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SYNTHETIC APPLICATIONS OF p-FUNCTIONALIZED PHOSPHORUS

COMPOUNDS. AN EFFECTIVE STRATEGY FOR THE PREPARATION OF

ACYCLIC AND HETEROCYCLIC COMPOUNDS DERIVED FROM AMINES

AND HYDRAZONES.
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FRANCISCO PALACIOS*, DOMITILA APARICIO, JESUS M. DE LOS

SANTOS, JESUS GARCIA, ENCINA RODRIGUEZ

Departamento de Qufmica Orglnica. Facultad de Farmacia. Universidad del Pafs

Vasco. Apartado 450. 01080 Vitoria. SPAIN.

Abstract Enamines 3'A were very easily prepared in high yield through the
addition of achiral and chiral amines J A to propargylphosphonium salts,
phosphine oxide and phosphonate allenes 2. p-Functionalized phosphonium salts,
phosphine oxides and phosphonates were used for the synthesis of p-amino
phosphorus compounds 4A. and for the synthesis of homologation reagents of
imines for the preparation of is-allylamines SA. and p-hydroxyamino compounds
7A. Likewise, p-enehydrazino phosphonium salts 3 cH. p-hydrazono phosphine
oxides 3aH and phosphonates 3bH were obtained from hydrazines 1 H and
phosphorylated allenes 2. These derivatives were used for the two-carbon
elongation of hydrazones and for the synthesis of azadienes £H and pyrazoles 2.
10 .

Imines1 and hydrazones2 are common nitrogen derivatives of ketones and aldehydes

and have attracted a great deal of attention in recent years because of their range of

applications.1 They can be used not only as intermediates in heterocyclic synthesis,3 but

also in the enantioselective synthesis of natural products4 and Pharmaceuticals5 of high

enantiomeric purity. Particularly significant is the usefulness of a,p-unsaturated imines

and hydrazones 1 as a result of their potential for the preparation of acyclic

compounds,6 as well as of the Diels-Alder reactivity of these substances as 1-azadienes

for the construction of six membered heterocycles.7 The lack of general methods for

synthesis of these compounds has probably limited their use in organic synthesis.

Simple cc,P-unsaturated imines and hydrazones £ are mostly synthesized by the

condensation reaction of carbonyl compounds with hydrazines. However, the

preparation of such compounds is far from simple and, specially in the case of ketones,

only yields good results in very specific cases and generally leads to Michael addition.8
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In recent years, we have used p-functionalized phosphorus derivatives as starting

materials in the preparation of acyclic9 and cyclic10 derivatives. Continuing our interest

in the reactivity of phosphorus substituted enamines and in the synthesis of azadienes11

and in the preparation of homologation reagents of carbonyl derivatives into cc,P-

unsaturated imines12 and hydrazones13 with the introduction of two additional carbon

atoms in the resulting chain, here we aim to extend this methodology to the preparation

of a wide range of unsaturated compounds and to explore the synthetic use of 0-

functionalized phosphorus compounds in the preparation of new groups of acyclic and

cyclic derivatives.

Synthesis of imino 5-7 and amino derivatives 4. 8A.

The preparation of the phosphine oxide derivative 3aA was very easily

accomplished and in very high yields by means of simple addition of aliphatic, aromatic

and functionalized amines 1A to phosphorylated allenes 2a in refluxing acetonitrile (see

Scheme 1). Similarly, allenes derived from phosphonates 2b and phosphonium salts 2c.

also reacted with amines J A to give the corresponding enamines 3'bA and 3'cA.

Functionalized phosphine oxides 3aA and phosphonates 3'bA were used in the

preparation of P-amino compounds derived from phosphine oxides 4aA and

phosphonates 4bA by selective reduction of the carbon-nitrogen double bond, without

affecting either the phosphine oxide, or the phosphonate and/or other functional groups

present in compounds 3_, when these derivative 3. were treated with NaBU} in refluxing

ethanol.

Carbanions derived from imines such as metalloenamines are specially useful in

organic synthesis.1 In metalloenamines derived from compounds 3/3'A. the presence

of an anion stabilising group such as phosphine oxide or phosphonate could control the

deprotonation in the internal less substituted carbon. Thus, when compounds 3/3'aA

and 3/3'bA were treated with methyl lithium followed by addition of alkyl halides and

aqueous work-up, substituted compounds 5gA and 5bA were obtained (see Scheme 1).

Similarly, the olefmation reaction of derivatives 3/3'A were performed by treatment of

these compounds 3/3'A with methyl lithium in THF and the resulting metalloenamine

was then allowed to react with aliphatic, aromatic and heteroaromatic aldehydes to give

1-azadienes 6A- Michael addition of water to a,P-unsaturated imines 6A led to the

formation of P-hydroxi-imino derivatives 7A. The treatment of azadienes M . with an

excess of NaBH4 in ethanol-THF gave allylamines 8A- This procedure is highly

stereoselective affording exclusively the E -stereoisomer.
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1

2a © : POPhj

b © : PO(OE1)2

c (?): *PPhj Br

R5

8

A:R 2 = R ;

SCHEME 1

Synthesis of cc.p-unsaturated hydrazones 6H and pyrazole derivatives 9 and 10.

P-Hydrazono 3a-cH and P-enehydrazino phosphorus compounds 3'a-cH could be

suitable to efficiently achieve the homologation, or two carbon elongation, of

hydrazones into their vinylogous compounds £H. Thus, simple addition of hydrazines

to allenes derived from phosphine oxides 2a and phosponates 2b. led to the formation of

hydrazones 3a,bH. while the use of allenes derived from phosphonium salts 2£

afforded the P-enehydrazino phosphonium salts 3'cH isolated as a mixture of the Z and

£-isomers (see Scheme 1).

Carbanions derived from hydrazones are useful intermediates in organic synthesis2

and in our case are also used for the preparation of acyclic £H, and cyclic compounds

9.10. Thus, phosphonium salts 3'cH were treated with a base (potassium carbonate)

followed by Wittig reaction of the "in situ" generated phosphorane with aldehydes

leading to oc,P-unsaturated hydrazones £H with high E stereoselectivity of the carbon-

carbon double bond.The reaction with ketones failed. We extended this methodology for

two carbon homologation of hydrazones, by using the corresponding P-functionalized

phosphine oxides 3aII and phosphonates 3bH instead of phosphonium salts 3cH. In

these cases, the metallation of P-hydrazono derivatives 3aH and 3bH with methyl

lithium or LDA followed by the addition of ketones led to the formation of 1-azadienes

6H. This strategy can also be applied for five membered heterocycle formation when N-

aryl hydrazones are used. Acyclic a,p-unsaturated compounds £H (R2N = ArNH) are
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formed by treatment of the starting hydrazones 3aH (R2N = ArNH) with two

equivalents of a strong base like LDA followed by addition of aldehydes. Heating these

compounds at 100°C caused intramolecular Michael addition and gave pirazoles Ifl.

However, when ketones reacted with dianion from phosphorylated hydrazones 3aH

(R2N = ArNH) the pyrazolines 2 were obtained.
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