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Trialkylketenimines were prepared by reaction of a-cyano enamines w i t h  methylmagnesium iodide in ethereal 
solution. Condensation of tr ialkylketenimines w i t h  p r imary  amines afforded the corresponding amidines. 

Ketenimines are an  important class of organic com- 
pounds, which are apt  to  undergo a variety of photochemical 
and thermal cycloadditions.2a Several entries into this cu- 
mulenic system have been described,2a but the overwhelming 
number of ketenimines described hitherto are substituted 
with one or more aromatic substituents. A few trialkylketen- 
imines have been prepared from aliphatic imidoyl chlorides 
and t r i e t h ~ l a r n i n e ~ ~ , ~  or by dehydration of  amide^.^ These 
trialkylketenimines have been used as catalysts for the low- 
temperature polymerization of t-caprolactam.5 I t  was claim- 
edZa tha t  the lower trialkylketenimines are not readily ac- 
cessible due to  the easy formation of resinous material. For 
instance dimethyl-hi -n-butylketenimine was reported to  
decompose rapidly a t  -20 0C.3 

We now report a new and facile synthesis of trialkylketen- 
imines starting from a-cyano enamines 1, which are easily 
accessible from disubstituted acetaldehydes via a-chloro- 

Scheme I 

2 

3 4 

aldimines.61~ Treatment of a-cyanoenamines 1 with methyl- 
magnesium iodide in diethyl ether afforded, after usual 
workup with an aqueous ammonium chloride solution, a re- 
action mixture in which trialkylketenimines 2 were the pre- 
dominant compounds (Scheme I). When the reaction mixture 
was subjected to  a GC-MS coupling, using on-column injec- 
tion in order to minimize polymerization of the title com- 
pounds, small amounts of imidoylcyanides 3 and N-alk- 
ylamides 4 were also detected. 

Careful distillation in vacuo over a 10-cm Vigreux column 
allowed separation of ketenimines 2 from compounds 3 and 
4. Trialkylketenimines 2 were obtained in 27-61% yield as 
colorless liquids and were fully characterized by NMR, IR, and 
MS. Compounds 2a-e are stable for several weeks when kept 
in the refrigerator. 

Table I gives a survey of the synthesis of ketenimines 2, 
while Table I1 compiles the spectral properties of compounds 
2. Up to now, NMR data from only one trialkylketenimine, 
Le., dimethyl-N-cyclohexylketenimine, have been re- 
porteda4 

From the mechanistic point of view, the synthesis of 
ketenimines 2 can be visualized by methane production and 
formation of a magnesium salt 5, from which cyanide is ex- 
pelled (Scheme 11). In this respect the expulsion of cyanide 
from enamine anion 6 parallels the mechanistic behavior of 
a-halo enamines, which react as ketenimmonium halidesS8 
The production of side products such as imidoylcyanides 3 and 
amides 4 is interpreted as derived from protonation of salt 5 
(workup with water)g and addition of water to the ketenimine 
system, respectively. Surprisingly, reaction of 2-tert -butyl- 
amino-3-methyl-2-butenenitrile (la) with methylmagnesium 
iodide in tetrahydrofuran resulted in a complete recovery of 
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Table I. Synthesis of Trialkylketenimines 20 

Registry no. Ri R2 R Yield,b % bp, “C (mmHg) 

2a 63742-29-0 Me Me t -Bu 32 34 (13) 

2c 66102-42-9 Et  Me t -Bu 57 43-46 (12) 
2d 66102-43-0 Et Et  i-Pr 61 65 (21) 
2e 66102-44-1 Et  Et  t -Bu 53 72 (19) 

2b 66 102-4 1 -8 Et Me i-Pr 27 43-46 (17) 

0 All ketenimines 2a-e gave satisfactory analytical data. Isolated yields by distillation. 

Table 11. Spectral  Properties of Trialkylketenimines 2 -- 

2a 2020 1.59 (6 H, s, Mez) 

2b 2020 1.60 (3 H, S, CH3C=), 1.00 
(3 H, t, 6.5 Hz, MeCC=), 
1.91 (2  H, q, 6.5 Hz, CHz) 

2c 2030 1.60 (3 H, s, MeC=), 1.00 
(3 H, t, 6.5 Hz, MeCC=), 
1.92 (2 H, q, 6.5 Hz, CHz) 

(4 H, q, 7 Hz, CHz) 
2d 2030 1.02 (6 H, t, 7 Hz, CH3), 1.96 

2e 2020 1.00 (6 H, t, 7 Hz, CH3), 1.91 
(4 H, q ,  7 Hz, CH2) 

