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I. Introduction

The object of this project is the study of
the reaction of the sodio derivatives of l-(p-hydroxy- 
pheny1 )-2,6-dicarbethoxy cyclohexane-dione-3,5 with 
^-diethylamino ethyl chloride. More specifically, it 

is a report of the syntheses of the ^-diethylamino 
ethyl derivatives of 1 -(p-hydroxypheny1)-2,6-dicarb- 
ethoxv cyclohexane-dione-3,5. Following are the form

ulae of the starting material (I) and its alkamine 

■'derivatives (II and III):

The importance of these syntheses is manifested

1

H H H H H CHSCHSHRS
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in the field of medicine. Certain alkamine esters and

Iky 1 p.nd designates the radical 
hesis R « C2H 5 and x = 2.

1Alkamine is a contraecontraction of dialkylamino 
l- s T e a 1 Î - thisalkyl an> 

thesis R
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alkaraine ethers perform a significant role in the hands 
of men of medicine. Local anesthetics, antihistamines, 
and antitubercular agents have their share of these 
classes of compounds. For instance, novocaine, one of 
the most widely used local anesthetics, is the /3-diethyl 
araino ethyl ester of p-aminobenzoic acid. Its formula 

is :

Novocaine

•HC1

There are other compounds having the alkamine

ether structure which possess the property of local
2anesthesia. H. B. Wright and M. B. Moore report the 

synthesis of a series of related compounds of this type. 
Three of the more promising ones are shown below:

2H. B. Wright and M. B. Moore, Journal of the 
American Chemical Society, 73, 2281-2203 (1951).
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OCH2CHsNR2

In 1937 Bovet and Staub reported that a series
of alkamine ethers of phenol derivatives synthesized by
E. Foxirneau exerted a protective action against hist-

3 4amine intoxication and anaphylactic shock'“' in guinea
pigs. Further investigation was conducted by L. C.

5Cheney, R. R. Smith, and S. B. Binkley. They prepared 
\ a series of alkamine ethers of various substituted

phenols and found that a number of compounds, particul
arly the ortho substituted derivatives, manifested a 
high antihistaminic activity. Three especially promis

ing ones have the formulae:

CH3w CI-I3
CH

CH. OCHaCHaNRs

^Bovet and Staub, Compt. rend♦ s oc. biol.,
124, 547 (1937).

4 Ibid., 125, 818 (1937).
5h. C. Cheney, R. R. Smith, and S. B. Binkley, 

Journal of the American Chemical Society, 71, 60 (1949).
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OCE3CHgN(CH3 )% 
CH

N X

Not as closely related to the compounds 
previously discussed, but still having the alkamine 
ether group, are substances which are highly active 
antitubercula.r agents. D. J. Drain, D. A. Peck, and 

F. F. ’«Vhitmont report that 2,4, 6-triiodophenyl f i-di- 

ethylamino ethyl ether

l s highly active in vitro against M. tuberculosis.

D. J. Drain, D, A. Peck, and F, F. IVhitmont, 
Journal of the Chemical Society, 2680 (1949).
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II. Theoretical Discussion

A . Discussion of Structure ill-
The reaction of the sodio derivative of l-(p-

hydroxypheny1)- 2,6-dicarbethoxy cyclohexane-dione-3,5
with /3-diethylamino ethyl chloride is a modification of

7the Horens tein-P£hl icke amino-ester synthesis. This 
synthesis involves the reaction of the sodium or potas
sium salt of an acid with an alkamine halide, with the 
formation of the alkamine ester through the elimination 

' of the sodium or potassium halide. 1-(p-Hydroxypheny1)- 
2,6-dicarbethoxy cyclohexane-dione-3,5 (Structure I) 

takes the part of a dibasic acid for this synthesis.

^Iiorenstein and P&hlicke, Be r . , 71B, 1644 (1938).

/
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In structure (I) there are two predominant

hydrogens which are replaceable by the alkali metals,

sodium or potfissium. These are the p-phenolic hydrogen 
and the hydrogen of position 4. It is this latter one 
that gives rise to an onolic form (la).

but there do not seem to be any general rules which may 
be formulated to determine which form will predominate. 
In most cases longer periods of heating and higher 
temperatures tend to favor the C-4 derivative of (I).

