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from the slope of the line obtained when log c is 
plotted against time. 

The most striking feature of these results is the 
observed increase in effectiveness of the catalyst 
with decrease in concentration in certain ranges 
both for the chloride and bromide. This increase 
is well beyond the range of experimental error in 
the determination of k. Values in the table are 
averages of several independent determinations. 
The maximum variation in individual values was 
=±= 0.002, and in most cases it was much less. 

Time and circumstances have not yet permitted 
us to make further studies to determine the 
reaction mechanism. One might assume the 
rate-determining step to be one involving a single 
halide ion, and the k values above should then be 
divided by the concentrations of C l - or Br - . 
This still gives a series of "constants" increasing 
steadily with dilution. 

As a result of the oxidizing action of the cerium 
(IV) and of hydrolysis, both the free halogens and 
different oxidation states such as hypohalites 
must be present, and some one of these must be a 
better catalyst than the halide ion. The con­
centration range in which the effect occurs sug­
gests the hypohalite as a first possibility since 
shifts in hydrolytic equilibrium would favor its 
formation in the lower concentration ranges. 
Connick3 has observed an effect of this sort in the 
reaction of hydrogen peroxide with chlorine in 
solution. 

Further experiments are being carried out to 
test this possibility. 

This work was supported by a grant from the 
University of Texas Research Institute. 

(3) Robt. E. Connick, T H I S JOURNAL, 69, 1509 (1947). 
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The Liberation of Dialkylaminoalkyl Chlorides 
from Their Hydrochlorides 

B Y ROBERT R. BURTNER 

T h e l o w e r m o l e c u l a r w e i g h t d i a l k y l a m i n o a l k y l 
ch lo r ides , p a r t i c u l a r l y ( C 2 H s ) 2 N C H 2 C H 2 C l , 
( C H 3 ) 2 N C H 2 C H 2 C 1 a n d C l C H 2 C H ( C H 3 ) N ( C H a ) 2 , 
a r e b e c o m i n g i n c r e a s i n g l y i m p o r t a n t as i n t e r m e ­
d i a t e s in t h e s y n t h e s i s of s p a s m o l y t i c s , a n t i h i s ­
t a m i n e a g e n t s a n d ana lges ics . T h e m e t h o d s c o m ­
m o n l y c i t ed for t h e p r e p a r a t i o n of t h e s e c o m ­
p o u n d s i n v o l v e t h e t r e a t m e n t of t h e h y d r o c h l o ­
r i d e s w i t h a c o n c e n t r a t e d a q u e o u s s o l u t i o n of s o ­
d i u m h y d r o x i d e or p o t a s s i u m c a r b o n a t e fo l lowed 
b y e x t r a c t i o n . B e c a u s e of t h e i r w a t e r s o l u b i l i t y 
a n d t e n d e n c y t o f o r m e m u l s i o n s , t h e e x t r a c t i o n of 
t h e s e b a s e s is f r e q u e n t l y t r o u b l e s o m e a n d inef­
ficient. T h e fol lowing t y p i c a l p r o c e d u r e is s u b ­
m i t t e d as a c o n v e n i e n t , efficient mod i f i ca t ion . 

One mole (172 g.) of /3-diethylaminoethyl chloride hy­
drochloride is placed in a two-liter three-necked flask 
fitted with a suitable vacuum-tight stirrer and an efficient 

condenser set for distillation. Two moles (80 g.) of flake 
sodium hydroxide is added all at one time, and the mixture 
stirred manually for a few minutes until the mass begins to 
liquefy. Water pump vacuum (30-40 mm.) is applied 
to the receiver, and the stirrer is started. The mixture 
promptly assumes a slushy consistency with evolution of 
sufficient heat to maintain brisk distillation. Intermit­
tent cooling may be required, depending on the efficiency 
of the condenser. (With the more volatile dimethylamino-
ethyl chloride a chilled receiver is necessary.) Distilla­
tion is continued to dryness using a steam-bath during the 
latter phase. After a brief drying with potassium car­
bonate, the product is obtained in 85-95% yield and is 
sufficiently pure for most purposes. It may be stored for 
several months in the refrigerator with only slight dimeri-
zation, such dimer being easily removed by filtration. I t 
may also be preserved by dilution with an equal volume of 
dry xylene, which solution is exceptionally stable in the 
cold. The latter storage method is mandatory for di-
methylaminoethyl chloride, which otherwise dimerizes 
completely at low temperatures in one or two days. In 
such concentrated solutions the amount of xylene intro­
duced does not adversely affect subsequent condensation 
reactions. 
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A Convenient Synthesis of Phenanthridone 
B Y JOHN M A N N BUTLER 

The literature contains a number of methods 
for the preparation of phenanthridone1; but all 
are troublesome or give poor yields of product. 
It has now been found that phenanthridone can 
be obtained readily in 77.5% yield by the ring 
closure of o-biphenyl isocyanate with aluminum 
chloride. 

NCO 

This new type of cyclization is an intramolecular 
modification of Leuckart's synthesis of N-aryl 
amides from aromatic hydrocarbons and aryl 
isocyanates.2 

Experimental 
With stirring, 48.8 g. of o-biphenyl isocyanate8 was 

added over a period of twenty minutes to a suspension of 
37.0 g. of aluminum chloride in 190 ml. of o-dichloroben-
zene. The rate of addition was so adjusted that the heat 
of reaction maintained the temperature between 70 and 
80°. Stirring was continued for one hour while the tem­
perature gradually dropped to 25°. The fine gray pre­
cipitate which had formed was collected and washed on the 
filter with 100 ml. of o-dichlorobenzene. The solid was 
stirred well with about 250 ml. of cold 15% hydrochloric 
acid and collected; the process was repeated with 200 ml. 
of ethanol. The dried product amounted to 38.0 g. 