1.14 (9 H, S, t-Bu) 125 (M+, 56), 110 (20), 69 (88), 68 
(29), 57 ( IOO),  56 (16), 55 (14), 54 
(25), 42 (35), 41 (76), 40 (18), 39 
(23) 

125 (M+, 26), 84 (8), 83 (38), 68 
(loo), 56 (8), 55 (IO), 43 (20), 42 
(24),41 (24),40 (8),39 (9) 

(78), 57 (loo), 56 (lo), 55 (21), 54 
( 7 ) ,  41 (51), 39 (14) 

139 (M+, 36), 124 (3), 97 (65), 96 (9), 
82 (loo), 70 ( lo) ,  69 (6),68 (6), 55 
(32), 54 ( 7 ) ,  43 (30), 42 (12), 41 

153 (M+, 28), 138 (8), 97 (78), 82 
(loo), 69 (8), 57 (99), 56 (8), 55 
(20), 54 (14), 41 (52), 39 (13) 

1.15 (6 H, d, 6.5 Hz, Mez), 3.47 
(1 H, septet, 6.5 Hz, CH) 

1.16 (9 H, S, t-Bu) 139 (M+, 27), 124 (8),83 (57),68 

1.16 (6 H, d, 6.5 Hz, Mez), 3.51 
(1 H, septet, 6.5 Hz, CH) 

(38),39 (14) 
1.16 (9 H, S, t-Bu) 

a Perkin-Elmer Model 257 spectrophotometer. Varian T-60 NMR spectrometer. AEI MS 20 mass spectrometer coupled with 
a Pye Unicam gas chromatograph (SE 30 column, He carrier gas). 

Table 111. Synthesis of Amidines 6 

Reaction 
Registry conditions 

6aa 66102-45-2 Me Me t -Bu C6H5 2 h; 1 equiv 84 
6ab 66102-46-3 Me Me t-Bu P - C H Z C ~ H ~  2 h; 1 equiv 78 
6ac 66102-47-4 Me Me t -Bu i -Pr 15 h; 4 equiv 63 

6ca Me Et  t -Bu C6H5 4 h; 1 equiv 60 
6db 66102-49-6 Et  Et  i-Pr P-CH3C6H4 4 h; 1 equiv 68 
6dd 66102-50-9 Et  Et  i-Pr P - O C H ~ C G H ~  2 h; 1 equiv 81 
6ea 66102-51-0 Et  Et  t -Bu C6H5 4 h; 1 equiv 61 

Yield,b 
Compd“ no. Ri Rz R R’ (reflux C6H6) % 

6ca 66102-48-5 Me Et t -Bu C6H5 1 h; 1 equiv 74 

6ec 66102-52-1 Et Et t -Bu i-Pr 14 h; 4 equiv 77 

0 The first letter refers to the ketenimine substituents (see Table I), while the second letter points to the amine used. b Yields were 
determined by VPC using internal calibration, except otherwise stated. Isolated yield based on a-cyano enamine 1, without isolating 
ketenimine 2. 

Scheme I1 

P 

Scheme I11 

1 5 

starting material. On the other hand, phenylmagnesium 
bromide did not react with la in diethyl ether. 

Trialkylketenimines 2, obtained according to  Scheme I, 
were further characterized by addition of aliphatic and aro- 
matic amines at the cumulenic T system, producing amidines 
6.1° I t  is stressed that aliphatic N1,N2-disubstituted amidines 
are not accessible in general. The addition of aliphatic amines 
(R’ = alkyl) to  ketenimines 2 provides a useful synthesis of 
these compounds (6: R, R’, R1, Rz = alkyl). 

L 

6 
In order to  evaluate the synthetic utility of the ketenimine 

synthesis described here, we tried to  “trap” ketenimines 2 in 
their original ethereal solution (after treatment with aqueous 
ammonium chloride). As benzene was found to  give better 
results for the amidine synthesis, the amine was added to the 
initial ethereal solution then ether was evaporated and re- 
placed by benzene.11 Refluxing this benzene solution of 
ketenimines 2 and an  appropriate amine gave the desired 
amidines. According to  this procedure, starting from 2-tert- 
butylamino-3-methyl-2-pentenenitrile ( IC)  and methyl- 
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magnesium iodide in diethyl ether, there was obtained a 60% 
yield of N2-tert-butyl-N1-phenyl-2-methylbutanamidine 
(6ca). The results of the amidine synthesis are given in Table 
111. Characterization data are recorded in microfilm supple- 
ment pages. The synthesis of amidines 6 from ketenimines, 
produced in situ as described above, demonstrates the use- 
fulness of this facile and rapid method. Trialkylketenimines 
2 can now be synthesized on a large scale without the necessity 
of distillation, since the ethereal solution can be used directly 
for further reactions. 

