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Water, produced in situ during the formation of imines from aldehydes 1 and amines 2, is employed to
promote the one-pot Mannich reaction of trimethylsilyloxyfuran 3a without addition of extra solvent or
catalyst. This clean and quick reaction allows the obtention of a series of 5-substituted y-butenolides 4
with good yields and modest diastereomeric ratio. A large panel of substituents is tolerated ranging from

aliphatic chains to aromatic or heteroaromatic rings.
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The 5-substituted y-butenolide motif is part of several natural
products! or serves as a versatile building block.? As such, a lot
of efforts have therefore been devoted to its synthesis in the past
years.'”® The most convenient approach to access to 5-substituted
furanone involves the vinylogous addition of silyloxyfurans'®* or
direct addition of y-crotonolactone to preformed imines.” The
reactions involving the in situ generation of imines from aldehydes
and amines (i.e., three-component reaction) remain rare in the lit-
erature.*>® In the actual economical context, the development of
efficient processes which (1) use cheap and nontoxic catalysts or
promoters (2) avoid the use of organic solvent and (3) limit the
generation of by-products (atom economy) has became a challeng-
ing area for synthetic chemists.

In 2005, Yus and co-workers reported a catalyst free multicom-
ponent Strecker reaction in acetonitrile in which a molecule of
water generated during the in situ generation of imine acts as an
activator of both TMSCN via a hypervalent silicate species and
the imine via the formation of an iminium.” However, in 2007,
Najera and co-workers mentioned that commercial TMSCN is
polluted by HCN (detected by NMR) which could also play an
important role in the three-component Strecker reaction.® Thus,
we postulated that water could act as an efficient activator of other
silyl nucleophiles for the three-component Mannich-type reaction
by extrapolating the general principle of using a by-product gener-
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ated during a first reaction (i.e., water generated during the forma-
tion of imines) to promote an addition reaction. Silyloxyfuran
could be a good candidate for such reactions as it is commercially
available or easy to prepare. In addition, its hydrolysis product is
less acidic than HCN and thus would not interfere with the out-
come of the reaction if pollution occurred (Fig. 1).

A first set of experiments was aimed at confirming this working
hypothesis. The one-pot reaction between benzaldehyde 1a, ani-
line 2a, and trimethylsilyloxyfuran 3a was carried out and we were
pleased to observe the formation of the addition product 4a in 86%
isolated yield as a 53:47 anti/syn mixture in only 20 min without
solvent (Scheme 1).

The importance of water generated during the imine formation
was assessed by performing the reaction between the preformed
imine 5a and the trimethylsilyloxyfuran 3a. Under these condi-
tions no addition product 4a was detected by 'H NMR. Moreover,
the addition of 1 equiv of water to the previous mixture resulted
in the formation of the desired product 4a in almost complete con-
version and comparable stereoselectivity as for the one-pot proce-
dure (Scheme 2).°

With these promising results in hand several reaction parame-
ters and additives were screened (Table 1).

First, the order of addition of the reagents does not have an im-
pact on both the yield and selectivity (entries 1 and 2). Aware of a
possible competitive 1,2-addition of 3a to the aldehyde, we then
chose to maintain a sequential order of addition of the reagents.
A reduction of the amount of 3a did not induce significant changes
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Figure 1. Working hypothesis based on previous work of Yus and co-workers with
TMSCN.
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Scheme 1. Preliminary result.
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Scheme 2. Demonstration of the crucial role of water.
Table 1

Screening of the reaction parameters

Ph.

(e} » NH
T+ PoiHy Q/OTMS Additive
Ph1 H ) 3 No solvent  Ph N
a a a ' 42 O
X equiv o)

Entry Additive (mol %) 3a:X equiv Yield?® (%) dr® (antifsyn)°
1 - 1.5 879 (86°) 53:47
2 - 87f 56:44
3 — 1.2 88 51:49
4 AcOH (10) 15 72 51:49
5 TsOH (10) 100 37:63
6 TfOH (10) 100 42:58
7 i-PrOH (10) 77 48:52
8 H,0 (10) 82 50:50
9 H,0 (1000) 81 48:52

3 Determined by '"H NMR with respect to MTBE used as internal standard.

> Measured by 'H NMR.

¢ All attempts to separate both isomers have failed.

4 2a was added to 1a and the mixture was stirred at rt for 5 min before the
introduction of 3a.

¢ Isolated yield.

f 1a, 2a and 3a were added simultaneously.

in the yield nor in the diastereomeric ratio (entry 3). In further at-
tempts to improve the low anti/syn selectivity of the reaction, var-
ious acidic additives were tested. Although p-toluenesulfonic acid
and triflic acid allowed to reach quantitative yields (entries 5 and
6), no significant improvement in the diastereoselectivity could
be observed. It is worth noting that whereas, the amount of water
formed in situ during imine formation proved to be crucial to pro-
mote the vinylogous Mannich reaction, the addition of additional
water has no impact on the reaction in terms of both conversion
and diastereoselectivity (entries 8 and 9).

