Job/Unit: 043313

Eur

European Journal
of Organic Chemistry

/KAP1 Date: 28-11-14 11:40:56 Pages: 7

SHORT COMMUNICATION

DOI: 10.1002/ejoc.201403313

Organocatalytic a-Addition of Isocyanides to Aldehydes
Takeshi Yamada,'*"! Tomoyasu Hirose,®" Satoshi Omura,*!?! and Toshiaki Sunazuka®*!2-!

Keywords: Organocatalysis / Multicomponent reactions / Amides / Pyridone / Isocyanide

a-Hydroxyamide is an important chemical component widely
observed in biologically active natural products. One of the
most direct methods to access a o-hydroxyamide is the
Passerini-type reaction. However, this catalytic process was
limited. Herein, we report the first examples of 3,5,6-tri-
fluoro-2-pyridone-catalyzed o-addition of isocyanides to
aldehydes, in the presence of water in benzene, to provide
a-hydroxyamides. Various aldehydes and isocyanides per-

formed well in this reaction to provide the a-hydroxyamides.
Even highly constrained substrates were well tolerated. The
reaction is not restricted by requirements of either inconve-
nient temperature control, inert atmosphere or dry solvent.
The new catalytic reaction may open the way to develop-
ment of asymmetric organocatalytic a-addition of iso-
cyanides.

Introduction

The a-hydroxyamide moiety is commonly found in biolo-
gically active natural products,!l especially depsipeptide
compounds.’) The significance of the a-hydroxyamide
moiety is increasingly being recognized in medicinal
chemistry.®] Therefore, the convenient formation of a-
hydroxyamide has attracted much attention. The most
common approach toward a-hydroxyamide is condensation
of lactic acid with an amine. This requires preparation of
lactic acid followed by protection of the hydroxy group be-
fore the condensation with the amine. Yet perhaps the most
direct method to access a a-hydroxyamide is the Passerini-

type reaction.*® Although this approach has been well
studied, the catalytic process remains restricted.[*> Den-
mark and co-workers reported the catalytic enantioselective
a-addition of isocyanides to aldehydes by using a stoichio-
metric amount of silicon tetrachloride and chiral bis-
phosphoramide, as a method of catalytic synthesis of -
hydroxyamides with high enantioselectivity.! However, the
highly acidic silicon tetrachloride restricts the application
of acid-sensitive substrates. Another catalytic approach,
with the achiral diphenylborinic acid and phenylphosphinic
acid, was explored by the groups of Soeta and Alcaide,
respectively.l’! These reaction conditions are very mild and
a broad range of substrates can be used to provide the a-
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Scheme 1. Designed catalytic cycle.
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hydroxyamides in good yields. However, borinic acid and
phosphinic acid are sensitive to oxygen or basic conditions,
so extension of this reaction to asymmetric versions is prob-
ably difficult. Therefore, we envisioned the development of
a novel organocatalytic Passerini-type reaction to provide
o-hydroxyamides. Herein, we report the first example of
3,5,6-trifluoro-2-pyridone-catalyzed o-addition of isocyan-
ides to aldehydes to provide the a-hydroxyamides.
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Passerini-type reactions proceed in the following se-
quence, 1) activation of an aldehyde by Lewis or Brensted
acid, 2) nucleophilic addition of isocyanide to the aldehyde,
3) trapping of the generated nitrilium cation A by a nucleo-
philic species, such as water or the counteranion of the cor-
responding acid, 4) hydrolysis of imidate or imidic acid B
by quenching to provide the a-hydroxyamide 1 (Scheme 1).
Therefore, we considered amide molecules might be poten-
tial catalysts for this reaction, because their weak acidity
can activate the aldehyde and the lactim tautomer can trap
the nitrilium cation A. Furthermore, a cyclic (E)-amide 2
can result in a concerted process. The generated imidate C
would be hydrolyzed by existing H,O in situ to provide the
desired a-hydroxyamide 1, with recycling of the amide 2.

