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Ugi condensation was used to synthesize the first examples of chiral racemic Ar-Cr(CO); labeled peptide nucleic acid (PNA) monomers
bearing the organometallic moiety linked to the a-carbon of the glycine unit.

The Ugi four-component reaction (U-4CR), in which an therapeutic and diagnostic applications is rapidly growing

amine, a carbonyl compound, a carboxylic acid, and an as they show high binding affinity and selectivity to

isocyanide react in a one-pot process (Scheme 1), is acomplementary DNA and RNA.

convenient method of achieving teacylamino amideg, We have recently been interested in making modified

generally in good yields. PNAs and have particularly focused on the synthesis of

organometallic conjugates in order to (i) exploit our expertise

s in stereoselective synthesis using chiral Cr(€&@mplexe$

Scheme 1 to obtain chiral PNA organometallic conjugates and (ii) use

O Ry the unique spectroscopic and reactivity properties of orga-

NHL ¢ . 9 nometallic compounds to confront biological and biomedical
+ . . . oy

2 RHJ\H Rz)J\OH ReNC —— R’N%N’% issues such as the possible improvement of cell permeability
Ry H (which is poor for PNASs), the resolution of analytical

! problems (use of PNAs as spectroscopic and electrochemical

probesy, and possibly the induction of different specificities
f in binding properties with DNA and RNA.

Because of the possibility of using a large number o
different components, the U-4CR has recently been used to : : :
(2) Domling, A.; Chi, K. Z.; Barrere, MBioorg. Med. Chem. Leti999,

build _Iarge_libraries and applied to the synthesis OT p_eptide 9, 2871. (b) Martens, J.; Maison, W.; Schlemminger, I.; Westerhoff, O.
nucleic acid (PNA) monomefsPNAs are DNA mimics Bioorg. Med. Chem. LetR000,8, 1343.

i : ; ; :. (3) Nielsen, P. ECurr. Opin. Biotechnol2001,12, 16 and references
containing a pseudopeptide backbone, and interest in thelrtherein. Nielsen, P. E.; Egholm, NPeptide Nucleic Acids. Protocols and

Applications; Horizon Scientific Press: Norfolk, 1999.
(1) Dommling, A.; Ugi, . Angew. ChemInt. Ed. 2000,39, 3168. Ugi, (4) Baldoli, C.; Maiorana, S.; Licandro, E.; Perdicchia, D.; Vandoni, B.
1. Pure Appl. Chem2001,73, 187. Tetrahedron: Asymmetr000,11, 2007.
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Metzler-Nolte has recently described the synthesis of a To set up the experimental conditions, the 4-component
PNA monomer2 (Figure 1) labeled with transition metals reaction was first run using benzaldehyde-Cr(€@)as
at the terminal nitrogen of the aminoethyl residue, to be used model compound (Scheme 2). The other components were
as a spectroscopic and electrochemical pfobe.

_ Scheme 2. Ugi Reaction on Benzaldehyde Compléx
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Our idea was to synthesize a PNA monor8€Figure 1) CozHN™ ™~ gﬂ lo
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in which the organometallic moiety is linked to thecarbon

of the glycine unit, thus retaining the aminoethylglycine ©CHC T ¢ gy,
function that can be used for the further construction of an
oligomer, either through an iterative replication®&long
the chain or by including monom&rinto a traditional PNA N-Cbz-ethylendiaminé, 1-carboxymethylthymine, and
chain. These organometallic conjugates are expected to showj-methoxy-2-nitropheny! isonitril&. We chose this isoni-
greater lipophilic character and a better cell permeability in trilel! (the precursor of the arylamide function in compound
comparison with that of classic PNAs. In addition the 8) in order to hydro|yze the amido group under basic
detection of strong IR bands of the metal CO groups (2000 conditiong compatible with the presence of the Cr(GO)

1850 cm) could provide a useful and easy handle for the group. The Cbz protection at the nitrogen of ethylendiamine
molecular recognition of specific DNA sequences. Moreo- 5 was chosen for the same reason.

