
ride, but in saturated solution shows only a single sharp 
2.i9 /I band, characteristic of unassociated OH. 

Treatment of P-Methylheptenone (I)  with lOyo Sulfuric 
Acid.-&\ i.0-g. sample of I was shaken with lOo/b sulfuric 
acid for 24 hours. IVorking up in the usual way gave 5.3 g. 
of material, the infrared spectrum of which showed the ab- 
sence of characteristic bands for both I I Ib  and VII. Evapo- 
ration of the aqueous phase followed by further extraction 
gave 0.3 g. of an oil whose infrared spectrum excluded the 
presence of significant amounts of either diol. ?To crystal- 
line product could he isolated from this oil. 

Treatment of p-Methylheptenone (I) with 20% Sulfuric 
Acid.-In an experiment carried out exactly as described 
above for cyclization of V, 21.3 g. of I waq treated with 200 
ml. of 20yo sulfuric acid. After working up in the usual w a ~  , 
19.3 g. of crude product was obtained. Distillation gave 
rise to a small amount of 2,2,6-trimethyl-2,3-clihydropyran 
(VIII)  and roughly equal amounts of I and IV. KO diol 
was found either in the distilled I V  or in the residue from the 
distillation. 

ITHACA, S. P. 

[COYTRIBLITIOY r R O J I  .\RBOTT 1-ABORATORIES] 

Reductions with Ruthenium Catalysts. I. Preparation of Some 
Cy clohexylalky lamine s1 

BY AfORRIS  F R E I F E L D E R  AND GEORGE R. S T O N E  

RECEIVED MARCH 26, 1958 

Low pressure hydrogenation of phenylalkylamines to cyclohexylalkylamines with noble metal catalysts is often slow and 
In high pressure hydrogenation of p-phenylalkylarnines with 

Reduction of these aralkylaiiiities 111 
requires high catalyst ratios to obtain complete reduction. 
Raney nickel, temperature conditions high enough for reduction also cause cracking. 
this work with ruthenium gave excellent yields of ring hydrogenated products. 

The interest of this Laboratory in sweetening 
agents led us to prepare some cyclohexylalkyl- 
amines as intermediates in the preparation of salts 
of cyclohexylsulfamic acid2 (-4.) homologs. Our 
purpose was to observe the change in sweetness 
when alkylene groups were placed between the 
nitrogen atom and the saturated ring. 

SHS03Ya (CH2) ,,SHS03Na CH(CH3)S11S07Ya 
I 0, ,/' 

x n = l o r 2  

Even though the homologs lacked sweet taste, 
the unusual results of hydrogenation of the aralkyl- 
amines with ruthenium led us to expand the series 
to cover preparation of p-cyclohexylalkylamines. 

The difficulty in hydrogenating P-phenylalkyl- 
amines (CBH~CH~CHRNHR' where R and I<' = 
H or alkyl) has been reported by other investiga- 
tors, Metayer3 points out that in hydrogenations 
of phenylalkylamines when the amino group is beta 
to the aromatic ring, incidental hydrolysis and 
cracking occur. Zenitz and co-workers4 in their 
study with platinum oxide at  low pressure often 
found it necessary to make additions of catalyst to 
induce complete hydrogenation. Kindler,j in low 
pressure hydrogenations with palladium black, 
used excessively high catalyst ratios (25% by 
weight of compound) to obtain complete uptake ol 
hydrogen. 

In contrast, in this work when ruthenium was 
used in the hydrogenation of these difficultly re- 
ducible p-phenylalkylamines, most reductions were 

(1) Presented a t  the  San Francisco Lfeetina of the American Chemi- 

( 2 )  hlanufactured and sold by Abbott Laboratories under the trade 

(3) hf. Metayer, B d l .  soc. chiin. ,  [a] 19, 270 (1952) .  
(4) B. I,. Zenitz, E. 13. RIacks and 3f .  I,, IIoore, THIS J o r r ~ ~ 4 1 ,  69, 

( 5 )  K .  Kinillpr, R .  Hedemann nnd l?. Schiirfe, A i i t i ,  660 ,  215 

cal Society, April, 1958. 

name of Sucaryl Sodium and Sucaryl Calcium. 

11 17 (1937). 