Results and Discussion

Catalyst screening began with the following conditions:
treatment of (S)-citronellal (3a; 0.1 mmol) with terz-octyl
isocyanide (4a; 1.1 equiv.) in the presence of a catalyst
(10 mol-%) and water (1.0 equiv.) in dichloromethane at
room temperature (Table 1).558] 2-Pyrrolidone, containing a
cyclic (E)-amide, gave the desired product 1a as a 1:1 mix-
ture of diastereomers in poor yield, 2% (Table 1, Entry 1).
Cyclic carbamate and cyclic urea were also inefficient for
this reaction (Table 1, Entries 2 and 3). 2-Pyridone, contain-
ing a conjugated cyclic (E)-amide was also an inefficient
catalyst, but generated better yield without any side prod-
ucts (Table 1, Entry 4). Considering the convenience to con-
trol electronic properties by introducing different substitu-
ents, we next tested various 2-pyridone analogues. Accord-
ing to our designed catalytic cycle, introducing an electron-
withdrawing group at the CS5-position should provide
higher reactivity, due to the increased acidity of the NH
group. As we expected, the use of 5-nitro-2-pyridone (2a)
as a catalyst provided the a-hydroxyamide 1a in 19% yield
(Table 1, Entry 5). This was the first example of 2-pyridone-
catalyzed a-addition of isocyanide to an aldehyde. We next
studied the influence of the C4 substituent. Based on our

Table 1. Catalyst screening.

B (0]
MH catalyst (10 mol-%)
-, ia (1.0 equiv.) H20 (1.0 equiv.)
SN XX
W CHZCI2 rt.
(1.1 equiv.)

4a
Entry Catalyst Time [h]  Yield [Yo]@Iblel
1 2-pyrrolidone 46 2
2 oxazolidinone 66 No reaction
3 2-imidazolidinone 45 2
4 2-pyridone 55 5
5 S-nitro-2-pyridone (2a) 85 19
6 4-hydroxy-2-pyridone 85 Trace
7 3,5,6-trifluoro-2-pyridone (2b) 85 55
8 none 85 No reaction
[a] Yields were calculated based on "H NMR spectra. [b] dr =

]
1.0:1.0. [c] Starting aldehyde was not consumed.

2 WWW.Eurjoc.org

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

assumed catalytic cycle, increasing the nucleophilicity of the
amide carbonyl might enhance the reactivity. However,
4-hydroxy-2-pyridone provided only a trace amount of
o-hydroxyamide la (Table 1, Entry 6). Introducing the
hydroxy group would be expected to decrease the acidity of
the amide group, which is necessary to activate the alde-
hyde. We eventually found that the highly electron-deficient
3,5,6-trifluoro-2-pyridone (2b), which is commercially avail-
able, is the best catalyst, providing a-hydroxyamide 1a in
55% yield (Table 1, Entry 7). This reaction did not proceed
without a catalyst (Table 1, Entry 8). The amide-catalyzed
reaction as described proceeded slowly, providing the corre-
sponding o-hydroxyamide la as the sole product without
diastereoselectivity in all conditions. The starting aldehyde
was not consumed, even after 85 h.

With 3,5,6-trifluoro-2-pyridone (2b) as the catalyst,
various solvents were examined for this reaction (Table 2).
Tetrahydrofuran and other polar solvents, such as AcOEt,
MeCN, EtOH, DMF, and DMSO, gave a-hydroxyamide 1a
in low to moderate yield (Table 2, Entries, 1-6). Interest-
ingly, reactions in water or without solvent effectively pro-
vided the product 1a in good yield (Table 2, Entries 7 and
8). These reactions proceeded faster than with other sol-
vents and the starting aldehyde 3b was completely con-
sumed after 85 h. However, the use of this solvent system
provided some undesired side products. Finally, we found
that the aromatic solvent, benzene, provided o-hydroxy-
amides in good yield, 75% (Table 2, Entry 9). Although the
starting aldehyde 3b was not consumed, even running ex-
periments for 85 h, the reactions were very clean. Therefore,
we selected benzene as the optimal solvent for further opti-
mizations. Higher reaction temperature (40 °C), did not im-
prove the yield (Table 2, Entry 10). Further increasing the

Table 2. Optimization of the reaction conditions.

