified by GLC gave an infrared spectrum identical 
with that of an authentic sample. 

Registry No.-HMPA, 680-31-9; methoxide ion, 3315-60-4. 
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Table I 
Selective Reduction of gem-Chloronitro Compounds 

Registry no. Compd Reagent Yield, % of nitro compd 

598-92-5 1 -Chloro-1-nitroethane (Bu,Sn),O-PMS 50a 
600-25-9 1-Chloro-1-nitropropane Bu,SnH 30a 

H,-cat. 65b (28)C 
594-7 1-8 2-Chloro-2-nitropropane Bu,SnH 56a 

H,-cat. 50b 
22236-53-9 2-Chloro-2-nitrobutane Bu,SnH 7 3a 

NaBH, 0 
873-92-7 1-Chloro-1-nitrocyclohexane Bu,SnH 67d 

H,-cat. 65 
RaNi-NaOH-H,O 50 

a Identified by GC retention times. Yields based on GC analysis. b Water solvent. C Ethanol solvent. d Isolated yield 28%. 

Table 11 
Preparation of Secondary Nitroparaffins, RCH( NO, )R' 

R 

Yields, %a 

R' Thisb Direct oxidnI6 Iffland16 Nitrite16 no. 
Registry 

Me Me 6 7  0 26 79-46-9 
47 600-24-8 Me Et 75 

Me t-Bu 37 0 30 0 599-02-0 
Me n-Hex 95 10 23 4609 -9 1-0 
Et n-Am 77 4609-92-1 
n-Pr n-Bu 77 4609-93-2 

(CHZ 14 69 60 55 57 2562-38-1 
(CHZ), 70 62 50 0 1122-60-7 

a Yields are distilled product. b Products were identified by comparison of infrared spectra and/or index of refraction to  
those of authentic samples or published data (ref 5, 18 ,  19).  Where spectra were not published, the spectra were consistent 
with assigned structure. 

troparaffins. The method involves treatment of an oxime 
with chlorine to give chloronitroso compound; oxidation 
with ozone to  the chloronitro compound; and, finally, cata- 
lytic hydrogenation in the presence of 2 equiv of sodium 
hydroxide to  the  nitro compound. 

NOH 
O,-CH,CI, RC(Cl)(NO)R' I' CI,-CH,Cl,t RCR' 

The method is essentially a two-pot operation. I t  is car- 
ried out without purification of intermediates and the final 
product is easily isolated, usually in high purity. 

Each of the individual steps was studied before arriving 
a t  the optimum conditions. The  chlorination of oximes to  
gem-chloronitroso compounds is a well-known one and has 
been carried out by numerous reagents, using a variety of 
conditions and so1vents.l 

The  most suitable reagent from the standpoints of ex- 
pense, yield, and convenience was elemental chlorine with 
CHzClz as ~ o l v e n t . ~ t ~  

I t  was felt initially tha t  the oxidation step would be quite 
easily accomplished, since i t  had been described in several 
different places in the l i t e r a t ~ r e . ~  Those reagents tha t  have 
been reported such as H N O ~ - H ~ O Z , ~  "03," or 0 2  in the 
presence of illumination7 gave, a t  best, only moderate 
yields and were contaminated with various unidentified 
side products. Other reagents such as rn-chloroperbenzoic 
acid, peracetic acid, activated manganese dioxide, or nickel 
peroxide likewise either failed outright or did not give sat- 
isfactory yields. 

I t  was finally found tha t  treating a gem-chloronitroso 
compound in methylene chloride solvent with a stream of 
ozonized oxygen gave the corresponding chloronitro com- 
pound in quantitative yield free of side products. The only 
example of oxidation of a gem-chloronitroso compound 
with ozone was reported in a patent and then only in a poor 

yield.8 This may have been due to the acetic acid solvent 
tha t  was employed. 

Several unsuccessful attempts to  selectively reduce gem- 
chloronitro compounds to nitro compounds with various 
reagents such as sodium borohydride, chromous chloride, 
or "various catalytic procedures" have been noted in the 
l i t e ra t~re .~JO We found only one successful example of 
such a reduction; in a study of the reduction of gem-chlo- 
ronitro compounds to oximes, it was noted tha t  nitrocyclo- 
hexane could be obtained on hydrogenation of 1,l-chloroni- 
trocyclohexane in the presence of aqueous base, folloNed 
by acidification.ll We verified this result and extended i t  to  
other compounds. This proved to  be a convenient, effective 
method. Uptake of hydrogen ceases a t  the theoretical 
amount, The nitro compound is easily isolated, by acidifica- 
tion of the aqueous solution with hydroxylamine hydro- 
chloride and extraction with ether.I2 

Reducing agents tha t  were less successful, but  which 
could prove useful in special cases, were tributyltin hy- 
dride,13 tributyltin oxide-polymethylhydrogen siloxane,14 
and Raney alloy in aqueous base. In these instances, isola- 
tion of product proved to be difficult. We also verified tha t  
sodium borohydride is ineffective in this reaction. The re- 
sults of our reduction experiments are shown in Table I. 

