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Abstract

This communication reveals novel applications of the,B@OH reagent combination coupled with the
UDC (Ugi/DeBOC/Cyclize) strategy. The Ugi five component condensation (5CC) affords carbamate protected
amino-amides in good yield. When one of the supporting reagents employed in the Ugi reaction possesses a
tethered amino-BOC protected functional group, subsequent acid treatment and proton scavenging results in rapid
cyclization to cyclic ureas. Additionally, treatment of the 5CC product with base affords hydantoins in good yield,
representing a novel and short approach to this class of molecule. © 2000 Elsevier Science Ltd. All rights reserved.

With the recent emergence of combinatorial chemistry and high speed parallel synthesis in the lead
discovery arena, the multi-component reaction (MCR) has witnessed a resurgence of irfeasist.
automated one-pot reactions, such as the? dgd Passerifireactions, are in fact powerful tools for
producing diverse arrays of compounds, often in one step and high yield. Despite this synthetic potential,
the Ugi reaction is limited by producing products that are flexible and peptidic-like, often being classified
as ‘non-drug-like’. Interestingly, several novel intramolecular variations on the Ugi reaction have recently
been reported where constrained, more biologically relevant products result from interception of the
intermediate nitrilium ion using a bifunctional inptitAn alternative approach is to constrain the Ugi
product via a post-condensation modification after initial formation of the classical Ugi progluct.

This letter reveals a series of novel applications of the/®#@OH, 1, reagent combination in the Ugi
5CC (five component condensation). Utilizing UDC (Ugi/De-BOC/Cyclization) methodology, diverse
arrays of cyclic ureas with core templat&s,are readily available (Scheme 1). Additionally, a facile
and novel synthesis of hydantoins of generic structBres reported via base treatment of the Ugi 5CC
product. Reports of the biological utility of cyclic ureas and hydantoins have appeared in several areas,
including applications as inhibitors of integrins and kinaSes.

The Ugi 5CC was originally reported in 196and only two further reports of this reaction have
appeared since that d&&he reaction consists of the condensation of an aldehyde (or ketone), amine,
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Scheme 1.
isonitrile, methanol and C Recent investigations by Armstrohpave, however, extended the scope
of this condensation via the use of £8nd COS as oxidized carbon sources. The generally accepted
mechanism for this rarely used reaction is shown in Scheme 2. The key step is addition of methyl carbonic
acid (generated from CGand methanol) to the intermediate nitrilium igh An irreversible acyl transfer
step subsequently drives the reaction to completion giving the carbamatejood yield. Area% (A%)
yields for5 (LC/MS as judged by ELS-evaporative light scattering detection and UV detection) are
reported in Table 1.
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Scheme 2.
Incorporation of a BOC protected internal nucleophile atdR R, and subsequent synthetic man-
ipulation affords the desired constrained ur@aand 9, (Scheme 3). For exampl&-BOC- -amino
aldehyde¥’ perform well in the 5CC and acid treatment of the Ugi prodGgctyith a 10% TFA solution
in dichloroethane gives the TFA saft,
ForA R1 = No OJJ\N N ?

| ForC R2 = N
RS R2 O L'(R\4L/ R5

A )
B i)
R

R4

()

R5 (o} 1 TFA R2
| .
HN._Ra A ~ JL H\ N__-R1
9 H 0" N R3 o=
~ JJ\ N o) N
o” N R3 AN}
R2 O R RS 3
6 RS/NH 7
l iil) l ii)
RS\N R4 )?\ R1 H
L " R5~pN N)\”/ “R3
O™ N Yoo
R2 J Rs R4
8
2

Scheme 3. Reagent and conditions. (i) 10% Trifluoroacetic acid in dichloroethane. {DAdsat.). (i) 1IN KOH in
MeOH:THF:H,0, 3 days, then cHCI

Base treatment, either with a'ldcavenger (MP-carbonate or REmethyl morpholine) or a saturated
solution of sodium carbonate, with subsequent reflux in methanol, affords cyclic ureas of general
structure 2, in good yield, (Table 1). The reaction is general for both a range of commercially available
primary amines [e.g., with attached alkyl, aryl, heteroaryl, acidic and basic functionality] and isonitriles.
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Area% yields of cyclic product€-18, ranged from 25% to 83%. Interestingly, a consistent major side
product was observed in this series resulting from elimination of f#H =M, 7-NHj3]. Application of

the UDC strategy witiN-BOC diamines generates TFA salts of general strucijtegwever, cyclization

to cyclic urea8, under similar conditions was sluggish. Area% yields were observed only in the 5-10%

range for exampled,9-21 (reflux, MeOH, 3 days) and further study was discontinued.
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Table 1
Cpd#| A% Ugi A% Cpd#]| A% Ugi A% Cpd# A% Ugi A%
9 83%/60% | 100%/100% 17 70%/50% | 100%/95 % 25 40%/30% 43%/35 %
10 55%1/42% | 100%/100% 18 63%/49% | 100%/95 % 26 95%/90 % 88 %/80%
11 50%/40% | 100%/100 % 19 <10% 64 %143 % 27 65%1/60 % 77 %170 %
12 48%1/26% | 100%/100 % 20 <10% 80%/61 % 28 65%/40 % 83%/50 %
13 75%1/25 % 80%/67 % 21 <10% 80%/67 % 29 100%/58 % 100%/62 %
14 38%/32% | 100%/100 % 22 80%1/70 % 91 %/80 % 30 100 %/58 % 100%/44 %
15 72%/57% | 93%/81% 23 60%/70 % 90 %1/78 % 31 87 %172 % 88%/53%
16 25%/13% | 100%/81 % 24 70%/60% | 100%/100% 32 100%/87 % 100 %/70 %

Elution conditions :- 0 - 0.1% TFA H,O/CH;CN 10% to 100%, 5 min. run. A% = area % purity of final product as judged by lc/ms where
X%/Y% = ELS detection %/UV220 detection % (ELS = evaporative light scattering). Ugi A% = area% purity of the initial Ugi
condensation product as judged by Ic/ms where X%/Y % = ELS%/UV220%.
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A recent publication by Ugi prompted further study of the fi@MeOH reagent combinatioH. In this
article, Ugi revealed a novel application of the U-5C-4CR (Ugi-5-centre-4-component reaction) applied
to the synthesis of 2,6-piperazine-diorésThe internal nucleophile in this example was the amidic
NH derived from the isonitrile input. It was thus envisioned that applying this strategy to the Ugi 5CC
with the CGQ/MeOH reagent combination would allow access to hydantoins of general stru8ture,
containing three potential diversity points. Noteworthy is the recent interest in producing libraries based
on this biologically versatile templaté.Simply treating the 5CC products of generic struct@eyith
KOH in MeOH, followed by acidification and filtration of KCI, successfully produced a variety of fully
functionalized hydantoins in good yield (Table 1). A% yields (ELS) for exam@2s32, range from
40%-100%-3

In summary, two novel applications of the @®eOH reagent combination have been reported.
Firstly, applying UDC methodology allows access to cyclic ureas of general strugfumegood yield.
Interestingly, utilization of the amidic NH d as an internal nucleophile, allows the facile synthesis of
arrays of hydantoins with three diversity points. This short two step solution phase synthesis compares
well with currently reported procedurés.
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