( I  S iS ) .  

complete within one hour a t  90" and 70 atmos- 
pheres. 

CHACHCHB CH2CHCHI 

3HL 

90". 70 atin., 1 hr 

I \  
KITCT1- "i 

I \  /"\ xI3cH3 

RuO? ( 2 7 ,  by weight? 1 1 
'\ IJ 

B 

The effect of higher temperature on hydrogena- 
tion also was investigated. When the reduction of 
B was carried out a t  120-130°, the yield of VI re- 
mained a t  the same high level. d t  150°, however, 
it dropped to 50% and at  180" demethylation 
accompanied ring reduction 

VI 90$ 

CH2CHCH3 CH2CHCH1 
I \  6 'vHCH3 H2 fi T I T 2  

' /  
18o"r 

The hydrochloride of B was also reduced. \\-lien 
the hydrogenation in water or alcohol was carried 
out under the same conditions described for the 
base, a comparable yield was obtained. In water, 
however, when the temperature was raised to ]Go, 
deamination occurred and propylcyclohexane was 
obtained. 

CH 2 C, HCH:, n-CJI, 

In  the reduction of p-phenylalkylamines, the 
effect of a branched substituent on the ring was 
noted when the hydrogenation of P- (fi-isopropyl- 
phenyl)-ethylamine was carried out. The time for 
complete uptake was ten to twelve hours in contrast 
to the shorter time needed for hydrogenation of the 
nnsubstituted aralkylamines. 

1-Ephedrine was hydrogenated to the correspond- 
ing cyclohexyl compound without hydrogenolysis of 
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TABLE I' 

k " K o P ~ R r m s  oi? CYCI~OHEXYLALKYLAMINES P- a - - z - - -  N 1 I:! 
Reducn. time, 7- B.P. Yield, 

NO. Y z hours OC. hlm. l t Z D  % 
I H -CH2- 0 . 5  159-161* 760 80 
I1 H -CH (CH8)- 0 .7  68 17 1.4606 i2' 
111 H -CH2CHz- 0 . 5  i1-73 13 

185-187 760d 1.4626 83 
I V  (CH3)zCH- -CH2CH2- 10-12 101 5 1.4743 i o e  
a Hydrogenation of the aromatic intermediates was carried out a t  90" and 70-80 atm. with a 25; ratio of ruthenium di- 

oxide in the absence of solvent. * B.p. 162-164"; 
Wallach, Ann., 353, 298 (1907). c M.p. of hydrochloride 239-240'. Anal. Calcd. for C8H18ClX: C, 58.i0; H,  11.08. 
Found: C, 58.63; H, 11.14. Calcd. for CllH23S: C, 78.03; 
H, 13.69. Found: C, 77.93; H, 13.12; m.p. of hydrochloride, 225-227 . 

However, for the preparation of IV, methylcyclohexane was used. 

B.p. 188-189"; Wallach, Ann., 353, 2t4 (190i). e Anal. 

S O .  R 

TABLE 11" 
PROPERTIES OF BRANCHED-CHAIN AMINES, C8Hl1CH (R) CH (CH,) NHR' 

Reducn. 
time, -B.p.- Yield, M.p. hydro- 

R' hours = C. Rlm. ?Z=D % chloride, O C .  

19 1-1926 V H H 0 .15  82-85 15 1.4578 66 
VI" H -CHI 0.15 74-76 8 1.4570 90 12ib 
VI I H -CH3(d-r 1 .0  78 8 1.4560 78 13 7- 13 9* 
VI11 H -CH3(1-) 0 . 7  80 10 1.4560 81.5 138-139" 
IX -OH -CHa(l-)d 0 .7  114-117 8 e 89 201-202 
X H - C ~ H Q  4 . 0  135 20 1.4590 i 3 . 6  127-128 

Hydrogenation of the aromatic intermediates was carried out a t  90' and 70-80 atrn. with 2% by weight of ruthenium 
Ruthenium-on-carbon (5%) and 

The time of reduction was increased to 1.5 hours, but 
a The 

dioxide. 
ruthenium-on-alumina (5%) were also used in the preparation of VI. 
the yield was not changed. 
base solidified on cooling and melted a t  60". 

* As described by Zenitz, Macks and Moore, THIS JOURNAL, 69, 1117 (1947). 