Having thus delineated optimum conditions for each 
step of the sequence, we applied i t  to  a series of ketoximes. 
As can be seen in Table 11, this method gives better yields 
than the other methods of synthesizing secondary nitropar- 
affins; these other methods are direct oxidation of ketox- 
imes with trifluoroperacetic acid,15 the Iffland oxidation of 
k e t o x i m e ~ , ~  and nitrite displacement reactions on secon- 
dary halides.16 

Other advantages of this method are tha t  work-ups are 
simpler, reagent costs are lower, scale-ups are easier, and 
by-products are virtually eliminated (e.g., nitrite esters). 
Disadvantages are tha t  not all ketoximes will react with 
chlorine1' and not all functionalities would survive the re- 
action conditions. 
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With minor modifications this sequence can be applied 
to  aldoximes to  yield primary nitro compounds. The chlo- 
rination of the aldoxime is carried out at -60' to  prevent 
the chloronitroso compound from rearranging to  the hy- 
droximoyl chloride.20 The ozonization is then carried out 
while allowing the solution to warm up gradually. The  final 
hydrogenation step is carried out a t  slightly higher hydro- 
gen pressure (3 vs. 2 atm) than is necessary to  produce sec- 
ondary nitro compounds. 

In this manner yields of 1-nitrobutane, 1-nitroheptane, 
and phenylnitromethane were 50, 44, and 65%, respective- 
ly. However, as a method of synthesizing primary nitro 
compounds i t  must be pointed out tha t  this method is 
probably inferior to  the nitrite displacement of primary ali- 
phatic halides. 

Experimental Section 
Boiling points are uncorrected. Ir spectra were determined using 

a Perkin-Elmer 421 instrument. GLC analyses were performed 
with a Beckman GC/2 instrument employing an SE-30 on Chro- 
mosorb W column. 

Materials. The oximes employed except 3-octanone oxime and 
4-octanone oxime were commercial materials and used without pu- 
rification, 3-Octanone oxime and 4-octanone oxime were prepared 
by standard oximation of the corresponding ketones with hydrox- 
ylamine hydrochloride and excess sodium hydroxide in ethanol- 
water solvent. All other reagents used were commercial materials 
and used as received. The methylene chloride solvent was distilled 
before use. 

General Procedure for Synthesis of Secondary Nitroparaf- 
fins. Nitrocyclopentane from Cyclopentanone Oxime. To a so- 
lution of 5.0 g (0.05 mol) of cyclopentanone oxime in 50 ml of 
methylene chloride cooled to 0-5' with an ice bath was added a 
slow stream of chlorine gas until the initially blue solution took on 
a distinct greenish cast.21 This solution was then flushed with a 
stream of oxygen for approximately 15 min to remove excess chlo- 
rine and then was treated with an ozone-oxygen streamz2 until the 
blue color was completely discharged. The methylene chloride sol- 
vent was removed in vacuo on a rotary evaporator to leave a resi- 
due of 7.75 g (100%) of 1-chloro-1-nitrocyclopentane. The residue 
was added to a solution of 5.0 g of sodium hydroxide in 50 ml of 
water in a hydrogenation bottle. To this mixture was added 1.0 g of 
5% palladium on charcoal catalyst. It was then hydrogenated on a 
Parr hydrogenation apparatus with an initial pressure of 26 psi 
until uptake of hydrogen ceased. The mixture was filtered to re- 
move catalyst and then cooled to 0' and acidified at  this tempera- 
ture with 13 g (0.19 mol) of hydroxylamine hydrochloride. The 
mixture was allowed to stir overnight,23 saturated with sodium 
chloride, and extracted with 3 X 50 ml of diethyl ether. The ether 
solution was dried over sodium sulfate, the ether removed in vacuo 
on a rotary evaporator, and the residue distilled to give 4.0 g (69%) 
of nitrocyclopentane, bp 82-84' (30 mm), n25D 1.4525 [ l k 5  bp 90' 
(40 mm), n25D 1.45181. The infrared spectrum had bands at 1540 
and 1370 cm-' (RNOz) and no other complicating features. 

