
mrthylmr chloridc and dried over cnlrium hydride. Upon 
removal of the methylme chloride and calcium hydride, 10 
g., 60.670 yield, of a yellow oil was obtained which crystal- 
lized slowly (about 3 weeks) t o  yellow, mushy platelets.s 
The  crude solid was washcd with cold methanol giving 4.5 
g. (27.2% yield) of a white residue, m.p. 10G-107°. 

Anal .  Calcd. for Cl1Hl&,: C,  65.34; H, 6.93; N, 27.72. 
Found: C,  6G.7, 66.83; H,  6.07, 6.04; N, 27.80, 27.51. 
Found: C, (35.74, '35.69; H, 6.35, 6.41; N, 27.80, 27.51. 

PIONEERING RESEARCH LABORATORY 
E. I. DU PONT DE NEMOURS AND Co., INC. 
WILMINGTON 95, DEL. 

(5) The infrared analysis' of the crude product indicated 
above 90% (VI) with about 5% of a carbonyl containing 
impurity. 

Synthesis and Some Reactions of 1,I-Bis- 
(2-cyanoethy1)hydrazine 

Received J u l y  20, I960 

Monocyanoethylation of hydrazine with acrylo- 
nitrile is reported' to be accomplished in high 
yield with apparently little formation of the di- 
cyanoethylation product when an equimolar ratio 
of reactants is employed. When an excess of 
acrylonitrile is employed we have found that a 
quantitative yield of l,l-bis(2-cyanoethyl)hydra- 
zine (I) results. In an attempt to extend this 
2 CHz=CHC?I' + H2N-NH2 + 

H,N-K(CH,CII~CN), 
I 

synthesis to the use of other 2,3-unsaturated 
nitriles, methacrylonitrile and crotononitrile were 
treated with hydrazine in an analogous manner. 

viously noted in addition of hydrogen cyanide using 
cyanide ion catalysis.2 

An attempt to percyanoethylate I by treatment 
with acrylonitrile in refluxing acetic acid proved 
unsuccessful as only I was recovered. 

That I possesses the unsymmetrical structwc 
proposed is confirmed by infrared maxima a t  
3.03 and 3.55 p indicating primary amine function. 
The close comparison to the infrared spectrum of 
1,ldimethylhydrazine and the fact that phenyl- 
hydrazine reacts with acrylonitrile in the absence 
of catalyst to give l-cyanoethyl-l-phenylhydra- 
zine3 is also substantiating evidence. Treatment 
of I with phenyl isocyanate gave only the mono- 
phaylsemicarbazide derivative expected from the 
unsymmetrical structure. 

The reaction of I with ethyl chloroformate re- 
sulted in the formation of the expected carbazate 
I1 (3%), the carbohydrazide I11 (14'%), and a 
pyraxolidine V (60%). Carbohydrazide I11 can be 
realized from aminolysis of I1 by I. The structure 
of compound V was assigned on the basis of ele- 
mental analysis, molecular weight and infrared 
spectrum. PietraS and Papini4 have reported 
analogous ring closures of substituted hydrazines 
to  give 3-iminopyrazolidines. In the present case, 
acylation a t  the exocyclic imino group of the inter- 
mediate pyrazolidine, IV, by ethyl chloroformate 
probably occurred subsequent to the ring closure. 
Failure of V to react with phenyl isocyanate con- 
firms the expected unreactive nature of the amidic 
-NH- groups of Va and Vb. 

All temperatures are uncorrected. 
l,f-Bis(d-cyunoelhyl)hydrazine (I). To 100 g. (2.0 moles) 

of hydrazine hydrate (64%) held a t  35-40' by cooling 
I 

C2HSOCONHN(CH2CHf2N): + (NCCH?CH~)~NKHCONHN(CH2CH~CN)z 
I1 I11 

f CI-CO*CrIIa 

IV 

EXPERIMENTAL 

IIowcver, only the mono-adducts were obtained 
and in quantitative yields. The failure of the mono- 
adducts to react further may be due to the com- 
bined effects of steric hindrance and decreased (2) P. Xurtz, Ann., 572, 28 (1951). 

there was added with stirring G33 g. (12.0 moles) of acrylo- 
nitrile during a 1-hr. period. The mixture w m  held a t  30-40' 
for an addition:rl 3 hr. and then distillcd to remove un- 

reactivity of the double bonds 5s has been pre- 

(1) V. Hoffmann and B. Jacobi, U. 9. Patent 1,992,615, 

(3) S. Pietra, Boll. sci. fac. chim. ind. Bologna, 1 1 ,  78- 

(4) P. Pnpini, S. Checchi, and M. Ridi, Gam. chim. ital., 
82 (1952). 