F]f\f

. ia (1.0 equiv.) )\/\/\)\”/
$N7<>< 20 solvents m
temp., 85h
4a
Entry 4a H,O 2b Solvent  Temp. Yield
[equiv.] [equiv.] [mol-%)] [Yo]taltblie]
1 1.1 1.0 10 THF r.t. 40
2 1.1 1.0 10 AcOEt r.t. 54
3 1.1 1.0 10 MeCN  r.t. 24
4 1.1 1.0 10 EtOH r.t. 14
5 1.1 1.0 10 DMF r.t. 25
6 1.1 1.0 10 DMSO r.t. 28
7 1.1 1.0 10 H,0 r.t. 73l
8 1.1 1.0 10 none r.t. 71
9 1.1 1.0 10 Benzene r.t. 75
10 1.1 1.0 10 Benzene 40 °C 72
11 2.0 1.0 10 Benzene r.t. 89
12 1.1 1.0 20 Benzene r.t. 86
13 1.1 2.0 10 Benzene r.t. 83

[a] Yields were calculated based on their 'TH NMR spectra. [b] dr
= 1.0:1.0. [c] Starting aldehyde was not consumed. [d] Starting alde-
hyde was consumed.
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temperature decreased the yield due to the decomposition
of the catalyst. Increasing the proportion of isocyanide, cat-
alyst or water improved the yield (Table 2, Entries 11-13).
Consequently, the reaction condition described in entry 13
was set as a standard condition.

With the optimized reaction conditions in hand, we next
examined the application of various aldehydes to produce
the corresponding o-hydroxyamide 1 (Table 3). A wide
range of aliphatic aldehydes were treated with zerz-octyl iso-
cyanide (4a) in the presence of a catalytic amount of 3,5,6-
trifluoro-2-pyridone (2b) and water in benzene. Un-
branched aliphatic aldehydes were well tolerated, to provide
the corresponding a-hydroxyamide 1b in 83% yield with a
small amount of starting aldehyde 3b (Table 3, Entry 1). B-
Branched aldehyde 3a was also well tolerated (Table 3, En-
try 2). The (S)-citronellal (3a) derived a-hydroxyamide 1a
was isolated in 83% yield, which was identical with the cal-
culated yield based on the '"H NMR spectra (Table 2). a-
Branched aldehyde 3¢ was converted into the corresponding
o-hydroxyamide 1c in good yield (Table 3, Entry 3). Al-
though the reaction with highly constrained pivalaldehyde
3d gave the corresponding a-hydroxyamide 1d in moderate
yield, increasing the amount of catalyst 2b and isocyanide
4a improved the yield to 77% (Table 3, Entries 4 and 5).
On the other hand, aromatic aldehydes are poor substrates,
even electron-deficient 4-chlorobenzaldehyde (3e) and N-
Boc imidazolyl aldehyde 3f provided the corresponding -
hydroxyamide 1 in low yields of 19 and 20%, respectively

Table 3. Scope of the aldehyde component.

) H,0 (2.0 equiv.
o <t FPON"Yo M0 (20equiv) o
J\ SN H op  benzene,rt. H
R 3 H + 7(7( conditions R)ﬁ( m
(1.0 equiv.) 4a a) 4a (1.1 equiv.), 2b (10 mol-%) 0
b) 4a (2.0 equiv.), 2b (20 mol-%) 1
Entry 3 R Conditions Time[h] 1 Yield [%]™
1 b PhCH,CH,- a 48 1b 83
H 1]
2 a )\/\/’v”‘s a 96 1a 83
3 c Cyclohexyl- a 48 1c 82
4 d tBu- a 120 1d 60
5 d b 96 1d 77
6 e 4-Cl-CgHy- b 120 1e 19
7 f b 120 1f 20
Boc—N/ﬁ/LLLi
\=N
8 g O/\-/‘?ZZ a 120 19 85!
6
9 h H- a 120 1h 77
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(Table 3, Entries 6 and 7). Glyceraldehyde (3g), containing
an acetonide, was successfully converted into the corre-
sponding o-hydroxyamide 1g in good yield (dr = 3.0:1.0;
Table 3, Entry 8). Aqueous aldehydes, such as formaldehyde
(3h) were also good substrates for this reaction, producing
the corresponding unsubstituted a-hydroxyamide 1h in 77 %
yield (Table 3, Entry 9). Relatively acid-sensitive Boc and
acetonide groups survived under these reaction conditions.

