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A Cascade Synthesis of Aminohydantoins Using In Situ-Generated

N-Substituted Isocyanates
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Abstract: Nitrogen-substituted isocyanates are rarely uti-
lized but powerful building blocks for the development of
cascade reactions in heterocyclic synthesis. These reactive
amphoteric intermediates can be accessed in situ via an
equilibrium that allows controlled reactivity in the pres-
ence of bifunctional partners such as a-amino esters. A
cascade reaction has been carried out that forms 3-amino-
hydantoin derivatives using simple phenoxycarbonyl de-
rivatives of hydrazides and hydrazones as precursors of N-
substituted-isocyanates. This method allows rapid assem-
bly of complex aminohydantoin derivatives, including ana-
logues of medicinally-relevant compounds, using simple
reactants.

_/

Hydantoins are important heterocycles that display a wide
range of biological activities. For example, dantrolene (anti-
spasmodic), azimilide (antiarrhythmic), and nitrofurantoin (anti-
bacterial) are valuable pharmaceuticals (Figure 1)." A variety of
hydantoin syntheses have been described, including cascade
reactions from simple starting materials.? In contrast fewer
approaches to aminohydantoin derivatives have been report-
ed,” despite their importance as pharmaceuticals and agro-
chemicals and growing interest in the inclusion of N-N func-
tionalities into molecular scaffolds. Unfortunately, current
methods require multistep synthesis and can suffer from che-
moselectivity issues that are typically associated with the use
of complex hydrazine derivatives.” Cascade reactions could
provide a streamlined access to this important subunit.

In contrast to normal (C-substituted) isocyanates, the reactiv-
ity of N-substituted isocyanates has received little attention
from the synthetic community.”) Recently, we reported that
amphoteric amino- and imino-isocyanates can be formed in
situ under mild conditions and engage in high-yielding alkene
cycloadditions®® < and nucleophilic additions,®*¢ despite their
known tendency to dimerize or oligomerize.”® Hydrazones®®>-<
and hydrazides®®® are bench-stable, convenient “blocked” N-
substituted isocyanate precursors® that form the desired iso-
cyanates via an equilibrium induced under mild conditions,
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Figure 1. Available therapeutics containing aminohydantoin motifs.

and then react with nucleophiles such as amines, alcohols, and
thiols.®™® Using this reactivity, we developed a cascade substi-
tution/hydroamination sequence allowing rapid assembly of
saturated nitrogen heterocycles from hydrazide starting materi-
als.*? This reactivity showed that amino-isocyanates can
engage in controlled cascade reactions forming products bear-
ing the N-N—C=0 motif, and hinted that other cascades could
be designed. We were drawn to aminohydantoins given their
biological activities and the need for more convergent and ver-
satile synthetic approaches. Herein, we report that complex
aminohydantoin derivatives are rapidly assembled using a cas-
cade reaction in which both hydrazides and hydrazones are
suitable N-substituted isocyanate precursors (Scheme 1).
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Scheme 1. Cascade reactions exploiting blocked N-substituted isocyanates.

Our efforts toward cascade reactions using o-amino esters
build on our recent discovery that substitution reactivity on
hydrazides proceeds at 60-100°C [Eq. (1)]. We speculated that
this could be optimized, and that, upon heating, cyclization
would occur. This cyclization was first observed with a L-pro-
line ester and led to the selective formation of a 5-membered
hydantoin over the 6-membered aza-diketopiperazine
[Eq. (2)] .[10]
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Encouraged by this unoptimized reactivity and high chemo-
selectivity, we explored the scope of the reaction using simple
N-benzyl carbazates and a-amino esters (Table 1). We were
pleased that N-substituted glycine esters formed aminohydan-
toins in good yields at 100°C (Table 1, entries 1 and 2), where-
as alanine (entry 3), leucine (entry4) and proline (entry 5)
esters also cyclized in moderate to good yields but required
higher temperatures, likely due to the conformational prefer-