ever, chiral PNAs are generated, and as for other nucleotide | accordance with the conditions patented by Ugi etal.,

analogues, the chirality in a PNA strand can affect DNA the reaction was run in MeOH with an equimolar mixture
interaction and binding properties. Some examples of chiral of the four reagents. The reaction time (72 h) represents the
PNAs have been reportédyut the problem of their enan-  pest compromise between yield and stability of the com-
tioselective synthesis deserves further attention. Chiral or- ylexed monomer precursd. After a standard workup
ganometallic complexes have never been used as carbonylg|iowed by chromatographic separatidhwas isolated in
components in Ugi condensations, and the prospect of1994 yield. No improvement in reaction yield was obtained
obtaining a PNA monomer in a one-pot stereoselective py changing time, solvent, or temperature; more prolonged
reaction was highly attractiveTo this end, we considered heating led to the decomposition of the products.

chiral benzaldehyde chromiumtricarbonyl complexes for a  ag the Ugi reaction with Cbz-protected ethylendiamine
stereoselective version of the Ugi reaction because they cang not reported in the literature, for the sake of comparison
be easily obtained in enantiopure fotand usually lead to e repeated the reaction on the uncomplexed benzaldehyde

high stereoselectivit}. 9 under the same conditions. (Scheme 3). The corresponding
53 o S M Vess v A Brossieds. p productl10 was isolated in 22% yield, which is comparable
aouen, G.; salmain, M.; Vessieres, A.; varenne, A.; brossiets, . : H
Organomet. Chermi999. 589, 92. Metzler-Nolte, N. Agew. Chem.int. with that of the reaction on complek but less than that

Ed. 2001,40, 1040. reported using th&l-Boc protected ethylendiamine (4195).

(6) Metzler-Nolte, N.; Hess, AJ. Chem. So¢cChem. Commuril999, ; ; ; ; _
885. Metzler-Nolte, N.; Verheijen, J. C.; van der Marel, G:; van Boom, J. . To improve the reactlo.n y|elds,we then tried the,condensa
H. Bioconjugate Chen2000,11, 741. tion on the preformed imind1 (Scheme 4), which was

(7) Marchelli, R.; Nielsen, P. E.; Sforza, S.; Haaima, Br. J. Org.  gbtained in quantitative yields from the benzaldehyde
Chem.1999, 197. Puschl, A.; Tedeschi, T.; Nielsen, POEg. Lett.2000,
2, 4161. Kumar, VEur. J. Org. Chem2002, 2021.

(8) The use of (+)-a-ferrocenylethyl in a Ugi condensation has been (10) Davies, S. G.; McCarty, T. D. In@nprehensive Organometallic
reported: Ugi, |.; Eberle, G. Agew. Chem.nt. Ed. Engl.1976,15, 492. Chemistry 1I; Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds;
For a 4-component condensation of metal-stabilized hydrogen isocyanide, Pergamon: Oxford, 1995; Vol. 12, p 1039. Solladié-Cavallo, AAdnances
see: Kernbach, U.; Jaouen, G.; Mihl, M.; Polborn, K.; Fehlammer, W. P. in Metal-Organic ChemistryLiebeskind, L. S., Ed.; JAl Press: Greenwich

Inorg. Chim. Acta2002,334, 45. 1989; Vol. 1, p 99.

(9) Rose-Munch, F.; Alexakis, A.; Rose, E.; Mangeney, P.; Marek, |.; (11) Keating, T. A.; Armstrong, R. WJ. Am. Chem. S0d.996,118,
Semra, A.; Robert, K. Am. Chem. S0d992,114, 8288. Rose, E.; Rose- 2574,
Munch, F.Curr. Org. Chem.1999, 3, 445. (12) Domling, Alexander; Richter, Wolfgang PCT Int. Appl., 1998.
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Scheme 3. Ugi Reaction on Benzaldehyde
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complex4 and amines by heating at 30C in EtOH for 8

h. In this case, under the same conditions as those reported

in Scheme 1, produ@ was isolated after column chroma-
tography in 50% vyield?

Scheme 4. Ugi Reaction on Benzaldimine Compléxd
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In addition, a preliminary experiment of the hydrolysis of
the N-aryl amide function was run in MeOH using 1.5 equiv
of ground KOH. (Scheme 4). The reaction was not optimized
and the PNA monomet2 was isolated as potassium salt in
50% yield*

(13) Typical Procedure. An equimolar mixture of benzaldimine complex
11 (1.1 mmol), 1-carboxymethylthymin@ and 4-methoxy-2-nitrophenyl-
isonitrile 7 in MeOH (4 mL) was heated under nitrogen at45for 24 h

As one of the targets of the present study was to obtain
an enantiopure PNA monomer, the Ugi condensation was
then studied on chiral racemic ortho-substituted benzaldimine
complexesl4a—c, which were again obtained in quantitative
yields from benzaldehyde complex@3a—cand amineb.
(Scheme 5).