\ In at least one case a catalyst is of some value in

Derivatives of both forms have been prepared,

H H E

I la

(Ac 0)20
(A c O )30+

EaOAc tr
H COCÏÏ3 H

IV I Va
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obtaining the C-4 derivative. In the formation of the

OC-4 acyl derivative (IV), preoared bv G. J. Scigliano, 
sodium acetate is a great aid. Without this catalyst 
the enolic derivative (IVa) is formed almost exclusively. 
By heating (IVa) in the presence of sodium acetate and 
acetic anhydride, it is converted into the C-4 acyl 
derivative (IV). As will be seen later, no catalyst has 

been found that aided in the formation of the C-4 alk- 

amine derivative.

\ B. Discuss ion of the Alkamine Chloride.
The alkamine chloride used throughout this

9thesis is ^-diethylamino ethyl chloride." While this
compound is quite stable in non-polar solvents---such
as ether, benzene, and xylene---it has a tendency to

*
polymerize in polar solvents, especially at elevated 
temperatures,^ The polymerization proceeds as follows:

®P. S. Papadakis and Scigliano, Pending publi
cation in the Journal of the American Chemical Society.

9Caution: Avoid any contact of this reagent 
and its hydrochloride with the skin. It is advisable 
to use rubber gloves when handling these reagents'.

1° L . C. Cheney, R. R. Smith, and S. B. Binkley,
O p . c it.
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2 RsNCHaCHaCl

/S-Diethylamino 
ethyl chloride

Therefore, the reaction must be carried out in non
polar solvents or, if this is not feasible, in polar 
solvents but in such a way as to reduce polymerization 
to a minimum.

H 2C
R R Cl' 

X GHn

,c h 2
Cl II

R R Cl'
X CH0Hs?

H SC / ch2
R̂  R Cl'

N,l!f -Tetraethyl 
piperaaine chloride
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III. Experimental Procedure

A. Preliminary Syntheses.
■ii— -  „■ — .■ ...— ........... .. ,.y -  -  --------

The starting material, 1 - (p-hydroxyphenyl)- 
2,6-dicarbethoxy cy cl ohexane-d i one-3,5 (I) was prepared 
according to the general scheme of P. E. Papadakis*

by a modified Knoevenagel reaction p-hydroxy benzaldé
hyde was condensed with diethyl malonate in the presence 
of diethylamine, yielding p-hydroxy benzal malonate (VI). 
This in turn was converted by way of the intermediate 
(VII) to the disodio derivative (VIII) which yields (I) 
when treated with dilute hydrochloric acid.

11 12synthesis of the p-acetylated derivative. ’ That is

CHO CH=C(COOR)2

CHaCOCHBCOOIl t 
îïâÔR *

OH OH

V VI

■'"‘''P. E. Papadakis, Journal of the American 
Chemical Society, 67, 1799 (1945).

^ P .  E. Papadakis, G. J. Scigliano, C. Chin 
and A. Adrian, Ibid., 72, 4256 (1950).
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H HN /

0—C' A t ?r 11 6=0

1 h /  
r o o c  x r  c o o r

OITa
VII

H Na

cl i 1 .
HC1

H H

I

The /3-d iethy lamino ethyl chloride was prepared
as the hydrochloride according to the method of Burger 

13and co-workers.  ̂ ^-Diethylamino ethanol was treated 
with thionvl chloride in benzene at reduced temperatures. 
The free alkamine chloride was obtained by treating the

13 Burger, Wilson, Brindley, and Bernheim, 
Ibid . , £7, 1416 (1945).
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hydrochloride with aqueous potassium carbonate and ex

tracting the free base with ether, benzene, or xylene.

oori y r p
R3NCHs CH3OH RgïïCHgCHgC 1 RSNCHS CHS C1

/S-Diet hy lamino 
ethanol

H Cl
/3-Diethyl ami no 
ethyl chloride- 
hydrochloride

/3-Diethyl amino 
ethyl chloride

The solution of the alkamine chloride was dried over 
fused potassium carbonate and used as the solution for 
the ensuing reactions with the sodio derivatives of (I)»

B . Synthes is of the Mono-hlkamine Derivative of f I ).
The synthesis of 1 - Q?-{/3-diethylamino ethoxy) 

phenyl^-2,6-dicarbethoxy cyclohexane-dione-3,5 (II) was 
finally achieved as follows: The disodio derivative, 
prepared by treating (I) with sodium ethoxide in ethyl 
alcohol, xvas treated with /3-d i ethyl amino ethyl chloride 
in ether. The ether was distilled off and the solution 
refluxed 4-5 hours. The resulting sodium chloride was 
filtered, the alcohol removed in_ vacuo, the residue 
washed several times with cold water, then with dilute 
hydrochloric< acid, and finally again with water. The 
analysis indicated that the product was the hydrochloride 
of the mono-alkamine derivative (II). The short period
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of refluxing probably accounts for the formation of the 
mono-alkamine rather than the di-alkamine derivative. 
The reaction may be represented as follows:

