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N - A L K Y L  AND N , N - D I A L K Y L  D E R I V A T I V E S  
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UDC 542.91 + 547.28,+ 547.239.3 + 547,233 

We have shown that N-alkyl-  and N,N-dialkylaminoisobutyroni t r i les  r eac t  with saturated,  aromat ic ,  
and (~,fl-unsaturated aldehydes forming aminoni t r i les ,  Schiff bases ,  cyano-enamines  or ~-cyan imines  de-  
pending on the s t ruc tu re  of the s tar t ing aminoni t r i le  and aldehyde. In actual fact a mixture  of geomet r i c  
i s ome r s  of the cyano-enamine is formed on reac t ing  an (~,fl-unsaturated aldehyde with an N,N-dialkyl-  
aminoisobutyroni t r i le  but an ~-cyan imine  is formed on reac t ion  with an N-alkylaminoisobutyro~dtr i le .  It 
was of in teres t  to study the reac t ion  between aminoni t r i les  and 2,3-epoxybutyr ic  aldehyde to ascer ta in  the 
influence of the gxide r ing,  which imitates  a double bond in many ways, on the course  of the reac t ion .  

The reac t ion  between aminoisobutyroni t r i le  and 2,3-epoxybutyraldehyde was ca r r i ed  out bY two 
routes :  1) the equivalent quantity of aminoisobutyroni t r i le  (which can read i ly  be obtained f rom acetone 
cyanohydrin and the corresponding amine [1] ) was added to the aldehyde at room t empera tu re  or under 
cooling at 0-5% the mixture  was kept 3-24 h, checking the course  of the reac t ion  with the aid of gas- l iquid 
chromatography (GLC) or th in- layer  chromatography (TLC), and at the end of the reac t ion  the product  was 
isolated by distillation: 2) an equivalent amount of amine was added to a mix ture  of aldehyde and acetone 
cyanohydrin at room t empera tu re  or with cooling, af ter  separat ion of water  the product  was dried over 
MgSO4 and dist i l led.  The yield of product  by both var ia t ions  proved to be approximate ly  equal (Table 1). 

As was to be expected,  the reac t ion  of 2,3-epoxybutyraldehyde (D with N,N-dia lky l -~-aminoisobutyro-  
ni t r i le  (II) (or acetone cyanohydrin and a secondary  amine) led to N,N-d ia lky l -2-amino-3 ,4-epoxyva le ro-  
n i t r i le  (HI) in high yield.  

CHsCH~CHCH0 q- (CH3)~ C(N R~) CN -* CH~CH-:CHCH (NR~) C N 

\ 0  / (I) (II) \ 0  / (III) 
R=CH~ (a); C~H~ (b); n-C~Ha (c); CH~CH----CH~ (d); CH,.C~H5 (e) 

Struc ture  (III) Was confirmed by e lementa l  analyt ical  data, by the p resence  of one active hydrogen 
atom, and by IR spec t ra .  By heating in a sealed ampule (III) r eac t s  with amines ,  forming hydroxydiamino-  
n i t r i l es .  

The reac t ion  of (I) with N-monoa lky l -a -amino i sobu tyron i t r i l e  (IV) (or with acetone cyanohydrin and 
a p r i m a r y  amine) takes place with i somer iza t ion  of the a -ox ide  r ing as a r e su l t  of which the cor respond-  
ing N-a lky l -2 -amino-3-ke tova le ron i t r i l e  (V) is formed.  

CHaCH--CHCHO ~ (CHs)2 C(NHR) CN -+ CH3CH2COCH (NHR) CN 
\ / 

o (I) (Iv) (v) 
B=C-.H6 (a); n-CaH~ (b); n-C6H13 ~c) 

The s t ruc tu re  of (V) was confirmed by e lementa l  analyt ical  data, by the p resence  of two active hydro-  
gen atoms,  by the immedia te  format ion of a 2 ,4-dini t rophenylhydrazone by the action of 2 ,4-dini t rophenyl-  
hydrazine hydrochlor ide  solution [compounds (III) also form 2,4-dini t rophenylhydrazones,  but only on long 
standing for 7-10 days due to i somer iza t ion  of the c~-oxide ring],  and by IR and UV spec t ra .  Oxidation of 
(Va) with aqueous potass ium permanganate  solution gave propionic acid identified as its S-benzylthiouronium 
salt  which tmambiguously shows the position of the keto group in the compounds obtained. 

