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lizations from benzene-petroleum ether (b.p. 30-60') 
the product melted at 63-64'. 

Anal. Calcd. for CloHlsNO: C, 70.96; H, 11.31; N, 8.28. 
Found: C, 70.73; H, 11.12; N, 8.39. 

The picrate, recrvstallized from acetone-ether, melted a t  . "  
125-126". 

Anal. Calcd. for C I O H ~ ~ N O . C B H ~ N ~ O ~ :  C, 48.24; H, 5.57; 
N. 14.07. Found: C, 48.16: H, 5.82: N, 13.79. 
'3~-(~-Chloroethyljtropane (Ve). A solution of 39.0 g. (0.23 

mole) of 2-(3a-tropanyl)ethanol in 150 ml. of chloroform 
was saturated with hydrogen chloride. To the mixture with 
stirring was gradually added 33 ml. of thionyl chloride. 
The resulting clear solution was heated at reflux for 1 hr. 
and then evaporated to dryness in vacuo. The residual tan 
901id was dissolved in a minimum volume of water, the 
solution was made strongly basic with sodium hydroxide, 
and the alkaline mixture was extracted with four portions 
of ether. From the ether extracts, dried over potassium 
carbonate, was obtained 39.5 g. (92%) of chloro amine as a 
colorless liquid, b.p. 75-80' (0.6-0.8 mm.). 

The hydrochloride, recrystallized from ethanol-ether, 
melted a t  167-168". 

Anal. Calcd. for CloHlsNCl: C, 53.57; H, 8.54; N, 6.25. 
Found: C, 53.73; H, 8.40; N, 6.18. 

The picrate, recrystallized from water, melted a t  159- 
160'. 

Anal. Calcd. for C ~ O H ~ ~ N C ~ . C ~ H ~ N ~ O ~ :  C, 46.10; H, 
5.08. Found: C, 46.25; H, 4.93. 
3-(3a-Tropanyl)propionitrile (Vf). A solution of 47.0 g. 

(0.25 mole) of 3a-(Z-~hloroethyl)tropane, 48.5 g. (0.75 
mole) of pota.ssium cyanide, and 0.1 g. of sodium iodide in 
250 ml. of dcohol-water (3: 1) was heated at reflux for 17 hr. 
The reaction mixture was evaporated in vucuo, the residue 
was dissolved in water, the solution was made strongly 
alkaline witb sodium hydroxide, and the mixture was ex- 

tracted with several portions of ether. From the dried ether 
extracts wm obtained 38.8 g. (87%) of almost colorless oil, 
b.p. 114-116' (0.3 mm.), n Z 4 ~  1.4960. 

The picrate, recrystallized from acetone-ether, melted at  

Anal. Calcd. for C ~ ~ H ~ ~ N Z . C B H ~ N ~ O , :  C, 50.12; H, 5.20; 
N, 17.19. Found: C, 49.99; H, 4.96; N, 17.15. 

Ethyl 3-(Sa-tropany1)propimate (Vh). A solution of 25 g. 
(0.14 mole) of nitrile Vf in 100 ml. of concd. hydrochloric 
acid yas  heated a t  reflux for 7 hr. The cooled mixture was 
filtered to  remove ammonium chloride (3.1 g.), and the 
filtrate was evaporated to dryness. The residue, from which 
traces of water were removed by azeotropic distillation with 
benzene, was dissolved in 300 ml. of dry ethanol, 5 ml. of 
concd. sulfuric acid wm added, and the solution was heated 
a t  reflux for 6 hr. Upon working up the mixture in the usual 
way, 25.0 g. (SOTo) of ester was obtained as a colorless oil, 
b.p. 97-100' (0.4 mm.), n z 4 ~  1.4771. 

Anal. Calcd. for Cl~H2~NO2: C, 69.29; H, 10.27; N, 6.22. 
Found: C, 68.76; H, 10.09; N, 6.13. 

The picrate, recrystallized from 2-propanol, melted at 

Anal. Calcd. for C13H23N02.C~H~N~07: C, 50.21; H, 5.77. 
Found: C, 50.21; H, 5.48. 

3-( Sa-Tropany1)propionic acid hydrochloride (Vg). A solu- 
tion of 4.7 g. of ester Vh in 25 ml. of concd. hydrochloric 
acid was heated a t  reflux for 3 hr. Upon evaporation of the 
solution in vacuo and recrystallization of the residue from 
methanol-ether, 3.1 g. of amino acid hydrochloride was 
obtained as colorless crystals, m.p. 194-195'. 