H Na H IT a

VIII IX

II II

II.HC1

C . Probab1e Synthesis of the Di-aIkamine Derivative of

ill-
The reaction between the disodio derivative

of (I) and the alkamine chloride was carried out in the
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s&ne msnnsr &s that for "the mono — alkamine derivative 
(Procedure B, above) except that the period of reflux
ing was extended to 48 hours. The hydrochloride was 
also prepared in the sane manner but the product was 
dried in the oven. The analysis points toward the 
formation of the dialkamine derivative (III) in which 

the carbethoxy groups have been hydrolized and a molec
ule of water eliminated. It is assumed that a lactone 
structure is formed. It is a purely hypothetical 
assumption but, nevertheless, plausible.

The hypothetical course of the reaction is 
given on the following page. The formation of compounds 
(VIII), (III), and (III«HC1) can be readily und erstood. 
The formation of (X) is possible since the ester groups 

can be hydrolized by heating in the presence of dilute 
acids. Since (X) may exist in the enolic form (Xa), 
which is also a delta-liydroxy acid, the possibility of 
1actonization to (XI) at elevated temperatures is also 
c one e ivable.

While the synthesis of this substance wafe not, 
in itself, a part of this thesis, it does, nevertheless, 
indicate that the synthesis of the di-alkamine derivative 
of (I) is very possible.
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VIII III

X

CHgCHgHR

Xa

• EC 1

• EC 1

a i l  HC1

• EC1

Heat

•EC1

XI
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IV. Experimental Preparations

A. Ethyl p-Kydroxybenzal Maionate.(VI).

500 g (4.1 m) of p-hydroxybenzaldehyde (Prac
tical), 650 g (4.1 m) of diethyl nalonate, and 50 ml 
of diethyl amine were placed in a 1000 ml round bottom 
flask and heated on the steam bath under reflux for 4-6 
hours. The solution was cooled in an ammonium chloride- 
ice bath with frequent stirring. The crystals were fil

tered off and the mother liquor returned to the ice bath 
for additional crystals. The crude product was recrys
tallized from 95/t ethanol, using Norit A, until white
crystals of ethyl p-hydroxybenzal malonate (m.p. 93- 

o
94 ) were obtained. Yield (after purification): 30-50Jb.

»

B. 1-(p-Hydroxyphenyl)-2,6-Dicarbethoxy Cyclohexane- 

dione-5,5 ILL*
23 g (1 m) of sodium were dissolved in 100 ml 

of absolute ethanol. To this solution were added 132 g 
(0.5 m) of ethyl p-hydroxybenzal malonate, and the sol
ution refluxed on the steam bath for 6-8 hours with
continuous stirring. The alcohol was removed by distil-

olation and the residue dried in vacuo at 100 C. The
o

dry residue was cooled to 0 C. and 1000 ml of 1 I HC1
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(1 m), previously cooled to 0 C., were added and the
mixture swirled vigorously until fine yellow crystals
were obtained. These were filtered off, washed twice
with cold water, and air-dried for 24 hours. The crude
product was recrystallized from 95/2 ethanol, using
Norit A, until white crystals of 1-(p-hydroxyphenyl) -

c
2,6-dicarbethoxy cyclohexane-dione-3,5 (m.p. 203-4 C.) 
were obtained. Washing the crystals on the funnel with 
ether helps to remove the yellow color. Yield (after 

purification) : 60-75^2.

C. /3-Diethyl amino Ethyl Chi or id e -Hy d r o ohl or ide .
68 ml (0.5 m) of /3-aiethylamino ethanol and

136 ml of benzene were introduced into a 1000 ml 3-neck
round bottom flask equipped with a mercury-sealed

»
stirrei4, reflux condensor, and dropping funnel . ihe 
flask was set in an ammonium chloride-ice bath and the 
solution cooled to -5°C. By way of the dropping funnel, 
a solution consisting of 35 ml (0.5 m) of thionyl chlor
ide in 70 ml of benzene was added over a period of one 
hour. The ice bath vias then replaced by a steam bath 
and the mixture refluxed for 3-4 hours. Provision must 

be made for the sulfur dioxide generated during the
An exit tube leading from the condensor outrefluxing.
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a window or into a hood will suffice. The crystals
were filtered off and washed twice on the funnel with
acetone. The crude product was recrystallized from
ethanol-ether, using Norit A, until white crystals of
/3-diethylamino ethyl choride-hydrochl or ide (m. p. 210- 

0211 C.) were obtained. Yield (after purification): 75-

8 5/a .