No change in optical rotation after hydrogenation as reported in references 3, 5, 6. 

the -OH group and without change in rotation.6 In 
this study, other optically active compounds were 
hydrogenated without any significant change in 
a c t i ~ i t y . ~ . ~  

Pressor activity of some of the compounds has 
been r e p ~ r t e d . ~  Compound I X  (see Table 11) was 
found by us to  be a potent vasopressor. Compound 
X also listed in Table I1 and its aromatic inter- 
mediate showed a significant drop in blood pressure 
(- 35 to - 45 mm.) which returned to normal in 
one minute. 

Acknowledgment.-The authors are indebted to 
Mr. E. F. Shelberg and his staff for the micro- 
analyses reported in this paper. 

Experimental 
2-Butylamino-1-cyclohexylpropane. (a) 2-Butylamino-l- 

pheny1propane.-A mixture of 67.0 g. (0.5 mole) of phenyl- 
acetone and 43.8 g. (0.6 mole) of butylamine in 10 cc. of 
alcohol was hydrogenated in the presence of 1.4 g. of plati- 
num oxide under a pressure of 3 atmospheres. When hy- 
drogen uptake was completed, the mixture was filtered from 
the catalyst and the solvent removed. Distillation of the 
residue yielded 79 g. (82.7%) of product, b.p. 130-137" 
(20 rnm.), 13% 1.4922. 

Anal. Calcd. for C ~ ~ H Z ~ S :  C, 81.61; H, 11.07; S, 
7.32. Found: C, 81.25; H, 10.95; X, 7.68. 
A hydrochloride salt was prepared which melted a t  172'. 

(6) German Patent Application, H. Metzger, March 29, 1950, re- 
ported hydrogenation of I-ephedrine, in the presence of platinum oxide 
to I-cyclohexylisopropylmethylamine. With palladium black, hy- 
drogenation was accompanied by reversal of rotation. 

(7) W. Leithe, Bey. ,  65, 665 (1932), reported occurrence of racemi- 
zation when I-a-phenethylamine, [ a ] l 6 D  -40.3", was hydrogenated to 
a-cyclohexylethylamine, [ ~ ] ' S D  +3.2'. Zenitz and co-workers re- 
ported reversal of rotation in  hydrogenations of d- and of l-1-phenylisg. 
propylmethylamine. 

Anal. Calcd. for C13H22ClX: C, 68.55; H, 9.74; iV, 6.15; 
C1, 15.56. Found: C, 68.91; H,9.81; N,6.10; C1, 15.55. 

(b) 2-Butylamino-l-cyclohexylpropane.-2-Butylamino- 
I-phenylpropane (40.2 g., 0.22 mole) was hydrogenated 
under 70 atmospheres pressure a t  90" in the presence of 0.8 
g. of ruthenium dioxide.5 After removal of catalyst and dis- 
tillation of the residue, a yield of 30.4 g. (73.67,) was ob- 
tained, b.p. 130-133.5" (20 mm.), n Z 5 ~  1.4540. 

A n d .  Calcd. for C13H27T\.:: C, 79.11; H, 13.79; N, 
7.10. Found: C, 79.41; H ,  13.76; N, 7.32. 

A hydrochloride salt was prepared which melted a t  127- 
128". Anal. Calcd. for C I ~ H Z B C ~ N :  C, 66.77; H, 12.07; 
N, 5.99. Found: C, 66.88; H, 11.88; AT, 5.91. 

1-2-Amino-l-cyclohexyl-l-hydroxypropane.--il solution 
of 82.6 g. (0.5 mole) of 1-ephedrine in 250 cc. of absolute eth- 
anol was hydrogenated under 80 atmospheres a t  90" in the 
presence of 1.6 g. of ruthenium dioxide. The calculated 
drop in pressure was reached in 40 minutes. When the re- 
action mixture was cooled to room temperature, the solu- 
tion was filtered from the catalyst and the solvent distilled. 
The residue was then distilled to yield 76 g. (89%) of product 
which boiled a t  114-117" (8 mm? and melted a t  60'. The 
hydrochloride melted a t  201-202 . 

Anal. Calcd. for ClaH22ClNO: C, 57.81; H, 10.68; N, 
6.74. Found: C, 58.08; H,  10.73; N, 6.68. 

