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Dehydrocyanation of x-Aminonitriles ; A Versatile and
Convenient Enamine and Dieneamine Synthesis

H. AHLBRECHT*, W. RaaB?, C. VONDERHEID?

Fachbereich Chemie der Universitiit Giessen, Institut fir Organi-
sche Chemie, Heinrich-Buff-Ring 58, D-6300 Lahn-Giessen 1

Deprotonation of x-aminonitriles, derived from aromatic
aldehydes (1, R!=aryl), with potassium amide in liquid
ammonia®, sodium hydride in dimethylformamide* or even
by phase-transfer catalysis® is a well known reaction. As
we could demonstrate recently? ®, the deprotonation can
be carried out more conveniently with lithium diisopropyl-
amide in tetrahydrofuran. This method is also applicable
to a-aminonitriles derived from aliphatic aldehydes (1,
R'=alkyl)". Since the resulting a-lithioaminonitriles 27 can
be alkylated quantitatively and furthermore acid (or base)
cleavage of the bis-alkylated aminonitriles 3 to carbonyl
compounds 4 is achieved in excellent yields (Table 1), a-
aminonitriles 1 represent highly reactive, easily available,
and cheap nucleophilic acylation reagents®.
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For example, the bulky cyclohexyl group can easily be intro-
duced, which is not possible in the case of the widely used
dithianes®, or with lower yield only in the case of the oxygen
analogue of 1'°, Especially, bis-alkylated a-aminonitriles of
type 3 with a hydrogen atom in the p-position are of remark-
able synthetic value, because they are suitable substrates
for the elimination of hydrogen cyanide to form enamines
of type 5.

Hauser et al. and Mgkosza et al. have already reported
on the thermal or base-promoted elimination of hydrogen
cyanide in the case of a benzylic f-hydrogen* ®. This has
been confirmed in a recent paper on the synthesis of substi-
tuted desoxybenzoins!?.

On the other hand, elimination of hydrogen cyanide failed
in cases without phenyl activation'2, Here thermal elimina-
tion of amine is preferred! *3. We have now found that
dehydrocyanation even in these cases proceeds smoothly,
if the reaction is carried out in boiling toluene or benzene,
using an excess of powdered potassium hydroxide or potas-
sium t-butoxide as base (Table 2)'. Comparison of reaction
times in Table 2, determined roughly by *H-N.M.R. spectros-
copy, implicates a dependence of the reaction rate on the
nucleophilicity of the amino-group, the bonding character
of the p-hydrogen atom, and the nature of the base used.

a-Aminonitriles with an aliphatic amine component react
faster than those with an aromatic one (Table 2, entry a,
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Table 1. Ketones 4 from a-Aminonitriles 1°

R4

SYNTHESIS

R! R? RS Yield® b.p./torr Lit. b.p./torr

[%] m.p. (solvent) m.p.
4a CsHs CH; CH, H H 90 (96) 85°/12 _h
4b CeHs CH3; CH, CH,; CH3; 89°¢ (94) 74°/12 —h
4c CeHs CHa; CH; —(CH,)s— 85¢ (90) 54-55° (PE) 55-56°"26
44 CeHs CHj CH; CH;CH,—Br H 86%° (89%) 65° (PE) 65-66°%"
de C,Hs -~(CH,);—O—(CH,);— n-CsHo H 70° (90) 62-64°/20 55.-58°/1.528
4f C.Hs ~(CHy);—O~—(CHz),;— H,C=CH H 27°% (92) 117-123° 79--82°/4%°
2 4a: X=J; 4b-f: X=Br.
® Values in brackets are yields of the alkylation step 1-»3.
¢ Based on 1 without isolation of 3.
4 Based on 3.
¢ Formation of 1,5-diphenyl-1,5-pentandione.
f By reaction of Br—(CH3)3—Br with 2 equiv. of 2.
& Partial polymerisation during work-up.
" Identified by comparison (I.R.) with authentic material.
i Mixture of «,f(E,Z)- and B,y-enone.
Table 2. Enamines 5 from a-Aminonitriles 1
Prod- R! R? R? R* R*  Yield®  Reaction  b.p./torr Lit. b.p./torr
uct® [%] conditions or m.p. ot m.p.

