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2-?vletliylselenonaphthenc (-); selenonmhthene 
(------------ ), 

2,3-Dihydro-2-methylthianaphthene. 2-Methyl-3-oxothia- 
naphthanc (20.52 g., 0.125 mole)  vas dissolved in 54 ml. of 
toluene, then 54 g. of amalgamated zinc suspended in 40 
nil. of water was added. During stirring the mixture was 
acidified 11 ith 44 ml. of  acetic acid; then there was added 94 

ml. of hydrochloric acid under reflux. This mas repeated 
four times in every hour with 25.6 ml. of hydrochloric acid. 
After six hours the toluene portion was Reparated, washed 
with mater, and dried over calcium chloride. The toluene 
was distilled and the residue was fractionated in a vacuum; 
b.p. 111-125°/18 nim. 

2-Methylthianaphthene. 2,3-Dihydro-2-methylthianaph- 
thene (8.5 g.) was heated for three hours a t  220" with 1.82 
g. of sulfur, and then was steam-distilled from a dilute 
alkaline solution to give white needles from ethanol, m.1). 
51-52O. 

Anal .  Calc'd for CSHjS: C, 72,93: 11, 5.44. Foiiiitl: C, 
72.25; H, 5.41. 

The picrate of this substance had m.p. 108.5". 
a-(0-CurboxyphenzJlse1eno)propionic acid. o,o'-Diseleno- 

di1)cnzoic acid (5.2 g., 0.013 mole) was dissolved in a soh- 
tion of 2.6 g. of sodium hydroxide. It was heated anti stirred 
for a half hour with 4 g. of zinc dust, then was filtcrcd and 
to the clear solution was added an equivalent amount of 01- 

bromopropionic acid neutralized with sodium cnrbonate. 
After short warming it was acidified with hydrochloric acid. 
Yield, 5.1 g. (72%), m.p. 212-213", from a methanol-water 
mixt,ure. The substance was soluble in most organic solvents. 

Anal .  Calc'd for C10Hlo02i3e: C, 43.97; 1.1, 3.60, Found: C, 
43.83; H, 3.70. 

2-'~~ethylselenonuphthene. A mixture of 4 g. (0.014 mole) of 
a-(o-carboxyphenylse1eno)propionic acid, 1.7 g. of anhy- 
drous potassium acetate, and 4.4 ml. of acetic anhydride 
was heated to 115'. Carbon dioxide gas evolved and after 
subsidence, of the gas evolution the t,emperature was raised 
to 135-140' and the mixture was kept a t  that temperature 
for 20 minutes. Then it was cooled and made alkaline with a 
solution of 10 g. of potassium hydroxide and refluxed for an 
hour. The solution was acidified with phosphoric acid and 
steam-distilled. The resulting oil was extracted with ether. 

The 2-methyl-3-oxoselenonaphthane thus obtained was 
dissolved in dil. ethanol and 48 g. of amalgam, containing 4 
per cent sodium, was added. Next day the Folution m-as 
warmed, the ethanol was distilled off and the so!ution 
acidified with dil. hydrochloric acid. Hydrogen selenide gas 
was evolved and the separated oil was stcam-distilled. The 
resulting red-brown crystals were steam-dist'illed once more 
to remove the traces of selenium. Yield: 0.8 g. (282%).  
It formed white, bright plates from methanol :ml  n-as soluble 
in most organic solvents, insoluble in ivatcr. It, siililimes in a 
vacuum, m.p. 63". 

Anal.  Calc'd for CBHsSe: C, 55.4; H. 4.13. Found: C, 
55.98; H, 4.60. 

This compound gives a pianto in form of goltleri-yellow 
needles from ethanol. 1I.p. 118.5". Khen  dried in  a wiciiiini 
it  decomposes. 

The spectra were determined x i th  n Ticrkmnn quartz 
spectrophotometer 31odel Dr! in silica ccll,q of I cm. t,hiclr- 
ness. 
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2-Pyrrolidone 

JOHN W. LYNN 

Received Decenrbw 19, l M 6  

Catalytic hydrogenation of an alkyl 3-cyano- 
propionate over Raney nickel gives good yields of 
2-pyrrolidone when carried out in the preience of 
ammonia. 
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CHgC02R Ni CHz-CHz 

CHzCN 
+ 2Hz + I 1 

iVr13 CHZ C=O + ItOH 
I 

\N/  
H 

This synthesis, as first reported by Adkins,I gave 
a 38y0 yield of 2-pyrrolidone when carried out in 
ether. It has been found tha t  the use of at. least two 
moles of ammonia per mole of alkyl 3-cyanopropion- 
ate leads to  greatly increased yields of 2-pyrrolidone 
a t  the expense of high-boiling by-products. This is' 
presumably due to  &repression of secondary amine 
formation. 