O, 
CH3CH2COCH (NHR) CN ~ CH3CH*.COOH 

N. D. Zelinskii  Institute of Organic Chemist ry ,  Academy of Sciences of th~ USSR. Trans la ted  f rom 
Izves t iya  Akademii Nauk SSSR, Ser iya  Khimicheskaya,  No. 12, pp. 2698-2702, December ,  1967. Original 
a r t ic le  submitted March 10, 1967. 
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In con t ras t  to the reac t ion  descr ibed  above,  (I) and 4 ,4-d imethoxy-2 ,3-epoxybutyra ldehyde  (VI) i n t e r -  
act  with a - a m i n o i s o b u t y r o n i t r i l e  (VII) fo rming  Schiff bases  (VIII), while in this instance the r eac t ion  is 
accompanied  by i somer i za t ion  of the a - o x i d e  r ing  into a keto group.  

RCH~CHCH0 -t- (CH.~IC(NH~)CN ~ RCH.~COCH=NC(CH~)~.CN 
K /  

0 (VII} (VIII) 
(I) R=CHs R=CH3 (a), (CHsO)~CH (b) 

(VI), R=(CHsO)~CH 

The s t r u c t u r e  of (VIII) was  conf i rmed by e lementa l  analyt ical  data,  by the absence  of act ive hydrogen 
a toms  and by IR and UV s p e c t r a .  (VIIIa) gave  with 2 ,4-dini t rophenylhydrazone hydrochlor ide  so][ution, a 
2 ,4-dini t rophenylhydrazone cor responding  in s t ruc tu re  to the hydrazone of the r e s p e c t i v e  a - k e t e  aldehyde. 
The p r e s e n c e  in the IR s pec t rum  of (VIIIa) and (VIIIb) of weak  absorp t ion  bands at 1730-1735 cm -1 indi-  
ca tes  poss ib le  contaminat ion by the i s o m e r i c  ketone. This  contaminat ion is obviously v e r y  smal l  s ince 
G LC data on these subs tances  do not support  contaminat ion though by the method of thin layer  c[a:omato- 
g raphy  on A1203 in var ious  solvent  s y s t e m s  it is poss ib le  to r e c o r d  t r a c e s  of impur i ty  in addition to the 
bas i c  spots .  The fo rmat ion  of va r ious  r eac t i on  products ,  depending on the s t ruc tu re  of the amino i sobu ty ro -  
n i t r i le ,  is unders tandable  if  the usual  r eac t ion  scheme  for  (I) is considered in all  th ree  cases .  

f CH 3 H--CHCH-~[ ~ CHaCH-- HCH(CNI.NR~I%+ 

o ~_c{cH3M:N L o N{:--C{cH~)J 0 {lit) 
r, / \r] 

In the case of N,N-dialkylaminoisobutyronitrile the reaction is of course completed at the stage of 
formation of (III). However in the case of N-alkylaminoisobutyronitriles, when R 1 or R 2 = H in (HI), the 
situation is different. The presence of an acidic hydrogen atom in the aminonitrile (I]I, R 1 = H) ~2, 3] capa- 
ble of establishing a hydrogen bond with the oxygen of the oxide ring, and the presence in the immediate 
vicinity of the oxide ring of two electron accepting substituents instrumental in drawing off the ~cee elec- 
tron pair of the oxygen must undoubtedly facilitate and bring about a redistribution of the electron density 
in the molecule, i.e., it 

. -  -7 

must  lead to i somer i za t i on  according to the m e c h a n i s m  of the usual  i n t r amolecu la r  acid i somer i za t i on  of 
oxides [4]. I t  is quite poss ib le  that the fo rmat ion  of aminoni t r i ie  and i somer i za t ion  take place s imul tan -  
eously  in a s ingle r eac t ion  complex.  