February 2G, 1935. 84,769 (1954). 
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changed acrylonitrile. I was obtained zu amber colored 
residual oil in quantitative yield [ng 1.4740, diz  1.0665, 
infrared maxima at 3.03, 3.55 p (KH?), 4.3 p (C=N), 

Anal .  Calcd. for CsH,,N,: C, 52.15; H ,  7.25; N, 40.55. 
Found: C, 52.40; H ,  7.30; N, 40.72. 

Treatment of I with phenyl isocyanate in benzene gave 
l,l-bis( %'-cyanoethyl)-4-phenylsemica~bazide) (m.p. 107' from 
methnnol). 

Anal .  Calcd. for CI~HLSSSO:  C, 60.68; H, 5.88; N, 27.22. 
Found: C, 60.81; H, 5.91; N, 28.14. 

5-Hydrazino-S-inethy1propionitrzle. A solution of 100 g. 
(2.0 moles) of hydrazine hydrate (64yo) was held at 30-40' 
during the addition of 268 g. (4  moles) of crotononitrile 
and allowed to stand a t  ambient temperature overnight. 
The excess crotononitrile was removed by distillation and 
the residue stripped to  60' at 13 mm. to  give a quantitative 
yield (200 g.) of impure mono-adduct [ny 1.4651, di: 
1.0125, infrared maxima a t  3.03, 3.55 p (NH2),  4.3 p (C=N), 
6.22 p (NH), 7.04, 7.41 p (T--N) and 7.25 p (CH1)]. 

6.29, 6.75 p (NH) ,  7.1, 7.4 p (X-N), 8.05, 8.96 p (C-S)]. 

Anal. Calcd. for C4HPNB: N, 42.39. Found: N, 40.1. 
Treatment of the above compound with phenyl isocya- 

nate in benzene gave 1-(2-cyanopropy1)-4-phenylsemicar- 
bazide (m.p. 128.5-129.5" from methanol). 

Anal. Calcd. for CllH,,X40: C, 60.53; H, 6.47; N, 25.67. 
Found: C, 60.52; H, 6.19; K, 26.19. 

3-Hydrazino-d-methylpropionitrile. The same procedure 
as described above was employed using methacrylonitrile 
to give a quantitative yield of amber oil [nv  1.4635, infra- 
red maxima. a t  3.00, 3.06 p ("*), 4.42 p ( C s N ) ,  6.20 p 

Anal. Calcd. for C4H9S3:  C, 48.46; H ,  9.08; N, 42.39. 
Found: C, 48.45; H, 9.08; N,  42.4. 

Treatment of the above compound with phenyl isocya- 
nate in benzene gave ~-(l-cyanoi.sopropyl)-~-phenylsemi- 
carbazide (m.p. 124-125.5"). 

Anal .  Calcd. for CI~HI INIO:  C, 60.53; H ,  6.47; K, 25.67. 
Found: C, 60.8; H ,  6.17; ?;, 26.2. 

Treatment of l ,l-bis(bcyanoethyl)hydrazine ( I )  w i f h  ethyl 
chloroformale. h solution of 140 g. (1.0 mole) of I, 200 ml. of 
water, and 200 ml. of benzene WRS stirred at 5-10' during 
the separate addition in four equal portions of 106 g. (1.0 
mole) of ethyl chloroformate and 40 g. (1.0 mole) of sodium 
hydroxide in 60 ml. of water. The  mixture was held at 5' 
for 1 hr. and then filtered to separate 5 g. of a solid product 
Crystallization of this solid from acetone gave a 3.370 yield 
cryst,alline product whose analysis indicates it to be 111. 

1, l , j15-? 'e lra(2-cya~~oethy~)carboh~d~azide (111) [m.p. 
191", infrared inaxima at 3.02, 3.12, 6.02, 6.61 p (NH) ,  

ilnal. Calcd. for C13H18N80: C, 51.85; H, 5.98; X, 37.20. 
Found: C, 51.!)3; IT, 2.61; N, 38.8. 