Table 1. Initial scope using N-benzyl carbazates and amino esters.”
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4
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LG I?IH N-N
N iPrNEt (1.2 equiv) Rz)\( RS
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[a] Conditions: Carbazate (1 equiv), amino ester (1.1 equiv), iPr,NEt
(1.2 equiv) in PhCF; (0.3 M), heated for 6 h (sealed vial, microwave reac-
tor); [b] using N-benzyl reagent 1a (LG=OPh); [c] using N-OMB reagent
1b (LG=O0Ph); [d] using N,N-dibenzyl carbazate 1c¢ (LG=O0tBu). LG=leav-
ing group; OMB = o0-methoxybenzyl.
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ences" of the semicarbazide intermediate. In addition, even
a f-amino ester cyclized to yield an amino dihydrouracil deriv-
ative (Table 1, entry 6). Finally, N,N-dibenzylcarbazate 1c
(Table 1, entry 7) also cyclized in good yield. In contrast to the
previous examples (LG=O0Ph; Table 1, entries 1-6), a tempera-
ture of 150°C was required to ensure the formation of the
amino-isocyanate intermediate using OtBu as a leaving
group.” This leaving group was chosen to facilitate the syn-
thesis of the starting material (1), due to the lability observed
during the formation of OPh derivative. It is important to note
that cyclizations with enantiopure a-amino esters yield racemic
hydantoins, due to their ease of enolization (see the Support-
ing Information). ™

Having established the reactivity of hydrazides, we wanted
to expand the scope to other N-substituted isocyanate precur-
sors. To our knowledge, there have been no examples of cas-
cade reactions involving either imino-isocyanates (C=N—NCO)
or amido-isocyanates [C(=0)N—NCO] reported to date, and we
felt that this extension would significantly broaden the applica-
bility of this approach to aminohydantoins. Thus we first inves-
tigated the ability of imino-isocyanates to engage in cascade
reactions, building on our recent report on their substitution
reactivity.*¥ We were pleased that several hydrazones used as
imino-isocyanate precursors afforded the desired aminohydan-
toins in the presence of N-methyl glycine ethyl ester (Table 2).

Encouragingly, both aliphatic and aromatic hydrazones af-
forded the desired aminohydantoins (4a,b,g and 4c-f, h-i.
The cascade sequence also proceed efficiently using both alde-

Table 2. Hydrazone scope using N-methyl glycine ethyl ester.”’

Me.
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ok el om0
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A O P

k«

o) O

65 % (4g) 83% (4h) 88 % (4i)

[a] Conditions: Carbazate (1 equiv), amino ester (1.1 equiv), iPr,NEt
(1.2 equiv) in PhCF; (0.3 ™), heated at 100°C for 6 h (sealed vial, micro-
wave reactor).
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hyde- and ketone-derived hydrazones (3 a-f vs. 3 g-i). We were
pleased that electron-rich (3 ¢,f) and electron-poor (3d,e) aro-
matic hydrazones proved applicable reagents. In general,
higher yields were obtained using hydrazones (Table 2), rather
than hydrazides (Table 1), as isocyanate precursors, which is in
line with the easier purification of the products by chromatog-
raphy.

Pleased by the generality of the cascade with hydrazones,
we proceeded to survey its applicability by treating several
amino esters with anisole-derived hydrazone 3 c (Table 3). Grat-

Table 3. Cascade reaction of several a-amino esters with hydrazone
3c.[a,b]

RZ,
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]
PhO.__O K[(osz 1 equi , 9

hd o (1-1equv) R A
HN. N-N
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Cl
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o
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[a] Conditions: Carbazate (1equiv), amino ester (1.1 equiv), iPr,NEt
(1.2 equiv) in PhCF; or MeCN (0.3 m), heated for 6 h (sealed vial, micro-
wave reactor); [c] T: 6a: 100°C, 6b: 120°C, 6c-f: 150°C. PMP =p-me-
thoxyphenyl.

ifyingly, various functional groups were tolerated on the a-
amino ester partner. For example, a nitrile did not interfere
with the cyclization and yielded the hydantoin 6a in excellent
yield. Addition/cyclization using diethyl iminodiacetate also
provided the ester-substituted hydantoin 6b. More sterically
hindered substituents on the nitrogen of the a-amino ester
were also tolerated, as observed for the formation of N-isopro-
pyl (6¢c) and N-aryl (6d-f) hydantoins. We were very pleased
that N-aryl glycine esters proved competent reaction partners
(6d-f), since anilines are rather poor nucleophiles. However,
this result is in line with the proposed involvement of imino-
isocyanate intermediates, given their high electrophilicity.”