Exper imenta l  Section 

a-Cyano enamines 1 were prepared as previously de~cr ibed .~ .~  The 
following preparation serves as an example for the transformation 
of an a-cyano enamine into the corresponding ketenimine. 

Synthesis of Trialkylketenimines 2. In a typical experiment, a 
solution of 18.0 g (0.1 mol) of 2-tert-butylamino-3-ethyl-2-pentene- 
nitrile (le) (R1= Rz = Et; R = t-Bu) in 20 mL of dry diethyl ether was 
added dropwise to a freshly prepared solution of methylmagnesium 
iodide in 130 mL of dry diethyl ether (prepared from 4.2 g (0.175 mol) 
of magnesium curlings and 24.8 g (0.175 mol) of methyl iodide). After 
a few minutes an amorphous precipitate (or resinous material) was 
formed and the mixture was refluxed for 2 h. After cooling to ice-bath 
temperature the reaction mixture was cautiously triturated with about 
75 mL of ice-water and 75 mL of ice-cold saturated aqueous ammo- 
nium chloride solution. 'When the precipitate was decomposed com- 
pletely, i.e., when homogenous layers were obtained, the ethereal layer 
was separated, ice was added, and the aqueous layer was twice ex- 
tracted with ether. Drying of the combined extracts (1 h; MgS04/ 
KzC03) at ice-bath temperature and evaporation in vacuo at  low 
temperature afforded an oil which was distilled in vacuo using a 10-cm 
Vigreux column to give 8.1 g of N-tert-butyldiethylketenimine (2e) 
as a colorless liquid, bp 72 "C (19 mmHg) (yield 53%). In some batches 
a small amount (1-3%) of N-tert-butyl-2-ethylbutanamide (4e) was 
present in the distilled product, probably due to capture of moisture 
during the distillation procedure. 

Reaction of Trialkylketenimines 2 with Primary Amines. 
Typical Procedure. An equimolecular amount of ketenimine 2 and 
aromatic amine in dry benzene (10% solution) was refluxed for a time 
indicated in Table 111. Elvaporation of the solvent in vacuo left an oil 
which was distilled or analyzed by VPC. In the case of aliphatic 
amines, a fourfold molar excess was used. 

Preparation of Amidines 6 without Isolating Ketenimines 2. 
The preparation of N2-tert- butyl-N1-phenyl-2-methylbutanamidine 
(6ca) serves as a typical procedure. The reaction mixture starting from 
8.3 g (0.05 mol) of 2-tert - butylamino-3-methyl-2-pentenenitrile (IC) 
and 0.0875 mol of methylmagnesium iodide in diethyl ether was 

triturated with aqueous ammonium chloride as described above. The 
combined ethereal extracts were dried (1 h; MgS04/K2C03). After 
filtration, 4.65 g (0.05 mol) of aniline was added and ether was evap- 
orated in vacuo at low temperature, after which 80 mL of dry benzene 
was added. This benzene solution was refluxed for 4 h and evaporated 
to leave an oil, which was distilled in vacuo. The forerun contained 
mainly aniline and the fraction (6.9 g; yield 60?0) boiling at 93-98 "C 
(0.02 mmHg) was identified as N2-tert- butyl-?v1-phenyl-2-methyl- 
butanamidine (6ca). Compound 6ca solidified on standing, mp 59-61 
"C. 
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An efficient synthetic procedure that gives high yields of symmetric diselenides from aldehydes has been devel- 
oped. The reaction of HzSe with aromatic and aliphatic aldehydes in the presence of amines and NaBH4 yields ben- 
zylic and aliphatic diselenides. A variant of this synthesis avoids the handling of toxic H2Se and involves the reac- 
tion of NaHSe with amine hydrochloride and aldehyde, followed by a NaBH4 reduction. Specifically deuterium- 
labeled benzyl diselenide was prepared and a reaction mechanism is proposed. 

Many laboratory methods for the preparation of organic 
diselenides are based on the displacement of halides or tos- 
ylates by nucleophilic selenium species.1 However, there are 
essentially no direct or efficient methods to  convert other 
common organic functional groups into diselenides. Among 

potentially attractive new starting materials for such syn- 
theses are carbonyl compounds, and their reactions with hy- 
drogen selenide and its salts have been explored under a va- 
riety of conditions in several isolated examples. 

Margolis and Pittman2 obtained low yields of diselenides 
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