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Modern drug discovery depends heavily on the use of multiple-
component condensation (MCC) reactions for the rapid assembly
of complex, druglike molecular frameworksiowever, the number
of useful and robust MCC reactions remains limited. Straightforward
reaction analysis suggests that significant advances in this area migh
be achieved by modifying known MCC reactions, for example, by
broadening input types or increasing the component number (i.e.,
>three-component Mannich orfour-component Ugi reactions).
Less obvious are logical strategies for the discovery of additional
MCC reactions. In efforts aimed at the latter enterprise, we recently
described a single-reactant replacement (SRR) approach based o
mechanistic profiling of the Passerini reaction that led to a new
synthesis of substituted oxazokes.

Using that approach, we have developed a Passerini condensation

of acyl cyanides with isonitriles and carboxylic acids leading in
two steps to functionalized diamides gfigheptides ofx-hydroxy-
B-amino acidsl (Scheme 1). Besides resisting protegsssch
pB-peptides form stable helical and sheet structures when incorpo-
rated into larger peptidesand mimic turn elements in proteins.
Compounds such asembody the well-known norstatine peptide
isostere found in potent aspartyl protease inhibitokéolecular
modeling of1 (PCModel, Serena Software) implicates tdy-
droxy group in two low-energy hydrogen bonded conformations,
with the lower-energy conformer having the anti orientation &f R
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Guided by the SRR approach, we decided to replace the aldehyde

or ketone component normally used in a Passerini condensation
with a carbonyl electrophile containing latent nucleophilic func-
tionality (Nu, Figure 1). Such a nucleophile would be expected to
divert either the initially formed iminoeste2 or a-acyloxycar-
boxamide3 to a different molecular scaffold. For example, an
embedded amine nucleophile (Na NH,) would result in the
rearrangement of intermediat@r 3 to diamides such a% and

its congeners.

Acyl cyanides are of interest because the nitrile group in the
expected produch (Scheme 2) might be selectively reduced in
situ to an amine, whereupon spontaneous O-to-N acyl shift would
afford substituteg@-peptides such ak Besides being shelf-stable,
acyl cyanides are also readily available from carboxylic atttisis
enhancing the utility of the method.

In fact, a neat mixture of acetyl cyanide, acetic acid, and
cyclohexylisonitrile reacted (rt, 3 h) to form-acetoxye-cyanoa-
mide 5a, which crystallized directly in 68% yield. Table 1
summarizes the scope of successful condensations.

13606 = J. AM. CHEM. SOC. 2004, 126, 13606—13607

853-1301
mail: bgl8@cornell.edu

° . o
+ + R8-N=C
R o RZJJ\OH
2
o) Nu—R
t Nu—R 00 _ Lk K.
B R3
(0} acyl shift  _,
R! R0 o
< T
2 R 3
N MCC diverted

*\_ to new product? ./

Ay /4
Rz\n/ Nu—R H
R‘%\ﬂ/ “R3
© HO o
4

Figure 1. Effect of an embedded nucleophile in the Passerini reaction.
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Reactions were generally run neat, whereupon the desired
products crystallized directly, or using GEl, as a solvent.
Condensations were successful using a range of aliphatic or alicyclic
acyl cyanides. However, aromatic angi-unsaturated acyl cyanides
failed to react. Condensations also worked well with a broad range
of carboxylic acids and isonitriles, including N-protecte@mino
acids and isocyanoestéfsywhich were of interest in assembling
peptidomimetic structures (e.gm, 5n, 5u—x).1!

To synthesizd, the nitrile group irb was reduced to amine salt
8 (Scheme 3) by catalytic hydrogenation (10% Pd/G, EH;OH,
rt, 5 equiv of HCI) in the presence of acid, so as to suppress
exchange o8 with imine 6. Under these conditions, disappearance
of the nitrile was rapid (within 4 h). Filtration and basification of
the hydrogenation reaction mixture triggered the expected rear-
rangement oB leading to the desirei-amino acid diamideq,
which were isolated by reacidification and chromatographic puri-
fication. Adductsbe, 5d, 5i, and5t, derived froma-branched acyl
cyanides (R= cyclohexyl,tert-butyl), were inert to hydrogenation,
presumably because of steric factors.

