
832 NOTES VOL. 22 

EXPERIMENTAL 
Melting points were determined on a Fisher-Johns hot 

stage microscope, and are uncorrected. Microanalyses were 
performed by Dr. G. Weiler and Dr. F. B. Strauss, Oxford, 
England. Since the same procedure waa often used to  pre- 
pare several compounds, details are given below for repre- 
sentative experiments. 

Ethyl-@-( 1-nitrocyelokxyl)propionate (V). To a mechani- 
cally stirred solution of 129.2 g. (1.0 mo1e)of nitrocyclohexane, 
50 ml. of t-butyl alcohol, and 12 g. of a 35% methanolic 
solution of Triton B was added dropwise, over 2 hr., 100.1 g. 
(1.0 mole) of redistilled ethyl acrylate. The reaction was 
mildly exothermic, and the temperature was maintained 
a t  35-40' with a cold water bath. When the addition was 
completed, the mixture was stirred at room temperature for 
5 hr. and allowed to stand overnight. The mixture was acidi- 
fied with dilute hydrochloric acid and extracted with chloro- 
form. After washing with water and drying over magnesium 
sulfate, the extracts were concentrated and the residue dis- 
titled through a short Vigreux column. The nitroester dis- 
tilled as a pale green oil at 139-141"/3 mm., 117-118'/0.6 
mm., and weighed 210.5 g. (91.6%). 

8-( I-nill-ocycZo~~yl)piopionic acid (VI).* The nitro-ester 
(54 g.) was refluxed with a solution of 40 g. of sodium 
hydroxide in 350 ml. of water for 10 hr. After cooling in ice, 
the solution was acidified with concentrated hydrochloric 
acid and allowed to stand in the refrigerator. The collected 
solid weighed 39 g. (83%). Recrystallized from water, it  
yielded white plates, m.p. 93.0-93.6'. Recrystalliiation from 
ethanol-water raised the melting point to 93.7-94.2'. 

Ethyl y-(i-nitrocycclohezyl)butyl.ale (VII). Thionyl chloride 
was purified by successive distillations from cholesterol, 
quinoline, and linseed oil. The nitro-acid (20 g.) was refluxed 
with 100 ml. of thionyl chloride for 4 hr., and the excess 
thionyl chloride was evaporated, finally by distilling 50 ml. 
of dry benzene from the solution. The acid chloride was gen- 
erally used without further purification; in one run i t  was 
distilled in vacuo, b.p. 10~5-109'/0.1 mm. When a sample was 
treated with water, it  regenerated the original acid. 

A solution of the acid chloride in 60 ml. of anhydrous ether 
was added to an ethereal solution of excess diazomethane. 
After standing overnight, the ether was removed at reduced 
pressure, leaving the diazoketone as an orange oil. It was 
heated to reflux in 200 nil. of absolute ethanol, while over a 
period of 48 hr. a slurry of silver oxide [(from 10 g. of silver 
nitrate) in ethanol was added in portions. The mixture was 
filtered and the filtrate distilled. The nidro-ester was col- 
lected at 128-131'/0.1 mm., and weighed 17.8 g. (73.6%). 

f - i l zasp iro[~ ,g]decanone-~ (XII).a* A solution of 40 g. 
(0.175 mole) of ethyl-p-( 1-nitrocyelohexy1)propionate in 125 
ml. of ethanol waa hydrogenated over Raney nickel a t  38 
pounds pressure and room temperature. After 6 hr., 0.55 
mole of hydrogen had been absorbed. The catalyst was re- 
moved by filtration and the filtrate refluxed overnight. 
Distillntion of the alcohol left a solid residue, which was 
collected and washed with a little ether. The crystals weighed 
22 g. and melted at 132-1325". A second crop of 3.9 g. was 
isolated from the filtrate by sublimation, bringing the total 
yield to 96%. The lactizm was easily purified by recrystal- 
lization from 60-70' petroleum ether or by sublimation at 
100"/0.03 mm., though the melting point remained un- 
changed. 