Anal. Calcd. for CllHl9NO2.HC1: C, 56.52; H, 8.63; N, 
5.99. Found: C, 56.36; H, 8.25; N, 5.94. 
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Acrylonitrile or ethyl acrylate can react with ethyl malonate and cyanoacetamide and their monoallryl derivatives in 
liquid ammonia to yield the corresponding Michael condensation products without the use of catalysts. This Michael reac- 
tion is characterized by a catalytic action of the solvent, presumably via formation of the carbanion of the active methylene 
compound. An attempted reaction with acrylamide was unsuccessful under the same conditions. Nineteen new compounds 
have been prepared in the course of the present work. 

In our previous paper,' a new modification of the 
Michael reaction was reported, wherein derivatives 
of acetamidomalonic or acetamidocyanoacetic acid 
were condensed with acrylonitrile, ethyl acrylate, 
and acrylamide in liquid ammonia without addi- 
tional catalysts. The reaction was probably 
due to the basic character of liquid ammonia in 
contrast with the common organic solvents usually 
employed. 

The present study was concerned with an exten- 
sion of the new modification to the esters and 
amides of malonic and cyanoacetic acids and to 
their monoalkyl derivatives.? WP have found that, 

(1) K. Shimo and S. Wakamatsu, J .  Org. Chem., 26, :<788 
(1961). 

-- 

acrylonitrile can condense with ethyl malonate, 
cyanoacetamide, and their monoalkyl derivatives 
in liquid ammonia to form mono- and dicyano- 
ethylation products in which the hydrogens of the 
methinyl or methylene groups have reacted. Even 
with limited amounts of acrylonitrile both ethyl 
malonate and cyanoacetamide gave exclusively 
dicyanoethylation products. With the less reactive 
ethyl acrylate as the acceptor, ethyl malonate 
formed only a low yield of monocarbethoxyethyla- 

(2)  Among these, the ester of cyanoacetic acid and its 
monoalkvl derivatives were quite unstable in liquid ammonia 
and n ere spontaneously converted to the corresponding 
amides, so they have not been used as starting materials 
in the present work. 
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tion product regardless of the relative amounts of 
the reactants. Monoalkyl malonic esters did not 
react appreciably with ethyl acrylate under similar 
conditions. On the other hand, cyanoacetamide and 
ethyl acrylate even in equimolar proportions gave 
an excellent yield of dicarbethoxyethylation prod- 
uct without the formation of any mono-derivative. 
In a similar manner, ethyl acrylate reacted with 
C-alkyl cyanoacetamides to form the corresponding 
condensation products.a At the end of this reaction 
2 - alkyl - 2 - (2 - carbamoylethy1)cyanoacetamide 
was usually obtained upon treatment of the re- 
action mixture with ammonium chloride in liquid 
ammonia. 

It was found that isopropyl and sec-butyl cyano- 
acetamide, however, did not undergo carbethoxy- 
ethylation under these conditions, probably owing 
to steric hindrance of the secondary alkyl group 
attached to the 2-carbon. Malonamide and C-alkyl 
malonamides failed to condense with either acrylo- 
nitrile or ethyl acrylate. Acrylamide did not react 
with derivatives of malonic and cyanoacetic 
acids in liquid ammonia, and unexpectedly acrylo- 
nitrile did not react with derivatives of nitromalonic 
acid, We believe the explanation that the methinyl 
group between the nitro and carbonyl groups 
forms a stable unreactive ammonium salt. 

The results are summarized in Table I. 
A suggested mechanism is shown below. 

R R 
I 
I 

Ra 

R,--DH $- NH3 <y-+ R,-de + NH,e 
bq. NHs I 

R2 

R2 
R 

I 
I 

R+2--CHpCHrX + NHa 

R* 
Where R = H alk 1, or phenyl 

X = CN or CO2CeH5 
R,, Rs = CN, ~ C O ~ & H ~ ,  or CONH~ 

It must be noted that not only the active 
methylene compound, but also ammonia itself 
can react with acrylonitrile as reported.' There 
are thus two competitive reactions at the same 

(3) The carbethoxyl group included in each of these sub- 
stances was relatively readily subjected to ammonolysis in 
the course of the reaction in liquid ammonia, and so it was 
sometimes difficult to isolate the products in pure forms. 
It was therefore advisable to treat the reaction mixtures 
with ammonium chloride in order to cause ammonolysis 
and to get the products in the form of the corresponding 
amide. 

(4) H. A. Bruson, Org. Reactions, V, 79 (1949). 
(5) H. A .  Bruson and T. W. Riener, J. Am. Chem. SOC., 

65, 23 (1943). 
(6) T. L. Gresham, J. E. Jansen, F. W. Shaver, M. R. 

Frederick, and W. 1,. Beears, J. .4?n. Chem. Soc., 73, 2345 
(1951). 

time. Actually when the cyanoethylation took 
place very slowly, the major product was bis(2- 
cyanoethyl) amine. 