The aqueous, salt-containing layer of the filtrate was 
separated and extracted twice with 200 ml. portions of 
ethyl ether. The combined organic fractions were stripped of 
solvent on a rot:iry evapor:rtor to 2 nim. The residual oil on 
standing partially crystdlized. The solid (29 g.)  mas re- 
moved and crystallized from benzene-petroleum ether 
(b.p. 60-75') to give a crystalline product whose analysis 
indirates i t  to be the cxpcctcd product 11. 

Ethyl 2,2-bis(2-c~anoethyl)carbatafe (11) [rn.p. 91-93", 
infrared maxima nt 3.02, 6.65 p ( S H ) ,  4.40 w (CEN), 

(")I. 

4.41 p (C=N), 5.81-5.83 p (CEO), 7.06, 7.37 p (N--.N)I. 

5.80 p (SH-C=O), 8 . 0 ; ~  (C--0-C)]. 
Anal .  Calcd. for C9Hl4X402: C, 51.42; H, 6.71; 26.68. , .  

Found: C, 51.7; H, 6.80;-N, 27.3. ' 
Analysis of the mobile amber colored filtrate (125 g.)  

indicated i t  was probzbly V, though this assignment of 
structure is quite tenuous sincr it, is based solely on analogous 
rcmtions, analytical, and sl)wtrnl dnt:t. 

l-(~-Cyanoelh~jl)-Y-carbocthoxyi~~~inopyrazolidine (Va). 
[ny 1.4873, dz: 1.080, infrared maxima :it 3.00 p (ring 
NH), 4.40 p (C-X), 5.95 p (K=C), 5.85 p (C=O ester), 
6.65 p (ring n"), 7.05 p (K-S), 8.03, 8.22 p (C-0-C)]. 
Molecular weight,. Calcd.: 210. Found: 200 i 5. 

Anal.  Calcd. for COH14N402: C, 51.42; H, 6.71; K, 26.68. 
Foiind: C, 51.39; H ,  7.03; N, 27.4. 
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The Rearrangement of N-(Methylamino- 

a1kyl)anilides' 
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Although the intramolecular migration of acyl 
groups from N+O is well known,* fewer examples of 
intramolecular Y+S' acyl migration have been 
recorded. Migrations involving loss of amine with 
the formation of lactams have been reported by 
Holley and Holley3 and by Stirling4 and rearrange- 
ments without loss of amine have also been de- 
s ~ r i b e d . ~ , ~ , ~  We would like to describe some addi- 
tional intramolecular N+N' acyl migrations ob- 
served in a series of A T -  [2-(and 3)sec-aminoalkyl]- 
anilides. 

hr- (2-Me thylaminoethyl) ace tanilide (I) was pre- 
pared by the reductive debenzylation of N - ( 2 -  
benzylmethylaminoethyl) acetanilide. Distillation of 
the crude product resulted in a mixture of the 
expected compound (I) and N-(Zanilinoethyl)- 
N-methylacetamide (111). The latter compound 
resulted from the intramolecular rearrangement of 
I. The structure of I11 was proved by the lithium 
aluminum hydride reduction of I11 to N-ethyl-N- 
methyl-n"-phenylethylenediamine (IV) identical 
with the compound obtained by the reaction of 2- 
chloro-A7-met hyldie thylamine (V) with aniline. 

This rearrangement appears to take place through 
a cyclic transition state (11). A similar mechanism 
has been described by Stirling4 for the rearrange- 
ment of ,Ir-(2-aminoethyl)benzanilide, and by 
others' for a variety of intramolecular N-0 
and O+N acyl migrations. 

(1) Presented in part a t  the New York Meeting in Mini- 
ature, March 1960, and a t  the 138th meeting of the American 
Chemical Society, S e w  York, N. Y., September 1960. 

( 2 )  Houben-Weyl, dlethoden der Organzschen Chemie, 
Thieme, Stuttgart, 1957, Vol. XI ,  Par t  1, p. 936. 

(3) R. W. Holley and .I. D. Holley, J .  Am. Chem. S O C ,  
74,3069 (1952). 

(4)  C. J. M. Stirling, J .  Chem. Soc., 4531 (1958). 
(5)  0. Widmsn, J .  prakt.  Chem., [ZJ 47 ,  343 (1893). 
(6)(n)  H .  Rupe, R. Paltzer, and K. Engel, Helv. Chim. 

Acta, 20, 209 (1937); ( b )  A.  Gassmann and H .  Rupe, Helv. 
('him. Acta, 22 ,  1241 (1939); (c )  H. Rupe and W. Frey, 
Helv. Chzm. .Icla, 22, 673 (1939). 