S(1-Aminocyc1ohexyI)propanol-1. A solution of 25.9 g. 
(0.113 mole) of ethyl @-( 1-nitrocyclohexy1)propionate in 25 
ml. of anhydrous ether was added with stirring over 2 hr. 
to a solution of 11.8 g. (0.31 mole) of lithium aluminum 
hydride in 200 mi. of ether. After stirring and refluxing for 
2 hr., the mixture waa treated with 20 d. of ethyl acetate, 
then with sattirated aqueous sodium sulfate. Magnesium 
sulfate was added to coagulate the alumina, and the mixture 
filtered and washed with hot ethanol. The filter cake waa 

( 8 )  H. Hopff, 0. von Schickh, and G. Wiest, German pat- 
ent 851,342 (1952). 

digested three times with hot alcohol, and the combined 
filtrates dried over magnesium sulfate. Concentration and 
vacuum distillation gave the amino-alcohol as a pale green 
oil, b.p. 98-100°/0.15 mm., weighing 11.0 g. (62%). After 
standing for a few hours, it  crystallized to white plates, 
which, recrystallized from ether, melted at 69.5-70.5'. 

Anal. Calcd. for C8HI9NO: C, 68.74; H, 12.18; N, 8.91. 
Found: C, 68.80; H, 12.01; N, 8.97. 

The O,Ndiacetate, prepared with acetic anhydride in pyri- 
dine, melted at 96.5-97.5" after successive recrystallizations 
from cyclohexane and ether. 

Anal. Calcd. for CIBsNOa: C, 64.70; H, 9.61; N, 5.80. 
Found: C, 65.54; H, 9.41; N, 5.93. 

The 0,Ndi-p-toluene.wfmesulfonate was prepared by the Hins- 
burg procedure.9 After two recrystallizations from ethanol, 
it melted at 176.5-177.5". 

Anal. Calcd. for CnHnNO&: C, 59.33; H, 6.71; N, 3.01; 
S, 13.77. Found: C, 59.49; H, 6.63; N, 2.95; S, 13.53. 

~-(i-cyclohezenyl)buiyramide (XIV). y-( l-cyclohexenyl- 
butyric acidlo (8.2 g.) was esterified with an ethereal solution 
of diazomethane from 25 g. of nitrosomethylurea. After re- 
moval of the ether, the residual ester was taken up in 60 m1. 
of methanol, saturated a t  0' with dry ammonia, and heated 
at 125' overnight in a sealed,bomb. After charcoal treatment 
and filtration, the methanol waa evaporated to a small vol- 
ume and the amide precipitated with water. Recrystallized 
from ethyl acetate-petroleum ether, it melted at 97-98'. 

Anal. Calcd. for ClaH,7NO: C, 71.81; H, 10.25; N, 8.38. 
Found: C, 71.66; H, 10.04; N, 8.05. 

Acid cyclization of amide. Two hundred 6fty mg. of y- 
(1-cyclohexenyl)butyramide was stirred into 12 g. of poly- 
phosphoric acid and heated at 120-130' for 10 min. This 
solution was poured into a mixture of ice and sodium 
hydroxide solution, stirred until homogeneous, and extracted 
with chloroform. The extracts were washed with water, 
dried over sodium sulfate, and evaporated. The solid residue 
weighed 250 mg., and after recrystallization from 60-70' 
petroleum ether, melted at 116.5-118', alone or admixed 
with a sample of 1-azaspiro [5,5]undecanone-2 (XIII). 
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monaphthalenes with sodium amide in re- 
fluxing piperidine to  form, in high total yields, 
mixtures of the two N-naphthylpiperidines. There 
is evidence that these reactions proceed by the 
elimination-addition (benzyne) m e c h a n i ~ m . ~ ~ ~  In 
connection with the above work, bromobenzene was 
submitted to  the action of the sodium amide-pi- 
peridine reagent and N-phenylpiperidine was ob- 
tained in 99% yield. This observation suggested 
that the reaction of bromobenzene with sodium 
amide in refluxing secondary amines might be a 
general method for the preparation of dialkylani- 
lines. We have found that the method is indeed 
general, but yields are for the most part not espe- 
cially high. Our results are summarized in Table I. 