Scheme 5. Ugi Reaction on Chiral Benzaldimine Complexes
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The first condensation was run on completaunder the
above conditions and afforded mononiérain 42% yield
as a mixture of the two diastereoisomers in a 55:45 ratio.
The lack of stereoselectivity was rather unexpected, as the
use of orthosubstituted complexes usually leads to very high
diastereoselections, in accordance with the stereochemical
model known for such complexé@slo investigate the role
of the ortho substituent in the stereochemical outcome of
the condensation, the reaction was extended to 2-Cl and
2-methylbenzaldimine complexdsib,c. In both cases, an
almost equimolar ratio of the two diastereocisomers was again
obtained in 41% and 52% yields.

to afford 8 as a yellow powder. Mp 124125 °C (pentane). Anal. Calcd

for CasH3,CrNgO12: C, 53.85; H, 4.13; N, 10.77. Found: C, 53.42; H, 4.16;

N, 10.78.1H NMR (300 MHz, CDC}) 6 1.80 (s, 3H, CH), 3.28—3.58 (m,

2H, NCH,CHN), 3.95—3.68 (m, 2H, NCLCH:N), 3.82 (s, 3H, OCH),

4.22 (d, 1H,J = 16.4 Hz, CHCO), 4.46 (s, 1H, CH), 4.60 (d, 1H,=

16.4 Hz, CHCO); 5.22—5.28 (m, 4H, C§O + 2H PhCr(COjy), 5.56 (d,

1H, J = 5.5 Hz, PhCr(CQ), 5.64 (dd, 1HJ; = J, 6.3 Hz, PhCr(CQ),

5.80 (d, 1H,J = 6.3 Hz, PhCr(CQy), 5.99 (s, 1H, NH), 6.58 (s, 1H,
CH=), 7.19 (dd, 1HJ) = 2.9, 9.4 Hz, arom), 7.277.40 (5H, m, Ph), 7.60

(d, 1H,J = 2.9 Hz, arom), 8.51 (d, 1H] = 9.4 Hz, arom), 8.55 (s, 1H,
NH), 10.30 (s, 1H, NH)13C NMR (300 MHz, CDC}) ¢ 231.9, 168.5,
166.6, 164.2, 156.7, 155.8, 150.9, 140.9, 137.8, 136.3, 128.9, 128.1, 124.0,
123.1, 110.6, 108.9, 99.8, 97.2, 96.5, 95.6, 89, 88.9, 67.1, 65.9, 55.9, 48.8,
48.0, 39.5, 12.3. IR (Nujoly cm™1) 1877, 1968, 1681.

(14) The hydrolytic step is crucial for the synthesis of enantiopure PNAs
because of the presence of a benzyl proton that might lead to racemization
in basic medium. However, it has been reported that deprotonation and
subsequent electrophilic quenching at the benzylic position of arene

and then stirred at room temperature for 3 days. After evaporation of the chromiumtricarbonyl derivatives proceeds stereopecifically. See: Davies,

solvent, the crude product was purified by column chromatography (AcOEt)

Org. Lett., Vol. 4, No. 24, 2002

S. G.; Blagg, JTetrahedron1987,41, 4463.

4343
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It is worth noting that, in all cases, the two diastereoiso- and analytical and spectroscopic data of imihkandl4a—c
mers can be separated by column chromatography. Thusand of monomerslO, 12, and15 a—c. This material is
when starting from enantiopure benzaldehyde complexesavailable free of charge via the Internet at http://pubs.acs.org.
13a—c, it is possible to obtain both enantiomersléa—c
in a one-pot process and in good yields in comparison with o 026994A
the classical multistep synthesis of a PNA monofer.

(16) Egholm, M.; Buchardt, O.; Dueholm K. L.; Behrens, C.; Christensen,
(15) Comparable yields were obtained from the reaction on the core- L.; Hansen, H. F.; Vulpius, T.; Petersen, K. H.; Berg, R. H.; Nielsen, P. E.
sponding uncomplexed imine. J. Org. Chem1994,59, 5767.
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