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column of alumina. Some black cupric bromide was formed 
during the synthesis of the benzyl derivative in Table IT. in- 
dicating that a portion of the dihalide underwent a typical 
Ullmann biaryl coupling. 

Cuprous Benzenethio1ate.-Following the same method, 
but without added halide, a mixture of 15.2 g. (0.07 mole) of 
phenyl disulfide and 8.9 g. (0.14 g.-atom) of copper powder 
in 200 ml. of dimethylacetamide was heated to reflux for 3 
hr. Water was added to precipitate all the cuprous salt as a 
light yellow solid, which was collected and washed with 
ethanol. There was obtained 21 g. (87.50/, yield) of dry 
cuprous benxenethiolate, char point 255O, soluble in pyridine, 
insoluble in water. 

Anal. Calcd. for CeH6CuS: S, 18.57. Found: S, 18.4. 
These results are identical to those produced by the same 
salt prepared by another method' from benzenethiol and 
cuprous oxide in ethanol. 
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The need in this laboratory for pure cycloheptyl- 
amine prompted an investigation of methods of 
synthesis in which readily available or easily pre- 
pared intermediates could be used. Since the 
Ritter reaction with cycloheptanol gives a mixture 
of products' and chemical reduction of cyclohepta- 
none oxime results in poor yield,* they were not 
considered. A more logical approach appeared to 
be reductive amination of cycloheptanone (A) or 
catalytic hydrogenation of its oxime (B). While 
method A gave a good yield, the resultant product 
was found to be contaminated with cycloheptanol. 
High pressure reduction of the oxime in the presence 
of Raney nickel and ammonia gives a good yield.3 
However, except in small size runs, the exothermic- 
ity of the reaction even with a low catalyst ratio 
made us aware that the reduction could get out of 
hand. Rhodium-on-alumina on the other hand 
proved highly satisfactory even with undistilled 
oxime in low pressure hydrogenations in the absence 
of ammonia. Under these conditions, uptake of 
hydrogen was entirely too slow when Raney nickel 
was used. 

(1) R. Jacquier and H. Christol, Bull. SOC. Chim., 560 (1954). 
(2) W. Markownikoff, J .  Russ. Phys. Chem. Soc., 26, 365 (1893), 

andV. Prelog, I\I. F. El-Neweihy. and 0. Hiiflinger, Helu. Chim. Actu, SS, 
365 (1950). 
(3) A. C. Cope, R. A. Pike, and C. F. Spencer, J .  Am. Chem. Soc., 

76, 3212 (1953). 

Experimental 
Method A.-A solution of 101.5 g. (0.905 mole) of cyclo- 

heptanone,' 100 cc. of ethyl alcohol and 100 cc. of liquid 
ammonia was placed in a 1-1. rocker bomb. Raney nickel 
(20.0 g.) was added and the mixture hydrogenated a t  70" and 
100 atm. Uptake of hydrogen was complete in less than 1 
hr. The reaction mixture was filtered from the catalyst 
and the solution and washings concentrated. The residue 
was treated with 20y0 hydrochloric acid and the mixture 
extracted with ether to remove cycloheptanol (about 20 g. 
of crude alcohol wm obtained). The acidic solution was 
kept a t  room temperature while adding solid potassium hy- 
droxide until the mixture was strongly basic. The mixture 
was then extracted thoroughly with ether (some water may 
be added to dissolve potassium chloride). The extract was 
dried over potassium hydroxide. The solution was filtered 
and the ether distilled. The residue on fractionation yielded 
61% of cycloheptylamine boiling a t  172-175" (750 mm.).6 

Low pressure reductions with a higher catalyst ratio (30y0) 
required a longer time but gave about the same yield. 

Method B. Cycloheptanone Oxime.6-A solution of 4000 
g. (35.72 moles) of cycloheptanone in 3500 cc. of methyl 
alcohol was treated with 3000 g. (43.16 moles) of hydroxyl- 
amine hydrochloride. It was then stirred for 1 hr. while 
heating to 80". While this temperature was maintained, a 
solution of 1560 g. of sodium hydroxide in 3500 cc. of water 
was added over a 4-hr. period. The reaction mixture was 
then refluxed for 1-2 hr. and allowed to cool to room tem- 
perature. An oily layer separated, which was removed and 
dried over anhydrous magnesium sulfate. The oil,' after 
filtration from the drying agent, was dissolved in 9000 cc. of 
methyl alcohol and placed in a 10-gal. glass-lined reactor, to 
which 450 g. of 5% rhodium-on-alumina* was added. The 
mixture was hydrogenated under 0.75 to 1.0 atm. The tem- 
perature rose gradually to 60" and was maintained there 
until reduction was complete. The solution was filtered 
from the catalyst and concentrated. The residue was 
fractionated. An over-all yield of SOTo of cycloheptylamine 
based on cycloheptanone was obtained. 

Hydrogenation of distilled oxime carried out in a Parr 
shaker under 3 atm. pressure gave about the same over-all 
yield. 