TABLE I 

AMIDE, AND DIALKYLAMINES 
YIELDS O F  DIALKYLANILINES FROM BROMOBENZENE, SODIUM 

Yield of 
Reflux Dialkyl- 

Secondary Time, aniline, 
Amine Used Hr. % 

Piperidine 2 99 

Diethylamine 2 53 

Diisopropylamine 2 22a 

1 82 
0.17 51 

3 .75  46 
16 64 

Di-n-but y lamine 2 67 
Morpholine 2 46b 

a 58% of bromobenzene was recovered. 8% of bromo- 

The reaction of bromobenzene with sodium 
amide in refluxing aniline was also tried. Diphenyl- 
amine (25%) and triphenylamine (4%) were ob- 
tained, along with small amounts of other products 
which were not identified. 

Reactions of this general type have been reported 
before. Thus, Wittig and Merkle5 obtained a 16% 
yield of N-phenylpiperidine from iodobenzene and 
lithium piperidide in ether. Even more similar 
to  the present work is the preparation, by Seibert 
and Bergstrom,6 of N-cyclohexylaniline in 42y0 
yield by the reaction of bromobenzene with potas- 
sium amide in cyclohexylamine a t  120-130". 

Presumably all these reactions occur by the ben- 
zyne mechanism. If so, the recovery of much bro- 
mobenzene from the reaction with diiospropyl- 
amine would suggest that it is a dialkylamide ion 
rather than a simple amide ion (NH2-) which re- 
moves a proton from the position ortho to the bro- 
mine, and that the diisopropylamide ion is relatively 
inefficient in this function owing to front-side steric 
hindrance.' The fact that smaller yields were ob- 

\wzene was recovered. 

(4) Bunnett and Brotherton, J .  Am. Chem. SOC., 78,  

(5) Wittig and Merkle, Ber., 76, 109 (1943). 
(6)  Seibert and Bergstrom, J .  Org. Chem., 10, 544 (1945). 
(7)  Brown and Pearsall, J. Am. Chem. Soc., 67, 1765 

6265 (1956). 

(1945). 

tnined with other dialkylamines than with piperi- 
dine is perhaps a further consequence of front-side 
steric interactions which retard the combination of 
benzyne with the bulkier dialkylamide ions (or di- 
alkylamines), allowing time for the benzyne to  un- 
dergo side reactions with eventual formation of 
tarry by-products.8 

N-Phenylpiperidine is also formed by the reac- 
tion of bromobenzene with sodium metal in reflux- 
ing piperidine; however, in this case the yield is 
only 67%. 

Earlier4 it was found that the sodium amide-pi- 
peridine reagent acts upon 1-bromo-2-methylnaph- 
thalene to form 2-methylnaphthalene in 81% yield. 
A similar debromination has nom been observed in 
the reaction of 2-bromomesitylene with this rea- 
gent: mesitylene is formed in 53% yield with 24% 
recovery of unreacted 2-bromomesitylene. 2-Bro- 
momesitylene, like 1-bromo-2-methylnaphthalene, 
is structurally unable to be converted into a ben- 
zyne derivative. In the reaction of such a com- 
pound with the sodium amide-piperidine reagent, 
reductive debromination appears to  occur more 
readily than direct displacement of the bromine by 
piperidide ion. 

