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ABSTRACT

The preparation and synthetic applications of a novel resin-bound isonitrile are described. The resin is an example of a novel convertible
isonitrile that can be utilized in the Ugi multicomponent reaction. Base-activation of the resin-bound Ugi product results in cleavage via
formation of a N-acyloxazolidone that is then trapped as a carboxylic acid ester. This resin and the methodology described are suitable for
synthesizing diversity libraries of 2,5-diketopiperazines and 1,4-benzodiazepine-2,5-diones.

Parallel synthesis is at the forefront of organic and medicinal dipeptide motifs suitable for cyclization into constrained 2,5-
chemistry and is playing an important role in many lead diketopiperazines and 1,4-benzodiazepine-2,5-dione targets.
discovery and lead optimization programs in the pharma- However, there is a relatively low number of commercially
ceutical industry. 2,5-Diketopiperazines and 1,4-benzodi- available isonitriles, a component of the Ugi reaction, and
azepine-2,5-diones are biologically interesting molecules thatthey tend to be malodorous. In addition, the efficiency of
have been the targets of many lead generation libraiibs. Ugi reactions can vary greatly over a large and diverse set
multicomponent Ugi reactidrprovides an attractive method of inputs. Convertible isonitriléhave been used to remedy
to assemble a broad range of molecular fragments into
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the lack of readily available isonitrile inputs. Convertible || NN A

isonitriles provide a method of transforming the secondary Scheme %
amide of the Ugi products into a carboxylic acid, ester, or

thioester suitable for further elaboration. A resin-bound H

convertible isonitrilé appeared to be an ideal solution to the 4( a Li+o./\l/

shortcomings. Our endeavors in this area are the subject of N ——— "~

this report. ) ¢
During our investigation of synthetic methods that would 1

be applicable for making a 4000 member (2,5-diketopipera-

zine) library, we found that the known resin-bound convert-
ible isonitriles, depicted in Figure 1, were expensive or labor

1.29 mmol/g 0.87 mmol/g

cyclohexenyl isonitrile resin

a Reagents and conditions: (a) 4,4-dimethyl-2-oxazoliBaLi,
THF, —78°C, 1 h; (b) 2x 20% phosgene/toluene, toluene, rt, 30
f@JNEC_ min; (c) 1, THF, 0°C, 5 min.

HN
Yo¥a
o] .
temperature, and the process has been executed reproducibly

on 200 g scale to provide resBwith a loading of 0.87
mmol/g8

It was envisioned thabt--aminoacylamides such a%
(Scheme 2) could be built up on this resin and then cleaved
with base to generate tiNvacyloxazolidoné. Indeed, resin
3 acts as an efficient isonitrile in solid-phase multicomponent

safety-catch linker isonitrile resin

@—O N, condensations with a wide variety of amines, acids, and
‘ o C' . aldehydes to generate the desired Ugi proddi¢téda infra).
universal Rink-isonitrile resin As shown in Scheme 2, our initial plan entailed base-

induced generation of th¢-acyloxazolidoné, which would
then be trapped by the resulting resin alkox&le afford
the resin-bound esté&t® This would allow one to wash away

intensive to prepare on the scale required for a library of the d4,4-g|m(|athylloxqzolldontte) and conver: gsVercc; the
this size. Furthermore, the synthetic plan required the product 8 cleanly in a subsequent cyclative cleavage.

o ) . .
generation of an activated ester equivalent either during or Utilizing KO'Bu, this approach was unsuccessful, affording

after cleavage of the Ugi product to promote cyclization to none of thg deswed. dlketop|peraz.|8e However, a trace
. . . . amount of intermediat® was obtained, presumably, left
the desired 2,5-diketopiperazine products. We developed a

) L . ehind from insufficient washing of the resin. This lead us
novel resin-bound carbonate convertible isonitrile (CCI resin) ) . .
. L to believe that the multicomponent condensation had been
as an extension of a class of convertible isonitriles reported

. Z successful and that KOtBu had induced the generation of

by Ugi et al: N-acyloxazolidone5. However, the resulting resin alkoxide
The CCl resin was synthesized in two steps (Scheme 1).6 was not a sufficient nucleophile for formation ffrom

