THE REACTION OF 2,3-EPOXYBUTYRALDEHYDE
WITH o-AMINOISOBUTYRONITRILE AND ITS
N-ALKYL AND N,N-DIALKYL DERIVATIVES
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We have shown that N-alkyl- and N,N-~dialkylaminoisobutyronitriles react with saturated, aromatic,
and «,8-unsaturated aldehydes forming aminonitriles, Schiff bases, cyano-enamines or ¢-cyanimines de-
pending on the structure of the starting aminonitrile and aldehyde. In actual fact a mixture of geometric
isomers of the cyano~enamine is formed on reacting an «,5-unsaturated aldehyde with an N,N-dialkyl-
aminoiscbutyronitrile but an ¢-cyanimine is formed on reaction with an N-alkylaminoisobutyronitrile, It
was of interest to study the reaction between aminonitriles and 2,3-epoxybutyric aldehyde to ascertain the
influence of the dxide ring, which imitates a double bond in many ways, on the course of the reaction,

The reaction between aminoisobutyronitrile and 2,3-epoxybutyraldehyde was carried out by two
routes: 1) the equivalent quantity of aminoisobutyronitrile (which can readily be obtained from acetone
cyanchydrin and the corresponding amine [1] ) was added to the aldehyde at room temperature or under
cooling at 0-5°, the mixture was kept 3-24 h, checking the course of the reaction with the aid of gas-~liquid
chromatography (G LC) or thin-layer chromatography (T LC), and at the end of the reaction the product was
isolated by distillation: 2) an equivalent amount of amine was added to a mixture of aldehyde and acetone
cyanohydrin at room temperature or with cooling, after separation of water the product was dried over
MgS80, and distilled. The yield of product by both variations proved to be approximately equal {Table 1).

As was to be expected, the reaction of 2,3-epoxybutyraldehyde (I} with N,N~dialkyl-o-aminoisobutyro-
nitrile (II) (or acetone cyanohydrin and a secondary amine) led to N,N-dialkyl-2-amino-3,4-epoxyvalero~
nitrile (TII) in high yield,

CH3CH—CHCHO + (CHjg)s C(NRo) CN — CH;CH—CHCH (NR,) C N

o’ (D (11 o’ Iy
R=CHs (a); CoHs (b); n-CeH, (c); CH,CH=CH, (d); CH:CsH; (e)

Structure (II) was confirmed by elemental analytical data, by the presence of one active hydrogen

atom, and by IR spectra, By heating in a sealed ampule (III) reacts with amines, forming hydroxydiamino-
nitriles,

The reaction of (I) with N-monoalkyl-a-aminoisobutyronitrile (IV) (or with acetone cyanohydrin and
a primary amine) takes place with isomerization of the a-oxide ring as a result of which the correspond~
ing N-alkyl-2-amino~3-ketovaleronitrile (V) is formed.
CHyCH—CHCHO 4- (CHg): C((NHR) CN — CH;CH,COCH (NHR) CN

0 {n Iv) (V)
R=CoH; (a); n-CyHy (b); n-CgHis (¢}

The structure of (V) was confirmed by elemental analytical data, by the presence of two active hydro-
gen atoms, by the immediate formation of a 2,4-dinitrophenylhydrazone by the action of 2,4-dinitrophenyl-
hydrazine hydrochloride solution [compounds (III) also form 2,4-dinitrophenylhydrazones, but only on long
standing for 7-10 days due to isomerization of the ¢:-oxide ring], and by IR and UV spectra, Oxidation of
(Va) with aqueous potassium permanganate solution gave propionic acid identified as its S~benzylthiouronium
salt which unambiguously shows the position of the keto group in the compounds obtained.

CH;CH,COOH

0O,
CHyCH,COCH (NHR) CN -
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In contrast to the reaction described above, {I) and 4,4-dimethoxy-2,3-epoxybutyraldehyde (VI) inter~
act with a-aminoisobutyronitrile (VII) forming Schiff bases (VIII), while in this instance the reaction is
accompanied by isomerization of the a-oxide ring into a keto group.

RCH-~CHCHO + (CHa)/C(NH,)CN — RCH.COCH=NC(CHg},CN
N/

_ vy . {VIID)
(I) R=CH, R=CH; (2), (CH;0)CH (b)
(VI) R=(CH;0),CH

The structure of (VIII) was confirmed by elemental analytical data, by the absence of active hydrogen
atoms and by IR and UV spectra. (VIilla) gave with 2,4~dinitrophenylhydrazone hydrochloride solution, a
2,4~-dinitrophenylhydrazone corresponding in structure to the hydrazone of the respective a~keto aldehyde,
The presence in the IR spectrum of (VIIla) and (VIIIb) of weak absorption bands at 1730-1735 cm™! indi-
cates possible contamination by the isomeric ketone. This contamination is obviously very small since
GLC data on these substances do not support contamination though by the method of thin layer chromato-
graphy on ALO; in various solvent systems it is possible to record traces of impurity in addition to the
basic spots. The formation of various reaction products, depending on the structure of the aminoisobutyro-
nitrile, is understandable if the usual reaction scheme for (I) is considered in all three cases,

NRRR,

¥

CH,GH—CHCH=R0 —= | CH,GH—CHCH —*CH;CH—?HCH(CN)-NR,R,-P EH,),CO
N [ 7Y J S

0 né-Cicny, °

N—C(CHZ),CN

am
R/ \g,

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, or R, = H in (III), the
situation is different, The presence of an acidic hydrogen atom in the aminonitrile (I, R, = 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 free elec~
tron pair of the oxygen must undoubtedly facilitate and bring about a redistribution of the electron density
in the molecule, i.e., it

. R
CHyCH~—~CH—CH—CN —>1>CH3CH2C*Z———CH-—<>CN.’ — (V)

3----HNR

must lead to isomerization according to the mechanism of the usual intramolecular acid isomerization of
oxides [4]. It is quite possible that the formation of aminonitrile and isomerization take place simultan-
eously in a single reaction complex.