Time [h]¢/

Method?
Sa  CeHs CHs CH, H H 71096 16/A 105°/35
5b CeHs  CeHs CH; H H 48 (83) 70/A 96-98°/0.01 161-162°/1320- 21
5¢ CsHs CH; CH; CH; H 93 14/A 85-90°/20 85-90°/20%2
5d CeHs CgHs CH; H CH; 78(90%8) 167/A 118-120°/0.05 106°/0.1%3

7 53/B
S5¢ C¢Hs CH, CH; —(CH,)4— 49" (93)  67/A 78-82°/0.5 e
68 4/B
NICH3),
5f CeHs CH, CH, ~CH—ch=C] H 7 20/A 48-50° e
CoHs

5¢ CH; —(CHy,—O—(CHy,~ CH, H 8582 5/C 75-80°/20 82°/15%
5h CH;  CeHs CH; CH; H 817 (89) 2/C 106-110°/20 84-87°/22%
Si CeHs CH; CH; H,C=CH— H 59 (87) 26/A 110--115°/20 e
5j C¢Hs CH; CH; H3;C-—CH==CH~ H 69" 23/A 128-132°/20 -
5k CeHs CeHs CH, H;C—CH==CH~ H 135-140°/0.01  —*

* For preparation of Sa—d, g, h X=1; for 5e, f, i X=Br; for 5k X=CL

83(87)  69/A

b Based on 'H-N.M.R -spectroscopically pure 3; values in brackets are for step 1-3.

¢ Approximate values.

4 Method A: KOH/toluene; Method B: KOC,He-t/toluene; Method C: KOC4Hg-t/benzene.

¢ For characterization of new enamines 5, see Table 3.
f Based on pure 1.

¢ Also thermal elimination during distillation.

b Contains up to 30% of ketone.

! By reaction of Br—{CH,)3-—Br with 2 equivalents of 2; contains traces of 5i.
i Mixture of isomers with the less substituted one dominating (~ 80 %o).

¢ compared to b, d). As expected, abstraction of a primary
hydrogen is faster than abstraction of a secondary or a
tertiary one (Table 2, entry b compared to d, ¢ to e). Potas-
sium ¢-butoxide (method B) is much more efficient than
potassium hydroxide (method A).

Significant advantages of our enamine synthesis are the fol-

lowing:

- High versatility, resulting from the metallation-alkylation
step 1-3.

- High purity of the enamines 5 due to the absence of
any acidic catalysts often used in other enamine syn-
theses'*.

— Simple synthesis of dieneamines 5i-k, otherwise hardly
available!”.

- Unusual regioselectivity ~ with x-aminonitriles from
methyl ketones, formation of the less substituted Al-ena-
mine is favoured (otherwise available by a protonation-
deprotonation sequence only'®).

o-Aminonitriles 1 from Aldehydes'®:

The aldehyde is added slowly to a stirred, concentrated aqueous
solution of sodium hydrogen sulfite at about 0-10°. When the
adduct has formed, one equivalent of amine is added at room
temperature with stirring continued. In the case of N-methylaniline
and morpholine it is necessary to warm the reaction mixture
at ~80° for 6-10 h. A concentrated solution of potassium cyanide
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Table 3. Characterization of New Enamines 3

Prod- n3’° Molecular  'H-N.M.R. (CCl,)°

uct formula® d [ppm]

Sa 1.5405 CioHisN 2.60 (s, 6H, N—CH3); 4.06,
(147.1) 418 (s+s, 1H+1H, =CH,);

7.3-7.66 (m, 5Harom)