The fo rmat ion  of (VIII) by the r eac t ion  of a - a m i n o i s o b u t y r o n i t r i l e  and 2 ,3-epoxybutyraldehyde can be 
explained by the following scheme .  

R(2[~--Ci]--CIi:-==O - - > -  C H - - C H - - {  - - C H - - O H  J----~ C112r C H - - O H  - - - ~  (Vlll} ~ 1120 

\ /  f I \ + A  I i L t I '~ H,flc{cn~2cn L q&2J N--C!C ,~}~c>, O----HNC{CHACN_] 

In this case the reaction undoubtedly takes place in a single reaction complex since Schiff bases of 
2,3-epoxybutyraldehyde, which are readily formed by the action of primary amines on the aldehyde [5], are 
stable enough compounds having no tendency towards isomerization. Thus the isomerization is brought 
about by the presence of an acidic hydrogen in the aminonitrile molecule. 

EXPERIMENTAL 

G LC ana lys i s  of the compounds obtained was ca r r i ed  out on a column of length 2 m with 1~ si l icone 
e l a s t o m e r  on NaC1. For  TLC plates  a b i n d e r - f r e e  layer  of A1203 (act ivi ty II) was used, solvent  mix tu re s  
we re  of e ther  and n-hexane in r a t i o s  1 : 9, 1 : 5, 5 : 1 and 9 : 1 by volume.  IR s p e c t r a  were  taken on an IKS-14 
ins t rument  in cap i l l a ry  f i lms;  UV s p e c t r a  we re  taken on an SF-4A ins t rument  with alcohol as solvent .  

2 - D i m e t h y l a m i n o - 3 , 4 - e p o x y v a l e r o n i t r i l e  ( I I I a ) .  To a mix tu re  of 3.4 g 3,4.-epoxy- 
bu ty r~dehyde  (I) and 4.25 g acetone cyanohydrin,  7.9 g 30% aqueous d-imethylamine solution was added. 
The mix tu re  became  sl ightly w a r m .  After 1 L Na2SO 4 was added and was f i l tered off the next d~T. By d i s -  
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t i l lat ion 4.2 g (IIIa) was isolated,  the constants ,  IR spec t rum,  and e lementa l  analys is  of which a re  given 
in Table  1. The product  gave a single peak on G LC (145 ~ N 2 flow r a t e  32 ml/min)  and a single spot on an 
A1203 plate .  

2 - D i e t h y l a m i n o - 3 , 4 - e p o x y v a l e r o n i t r i l e  ( I I I b ) .  A. To 4 . 3 g ( I )  7 g ( I I b )  was added. 
On the following day 4.2 g (IIIb) was  isola ted by dist i l lat ion,  the constants ,  IR spec t rum,  and e lementa l  
analys is  of which a r e  given in Tab le  1. The product  gave a single peak  on G LC (140 ~ N 2 32 ml/min)  and 
a single spot on an AI203 plate .  

B. To a mix tu re  of 6.5 g (I) and 6.4 g acetone cyanohydrin,  5.6 g diethylamine was added with cooling. 
After  1 h MgSO~ was introduced and on the following day 11.5 g (IIIb) was isolated by dis t i l la t ion identical  to 
that  desc r ibed  above.  

A mix tu re  of 5 g (IIIb) and 3 g diethylamine was heated in a m e t a l  tube at 120 o for 23 h. After cool-  
ing, 2 g (28%) product  with bp 85-88 ~ (0.25 ram) was isolated with nD 18 1.5030, giving a single bas ic  spot on 
a plate.  0.4 g product  was dissolved in 300 ml  absolute e ther  and to the solution an excess  of e ther  s a tu -  
r a t ed  with hydrogen chloride was added. After  10 days 0.3 g (61%) dihydrochlor ide was obtained with mp 216- 
219 ~ (with decomposition). Found %: N 14.08, 13.88. Ci3H2sON2CI 2. Calculated %: N 14.08. 