Resin-bound chloroformat@ was generated by treating 5,
hydroxymethyl polystyrene resin twice with a 20% phosgene/  However, treatment of with NaOMe gave a low yield
toluene solution and washing extensively. Simultaneously, of 8, but afforded the amid@ as a major component (50%
lithium alkoxide1 was generated and transferred via cannula by HPLC/UV/MS analysis)apparently arising from direct
into the freshly prepared resthsuspended in THF at tTC hydrolysis of the carbonate. This again indicated that the
to afford resin-bound isonitril8. The resin is stable at room  multicomponent condensation was proceeding well. The
challenge remained to induce formatiom\bacyloxazolidone
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Figure 1. Universal isonitrile resins.
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Scheme 2
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a Reagents and conditions. @)110xmol), 2-chlorobenzylamine (10 equiv), 2-phenylpropionaldehyde (10 equiv)pRealanine (10
equiv), trimethylorthoformate, trifluoroethanol, GEl,, rt, 3 days; (b) KBu, THF, rt, 16 h; (c) NaOMe, THF, rt, 16 h.
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aReagents and conditions. @&J110xmol), RRCH,NH, (10 equiv), RCHO (10 equiv), Bom,L-amino acids (10 equiv), trifluoroethanol,
4 A mol sieves, CHCl,, rt, 3 days; (b) same as (a) excéptR-anthranilic acids (10 equiv) used and THF instead obCly (c) KO'Bu
(2 equiv, 1 M solution in THF), THF, rt, 16 h; (d) NaOMe (1.2 equiv, 0.65 M solution in MeOH), THF, rt, 48 h; (e) 70/30
hexafluoroisopropanol, TFA, rt, 48 h; (f) Silicycle TMA-Carbonate, THF, 6 h; (g) Silicycle Isocyanate-3, THF, 16 h.
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forming the N-acyloxazolidone intermediate2 and 13.
Subsequent treatment with NaOMe gave the estdrand
15, which were ultimately cyclized to the desired products

0 (o o i 2 (

N/\/N\) NNF 16 and 17 under. aqdm_ condl.tlons. 'Some representative

N products and their identity/purity as judged by HPLC/UV/

HN MS data are shown in Figure 2. For a 2,5-diketopiperazine
o) o 0 o plate where 80 compounds were made in parallel format the
average mass recovery was 83%. Alternatively, a 1,4-
2% g 68% benzodiazepine-2,5-dione plate where 80 compounds were
made in parallel format had an average mass recovery of

NN 95%.
Q o \—/ In conclusion, a novel CCI resin has been made cost-

N N effectively in three steps on a 200 g scale. It has been used
(O w to synthesize diversity libraries of 2,5-diketopiperazines and

/N o /N 0 1,4-benzodiazepine-2,5-diones using the Ugi multicomponent
reaction in good purities and yields. Base-activation of the

83% 84% resin bound multicomponent reaction product cleaves the

product to form arN-acyloxazolidone intermediate that can
be further elaborated.

N O
Q /
N
(< Supporting Information Available: Detailed experi-
N
0

mental procedures for resi Detailed experimental pro-
cedures for the preparation of diketopiperazines and benzo-
diazepinediones via resB) including spectral data. General
procedure for preparation of diketopiperazines and benzo-
80% diazepinediones in parallel format, 80 compounds at a time.

This material is available free of charge via the Internet at
Figure 2. Representative 2,5-diketopiperazines and 1,4-benzodi- http://pubs.acs.org.
azepine-2,5-diones (% purity by HPLC/UV 220 nm).
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Following the sequence shown in Scheme 3, we were able
to synthesize 2,5-diketopiperazine and 1,4-benzodiazepine-

2 5-dione libraries in parallel 80-well format. The sequence (10) Silicycle’s TMA-Carbonate and Isocyanate-3 were used to free base

L . . . amine and scavenge uncyclized product, respectively.

included Ugi r_eac_t|on, cleavage to the methyl e_sj[ers, post- (11) Some of the open chain products analogous weere formed but

cleavage cyclization, and the application of silica-based gasnydreToved after TFA treatment by scavenging the resulting amine
. i a1,12 . yproduct.

Scavengeﬁg to remove impurities:-**The Ugi products.0 (12) 19 bp = 152—154°C at 10 Torr was removed during evaporation

and11 were cleaved from the carbonate resin with ‘RO of solvent.
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