(1) (a) Pictet and Gonset, Arch. Set. phys. Geneve (IV), 3, 37-51 
(1897); Chem. ZcMr., 68, 413 (1897); (b) Graebe and Wander, 
Ann., 276, 248 (1893); (c) Pictet and Hubert, Ber., 29, 1188 (1896). 

(2) Leuckart, Ber., 18, 873 (1885). 
(3) Fraenkel-Conrat and Olcott, T H I S JOURNAL, 66, 845 (1944). 
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(77.5'%) of Tjn&de phenanthridone. Recrystallization 
from glacial acetic acid, followed by washing with ethanol, 
yielded S5.6 g. di pure phenanthridone as fine white 
needles; tn. p . 292;5-293.5° (293°). l b 

Anal. Calcd. for Ci3H9NO: C, 79.98; H, 4.65; N, 
7.18. Found: C, 80.03; H, 4.58; N, 7.36. 
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a,/3-Diamino Ketones. V.1 Synthesis of a,/3-
Diamino Tertiary Carbinols 

B Y NORMAN H. CROMWELL AND DONALD J. CRAM2 

Previous investigations1'3 had shown that it 
•was possible to add Grignard reagents to the 
carbonyl group in certain <x,|3-diamino ketones to 
:form a,/3-diamino tertiary carbinols. Certain 
'a,i3-diamino ketones had been found to possess 
:mild avian antimalarial activity.4 It was hoped 
lthat conversion of these a,/3-diamino ketones to 
'a,/3-diamino tertiary carbinols would increase 
the antimalarial activity. 

Methylmagnesium iodide was added to a-
p'iperidino - J3 - tetrahydroisoquinolinobenzylace-
tone5 to give a low yield of 2-methyl-4-phenyl-
3 - piperidino - 4 - tetrahydroisoquinolinobutanol - 2 
(I). Phenylmagnesium bromide reacted with this 
same diamino ketone to give 2,4-diphenyl-3-piper-
idino-4-tetrahydroisoquinolinobutanol-2 (II). 
C 6 H 6 - C H - C H - C - R R'MgX 

I I !I 1 ^ 
/ X / ^ N >N, O 

UU U 
R' 

I 
C 6 H 6 - C H - C H - C - R 

I, R and R ' = CH3 

I I , R = CH3; R ' = C6H5 

III , R = C6H6; R ' = CH3 

'Thereaction of methylmagnesium iodide with 
'a - piperidino - /3 - tetrahydroisoquinolinobenzyl-
acetqphenone6 led to racemate (III), a diastereo-
isomer'of {II). Four racemates of 2,4-diphenyl-
3 - piperidino - 4 - tetrahydroisoquinolinobutanol - 2 
can exist. The starting a,/3-diamino ketone in 
each case is undoubtedly one of the two possible 
racemates. It is not surprising that (II) and (III) 
should turn out to be different racemates. 

(1) Previous paper in this series: Cromwell, T H I S JOURNAL, 69, 
1857 (1947). 

(2) Present address: Department of Chemistry, University of 
^California, Los Angeles, Calif. 

(3) Cromwell, T H I S JOURNAL, 62, 3470 (1940). 
(4) For the antimalarial activities of the various amino ketones 

and derivatives that have been reported in these several series 
' of papers see, "A Survey of Antimalarial Drugs, 1941-1945," Vol. T 
. and II , F. Y. Wiselogle, editor, Edwards Brothers, Ann Arbor, Michi­
gan , 1946. 

(5) Cromwell and Cram, T H I S JOURNAL, 66, 301 (1943). 
,(6) Cromwell, Harris and Cram, ibid., 66, 134 (1944). 

Tiffeneaur faaS shown that the action of Gri­
gnard reagents on ketones having an asymmetric 
carbon atom in the a-position with respect to 
the carbonyl group leads to only one of the two 
possible diastereoisomers; the other diastereo-
isomer can be obtained by inverting the order in 
which are introduced the substituted radicals of 
the tertiary alcohol function thus created. The 
present experiment is an example of the stereo­
chemical specificity of the Grignard reaction with 
ketones containing two asymmetric carbon atoms. 

The ultraviolet absorption spectra of (II) and 
(III) were quite similar and showed no pro­
nounced maxima, as would be expected for these 
structures; see Fig. 1. Mixtures of (II) and (III) 
melted over a range of temperature beginning 
considerably below the melting point of either 
(H) or (III). 

220 240 260 280 

A, m/i . 

Fig. 1.—Absorption spectra in heptane of II and I I I . 

Apparently a tetrahydroquinolino group in the 
/3-position of an a,/3-diamino ketone offers con­
siderably more hindrance than does the tetra-
hydroisoquinolino group to the addition of the 
Grignard reagent. Methylmagnesium iodide 
gave no apparent reaction with either a-mor-
pholino-/3-tetrahydroquinolinobenzylacetone6 or 
the a-piperidino analog.6 

Phenylmagnesium bromide reacted with a,/3-
dipiperidinobenzylacetone8 to give a low yield of 
2,4-diphenyl-3,4-dipiperidinobutanol-2 (IV). 
The carbonyl group in these diamino ketones is 
hindered, especially by the amino group located 
at the /3-position. 
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spectra studies, is gratefully acknowledged. 

(7) Tiffeneau and Levy, BaJ/. soc. chim. France, [5] 2, 1848 (1935). 
(8) Cromwell and Witt, THIS JOURNAL, 65, 308 (1943). This 

preparation of carbinol (IV) was carried out by Dr. Ivan H. Witt. 