Initial reductions of5 also produced significant quantities of a
byproduct9, which likely arose by reversible addition of methanol
to imine 6 followed by O-to-N acyl migration ir¥. However, by
simply extending the hydrogenation times, the methoxy-substituted
diamides9 could usually be suppressed1%) while simultaneously
improving the yields ofl.. Table 2 summarizes several representative
examples of this reductive rearrangement.

The structures ola and 1k were unambiguously identified by
comparison with authentic samplfs!H NMR spectra showed

10.1021/ja0450152 CCC: $27.50 © 2004 American Chemical Society



COMMUNICATIONS

Table 1. Synthesis of a-Acyloxy-a-cyanocarboxamides 5
Rt R? R3 product % yield
CH3 CH3 CeHll 5a 68
n-C7H1s CHs CeH11 5b 74
C5H11 CH3 CeHn 5c 58
t-Bu CH; CﬁHll 5d 61
CH3OCH2 CH3 CeH11 5e 49
CHgs PhCH=CH CsH11 5f 50
CHjs n-C7His CsH11 5g 75
n-C7H1s n-C7His CeHi1 5h 64
CgH11 PhCHCH; CeH11 5i 62
n-C7His Ph GHua 5] 50
CH3 CH3 t-Bu 5k 67
n-C7H1s CHs t-Bu 51 41
CHs Cbz-©-Phe t-Bu 5m 62
CHjs Boc-(9-Phe t-Bu 5n 70
CHs CHj3 n-Bu 50 63
CH3OCH, Ph n-Bu 5p 67
CH3 CHs EtO,CCH, 5q 40
CH30OCH, PhCHCH; EtO,CCH; 5r 32
CHs CHjs MeO(CH,)2 5s 51
t-Bu n-C7H1s MeO(CH,)2 5t 82
CHs Cbz-©-Phe MeO-§-Ala 5u 37
CHjs CHs MeO-(9)-Ala 5v 60
CH3 CHjs BnO-(9-Val 5w 62
CHs Boc-(9-Phe MeO-§-Ala 5x 44
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Table 2. Reductive Rearrangement of 5 to 5-Amino Acid
Diamides 1
reactant time (h) product % yield
5a 22 la 57
5b 46 1b 442
5h 46 1h 45
5k 23 1k 73
5n 16 1n 30
5p 46 1p 76
5r 22 1rd 43
5s 23 1s 56
5v 16 1lv 66
5x 23 1x 35

aDiamide 9b formed in 8% yield? Using THF as a solvent.Using
RaNi and Pd/C as cocatalystdsolated as the corresponding methyl ester.

€ Diamide 9r formed in 11% vyield.

characteristic ABX resonances at 33.6 ppm for the CHNH

substructure in the product diamides.

The Pd/C-catalyzed hydrogenation5f and5x in CH;OH did
not form 1n and1x but instead produced BOC-Phe-OMe>50%
yield. This unexpectéd@ methanolysis ofi-acylaminoesters, which
appears to be generdlwas circumvented by conducting hydro-
genations in THF, although most reduction®afave higher yields

in CH3;OH/HCI. It was also possible to synthesize diamidés a
one-pot process directly from acyl cyanides with comparable overall
yields.

In summary, mechanistic profiling of a known MCC reaction
using the SRR approach results in a highly convergent synthesis
of -amino acid diamides and relat¢gdpeptide analogues. The
methodology is particularly well-suited to prepariod peptides
embodying the heterogeneoug3/a. backbone motif (e.g.1x),
recent examples of which display antimicrobial propertfes.
Taken together with the new route to oxazéfedeveloped by
applying SRR to a different reactant in the same MCC, the present
results indicate the multidimensionality of this approach in generat-
ing disparate product outcomes from the same template reaction.
Besides being general and versatile, the SRR approach can also be
applied iteratively. Thus, one may expect that sequential applications
to MCC reactions will likely lead to new molecular frameworks
and scaffolds bearing little resemblance to the cognate reactions
on which they were initially based.
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