EXPERIMENTAL 

Reaction of bromobenzene with sodium amide and piperidine. 
A mixture of sodium amide (7.8 g., 0.2 mole) and piperidineg 
(30 cc.) was refluxed for 15 min. Bromobenzene (15.7 g., 
0.1 mole) was then added dropwise through the top of the 
condenser. A vigorous reaction ensued with the evolution 
of ammonia, but the reaction subsided when all the bromo- 
benzene had been added. The resulting mixture was refluxed 
for 2 hr., cooled, and cautiously treated with 25 cc. of water 
and 25 cc. of benzene. The layers which formed were sepa- 
rated and the benzene layer was washed with three 25-cc. 
portions of 10% hydrochloric acid. The acid extracts were 
combined and made strongly basic by the addition of con- 
centrated sodium hydroxide solution. The oil layer which 
formed was taken up in 15 cc. of ether and the aqueous 
layer was washed with an additional 15 cc. of ether. The 
two ether solutions were combined and distilled; the main 
fraction of the distillate was 16.05 g. (98.8%) of N-phenyl- 
piperidine, b.p. 93-97' (3-4 mm.), n22 1.5593. (Authentic 
N-phenylpiperidine was found to have b.p. 98' (5 mm.), 
n'," 1.5606.) The identity of the product was further verified 
by formation of the methiodide, m.p. 146.5-148' not de- 
pressed on admixture with authentic N-phenylpiperidine 
methiodide.10 

Reactions by the same procedure but with shorter periods 
of reflux (after addition of the bromobenzene) gave lower 
yields of N-phenylpiperidine as shown in Table I. When the 
reagents were mixed with no prior refluxing of the sodium 
amide and piperidine, no detectable amount of N-phenyl- 
piperidine was formed during 10 min. refluxing or during 
24 hr. a t  room temperature, 

Reactions of bromobenzene with sodium amide and other 
dialkylamines. Each amine was a commercial product 
(generously furnished by Union Carbide Chemicals Co.) 

(8) Luttringhaus and Schubert, Naturwissenschaften, 42, 
17 11955). 

\ - - - - , -  - .  
(9) Purified by the method of Brower and Amstut.2, 

(10) v. Braun, Ber., 40, 3921 (1907). 
J. Org. Chem., 18, 1075 (1953). 
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which was dried by azeotropic distillation with benzene 
and t'heri purifird by distillation. The procedure (including 
quantitics of reactants) was in each case as described for thc 
react,ion v&h piperidine. Characteristics of the products 
were as follows: N,N-Diethylaniline: b.p. 62-66"/3 mm., 
n"D" 1.5394 (lit.11912 b.p. 70°/3 mm., n y  1.5410). N,N-Diiso- 
propylaniline: b.p. 95.5"/12 mm., ny  1.5222 (lit.'* b.p. 
'J8-10O0/13 mm). N,iV-Di-n-butylaniline: b.p. 103.5-106" 
(3.5 mm.), nzG 1.5182. The picrate, crystallized from ether, 
had m.p. 124' (lit.14 m.p. 124") not depressed on admixture 
with the picrate of authentic N,N-diin-butylaniline. N -  
Phenylmorpholine: b.p. 87-92"/3-4 mm., m.p. 52-53' after 
cq~stallieation from an ethanol-ether mixture (lit.16 m.p. 

Reaction of bromobenzene with sodium amide and aniline. 
Bromobenzene (15.7 g., 0.1 mole), sodium amide (11.7 g., 
0.3 mole) and 35 cc. of purified aniline were allowed to react 
by the procedure described for the reaction with piperidine. 
After water had been added to  the reaction mixture, it  was 
made acidic by addition of hydrochloric acid and then was 
extracted rvith five 150-cc. portions of benzene. The com- 
bined benzene washings were distilled until the boiling 
point reached 80" and then were treated with anhydrous 
hydrogen chloride. The purple solid which formed was col- 
lcct'ed on the suction filter and then was treated with sodium 
hydroxide solut,ion. The resulting product was separated by 
steam distillation. Diphenylamine (4.3 g., 25.4%), . m.p. 
52-52.5", not depressed on admixture with authentic di- 
phenylamine, wae so obta,ined. The benzene filtrate was 
distilled and two fractions of interest were obtained: a 
yellow oii, b.p. 100-106' (2--.3 mm.), wt. 3.9 g., and a 
mushy solid, h.p. 106-161" (2-3 mm.), wt. 2.8 g. By tri- 
turation of the first fraction with pet,roleiim ether (b.p. 30- 
GOu), 1.1 g. of a sublimable white solid, m.p. 205-210" with 
decomposition, was obtained, but this product was not 
identjified. Cooling the filtrate to -78" caused 0.61 g. of a 
sublimable solid, m.p. 33--35', to separate; this was not 
ident,ified. From the second fraction, 0.33 y. (4.4%) of  tri- 
phen:ylamine, m.p. 126-127" not depressed on admixture 
with authentic triphenylamine, was obtained by crystal- 
lization from pet,roleum ether (b.p. 30-60"). ,4 yellow oil, 
nl: 1.6431, remained on evaporation of the mother liquor 
from the triphenylamine crystallization. 