We next examined the application of various isocyanides
to this reaction (Table 4). Benzyl isocyanide (4b) was treated
with 3-phenylpropanal (3b) to produce the a-hydroxyamide
1i in 49% yield (Table 4, Entry 1). a-Branched cyclohexyl
isocyanide (4c) was converted into the corresponding o-
hydroxyamide 1j in very good yield (88%; Table 4, Entry
2). Amino acid derived isocyanides were also good sub-
strates for this reaction. Reaction with ethyl isocyanoacetate
(4d) gave the a-hydroxyamide 1k in 43% yield, which is a
potential building block for depsipeptide synthesis (Table 4,
Entry 3). Interestingly, fert-leucine-derived, highly sterically
bulky isocyanide 4e!” efficiently provided the corresponding
product 11 in excellent yield without diastereoselectivity
(Table 4, Entry 4). The isocyanide 4e reacted very well, even

Table 4. Scope of the isocyanide component.

L
F N0 H,0 (2.0 equiv.)

)OI\ -\§N+\ H o,  benzene, rt. OH H
R 3 H + 4 R condition R R
a) 4 (1.1 equiv.), 2b (10 mol-%) o}

b) 4 (2.0 equiv.), 2b (20 mol-%) 1

(1.0 equiv.)

Entry Conditions Time [h] Product 1 Yield [%]®
1 a 120 OH |, () li 49!
Ph /\)\H/N

o
2 a 96 OH H 1j gglt!
Ph /\/H(N
(o}
3 a 96 OH ,, O 1k 43
PhWN\)LOEt
O
4 a 96 OH ,, O 1 97l¢l
Ph/\)\ﬂ/N\E)LOMe
° AN
5 a 96 OH ., O Im 96!
WN \E)LOMG
o i
AN
6 b 120 | In 74P
OH H o
N\)J\OEt
l:l (o}
Alloc

[a] Isolated yields. [b] dr = 1.0:1.0. [c] dr = 3.0:1.0. [d] Starting
aldehyde was not consumed.
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[a] Isolated yields. [b] Starting aldehyde was not consumed. [c] dr
=1.0:1.0. [d] dr = 2.5:1.0.
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with the highly hindered pivalaldehyde 3d, with a 96% yield
and 1.0:1.0 dr (Table 4, Entry 5). Highly constrained alde-
hyde 3i, which was an intermediate for our neoxaline syn-
thesis,® was well tolerated to produce the corresponding a-
hydroxyamide 1n in 74% yield and 2.5:1.0 dr (Table 4, En-
try 6). As described above, our reaction conditions were
suited to sterically hindered aldehydes and isocyanides to
produce the a-hydroxyamide. 2-Pyridone might assist the
enolization of the carbonyl group and provoke undesired
reactions, such as an aldol reaction.”! Indeed, the aldol con-
densation product was detected in some reactions
(Scheme 3). Sterically constrained substrates might prevent
such undesired side reactions.

To elucidate the reaction mechanism, S-nitro-2-pyridone
(2a) and 3-nitro-4-pyridone (2¢) were used as the catalyst
(Scheme 2). Both promoted the reaction to provide o-
hydroxyamide 1b in 26 and 14% yield, respectively. This
result suggested that the first addition step, to provide imid-
ate C, would be a stepwise process (Scheme 1). However,
considering the use of 2-pyridone showed a better yield
than 4-pyridone, a concerted process should not be ruled
out for the 2-pyridone-catalyzed reaction.