EXPERIMENTAL' 

Derivatives of malonic and cyanoacetic acids used aa 
starting materials in this work were prepared by known 
methods.' Acrylonitrile, ethyl acrylate and acrylamide 
were commercially available. The Michael reaction in 
liquid ammonia was generally run by two different methods. 
Method A consisted of treating the reactants with liquid 
ammonia at room temperature under pressure in a glass 
pressure ves~el .~  It was advisable to provide a cooling bath of 
ice water because of an exothermic character of the reaction. 
Method B consisted of treating the reactants at atmospheric 
pressure below the boiling point of liquid ammonia (-50') 
wherein the acrylonitrile was added dropwise to the stirred 
solution of the other component in liquid ammonia. These 
are illustrated in typical examples as follows. 

4,4-Dicarbethoxypimlonitrile (Method B) .  To a stirred 
solution of 16.0 g. (0.1 mole) of ethyl malonate in 150 cc. of 
liquid ammonia, there waa added 10.6 g. (0.1 mole) of 
acrylonitrile dropwise during the course of 40 min. while 
cooling to -50". The mixture was stirred for 2 hr. after all 
the acrylonitrile was added, and then the ammonia was 
evaporated, The residual crystalline product was dried in 
vacuum to give 25.8 g. (97%) of 4,Pdicarbethoxypimelo- 
nitrile which melted at 55-62'. Upon crystallization 
from ethanol, the melting point was raised to 61-63.5'. 
A quantitative yield (based on acrylonitrile) of the same 
product was obtained from equimolar quantities of acrylo- 
nitrile and ethyl malonate under similar conditions, whereas 
no monocyanoethylation product was produced. 

Ethyl ,%isopropyl-&( 2-cyanoethy1)malmamate (Method A ) .  
To a mixture of 10.11 g. (0.05 mole) of ethyl 2-isopropylmalo- 
nate and 2.65 g. (0.05 mole) of acrylonitrile in a glass pressure 
vessel wa8 added 50 cc. of liquid ammonia. The clear solu- 
tion was held a t  room temperature for 2 hr., then the am- 
monia waa evaporated. The residual oil was fractionated in 
vacuum to give 4.3 g. (38%) of the product boiling a t  174' 
(2 mm.) which solidified on cooling. After recrystallization 
from ligroin (b.p. 7&108')-benzene, the solid melted at  
71-73.5". Unchanged ethyl 2-isopropylmalonate, 3.3 g. 
(33%) was recovered. 

Ethyl 4-cyano-4-carbamoyEpimelate (Method B ) .  Ethyl 
acrylate (10.0 9.) (0.1 mole) was added dropwise to a stirred 
solution of 8.4 g. (0.1 mole) of cyanoacetamide and 150 cc. 
of liquid ammonia during 20 min. while maintaining the 
reaction temperature a t  about -50". The mixture was 
stirred for 1 hr. longer to complete the reaction, then the 
ammonia waa evaporated. The remaining solids were 
washed with water to yield 13.8 g. (97% based on ethyl 
acrylate) of the product which after recrystallization from 
dilute ethanol melted at  111-112'. 
4-Cyano-4-carbamoylpiinelamide (Method A ) .  A mixture 

of 2.1 g. (0.025 mole) of cyanoacetamide, 5.0 g. (0.05 mole) 
of ethyl acrylate, and 25 cc. of liquid ammonia in a glass 
pressure vessel wm held a t  room temperature for 80 min. 
Then 0.1 g. of ammonium chloride was added in order to 
cause ammonolysis, and after standing for about 24 hr. the 
ammonia was evaporated. The remaining solids were washed 
with water to give 3.4 g. (60%) of Pcyano-Pcarbamoyl- 

(7) All melting points and boiling points are uncor- 
rected. Microanalyses by The Institute of Physical and 
Chemical Research, Tokyo, Japan. 

(8) R. hami and K. Shimo, J. Chem. SOC. Japan (Ind. 
Chem. Sect.), 60, 1034, 1036 (1957). 

(9) K. Shimo and 8. Wekamatsu, J. Org. Chem., 24, 
19 (1959). 
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pimelamide which melted a t  205'. Upon recrystallization 
from water the melting point was raised to 209.5'. 

4.5 g. (quantitative). The melting point wag 133-135" after 
recrystallization from ethanol. 

2-Benzyl-%( 2-cyanoe~hy1)cyanoacetamide (Method A ). A 
mixture of 3.48 P. (0.02 mole) of 2-benzvlcvanoacetamide and Acknowledgment. The author wishes to thank 
1.06 g. (0.02 mile) of acrylonitrile in &ass pressure vessel 
waa treated with 30 cc. of liquid ammonia for 2 hr. a t  room 
temperature. Then the ammonia was evaporated, and the 
residual crystalline product was washed with water; yield 

Prof. K. Shimo for many helpful discussions and 
suggestions. 

