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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 A m  Chem. SOC , 43, 2223 

(193': 

(1918, 
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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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(98%).11-14 A modification of this method is the 
procedure of Normant and Voreux,*6 in which the 
intermediate is the acetate of tetramethylene chlor- 
ohydrin. Furthermore, the chlorination of n-butyl 
bromide with atomic chlorine or sulfuryl chloride 
has been suggested as a method for the preparation 
of tetramethylene chlorobromide; in this reaction a 
yield of 35% is obtained.16 

Attempts have been made to improve the conver- 
sion of tetramethylene chlorohydrin into the chloro- 
bromide. However, the use of sodium bromide and 
concentrated sulfuric acid, or the application of 
phosphorus and bromine to  this step, did not give 
better overall yields (58%; 400j0) for the conversion 
of tetrahydrofuran into tetramethylene chloro- 
bromide. Eventually, i t  was found that the treat- 
ment of tetrahydrofuran with a mixture of sodium 
chloride, sodium bromide, and concentrated sulfu- 
ric acid gives in a single step a 44% yield of the de- 
sired substance, which is accompanied by a 10% 
yield of tetramethylene dibromide. In our experi- 
ence, this represents the easiest method for the 
preparation of tetramethylene chlorobromide. 

EXPERIMENTAL 

Tetramethylene dibromide. To a solution of sodium bromide 
(500 g; 4.85 mole) in water (600 ml.), there were added 
tetrahydrofuran (144 g.; 2.0 mole) and, with efficient agita- 
tion, concentrated sulfuric acid (750 ml.). The temperature 
was kept a t  70-72'. The mixture was heated on the steam 
bath for 8 hr., then the two liquid layers were decanted from 
the solid phase and separated. The aqueous layer and the 
solid phase were washed with benzene (500 ml.), and the 
benzene extract was combined with the organic layer. The 
combined product was washed with sodium carbonate solu- 
tion, sodium bisulfite solution, and water, dried, and distilled. 
Thus, 71 g. (86%) of the dibromide, b.p. 194-196", was ob- 
tained. 

Tetramethylene chlorobromide. (1) To a solution of sodium 
bromide (65 g.; 0.64 mole) in water (150 ml.), tetramethylene 
chlorohydrin (54.3 g.; 0.5 mole) and concentrated sulfuric 
acid (190 ml.) were added successively with efficient agita- 
tion. The temperature rose to 60-70'. The mixture was 
heated for 3 hr. on the water bath with continued agitation 
and kept a t  room temperature for 12 hr. Benzene was added 
and the organic layer separated, washed with 574 sodium 
hydroxide solution, sodium sulfite solution, and water, 
and then dried. Distillation gave 63.6 g., boiling a t  87-95" 
(35 mm.). Fractionation of the product gave 49.9 g. (58%) 
of tetramethylene chlorobromide, b.p. 173-177", n'," 1.4870, 
and 9.5 g. (9%) of tetramethylene dibromide, b.p. 193-195' 
ng 1.5162. 

(2) To a mixture of crude tetramethylene chlorohydiin, 
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prepared from 228 g. (3.2 mole) of tetrahydrofuran17 and 
33 g. (1.07 mole) of red phosphorus, bromine (240 g., 1.5 
mole) was added within 3 hr., with cooling and agitation. 
The reaction product was poured into ice water and the 
organic layer separated, washed with sodium bicarbonate 
solution and water, and dried. Distillation under 30 mm 
pressure (b.p. 80-85') and at atmospheric pressure (b.p. 
172-176') gave 221 g. (43%) of tetramethylene chloro- 
bromide, na," 1.4872. 

(3) Sodium bromide (124 g., 1.2 mole) and sodium chloride 
(76 g.; 1.3 mole) were dissolved in water (400 ml.), and 
tetrahydrofuran (72 g.; 1.0 mole) and, with agitation, con- 
centrated sulfuric acid (400 ml.) were added, the latter a t  
such a rate that the temperature did not exceed 70". The 
mixture was then heated for 3 hr. a t  loo", kept for 12 hr. 
a t  room temperature, and extracted with benzene or ether 
(250 ml.), and the extract was washed with 5% sodium hy- 
droxide solution, sodium bisulfite solution, and water, dried 
and distilled, The product which collected between 65 and 
100' at 6 mm. pressure was washed again with 20% sodium 
hydroxide solution and fractionated: 173-177", tetramethyl- 
ene chlorobromide, n'," 1.4870, yield, 75.5 g. (44%); 
193-195', tetramethylene dibromide, nv 1.5162, yield, 
22.7 g. (107:' 

MEDICAL RESEARCH LABORATORIES 
MEDICAL CORPS, 
ISRAEL DEFENCE FORCES, 
ISRAEL 

(17) D. Starr and R. M. Hixon, Org. Syntheses, Coll. 
Vol. 11, 571 (1943). 

Heterocyclic Analogs of Terphenyl : 3,6-Diaryl- 
1,2,4,5-Tetrazines 

RICHARD H. WILEY,~ C. H. JARBOE, JR. ,~  AND F. N. HAYES 

Received January 8, 1957 

As part of a study of the heterocyclic analogs of 
terphenyl and quaterphenyl, which are of interest 
as s o h  tes in liquid scintillation counting systems, 
we have devised improved syntheses for two pre- 
viously known 3,6-diaryl-1,2,4,5-tetrazines (3,6- 
diphenyl3 and 3,6-di-m-tolyl*) and synthesized for 
the first time 3,G-di-p-biphenylyl-1,2,4,5-tetrazine 
(I) as well as the corresponding dihydrotetrazines. 

1 

The preparation of these compounds has been ac- 
complished by a variation of the original Pinner 
synthesis in which the imido ester of an aromatic 
nitrile was reacted with hydrazine in an aqueous 
solution of either ammonium hydroxide or potas- 
sium hydroxide. Under these reaction conditions 
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