We next envisioned detection of the reaction intermedi-
ates, such as an imidate E or an a-aryloxyamide G, which
is obtained by Smiles rearrangement.!'”l A stoichiometric
amount of 3,5,6-trifluoro-2-pyridone (2b) was treated with
3-phenylpropanal (3b) and tert-octyl isocyanide (4a) in
benzene, in the absence of water (Scheme 3). Unexpectedly,
Passerini reaction product 6,1 trifluoropyridineacetal
product 7,1'?! formylated product 8, and aldol condensation
product 9 were obtained instead of the desired imidate and
a-aryloxyamide 5. o-Hydroxyamide 1b was not obtained
under these reaction conditions. This result indicates that
water is necessary to produce the a-hydroxyamide 1b. Our
standard conditions have the potential to produce the same
side products 6-9. However, the addition of isocyanide 4a
to aldehyde 3b occurs before the undesired oxidation of
aldehyde 3b and aldol condensation to produce 6 and 9 in
the presence of water. These results suggested that the water
appeared to play two important roles in our reaction condi-
tions: 1) accelerating the addition of isocyanide 4 to the al-
dehyde 3 and 2) preventing undesired acetalization. Acetal
product 7 was considered as a possible intermediate for the
pyridone-catalyzed reaction and so the isolated acetal 7 was

N 26 %

2a H (10 mol- %)

%N
70( H,0 (2.0 equiv.), benzene W
rt,96h KK
3b
(0]
O,N
| 14 %
2c N (10mol-%)

Scheme 2. Attempt to elucidate the reaction mechanism: 4-pyridone-catalyzed reaction.

Fff

WKX Y

not detected

F
(1.0 equw) fI

benzene F N (]

70( rt, 120 h

+
~
QN

O

ON.__~
L
N™ O H
10 O

Scheme 3. Attempt to detect the reaction intermediate.
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7%
29%(dr—1 1) 9 17%

4a, 2a or 2b (10 mol-%)

=  no reaction
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R N
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D 1

Scheme 4. Possible reaction mechanism.

resubmitted to standard conditions. However, compound 7
was not hydrolyzed at all to give the a-hydroxyamide 1b.

El Kaim and co-workers described an O-arylative
Passerini reaction with 5-nitro-2-pyridone (2a), as an acid
component.[' Accordingly, we prepared the a-aryloxy-
amide 10,1 a possible intermediate for our pyridone-cata-
lyzed reaction. Although the a-aryloxyamide 10 was treated
under our standard conditions, hydrolysis of 10 did not
occur. This result indicates the Smiles rearrangement is not
involved in our catalytic cycle.

The possible reaction mechanism is described in
Scheme 4. 3,5,6-Trifluoro-2-pyridone (2b) acts as a
Bronsted acid to provide the nitrilium cation intermediate
D. The nitrilium cation intermediate D is trapped by the
generated pyridinylalkoxide 11 to give an imidate E that is
hydrolyzed in situ to provide the imidic acid F, along with
recycling of the catalyst 2b. The imidic acid F is isomerized
to a-hydroxyamide 1. Trapping of the nitrilium intermedi-
ate D by water is also possible to provide o-hydroxyamide
1 directly, together with recycling of the catalyst 2b.

Conclusions

In this report, we demonstrated the organocatalytic
multicomponent reaction of aldehydes, isocyanides, and
water to provide a-hydroxyamides 1. The 3,5,6-trifluoro-2-
pyridone (2b) was an effective catalyst for this reaction. The
reaction did not require any special conditions, such as tem-
perature control, inert atmosphere, or dry solvent. Various
aldehydes and isocyanides performed well in this reaction to
provide the a-hydroxyamides. Notably, even very sterically
hindered aliphatic aldehydes reacted very well with isocyan-
ides, providing the corresponding a-hydroxyamides in excel-
lent yield. Considering the ease with which catalyst ana-
logues can be prepared,!'?! this will enable the development
of a new asymmetric organocatalytic reaction system. De-
velopment of the organocatalytic asymmetric a-addition of
isocyanide is in progress.

Eur. J. Org. Chem. 0000, 0-0
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Experimental Section

General Procedure: Isocyanide (0.11 mmol) was added to a solution
of aldehyde (0.1 mmol, 1.0equiv.), 3,5,6-trifluoro-2-pyridone
(1.6 mg, 10 mol-%), and H,O (3.6 uL, 0.2 mmol) in benzene
(0.1 mL) at room temperature. The reaction mixture was stirred at
room temperature for 40-120 h. The reaction mixture was concen-
trated under reduced pressure. The residue was purified by silica
gel column chromatography to give the a-hydroxyamide.
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