Reaction 0.f d-broniomesitylene with sodium amide and 
piperidine. 2-Bromomesitylene (19.9 g., 0.1 mole), sodium 
ami& (7.8 g., 0.2 molo) and 30 cc. of piperidine were allowed 
to react by the procedure described above for the bromo- 
benmne-sodium amide-piperidine reaction. From the neutral 
product fraction, 6.4 g. (53.2%) of mesitylene, b.p. 75-78' 
(40 mm.). TL;: 1.4987 (authentic mesitylene has b.p. 79.8"/40 
mm., nl{ 1.4954) and 4.8 g. (24.17, recovery) of 2-bromo- 
mesitylene, b.p. 106-109"/17 mm., izy 1.5480 (authentic 
2-bromornesitylenc has b.p. 108-110'/17-18 mm., n'; 
1.5484), Yo basic product could be isolated. 

Eeuction o,f brornobenzene with piperidine and sodium 
m,etn.l, Sodium metal (2.3 g., 0.1. mole) and piperidine (20 
cc.)  mere combined and heated a t  reflux for 15 min. Bromo- 
benzene (7.9 g . ,  0.05 mole) was then added through the 
condemer and the reuulting mixture was refluxed for 2 hr. 
TV:lter (25 cc.) was cautiously added to the cooled reaction 

wa,s little evidence of residual sodium. The 
,ic product. fractions were separated by com- 

:t,inn procsdures. The basic fraction yielded 5.2 
of h'-phenylpiperidine, b.p. 96-98" (5 mm.), 

57--58' ). 

b 3 1) kahlbaum, 2. physzk. Ch~m., 26, 606 (1898). 
(12) l3r i i l i l ,  Z physik. Chem., 16, 213 (1895). 
' 13 Rowcsr and Ritter, J .  Am. Chem. Soc., 59, 2179 

1141 R 4 1 j  and Hickinbottom, J. Chem. Soc., 113, 99 

(16) Karnri and Waldo, J Am Chem. SOC , 43, 2223 

(193': 

(1918, 

(1921) 

ng  1.5590. The neutral fraction furnished 0.9 g. of an 
unidentified yellow oil b.p. 65-68' (40 mm.). 
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In the course of a synthetic study relatively large 
quantities of tetramethylene dibromide and chloro- 
bromide were required, and an attempt was made 
to develop inexpensive methods for the preparation 
of these substances. 

For the preparation of tetramethylene dibromide, 
the reaction of tetramethyleneglycol with hydrogen 
bromide (yield, 70%), with hydrogen bromide 
in the presence of concentrated sulfuric a ~ i d , ~ , ~  or 
with phosphorus tribromide (55-60770) has been 
described. Since tetrahydrofuran has become easily 
available, its reaction with hydrogen bromide 
(71%)5-7 or with hydrogen bromide and concen- 
trated sulfuric acid (77-82%)s,9 has been suggested 
as an attractive alternative. A third method is the 
bromination of butane in the presence of zinc ace- 
tate (85%).10 It has now been found that the re- 
action of tetrahydrofuran with sodium bromide 
and concentrated sulfuric acid represents the easiest 
method. Under the conditions specified herein, this 
reaction gives a yield of 86%. 

Most of the syntheses of tetramethylene chloro- 
bromide have been based on tetrahydrofuran and 
consist of two steps, its transformation into tetra- 
methylene chlorchydrin (50430%) and the treat- 
ment of the latter with phosphorus tribronlide 
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