YOKOSUKA, JAPAN 
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The preparation of the hydrobromides of 5-bromopentylamine and of 5-bromo-l,l-, 2,2-, 3,3-, and 4,4-dimethylpentyl- 
amines is described. 

For a continuation of our study of the effects of 
gem-dialkyl substitution on the rates of cyclization 
of o-bromoalkylamines, it became necessary to 
prepare a series of 5-bromopentylamine hydro- 
bromides. This paper reports the synthesis of the 
hydrobromides of 5-bromopentylamine1 5-bromo- 
1,l-dimethylpentylamine, 5-brom0-2~2-dimethyl- 
pentylamine, 5-bromo-3,3-dimethy1pentylamineJ 
and 5-brom0-4~4-dimethylpentylamine. 

Of the five compounds listed only the unsubsti- 
tuted 5-bromopentylamine hydrobromide has 
been prepared previously. Although Freundlich3 
studied the rates of cyclization of a series of bromo- 
alkylamines, he did not describe in detail the 
method of preparation nor the physical properties 
of the 5-bromopentylamine hydrobromide used. 
Blank4 seems to have been the first to report this 
compound in the literature but neither he nor von 
Braun and SteindorP gave any physical constants. 
Keimatsu and Takamotoe reported the preparation 
of the amine by the action of phosphorus tri- 
bromide in chloroform upon 5-hydroxypentylamine. 
Our product was synthesized from lJ4-dibromo- 
butane by conversion to 1-bromo-4-phenoxybutane 
followed by replacement of the remaining bromine 
by cyanide ion and reduction with lithium alumi- 
num hydride to give 5-phenoxypentylamine. Cleav- 
age of the ether with hydrobromic acid7 then gave 

(1) This work was supported by a grant from the Na-  
tional Science Foundation. It is based on a dissertation sub- 
mitted by G. H. Schmid to the Graduate School of the Gni- 
versity of Southern California in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy. 

(2) R. F. Brown and N. M. van Gulick, J. Am.  Chem. 
SOC., 77, 1079, 1083, 1089 (1955), and J .  Org. Chem., 21, 
1046 (1956). 

(3)  H. Freundlich and H. Krocgelin, Z. ph7isik. Chem., 
122,39 (1926). 

14) P. Blank. Her.. 25.3047 (1892). 
( 5 )  J. von Braun a n i  4. Steindoiff, B e y . ,  38, 172 (1'305). 
( 6 )  S. Keimatw and R. Takamoto, J .  Phann. Soc. Japan, 

75 (1927) 

the product in excellent yield. Our salt, upon treat- 
ment with alkali, gave piperidine which was 
characterized in several ways. However, we are a t  a 
loss to explain the discrepancy between the prop- 
erties of our product and those reported by Kei- 
matso and Takamoto. Since they report a b.p. 
78-79' (749 mm.) and we found the cyclization to 
proceed with rapidity a t  room temperature, it 
seems strange that the amine would exist long 
enough to allow distillation to occur as the un- 
changed amine. 

The second compound in our list, 5-bromo-1,l- 
dimethylpentylamine hydrobromide was obtained 
by the action of the Grignard reagent from 1- 
bromo-4-ethoxybutane on acetone followed by the 
Ritter and Kalischs conversion of the resulting 
tertiary alcohol to the corresponding amine, 5- 
ethoxy-1,l-dimethylpentylamine, which underwent 
ether cleavage smoothly with hydrobromic acid to 
give the product. On our first attempt to use the 
Ritter and Kalisch reaction the phenoxy group 
was present rather than the ethoxy and only a 10% 
yield was obtained. Since this reaction probably 
proceeds via the carbonium ion from the tertiary 
alcohol, it seemed likely that the ion was attacking 
other phenoxy groups in the reaction mixture as 
well as the hydrogen cyanide which is the normal 
course for this reaction.9 This explanation was sub- 
stantiated by the isolation of a high-boiling viscous 
oil as the major product, and by an increase in the 
yield of the amine to 66y0 when ethoxy was used 
in place of the phenoxy group in the tertiary alco- 
hol. The final product, 5-bromo-1,l-dimethyl- 
pentylamine hydrobromide, gave 2,2-dimethylpi- 
peridine upon cyclization by treatment with alkali. 

(7) G. Salomon, Trans. Faraday SOC., 34,1311 (1938), re- 
ported that this reaction did not go. 

(8) J. J. Ritter and J. Kalisch, J .  Am. Chem. SOC., 70,4048 
( 1948). 

(9) This explanation was offercd by Professor E. PI.. 
Karnhoff. 