Ethanol proved to  be superior to  dioxane, ether, 
or heptane as solvent. Using 2-57, Raney nickel. 
based on the total charge, the hydrogenation of 
ethyl 3-cyanopropionate went smoothly at 90- 
130" and 1000 psi t80 give yields of 2-pyrrolidone up 
t o  91%. 

EXPERIMENTAL* 

Ethyl 3-cyanopropionate was prepared by a modification of 
the method of Kurtz.3 A mixture of 1000 g. (10 moles) of 
ethyl acrylate, 289 g. (11 moles) of hydrogen cyanide, and 
6.5 g. of potassium cyanide was refluxed for 7 hours during 
which time the kettle temperature rose to 147". The acidified 
reaction mixture was distilled to give ethyl 3-cyanopropio- 
nate (b.p. 100°/10 mm., n3: 1.4198; reported4 b.p. l15°/18 
mm.) in 91% yield. 

2-Pyrrolidone. A mixture of 254 g. (2 moles) of ethyl 3- 
cyanopropionate, 750 ml. of ethanol, 50 g. of wet Rmey 
nickel, and 117 g. (7 moles) of anhydrous ammonia was hy- 
drogenated in a 3-liter stainless steel bomb at 00-9~5~ and 
1000 psi. for 1 hour. Distillation of the filtered reaction mix- 
ture gave 2-pyrrolidone (b.p. 126"/12 mm., n3g 1.4840, 
m.p. 24.6"; reported6 b.p. 133"/12 mm., m.p. 24.6") in 01% 
yield. 
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NaO?N=C( CH0)Z OZNC 

S \CH=-SI', 

produce Schiff b a ~ e s . ~ ~ ~  However, no mention of this 
unusual salt's reaction with secondary amines has 
been recorded. It has now been found that sodium 
nitronialonaldehyde reacts n-ith the salts of second- 
ary aromatic amines to  produce 1 -amino-2-nitro- 
ethylenes (11) ; the formyl cleriratirr of the amine 
employed is formed aq a by-product. 0111y pperi-  
diniiim aiicl morphc~liniiini nit romnlonaldc.hv(le ~\-er(' 
I + 2 . IISIII~.ITCl -+ \ I s C T ~ ~ - c l I s o ~  + \ I l C I I O  

I I 
I 

11 
I1 

isolated when piperidine ant1 morpholine 11 we em- 
ployed in this reaction. Since thc reaction is carried 
out under acidic conditions it is reasonnhle to pre- 
sume that the reactive species is either nitromalon- 
aldehyde or its aci-form. The isolation of the forman- 
ilide shou s that the deformylation orourred hy 
attack of the amine on the aldehyde. I l o m r e r ,  the 
timing of this step is uiikno~vn and thus little c'nn be 
said about the actual path of the reaction. 

The structure of the ~ininonitroethylciie~ \vas in- 
ferred from their elementary analyse. and in- 

stability to alkali,4 and  as substantiated by the 
close similarity of their infrared and ultra\-iolet 
spectra t o  those of an authentic aminonitroethyl- 
m e ,  l-morpholino-2-1iitrocth~lerie (111). The struc- 
ture of this material had l m n  proren prcriously+ 

n 
O,JN C H= C H N 0 2 

111 

by hydrolysis to  the amine and the salt of nitro- 
acetaldehyde by alkali and by reduction to the 
corresponding diamine. h comparison of the spec- 
tral  characteristics of these materials may he found 
in Tahle I. 

( 1 )  C. F. Winans and H. Adkinp, J .  A m .  Chem. Soc., 5 5 ,  T \RT.T< 1 
4167 (1933). 

12) All temrieratures are uncorrectcd 

(4 )  E. Cnrriere, Ann. chim., 17, 38 (1921). 
1.5) 6. Tafel and 31. Stern. Bm.. 33. 2226 (1900) 

11s 2x2 2300 1625 
3<Xi 13800 

11. .lr = CJI, ,  II  = CIIl 2% in00 in25 
302 3000 1590 

The Reaction of Sodium Nitromalonaldehyde 
with Secondary Aromatic Amines' Efforts to  prepare these aminonitroethylenes by 

the method previously used4 for the preparation 
of the morpholine compound were unsuccessful. 
The anilines condensed with diethyl ethoxymet~hyl- JEREMIAH P. FREEMAS A N D  CHARLES 0. PARKER 
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It has long been known that sodium nitromalon- 
aldehyde (I) condenses with primary amines t o  

enemalonate to  produce the corresponding aniino- 
methvlenemalonic ester but  no reaction between 
these derix-atives ant1 llitromethane collld tjc in- 

( 2 )  Hill and Torrey, zlw?. Cheni. # J . ,  22, SO ( l X 9 9 ) .  
(3)  Hale and Honnn, J .  Ani Chcnz. S o c ,  41, i'i0 (1919). 
(4) Hind and Sherwood, J .  Orq. Chcni., 13, $71 (1q18) 

(1) This research nas carried out under Army Ordnance 
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