Aminonitriles (IIIc), (Hid) and (life) were obtained by method B. Their constants, IR spectra, and 
elemental analytical data are given in Table 1. They each gave one peak on GLC and a single spot on 
AI203 plates. 

2 - E t h y l a m i n o - 3 - k e t o v a l e r o n i t r i l e  (Va). 4.3 g (1) was mixed with 5.4 g (IV, R = C2H 5) 
and after several minutes an exothermic reaction was observed. On the following day 3.8 g (Va) was iso- 
lated by distillation. Constants, IR and UV spectra and elemental analytical data are given in Table 2. 

1 g (Va) was oxidized in an aqueous emulsion with 5% potassium permanganate solution (added until 
the pink color failed to disappear). The filtrate was concentrated in vacuum, the residue acidified with 
H2SO 4 and steam distilled. A saturated solution of benzylthiouronium chloride was added to the distillate. 
On standing, the S-benzylthiouronium salt of propionic acid was precipitated with mp 147-150 ~ giving no 
depress ion  of mel t ing point on admixture  with an authentic spec imen .  

Ketoaminoni t r i l es  (Vb) and (Vc) we re  obtained s i m i l a r l y  (see Table  2). 

~ - C y a n o - ~  , ~ - d i m e t h y l m e t h y l i m i n o b u f a n - 2 - o n - l - a l  ( V I I I a ) .  4.2 g (VII )was  added 
to 4.3 g (It. The mix tu re  becam e  v e r y  w a r m  and turbid,  and a f te r  1 h Na2SO 4 was added. Next day 3.35 g 
(44%) Schiff base  (VIIIa) was i so la ted  by dis t i l la t ion with bp 97-99 ~ (13 mm): nD 2~ 1.4475. Found %: C 62.70, 
62.67; H 7.91, 7.88; N 18.78, 18.78. CsH12ON 2. Calculated %: C 63.13; tt 7.95; N 18.41. IR s p e c t r u m ( u ,  
cm-1): 1628 ( C ~ N ) ,  1668 (conjugated COt, 1730 w (sa tura ted  COt, 2312, 2225 w (CN) (VIIIa) gave a single 
peak  on GLC (102 ~ N 2 25 ml /min)and  a single spot  on an A1203 plate .  With 2 ,4-dini t rophenylhydrazine  hy-  
drochlor ide  solution, the hydrazone prec ip i ta ted  immedia t e ly  re ta in ing the keto group, mp 237.5-239 ~ 
( f rom benzene),  •max 396 m#. Found %: N 21.30, 21.49. C10H10OsN 4. Calculated %: N 21.05. 

In a s i m i l a r  manne r  to (VIIIa), (VIIIb) was obtained f rom (VI) in 46% yield, bp 84-85 ~ (0.4 ram); nD16 
1.4520. Found %: C 56.65, 56.44; t{ 7.64, 7.71; N 13.26, 13.33. C10tI1603N2. Calculated %: C 56.59; tt 7.60; 
N 13.20. k m a  x 217o5 m# (e 2,610). IR s p e c t r u m  (u, cm-1): 1628 (C--N),  1688 s (CO conjugated), 1735 w 
(CO sa tura ted) ,  2315, 2224 w (CN). 

CONCLUSIONS 

1. N,N-Dialkylaminoisobutyronitriles were reacted with 2,3-epoxybutyric aldehyde forming pre- 
viously unknown 2-N,N-dialkylamino-3,4-epoxyvaleronitriles. 

2. The reaction of 2,3-epoxybutyric aldehyde with N-alkylaminoisobutyronitriles was accompanied 
by isomerization of the oxide ring and led to 2-N-alkylamino-3-ketovaleronitriles. 

3. ~ -Amino i sobu ty ron i t r i l e  and 2 ,3-epoxybutyr ic  aldehyde gave  a Schiff ba se  with i somer iza t ion  of 

the oxide r ing .  
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