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The development of new methods for the synthesis of natural
and unnaturad-amino acid derivatives is an area of current interest
both in syntheti®&? and medicind chemistry. Although many
valuable multistep routes to-amino acid precursors are available,

syntheses of these compounds by one-pot multicomponent reactions

(MCRs)* are particularly fascinating since they facilitate rapid
construction of very large compound libraries which can, then, be
used for drug discovery.

Classical examples of such a reaction are the evergreen Strecket

synthesis and the Ugi condensatfdraccording to whiclw-amino
acid precursors are efficiently assembled by adding a nucleophilic

carboxylate synthon (cyanide or isocyanides) to an imine generated

in situ® In recent years, glyoxylate imine derivatives, either

preformed or generated in situ, have been used as versatile

electrophilic glycine equivalents to provide rapid access to a wide
range of natural and unnaturatamino acid derivatives through
radical alkylatiori or nucleophilic addition of organometallic
reagents.

In the course of our studiéswe have disclosed the manifold
roles simultaneously played by Ti(lll) and Ti(IV) ions in promoting
radical Mannich-type MCRs. As a part of our ongoing interest in
this area, we now report that the aqueous acidic Ti(Ilpksystem
readily assembles an amidean aldehyde, and formamide in a
one-pot reaction leading to a wide rangecohminoamides3 in
fair to good vyields (Table 1).

The reaction smoothly proceeds at 20 by adding dropwise
(20 min) HO, (5 mmol of a 35% aqueous solution) to a
homogeneous solution df (4 mmol), 2 (2 mmol), and TiC§ (8
mmol, ca. 8 mL of a 15% aqueous acidic solution) in formamide
(10 mL). The reaction is like a titration and its end is clearly shown
by a sharp change of the color from blue to orange; furthermore,
after work up, most of the-aminoamides crystallize out in pure
form from the crude reaction mixtures dissolved in a suitable
solvent.

In planning the synthesis, we started first wi#methoxyaniline
(PMP—NHy) 15, as a representative amine, since the protective PMP
group can be further removed by CAN oxidatiot.As shown in

Table 1, several types of aldehydes can participate in this process

these include primary (entries 2 and 3), secondary (entri€d),4
tertiary (entry 8)a,5-unsaturated (entry 9), aromatic (entries-10

20), and heteroaromatic (entry 21) ones. Only formaldehyde gave

an abnormal result: N-aminomethylatiéof formamide occurred
(entry 1, 60% yield) instead of the expected C-aminomethylation.
We next proved that the reaction may be extended to other
substituted anilines, allowing structural variétyFor example,
p-toluidine 1b and p-bromoanilinelc reacted with benzaldehyde
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Table 1. Addition of Formamide to an Equilibrium Mixture of
PMP—NH, and Aldehydes 2a—u

AN +R\C/H H\C/NHZ H,0,, Ti(ll) PMP\N{R
PP O O HO.t 1 “conm,
1a 2a-u 3a-u

R-CHO

entry R- 3yield (%)?

1 H— b

2 CHs— 3a 60

3 (CHg)2CHCH,— 3b: 75

4 (CHg).CH— 3c 62

5 (CoHs)(CHz)CH— 3d: 65

6 Ph(CH)CH— 3e 40

7 cyclohex- 3f: 50

8 (CHg)sC— 3g: 45

9 PhCH=CH,— 3h: 55

10 Ph- 3i: 79 (85)

11 p-HO—CgHa— 3j: 66 (75)

12 piperonyt 3k: 70

13 0-HO—CeHas— 3l: 30

14 0-CHz0—CgHa— 3m: 60

15 m-CHzO—CgHa— 3n: 59

16 p-CH3O—CgHs— 3p: 66

17 p-Br—CgHa— 30: 64

18 p-F—CeHa— 3r: 60

19 1-naphthyt 3s 37

20 2-naphthyt+ 3t: 60

21 2-furyl— 3u: 85

2x Ph— 3v: 78

23 Ph— 3z 60

a|solated yields based on the starting aldehyde RCHO (2 mmol); yields
in parentheses were determined'ByNMR with an internal standard added
to the crude reaction mixture; yields based on the converted aldehydes are
always >90%. ° N-[(p-Methoxyphenylamino)methyllformamide was ob-
tained.¢ 1b was used instead dfa. 9 1c was used instead dfa.

and formamide (entries 22 and 23) affording the corresponding
N-arylphenylglycinamides3v and 3z in 78 and 60% yields,
respectively.

From the mechanistic point of view (Scheme 1), the initial step

is the Ti(lll) one-electron reduction of 4@, (stepi) leading to a

hydroxy radical and Ti(IV) ion, which both participate in the
subsequent steps leading 3o (a) hydroxy radical abstracts a H
atom from the G-H bond of formamide forming a carbamoyl
radical (stepi); (b) Ti(IV) ion, owing to its oxophilicity, coordinates
the carbonyl oxygen of the aldehyde favoring imine formation and,
as a strong Lewis acid, increases the imine electrophilicity by
N-complexation (stepii);13 (c) addition of the nucleophilic car-
bamoy! radicat* proceeds at the C atom & to generate an
aminium radicaB (stepiv), which is readily reduced to the final
product3 by a second equiv of Ti(lll) ion (step).
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Scheme 1. Mechanistic Rationale amides, utilizing cheap and commercially available starting materi-
T + - () OH' + . TV als. An aqueous cosolvent and the ultimately nontoxic,Ti@tal
i) + HOp + H H,0 ) residue contribute to render the reaction significant also from an
OH" + HCONH, ﬂ, "CONHp+ H,0 ecological point of yiew. . . o
— Future efforts will focus on combinatorial application of the
RCHO + ArNH, ). g Ar\r\j R or method in the preparation of new structural typea-@minoamides.
H0 (i) T|(|v)/ A Acknowledgment. Financial support from MURST (Cofin
N . A, R 2004) is gratefully acknowledged.
CONHz Ti(V) /N CONH Supporting Information Available: Experimental procedures and
H B 2 characterization of product8a—z (NMR data, *H and *C NMR
B + Ti(llh & 3+ Ti(V) spectra). This material is available free of charge via the Internet at
http://pubs.acs.org.
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