Higher Temperature Hydrogenations. Reduction of 2- 
Methylamino - 1 -phenylpropane .-2-Methylamino-l-phenyl- 
propane (74.6 g. 0.5 mole) was placed in a 1-1. bomb and 
hydrogenated in the presence of 0.37 g. of ruthenium di- 
oxide a t  180" and 100 atmospheres. In 10 minutes, uptake 
of hydrogen stopped. After cooling, the residue freed from 
catalyst was distilled, b.p. 87-94' (20 mm.), 12%D 1.4560; 
61 g. of product was obtained. A portion was converted 
to a hydrochloride, m.p. 192O, and analyzed. Calcd. for 
CgH2oClN: C, 60.82; H ,  11.34; C1, 19.95. Found: C, 
61.07; H, 11.13; C1, 20.11. A mixed melting point with 
an authentic sample of 2-amino-1-cyclohexylpropane hydro- 
chloride was not depressed. 

Reduction of Hydrochloride.-The hydrochloride (92.8 
g . ,  0.5 mole) dissolved in 250 cc. of water was placed in a 1-1. 

(8) The ruthenium catalysts used in this work were obtained from 
Raker and Co., 113 Astor S t . ,  Kewark, N ,  J. 



bomb and hydrogenated under 100 atmospheres pressure a t  
165' in the presence of 0.93 g. of ruthenium dioxide. Up- 
take of hydrogen did noL proceed to completion because of 
the oily hydrogenolysis product which coated the catalyst. 
After filtration from the catalyst, the oily material was ex- 
tracted with ether and distilled; 16 g. of a product boiling 

J .  L. GARXETT Vol. so 
a t  55-58" (20 mm.), 153-160" ('760 mrn.), n% 1.4356 was 
obtained. 

Anal. Calcd. for COHII (propylcyclohexane): C, 85.63; 
H, 14.37. Found: C,85.93; H, 14.63. 
NORTH CHICAGO, ILL. 

[CONTRIBUTION FROM GEORGE HERBERT JONES LABORATORY AND THE ARGONNE CANCER RESEARCH HOSPITAL 
UNIVERSITY O F  CHICAGO] 

Platinumcatalyzed Exchange of Aromatic Compounds with Deuterium Oxide 
Bs \Ti. G. BROWN AND J. L. GARNETT 

RECEIVED DECEMBER 2, 1957 

"in exchatige reaction, using heavy mater and catalyzed by active platinum, has been applied to the deuteration of benzoic 
acid and its sodium salt, bromobenzene, isopropyl benzoate, aniline, nitrobenzene, p-nitrobenzoic acid and trimesic acid. 
Exchange with sodium benzoate involves an apparent induction period, followed by rapid deuteration and eventually coin- 
plete equilibration with respect to  all ring positions. Differences in deuteration rate have been observed for the various 
compounds. An initial orientation effect occurs in the deuteration of sodium benzoate. 

Introduction 
A procedure has been devised by Leitch' for the 

preparation of benzene-& which employs the plati- 
num-catalyzed exchange reaction of benzene with 
deuterium oxide a t  110". In convenience and in 
freedom from side reactions, the method is superior 
to the vapor phase exchange on nickel a t  higher 
temperatures,2 and, for similar reasons, i t  is to be 
preferred over the older method based upon the 
exchange of benzene with deuterio-sulfuric acid. 
The possible extension of the liquid phase plati- 
num-catalyzed exchange reaction to the deuteration 
of other aromatic compounds was of interest to us, 
especially with reference to benzene derivatives, 
e. g., benzoic acid, not readily deuterated by al- 
ternative methods. The benzene derivatives used 
in this series of exchange reactions were benzoic 
acid, sodium benzoate, bromobenzene, isopropyl 
benzoate, aniline, nitrobenzene, p-nitrobenzoic and 
trimesic acids. 

Experimental 
Analytical Procedure for Deuterium.-The Graff and 

Rittenberg4 method was used for deuterium analyses. Be- 
fore combustion, each sample was diluted with non-isotopic 
material to give an a-value of 0.65-0.70 [CY = m.e.D/m.e. 
(D + H)]. Accuracy to 1% deuterium was achieved in the 
analytical procedure, the mass spectrometer being cali- 
brated against standard deuterium samples. 