1.12-230 [m, 8H,

S5e 1.5456 C14H19N

(201.2) —(CH,)a—]; 249 (s, 6H,
N—CH,); 7.16-7.45 (m,
5Harom)
51 — CqusNz 244 (S, 12]’[, N—CHg), 244
(306.2) (2H,=CH—CH,—)*;4.31 (t,

2H, J=7Hz, =CH—); 7.16
(Ss 10Hm’om)
Si 1.5928 Ci.HysN 2.62 (s, 6H, N—CHj;); 4.52
(1731) [dd, 1H, Jz_4=11 HZ, J3'4=
2.5Hz, H4)]; 487 [dd, tH,
J2‘3=17.5 HZ, .]3_4:2.5 HZ,
HO); 53 [d 1H, Jo.=
11 Hz, H(1)]; 6.07 [dt, tH,
J2'3= 17.5 HZ, J2‘4=11 HZ,
Ji2=11Hz, H2)]; 736 (s,

5I—Iamm)d
Sj 1.5856 C13I{17N 1.62 (dd, 3H, J=7HZ, 1 HZ,
(187.1) =C—CH3)%; 1.73 (dd, 3H,

J=T7Hz, 1.5Hz, =C—CHa);

2.61, 265 (s, 3H, N—CH,);

49-604 (m, 6H, =CH—

CH=CH—); 742 (5, SHarom)

5k 16355  C;sH;oN  1.72 (dd, 3H, J=7Hz, 1Hz,
(249.2) CH,)*; 1.82 (dd, 3H, J =7 Hg,

1.5Hz, CH3); 3.09 (s, 3H, N—
CHj); 5.31-647 (m, 3H,
=CH—CH=CH—); 647~
7.43 (m, 10H,0m)

* All products gave satisfactory microanalyses (C +0.51, H +0.12,
N +0.26).
" Measured at 100 MHz on a Jeol JNM-MH-100 spectrometer:
shifts downfield from internal TMS.
¢ Signal hidden by N—CH3 singlet.
d (HgC)zN\C M
’ -
Cofs (er’c C‘Hm
¢ Predominant isomer.

SH3)

(1 equiv) in water is then added at room temperature and the
reaction mixture is now kept at 60-~80° for 5-10h again. Extraction
with ether and distillation in vacuo yield the desired product.

a-Aminonitriles 3 from x-Aminonitriles 1:

In a three-necked flask (argon inlet, serum cap) a solution of
lithium diisopropylamide in tetrahydrofuran (1 mmol/ml) is pre-
pared under argon in the usual manner and cooled to —78°.
A solution of the aminonitrile 1 (1 mmol/ml) in dry tetrahydrofuran
is then added dropwise into the stirred solution. The mixture
is stirred for 2h at —78° (metallation at 0° is also possible)
and then quenched with the alkylating reagents. Subsequent
aqueous work-up, i.e. treatment with concentrated ammonium
chioride solution followed by ether extraction yields crude bis-
alkylated aminonitriles 3, which may be used in the next step
without further purification.

Ketones 4 from a-Aminonitriles 3:

A stirred mixture of aminonitrile 3 (10 mmol) and 2 normal hyd-
rochloric acid (25ml) is heated at 80° for 3h (in the case of
3a: 5ml 2 normal potassium hydroxide/100°/5 h). After cooling
to room temperature the mixture is extracted with ether, the
organic phase is separated and dried with magnesium sulfate,
After removal of the solvent the residue is distilled or recrystallized.
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Enamines 5 from o-Aminonitriles 3:

In a three-necked flask (argon inlet, reflux condenser), the aminoni-
trile 3 (30 mmol) is dissolved in toluene or benzene (30ml). Dry
powdered potassium hydroxide (or potassium t-butoxide; 60
mmol) is added and the reaction mixture is heated with stirring
under argon for the tabulated time. After cooling to room tempera-
ture, the solid is filtered off and extracted several times with
absolute solvent. After removal of the solvent the residue is distilled
under reduced pressure.
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