General Procedure for the Synthesis of Primary Nitropar- 
affins. 1-Nitroheptane from Heptaldoxime. To a solution of 5.0 
g (0.038 mol) of heptaldoxime in 75 ml of methylene chloride 
cooled to -60' with a dry ice-acetone bath was added a slow 
stream of chlorine gas for approximately 5 min. At the end of this 
time the mixture was distinctly green. This solution was then 
flushed with a stream of oxygen for approximately 15 min a t  -60' 
and then was treated with an ozone-oxygen stream while allowing 
the mixture to warm up gradually to room temperature over a pe- 
riod of ca. 4 h. As the solution warmed up, the green color faded to 
yellow and then again turned to blue. When the blue color was 
completely discharged, the methylent chloride was removed in 
vacuo to leave a residue of 7.0 g (100%) of 1-chloro-1-nitroheptane. 
This residue was added to a solution of 5.0 g of sodium hydroxide 
in 50 ml of water and 1.0 g of 5% palladium on charcoal was then 
added. The mixture was then hydrogenated on a Parr hydrogena- 
tion apparatus with an initial pressure of 50 psi until uptake of hy- 
drogen ceased. The solution was worked up as previously described 
to give 2.5 g (44%) of 1-nitroheptane, bp 42-45' (0.001 mm), nZ5D 
1.4310 [lit.19 bp 66' (2  mm), n25D 1.42851. The infrared spectrum 
of the product was identical with that published for l-nitrohep- 
tane.Ig 

Tributyltin Hydride Reduction of 1 -Chloro-1 -nitrocyclo- 
hexane. Into a flask equipped with a reflux condenser, stopcock 

with septum inlet, nitrogen inlet, and magnetic stirrer were placed 
5 g of 1-chloro-1-nitrocyclohexane and 50 mg of azobisisobutyroni- 
trile. After flushing with prepuified nitrogen for 1 h, 9 g of tri- 
butyltin hydride (prepared from tributyltin chloride13) was added 
all at  once through the septum, using a syringe. The mixture was 
heated at  90' until the Sn-H band a t  1815 cm-I disappeared and 
the nitro band shifted from 1570 cm-I to 1540 cm-I (ca. 2 h). Gas 
chromatographic analysis showed a 65% conversion to nitrocyclo- 
hexane. Distillation of the reaction mixture yielded 1.0 g (26%) of 
product, bp 106-108' (40 mm) [lit.5 bp 106-108' (40 mm)]. 

Tributyltin Oxide-Polymethylhydrogen Siloxane Reduc- 
tion of 1-Chloro-1-nitroethane. In a large Pyrex test tube were 
mixed successively 5 g (0.05 mol) of 1-chloro-1-nitroethane, 4.6 g 
(0.75 equiv) of polymethylhydrogen siloxane, and 22.8 g (0.038 
equiv) of tributyltin oxide. On the addition of the tributyltin 
oxide, a red color developed. The tube was stoppered and the con- 
tents were photolyzed in a Hanovia photochemical reactor for 5 h 
total time. After 1 h the red color had disappeared and GLC analy- 
sis showed approximately 15% conversion. After 5 h, analysis 
showed approximately 50% conversion which did not increase with 
further irradiation. Attempted isolation by distillation failed to 
yield any 1-nitroethane. 

Registry No.-Nitroethane, 79-24-3; 1-nitropropane, 108-03-2; 
2-propanone oxime, 127-06-0; 2-butanone oxime, 96-29-7; 3,3-di- 
methyl-2-butanone oxime, 2475-93-6; 2-octanone oxime, 7207-49- 
0; 3-octanone oxime, 7207-50-3; 4-octanone oxime, 7207-51-4; cy- 
clopentanone oxime, 1192-28-5; cyclohexanone oxime, 100-64-1; 
2-chloro-2-nitrosopropane, 2421-26-3; 2-chloro-2-nitrosobutane, 
681-01-6; 2-chloro-3,3-dimethyl-2-nitrosobutane, 677-58-7; 2- 
chloro-2-nitrosooctane, 690-91-5; 3-chloro-3-nitrosooctane, 57484- 
12-5; 4-chloro-4-nitrosooctane, 57484-13-6; l-chloro-l-nitrosocy- 
clopentane, 694-63-3; 1-chloro-1-nitrosocyclohexane, 695-64-7; 2- 
chloro-3,3-dimethyl-2-nitrobutane, 57484-14-7; 2-chloro-2-nitrooc- 
tane, 57484-15-8; 3-chloro-3-nitrooctane, 57484-09-0; 4-chloro-4- 
nitrooctane, 57484-10-3; 1-chloro-1-nitrocyclopentane, 931-93-1; 
methylene chloride, 75-09-2; 1-nitroheptane, 693-39-0; heptaldox- 
ime, 629-31-2; 1-chloro-1-nitroheptane, 57484-11-4. 
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