The formation of (VIII) by the reaction of o-aminoisobutyronitrile and 2,3-epoxybutyraldehyde can be
explained by the following scheme,
2

ITURSL S o e . 7 . ; ,
R(‘\:\s—'/(,“—\‘t‘.—~\) —> [CH—CH-—(CH-—~CH—O0OH | —> {‘RCH?C——CH—OH —|——>(\/lll) + 1,0

[

NS . +/ | 1
Y HGNCICHg),CN L Q;} ‘ N—(‘(‘:”‘f’Z"‘\"J [_ O HNC(CHCN |

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

GLC analysis of the compounds obtained was carried out on a column of length 2 m with 1% silicone
elastomer on NaCl, For TLC plates a binder-free layer of ALO; (activity II) was used, solvent mixtures
were of ether and n-hexane in ratios 1:9, 1:5, 5:1 and 9: 1 by volume, IR spectra were taken on an IKS~14
instrument in capillary films; UV spectra were taken on an SF-4A instrument with aleohol as solvent.

2-Dimethylamino-3,4-epoxyvaleronitrile (IIIa). To a mixture of 3.4 g 3,4-epoxy-
butyraldehyde (I) and 4.25 g acetone cyanohydrin, 7.9 g 30% aqueous dimethylamine solution was added.
The mixture became slightly warm, After 1 L. Wa,SO, was added and was filtered off the next day. By dis-
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tillation 4,2 g (IIIa) was isolated, the constants, IR spectrum, and elemental analysis of which are given
in Table 1. The product gave a single peak on G LC (145°, N, flow rate 32 ml/min) and a single spot on an
A.].203 plate.

2-Diethylamino-3,4-epoxyvaleronitrile (IIIb). A, To 4.3 g (I) 7 g (IIb) was added,
On the following day 4.2 g (Illb) was isolated by distillation, the constants, IR spectrum, and elemental
analysis of which are given in Table 1. The product gave a single peak on G LC (140°, N, 32 ml/min) and
a gingle spot on an Al Oy plate,

B. To a mixture 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 (IIlb) was isolated by distillation identical to
that described above.

A mixture of 5 g (Illb) and 3 g diethylamine was heated in a metal tube at 120° for 23 h. After cool-
ing, 2 g (28%) product with bp 85-88° (0,25 mm) was isolated with mD18 1.5030, giving a single basic spot on
a plate, 0.4 g product was dissolved in 300 ml absolute ether and to the solution an excess of ether satu-
rated with hydrogen chloride was added. After 10 days 0.3 g (61%) dihydrochloride was obtained with mp 216-
219° (with decomposition), Found %: N 14,08, 13.88, C;3HyON,Cl,. Calculated %: N 14.08,

Aminonitriles (III¢}, (IIId) and (Ille) 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
Al,Oq plates.

2-Ethylamino-3-ketovaleronitrile (Va). 4.3 g (I) was mixed with 5.4 g (IV, R = CyH;)
and affer 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 filirate was concentrated in vacuum, the residue acidified with
H,SO, 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
depression of melting point on admixture with an anthentic specimen,

Ketoaminonitriles (Vb) and (V) were obtained similarly (see Table 2).

@-Cyano-a,e-dimethylmethyliminobutan-2-on-1-al (VIIIa). 4.2 g (VII) was added
to 4.3 g (I). The mixture became very warm and turbid, and after 1 h Na,SO, was added. Next day 3.35 g
(449) Schiff base (VIIla) was isolated by distillation with bp 97-99° (13 mm): np® 1.4475, Found %: C62.70,
62.67; H 7.91, 7.88; N 18,78, 18,78, CyH;,0N,. Calculated %; C 63.13; H 7.95; N 18.41, IR spectrum (v,
em™1): 1628 (C=N), 1668 (conjugated CO), 1730 w (saturated CO), 2312, 2225 w (CN) (VIIla) gave a single
peak on GLC (102°, N, 25 ml/min)anda single spot on an ALO; plate. With 2,4-dinitrophenylhydrazine hy-
drochloride solution, the hydrazone precipitated immediately retaining the keto group, mp 237.5-239°
(from benzene), A max 396 mu. Found %: N 21,30, 21.49, CyH;yOsN,. Calculated %: N 21.05.

In a similar manner to (VIIIa), (VIIIb) was obtained from (VI) in 46% yield, bp 84-85° (0.4 mm); np*®
1.4520, Found %: C 56.65, 56.44; H 7.64, 7.71; N 13,26, 13.33. C10H1603N2. Calculated %: C 56.59; H 7.60;
N 13.20. Aypax 217.5 mp (€ 2,610). IR spectrum (v, cm™1): 1628 (C=N), 1688 s (CO conjugated), 1735 w
(CO saturated), 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. a-Aminoisobutyronitrile and 2,3-epoxybutyric aldehyde gave a Schiff base with isomerization of
the oxide ring.

LITERATURE CITED
1.  R. A, Jacobsen, J. Amer, Chem. Soc,, 87, 1996 (1945).

2572



o= W

G, W, Stevenson and D, Williamson, J, Amer. Chem, Soc,, 80, 5943 (1958).

S. Soloway and A, Lipschitz, J. Organ. Chem., 23, 613 (1958),

A, Rosowsky, Ethylene Oxides in the Chemistry of Heterocyclic Compounds, New York, 19 (1964).
G. B. Payne, J. Amer, Chem, Soc., 81, 4901 (1959).

2573



