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DIETHYL PHOSPHOROCYANIDATE(DEPC).
A NOVEL REAGENT FOR THE CLASSICAL STRECKER'S x-AMINO NITRILE SYNTHESIS'

SHINYA HARusAwA, YAsuMAasA HAMADA, AND TAKAYUKI SHIOIRI®

Faculty of Pharmaceutical Sciences, Nagoya City University
Tanabe-dori, Mizuho-ku, Nagoya 467, JAPAN

Diethyl phosphorocyanidate(DEPC) can be efficiently used for the synthesis
of a-amino nitriles from carbonyl compounds and amines. The reaction may be

called a modified Strecker synthesis.

The Strecker synthesis is a well-known classical procedure for the prepa-
ration of a-amino nitriles from aldehydes or ketones by their treatment with
alkaline cyanides and salts of amines. Since the nitrile function of a-amino
nitriles can be easily converted to the acid, this constitutes a convenient
method for the preparation of a-amino acids.2

Recently we have reportedl a new synthesis of a-amino nitriles by the re-
action of enamines with diethyl phosphorocyanidate (DEPC, (EtO)zP(O)CN),3 which

has been utilized as a reagent for the introduction of a C,-unit. Further inves-

1
tigations on the o-amino nitrile synthesis using DEPC have revealed that a-amino
nitriles can be efficiently prepared from carbonyl compounds with DEPC and amines

under mild reaction conditions:
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A representative procedure is as folluws: To a mixture of 5a-cholestan-3-
one(387 mg, 1 mM) and DEPC(196 mg, 1.2 mM) in tetrahydrofuran(5 ml) was added
pyrrolidine (156 mg, 2.2 mM) in tetrahydrofuran(5 ml). The mixture was stirred
at room temperature for 3 hr, and evaporated in vacuo. The crystalline residue
was washed with methanol (20 ml) to give 3a-cyano-3B-(N-pyrrolidino)-5ca-cholestane
(445 mg, 95 %) as colorless small needles.1

The scope of this modified Strecker synthesis using DEPC is shown in Table
In contrast to the aqueous conditions of the classical Strecker synthesis, the
modified one is carried out under non-aqueous conditions. Heating under reflux
in tetrahydrofuran may be necessary if the reaction sluggishly proceeds at room
temperature. In case a-amino nitriles have been difficult to crystallize, they
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have been characterized by their conversion to either crystalline hydrochlorides
with hydrogen chloride in ethyl acetate or iminium perchlorates5 with 70 %
aqueous perchloric acid.

5a-Cholestan-3-one (1) easily reacted with various amines, e.g., pyrrolidine,
morpholine, piperidine, and benzyl amine, to give the corresponding a-amino nitriles
in excellent yields. Various cyclic ketones also underwent the modified Strecker
synthesis to furnish the a-amino nitriles in good yields. 4-Phenyl-2-butanone
as well as benzaldehyde caused no trouble to provide the a-amino nitriles. Al-
though two equivalents of the amine have been generally used, one equivalent of
the amine may be sufficient when used together with one equivalent of imidazole.
The proposed mechanism using two equivalents of pyrrolidine is outlined below:
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Reaction 0f 5o-cholestan-3-one(l) with DEPC and ammonia in chloroform gave
the labile crude oa-amino nitrile 2 as well as the other products. The crude
mixture was treated with acetic anhydride in pyridine8 to afford a mixture of the
acetamido nitriles 39(64 %) and 4(12 %), the acetoxy nitrile 5(11 %), and the
starting ketone 1(11 %),
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Another intriguing example of the modified Strecker synthesis is the re-
action of 4-cholesten-3-one(6) with DEPC and pyrrolidine, which afforded the a-
amino nitrile 7 in 62 % yield. On the contrary, the classical Strecker conditions
using a mixture of potassium cyanide and pyrrolidine hydrochloride in aqueous
tetrahydrofuran did not give any trace of a-amino nitriles. Instead, hydro-

cyanation10

mainly occurred to give the cyano ketone 8(23 %), the lactams 9 and.
10(1:1, 23 %) with recovery of the enone 6(20 %). These results strongly suggest
the superiority of our novel procedure to the classical one.

In conclusion, the modified Strecker synthesis using DEPC offers a con-
venient, high-yield, and mild method for the preparation of a=-amino nitriles and

may be applicable to a wide scope of structural types.
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TaBLE. A MopiFieD STRECKER SYNTHESIS Usine DEPC(a)

Carbonyl Compound Amine gz:;%iisggﬁi%ﬁg? a-Amino Nitrile4 Yi?i?
5q-Cholestan-3-one Pyrrolidine R.T./3 gg:gzzg:;ig;éN—pyrrolidino)— 95
50-Cholestan-3-one  Pyrrolidine(ec) R.T./3 gg:gig?g;zg;éN'PYIIOIidiHO)- 84
5a-Cholestan-3-one Morpholine R.T./3 gg:gﬁggz;iggéN'morph°1in0)— g5
5a-Cholestan-3-one Piperidine Reflux/3 gg:ggzzg;gS;éN—piperidino)- 84
5a-Cholestan-3-one  Benzylamine Reflux/3 gs:éﬁgﬁzgigigmino)’3a'cyan°‘ 100
5a~Cholestan-3-one Ammonia(d) 50-55°/19 g;fgﬁgg;;;gg:?z; 82
58-Cholestan-3-one  Pyrrolidine R.T./3 ggfgggi;g;;ﬁ;?¥§rolidinO)- 87
Cyclohexanone Pyrrolidine R.T./3 ‘ i;g{ggg;;;é§}$yrrolidino)- 80
Cyclooctanone Pyrrolidine Reflux/22 i;g{ggg;;;é?;$yrrolidino)- 88
Cyclododecanone Pyrrolidine Reflux/6 i;g{gggai;;ﬁ;?¥frolidino)- 82
5-Cyclohexadecenone Pyrrolidine Reflux/3 i:ggi?g;g;éﬁ;gg;Z?;idino)- 75
2-Adamantanone Pyrrolidine Reflux/3 iagﬁzgigi;Eg;pyrrolidino)- 93
4-Phenyl-2-butanone Pyrrolidine Reflux/13 ﬁgii’ig?;i;gl;ggsirt;ﬂ e(l‘(l}gayrro- 93
Benzaldehyde Morpholine R.T./3 i;éﬁ;ﬂgiggiéino)‘2‘PhenY1— 73
Benzaldehyde Aniline 55-60°/22 igggﬁtiﬂ:) -2-phenyl- 74
4-Cholesten-3-one  Pyrrolidine(k) Reflux/3 .0 Cyamo-38-(N-pyrrolidino)- ¢,

5~cholestene

(a) Unless otherwise stated, the reactions were carried out as described in the
representative procedure. (b) R.T. refers to room temperature. (¢) Imidazole

(1 eq) was used with pyrrolidine(l eq). (d) Chloroform was used as a solvent.

{e) See the text.

(f) Characterized as a hydrochloride. (g) Characterized as

an iminium perchlorate. (k) Two eq. of DEPC was used.
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