(4) Aldrioh Chemical Co., Milwaukee, Wis. 
(5 )  R. Willstatter, Ann., 317, 204 (1901), reports 169'. 
(6) The method is essentially aB described for benzophenoneoxime 

by A. Lachman, Org. Syntheses, Call. Vol. I, 10 (1930). 
(7) Cycloheptanoneoxime from a 675-g. run was distilled success- 

fully. An 86% yield of product boiling a t  125130' (22 mm.) was 
obtained. When diatillation of a larger run was attempted, decom- 
position took place, resulting in the thermometer being blown from the 
stillhead. 

(8 )  Baker and Co., Division of Engelbard Industries, 113 Astor 
Street, Newark, N. J. 
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In  the course of studies related to  heterocyclic 
chemistry3 we have had occasion to examine the 
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TABLE I 
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N 
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Xm8dr)b 
6.06 1 0 . S d  
6.13 11.02 
6.08 11.05 
6.07 11.206 
6.16 11.05 
6.12 11.00 
6.02 11.00d 

6.08 11.156 
6.06 11.05e 

6.11 10.70 
6.09 10.816 

6.00 10.82e 

6.03 1O.8Oe  
5.99 10.88 
5.95 10.82h 

5.97 10.80h 
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Intensity 
Ratio (e,)' 

0.7  
0.6 
1.1 
0.6 
0.7 
1.2 
0.9 

1 . 0  
1 .6  

1.1 
0 .7  

0 . 5  

0 .9  
1.1 
1.0 

0.9 

N = Nujol mull; D = dichloromethane solution. * Where more than one carbonyl-stretching band occurs, only that 
Ratio of apparent extinction coefficients of the benzoyl band and that in the 

Compared with the compound having the C- 
1 P. Yates and T. J. Clark, J. Org. Chem., 27,286 (1962). 9 This compound is 

assignable to the benzoyl group is given. 
10.7-11.2-p region. 
benzoyl group replaced by a benzyl group. 
either 1-methyl- or 2-methyl-5-benzoyltetrazole. 

d Compared with the corresponding 2-pyrazoline. 

Compared with the corresponding N-phenacyltetrazole. 

infrared spectra of sixteen compounds which possess 
the common feature of a benzoyl group attached 
to  a carbon atom of a heteroaromatic system con- 
taining two or more nitrogen atoms. We have 
observed that the spectra of all of these compounds 
show a strong band in the region 10.7-11.2 p 
whose intensity is of the same order as that of the 
carbonyl-stretching band due to the benzoyl group. 
Although we have not established the nature of the 
vibration which gives rise to this band, we report 
these data here since the correlation has been 
found to be useful as a diagnostic aid in structural 
 determination^.^ 

The positions of this band and the carbonyl- 
stretching band of the benzoyl group in each case 
are given in Table I together with the ratio (er) of 
the apparent extinction coefficients of the two 
bands.' The latter may be seen to  fall in the 
range 0.5-1.6. In  several instances it has been 
possible to  examine the spectra of the corresponding 
compounds in which the benzoyl group is replaced 
by a benzyl group; in all of these cases, the spectra 
show only very weak bands or no bands in the 10.7- 
11.2-p region. Further, while the spectra of 3- 

(3) P. Yates and D. G. Farnum, Tetrahedron Letters, No. 17, 22 
(1960); D, G. Farnum and P. Yates, Chem. Ind. (London), 659 
(1960). 

(4) It has been suggested' that  an absorption band at 10.7 II is char- 
acteristic of the pyrazole ring: this view has not been supported by 
our own studier nor by those of others.' 

(5 )  C. S. Rondestvedt and P. K. Chang, J. Am. Chcm. Soo., 11,6532 
(1955). 
(6) R. J. Light and C. R. Hauser, J. Ore. Chem., 26, 1716 (1961). 
(7) It must be noted that  the solvent used for the solution spectra. 

dichloromethane, is not that  of choice since i t  baa a weak absorption 
band at  11 r ;  the values of e, quoted are thus approximate in nature. 

benzoyl-4-phenylpyrazole and 3,4,5-tribenzoyl- 
pyrazole show strong bands in this region, those of 
the corresponding 2-pyrazolines show only weak 
absorption, although each possesses a strong band 
a t  11.6 p .  It may also be noted that the spectra of 
1- and 2-phenacyltetrazole lack the strong bands a t  
10.8 p present in the spectra of their 5-benzoyl 
derivatives. 

We have not examined whether this correlation 
applies also to  C-acyl derivatives of these hetero- 
cycles, or is restricted to the benzoyl series. How- 
ever, recently published spectras of 3-acetylpyrazole 
and 3-pivaloylpyrazole show bands, in the 10.5- 
11-p region, whose intensities appear to be of the 
same order as those of the corresponding carbonyl- 
stretching bands. 

(8) Yu. N. Sheinker. I. Ambrush, and N. K. Kochethov, Doklady 
Akad. Nauk S.S.S.R., 183, 709 (1958). 
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In  connection with another study2 concerning 
neighboring double-bond participation in cyclo- 
hexenylcarbinyl systems it was desired to have u* 
constants for the cyclohexyl and 3-cyclohexenyl 