Deuteration Procedure.-The general technique adopted 
for the exchange experiments will be illustrated with refer- 
ence to benzoic acid and aniline. 

Benzoic Acid.-A solution of 130 mg. of sodium benzoate 
in 390 mg. of deuterium oxide (99.5%) was added to  100 
mg. of heavy water containing 12 mg. of catalyst (platinum 
oxide which had been pre-reduced with deuterium). The 
Pyrex tube containing the reactants was frozen in a Dry Ice- 
acetone-bath, vacuum sealed and shaken at 130-135" for the 
required time. The tube was cooled, opened, the contents 
reheated to  80' and filtered hot to  remove the catalyst. 
The filtrate was acidified with dilute hydrochloric acid, the 
precipitate sublimed once, then recrystallized twice from 
25y0 aqueous methanol to  yield 80.0 mg. of benzoic acid 
(deuterium analysis shown in Table I). 

(1) L. C. Leitch, Can. J. Chcm., 32, 813 (1954). 
(2) J. A. Dixon and R. W. Schiessler, THIS JOURNAL, 76, 2197 

(3) C. K. Ingold, C. G. Raisin and C .  I.. Wilson, J .  Chem.  Soc., 11343 

(4) J. Graff 2nd D.  Kittenberg, A7inL. Cham., 24, 878 (1952). 

(1954). 

(1936). 

Substantially pure benzoic acid-& was prepared in the 
following manner. Three successive equilibrations of ben- 
zoic acid with heavy water were performed and the product 
after these exchange reactions recrystallized twice from 25% 
aqueous methanol, thus removing any exchangeable deu- 
terium which had been present in the carboxylic acid group. 

Aniline.-A mixture of 392 mg. of aniline (distilled twice 
before use), 2.2 g.  of heavy water and 30 mg. of pre-reduced 
platinum oxide were shaken in an evacuated tube a t  130' 
for 24 hours. The tube vas  cooled, opened and 400 mg. of 
benzene added. The benzene layer was extracted with di- 
lute XaOH to remove traces of phenol, washed well with 
mater, distilled under atmospheric pressure to  remove ben- 
zene and water, and then under reduced pressure. A 
second vacuum distillation was performed to  provide 300 
mg. of deuterated aniline (deuterium analysis shown in 
Table I). Infrared techniques were used to  ensure that all 
exchangeable deuterium (as N-D) was removed by washing 
the deuterated aniline with water before the distillation step. 
The product from the exchange reaction was then 0 5 -  

NHz (aniline-&), 
To  prepare the tribromo derivative, bromine (0.03 ml.) 

was added to  aniline-& (10 mg.) dissolved in glacial acetic 
acid (0.2 ml.), the tube shaken for several minutes, diluted 
with water (0.1 ml.), cooled and centrifuged. The resulting 
2,4,6-tribromoaniline, twice recrystallized from aqueous 
methanol, m.p. 120-121 ", contained approximately 40% 
(based upon infrared C-D intensities) of the deuterium 
present in the deuterated aniline. Since care was taken to  
ensure that no enchangeable D was present (as N-D) in the 
deuterated aniline before bromination, it can be concluded 
that 4 0 7 ~  OF the original ring deuterium present was in  the 
m-position . 

Results and Discussion 
Directive effects of substituents, with resultant 

unequal rates of exchange a t  non-equivalent ring 
positions, have already been observed in the nickel- 
catalyzed exchange reactions of some aromatic 
compounds. Lauer and Erredes reported that the 
o-hydrogens of aniline exchanged more readily than 
did the m- and $-hydrogens. Tiers6 noted dif- 
ferences in the rates of exchange of the ring hy- 
drogens of toluene with heavy water and Bonner' 
has studied the exchange of the ring hydrogens of 
2-phenylpropionamide in deuterioethanol with 
Raney nickel. In both of these instances the 0-  
positions proved to be somewhat less reactive than 
other ring positions. The effects of this kind 

( 5 )  W. M. Lauer and L. A. Errede, THIS JOURNAL, 76, 5162 (1954). 
( 6 )  G. V. D. Tiers, Ph. D. Dissertation, The University of Chicago, 

19iR.  
(i) I\'. A .  Dimner,  TWIS JoumAI., 79. 2-109 (19.57). 


