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Interest in designer convertible isonitriles has increased in recent years with the growing recognition that
isonitrile-based multi-component reactions (IMCRs) are highly effective in rapidly accessing, new and
pharmacologically relevant diversity space. This Letter reports on the novel use of n-butylisonitrile as
a cheaper and more atom-economical alternative to currently reported ‘designer convertible isonitriles’,
facilitated by the advent of microwave-assisted organic synthesis (MAOS).
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Since the completion of the human genome project it has be-
come evident that more efficient, cost-effective exploration of
chemical diversity space is required to enable small molecule val-
idation of new macromolecular targets with potential disease
modifying effects. As such, the design of new MCRs and post-
MCR transformations are now recognized as powerful library gen-
erating tools that facilitate the discovery of novel pharmacologi-
cally rich molecular probes.1 Isonitrile-based MCRs (IMCRs)2 have
proven extremely fruitful, and many groups have developed
post-condensation strategies with the classical Ugi reaction3 which
employ so-called ‘convertible’ isonitriles.4 This set of specialized
reagents includes cyclohexynlisonitrile 1, and close analogs 2, 3,
and 5 that function as acid activated leaving groups in the Ugi con-
densation product. Isonitriles 4, 6, and 8 utilize ‘safety-catch’
mechanisms to the same end, Figure 1.5 Their value was recently
nicely exemplified in a report from a clinical candidate develop-
ment program, where molecules progressed into man without
chemistry deviating from original hit generation ‘convertible isoni-
trile’ based methodology. One such molecule, AplavirocTM 9, a CCR5
inhibitor developed for the treatment of HIV infection, was discov-
ered from a two-step IMCR based diketopiperazine library using
convertible isonitrile 7.6 The same strategy with 1 was originally
published in 19987 at a time when only 12 isonitriles were com-
mercially available and microwave-assisted organic synthesis
was in its infancy.8 This communication follows recent reports
from our laboratory that re-examined the application of ‘designer
convertible isonitriles’ in IMCRs. For example, in studies of the
Bienayme–Blackburn–Groebke reaction,9 it was shown that the
relatively expensive Walborsky reagent (1,1,3,3-tetramethylbutyl-
isonitrile) was replaceable with trimethylsilylcyanide, rendering
deprotection obsolete and free amino bicyclic imidazo[1,2-x]-het-
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erocycles directly.10 Herein, we present studies driven by an obser-
vation detailed in a previous article describing a two-step UDC
(Ugi/Deprotect/Cyclize)11 route to benzimidazoles 17 (Pathway
A), Scheme 1.12 It was noted that when sterically hindered acids
11 were used in conjunction with n-butylisonitrile 14, dihydroqui-
noxalinones 18 emerged from an alternate pathway (Pathway B),
Scheme 1.
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In the majority of reactions monitored Pathway B was insignif-
icant, producing only trace amounts of the side product. Significant
however was the new potential application of n-butylisonitrile as a
simple, cheap, more atom-economical alternative to convertible
isonitriles in UDC transformations (note with a >10-fold price dif-
ferential from isonitriles 1 and 3)13—ironically an isonitrile from
the original set of commercially available 12 in the late 1990s.
The AplavirocTM diketopiperazine ring forming strategy was initially
evaluated. Thus, the Ugi reaction was run under microwave-as-
sisted conditions with N-Boc-a-amino acids 19, n-butylisonitrile
14 and supporting reagents utilizing a Biotage Initiator8TM system.
After solvent evaporation, the crude Ugi product 20 was dissolved
in 10% TFA in DCE and was irradiated at 120 �C for 20 min, Scheme
2. Six examples were purified in automated fashion on a Biotage
IsoleraTM, and are shown with reported isolated yields for the over-
all two-step process, Figure 2.
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Scheme 1. Reagents and conditions: (i) 11, 12, 1, 10, rt, 48 h, MeOH; (ii) PS-tosylhydrazine (3 equiv), PS-N-methylmorpholine (3 equiv), THF/CH2Cl2, 24 h; and (iii) 20% TFA/
CH2Cl2, 4 h.

H
N CO2H

R3

CN N
R2 NH2R1 CHO

MeOH, 5 min, MAOS R2

R1 H
N

OH
N

R3 O

TFA, DCE N
N

O

O

H

R3

R1

R220 min, MAOSO

O

O

O

19 14 20 21

Scheme 2.

Carbonate Convertible
Isocyanide resin 8

O O

O
NC

O N
H

O
NC

O NC

NCNCNC

O
O

O

NC

Safety-catch Linker Convertible
Isocyanide resin 6

Rink Convertible
Isocyanide resin 7

Cyclohexynl Convertible
Isocyanide resin 5

O O

O
NC

1 2 3 4

Figure 1. Spectrum of convertible isonitriles.
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Yields were excellent for the two-step process with no interme-
diate purification of the condensation product 20 required. Ob-
served diastereomeric ratios in molecules 26 and 27 were 1:1.

In similar fashion, N-Boc-anthranilic acids 28 were exposed to
the same protocol employed in Scheme 2. However, mixtures of
the desired 1,4-benzodiazepine-2,4-dione 30 and the trifluoroacet-
ylated analog 31 of the Ugi product 29 were obtained. Conditions
were thus slightly modified to use HCl in MeOH with microwave
irradiation, Scheme 3.14 Isolated yields for the two-step process
were comparable to those reported with cyclohexynlisonitrile7,11g

and furthermore the transformation proceeded well without
work-up or purification of the intermediate Ugi product via simple
addition of a methanolic HCl solution to the on-going Ugi reaction.
Seven examples (32 through 38) are shown in Figure 3 with iso-
lated yields ranging from <5% to 75% for the microwave mediated
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Figure
ring closing step. The N-methylated anthranilic acid was notice-
ably a poor performer, 38.

Repositioning the internal nucleophile in the condensation
product of mono-Boc protected diamines 39 and supporting Ugi re-
agents, followed by acid treatment interestingly gave the acyclic
salt 41, Scheme 4. Desired ketopiperazine 42 was not observed
even at reaction temperatures in excess of 200 �C.

In summary, the last ten years has witnessed an explosion of
activity in generating new molecular diversity via functional mod-
ifications of MCRs.15 In addition, extensive studies have been per-
formed developing elegant convertible isonitriles that enable
production of large arrays of pharmacologically relevant scaffolds.
These have been particularly directed toward UDC-like methodol-
ogies where an appropriately positioned internal amino nucleo-
phile is utilized to rigidify the flexible Ugi skeleton. Interestingly,
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the work described herein, reveals that many of the same transfor-
mations are feasible with one of the original commercially avail-
able isonitriles, namely n-butylisonitrile and expedited by MAOS
to reduce reaction times. As such, this represents a cost effective13

and more atom-economical alternative to the use of more complex
designer isonitriles and will be a particularly welcome addition to
early stage medicinal chemistry projects developing convertible
isonitrile UDC-derived hits or leads.
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