At this stage we became interested in variations of this cas-
cade to form other interesting classes of molecules. For exam-
ple, we were pleased that a cascade involving substitution/cyc-
lization via 1,4-addition occurred on a suitable amine precursor
to yield imidazolidinone 8a [Eqg. (3)]. Next, we used a novel ac-
tivated reagent to generate an amino-isothiocyanate in situ
and isolated aminothiohydantoin 8b from a related cascade re-
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action [Eq. (4) vs. 4i (Table 2)1.1'¥ Moreover, we were also able
to cyclize acyl carbazate 7b to yield amidohydantoin 8c
[Eq. (5)]. Overall, these extensions further highlight that this
substitution/cyclization sequence is broadly applicable for the
synthesis of complex aminohydantoins and related heterocy-
cles.

HN.
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Finally, we looked at the potential of our method for medici-
nal chemistry purposes. As previously mentioned, aminohydan-

toin subunits are present in many pharmaceuticals; however,
the hydantoin core often lacks substitution. We thus became

interested in a late-stage formation of substituted hydantoins

from a common precursor. Our approach led to the rapid for-

mation of several products related to azumolene (Table 4),
a veterinary drug that displays unique activity."”

As illustrated, a variety of N-substituted azumolene ana-
logues were formed in good to excellent yields from
a common hydrazone (3j; Table 4). Strategically, this late-stage
hydantoin assembly nicely complements other approaches in-

volving diversification from a common N—H aminohydantoin

precursor. For example, N-alkylation can be challenging (e.g.
secondary substituents, 3g), and N-arylation can be problemat-
ic in the presence of aromatic halides (e.g. the bromide pres-

ent in 3j). Gratifyingly the assembly of both N-alkyl (9b,d-f)
and N-aryl (9¢c) iminohydantoins was achieved in one step and
was amenable to the incorporation of functional groups

(9d,e). We were also pleased to see that no silica gel column

was necessary for the purification of the intermediate or any of
the final compounds, making this method practical for late-
stage incorporation of an iminohydantoin subunit.

In summary, we have developed a cascade reaction forming

aminohydantoins relying on the use of simple hydrazides and

hydrazones as precursors of N-substituted isocyanates. The cas-

cade relies on the addition of a-amino esters to isocyanate in-
termediates generated in situ, followed by cyclization to afford
the desired hydantoins. The broad applicability of the reaction
sequence is remarkable considering that N-substituted-isocya-

nates are amphoteric molecules, and that this amphotericity is
known to lead to unwanted side reactions (e.g. dimerization).

© 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 4. Cascade synthesis of azumolene analogues.”
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One-step synthesis from
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[a] Conditions: Carbazate (1 equiv), amino ester (1.1 equiv), iPr,NEt
(1.2 equiv) in PhCF; or MeCN (0.3 m), heated at 150°C for 6 h (sealed vial,

microwave). C.A. = Commercially Available.

Overall, these results highlight the synthetic potential of these
rarely utilized N-substituted-isocyanates in heterocycle synthe-
sis and medicinal chemistry. The discovery of new reaction se-
quences building on this work is ongoing and will be reported
in due course.

Experimental Section

An oven-dried microwave tube with a stir bar was capped with
a septum, purged with argon, and fitted with an outlet for 5 min.
The carbazate (1.0 equiv), amino ester hydrochloride salt
(1.1 equiv), N,N-diisopropylethylamine (1.2 equiv) and o,a,0-tri-
fluorotoluene (0.3 M) were added to the seal tube, while keeping it
under an argon atmosphere. The septum was removed and the
tube was then quickly sealed with a microwave cap and heated for
six hours at 80-150°C. The tube was allowed to cool to ambient
temperature, concentrated under reduced pressure, and purified
by silica gel chromatography to give the corresponding products.
See the Supporting Information for details.
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@ A Cascade Synthesis of
Aminohydantoins Using In Situ-
Generated N-Substituted Isocyanates

Go seek hydantoins: In contrast to
normal (C-substituted) isocyanates, N-
substituted isocyanates are rarely used
in synthesis. However, simple hydrazides
and hydrazones can act as bench-stable

precursors, yet release the amphoteric
isocyanates upon heating. A cascade re-
action exploiting these intermediates
rapidly assembles the medicinally im-
portant aminohydantoin motif.
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