D. /3*Di ethyl amino Ethyl Chloride.
17.2 g (0.1 m) plus a 10^ excess of /3-diethyl-

'■ amino ethyl chloride-hydrochloride were dissolved in 25
o

ml of water and cooled to 0 C. To this were added 10 ml
of cold saturated aqueous potassium carbonate solution
and then immediately extracted with four 25 ml portions
of ether, benzene, or xylene. The solution was dried

»

over fused potassium carbonate and stored in a glass
ostoppered flask at 0 C. until ready to use.

E . The Hydrochloride of 1_~ [p- f/g-Diethylamino Ethoxy) 
Phenylj-2,6-Dicarbethoxy Cyclohexane-dione-5,5. (II).

2.3 g (0.1 m) of sodium was dissolved in 150 

ml of absolute ethanol. To this solution was added
17.4 g (0.05 m) of 1-(p-hyd roxypheny1)-2,6-dicarbethoxy- 
cy c 1 ohexane-d i on e-3, 5 (I) and 0.1 m of /3-d i e thy lamino
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ethyl chloride in 100 ml of anhydrous ether. The ether 
Vi as distilled off and the solution refluxed for 4-5 
hours. The precipitate of sodium chloride was filtered 
off and the alcohol removed in vacuo. The residue was 
washed twice with 25 ml portions of cold distilled 
water, dissolved in a minimum of ethanol, and acidified, 
with cold dilute hydrochloric acid. The solution was 
allowed to evaporate at room temperature to a light tan 

solid. This solid was washed twice with a few milliliters 
of cold water and then dried in a vacuum dessicator

o
(2 mm over calcium chloride). Melting point: ca. 158 C. 

Analysis: Cale'd. for CS4H3407NC1 (II*HC1); C-59.55,
H= 7.08; Found; 0 = 59.50, H=7.27.

F . The Hy drochloride o f the 5,6-Lactone of 1_- £o_- 
f/3-Di ethyl amino Ethoxy ) Pheny lj -2, 6-Dicarboxylic Ac id- 
5-Hydroxy-4- {/3-Diethyl amino Ethyl) Cyclohexene-5-one-5

(XI).
0.88 g (0.038 m) of sodium was dissolved in 

100 ml of absolute ethanol. To this was added 6 . 5  g 
(0.019 m) of 1-(p-hydroxyphenyl)-2,6-dicarbethoxy cyclo- 

hexane-dione-3,5 (I) and 0.041 m of /3-diethylamino ethyl 

chloride in anhydrous ether. The ether was distilled 
off and the solution refluxed for 48 hours. The sodium
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chloride was filtered off, washed with absolute ethanol, 
and dried {weight: ca. 2 g; theoretical: 2.2 g). The 
alcohol was distilled off in vacuo and the residue dis
solved in cold dilute hydrochloric acid. The solution
was then exactly neiitralized with cold dilute sodium

o
hydroxide. After standing 24 hours at 0 C., the clear 
supernatant liquid was decanted and the tarry residue was 
again dissolved in a minimum of cold dilute hydrochloric 
acid. The solution was allowed to evaporate at room 
temperature to a light tan syrup. This was washed twice
with a few milliliters of cold water and dried in the

o o
oven at 90-100 C. to a glassy tan solid. M.P. 165-7 C.
Analysis: Calc'd. for C26H3e06N 2Cl2 (XI); 0=57.23,
H= G . 6 5. Found; 0 = 56.79, H = 6.94.
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V. Conclusions

The mono-alkamine derivative of (I) was prep

ared by refluxing the disodio derivative of (I) with 
/?-diethylamino ethyl chloride in ethanol for a short 

period of tine-— 4-5 hours.
The di«alkamine derivative of (I) is very 

probably formed by refluxing the disodio derivative of 
(I) with /3-d iethylamino ethyl chloride in ethanol for 
a longer period of time---48 hours. Additional work is 

\ planned for the future to further substantiate these 

conclusions.
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