Table 2

Scope of aldehydes 1 and amines 2 for the water promoted vinylogous Mannich
reaction of trimethylsilyloxyfuran 3a®

R2
J(l)\ + R2NH, + @’OTMSM 4
R "H rt,20 min = R! N\
1a-k 2a-j 3a
4a-w O
(0]
Entry 1:R! 2: R? 4: Yield®  dr¢ (anti/
(%) syn)!
1 1a: CGgHs 2a: CgHs 4a: 86 53:47
2 1b: 4-Br-C¢Hy 4b: 61 57:43
3 1c: 3-NC-CgHy4 4c: 73 58:42
4 1d: 4-Me-CgH4 4d: 73 48:58
5 le: 4-MeO-CgH4 4e: 73 40:60
6 1f: 2-(5-Me- 4f: 68 59:41¢
furanyl)
7 1g: 3-Thiophenyl 4g: 81 56:44°¢
8 1h: CO,Et 4h: 86 65:35¢
9 1i: Me 4i: 11 65:35°
(71
10 1j: Et 4j: 66 68:32
11 1k: Cyclopropyl 4k: 69 57:43¢
12 1a: GgHs 2b: 4-Cl-CgHy 41: 87 53:47
13 2¢: 4-F-CgH, 4m: 55 50:50
14 2d: 3-Br-CgHy4 4n: 68 63:37
15 2e: 4-nBu-CgHy4 40: 65 50:50
16 2f: 3-MeO-CgH4 4p: 89 58:42
17 2g: 2-HO-CgH4 4q: 50 55:45
18 2h: (4-Me0)(3-O,N)-  4r: 86 58:42
CeHs
19 2i: 3-NC-CgHy4 4s: 71 53:47
20 2j: nPr 4t — —
21 1d: 4-Me-CgH;  2f: (4-MeO)(3-O,N)-  4u: 90 51:49
CeHs
22 1c: 3-NC-CgHy4 2d: 3-Br-CgHy 4v: 76 69:31
23 1e: 4-MeO-CeH;  2b: 4-Cl-CgH4 4w: 81 51:49

2 1 mmol of 2 was added to 1 mmol of 1 under vigorous agitation. After 5 min,
1.5 mmol of 3a was added and the mixture was stirred for 15 min.

b Isolated yield.

¢ Determined by 'H NMR analysis of the crude product and by comparison (or
extrapolation) with spectroscopic data of known compounds (see Supplementary
data).

4" All attempts to separate both isomers have failed.

¢ The relative configuration of both isomers has not been determined.

f 1 mmol of 1i was added to 1.5 mmol of 3a immediately followed by the addi-
tion of 2a. The resulting mixture was then stirred for 20 min.
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Figure 2. Postulated reactive intermediates.

Having in hand the optimized conditions, we then focused our
attention on the scope and limitations of this method (Table 2).

In all cases, complete conversion was observed in only 20 min.
Regarding the substitution pattern at the aldehyde, a large panel of
functional groups are tolerated ranging from aromatic (entries
1-5) or heteroaromatic (entries 6 and 7) rings to aliphatic chains
(entries 9-11) and ester (entry 8). For substituted aromatic and
heteroaromatic rings, good isolated yields were obtained along
with modest diastereomeric excesses of about 20-30%. Surpris-
ingly, while the general trend in the stereoselection is in favor of
the trans isomer, an inversion of the anti/syn ratio was observed
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when the aromatic ring is substituted at the para-position by an
electron donating group such as methoxy or methyl (entries 4
and 5 vs 1-3). Interestingly, the use of aliphatic aldehydes or ethyl
glyoxylate, for which the isolation of the imine remains tricky,
furnished good isolated yields albeit with modest 30% de (entries
8-11). In addition, it should be noted that the reaction involving
acetaldehyde requires a change in the order of introduction of
the reagents to ensure a decent isolated yield (entry 9). The amine
part is somewhat less tolerant to substitution as only aniline deriv-
atives provided the addition products (entries 12-19 vs 20) with
isolated yields ranging from 50% to 89% and diastereomeric ratio
up to 63:37. All attempts to use other amines such as N-
benzylamine, o-methylbenzylamine, or n-propylamine failed
giving rise only to formation of the corresponding imines 5a. All
the anilines tested furnished preferentially the trans isomer
whatever the electronic nature of the substituents of the aromatic
ring. Finally, several substituted benzaldehydes and anilines were
tested providing good yields and diastereomeric ratio up to
69:31. It is noteworthy that the use of other silyl nucleophiles
(TMSCH,CO;Et, TMSCF3 or TMSOC(OMe) = CMe;) did not provide
the addition product.

In order to gain insights into the mechanism and more specifi-
cally into the role of the water in this one-pot reaction, additional
control experiments were conducted. We thus controlled that
TMSOH which is actually the only by-product of the reaction did
not act as a promoter of the vinylogous Mannich reaction by
mixing 5a, 3a, and 1 equiv of TMSOH. Moreover, no formation of
y-crotonolactone was observed when 3a was allowed to react with
1 equiv of TMSOH, while only 21% of y-crotonolactone was de-
tected by "H NMR after 20 min by adding 1 equiv of water to 3a.
All these experiments along with the mechanisms of activation
of silyl pro-nucleophiles by Lewis bases postulated in the litera-
ture”'° led us to propose two possible intermediates where, water
acts as a dual activator of both imine 5a and trimethylsilyloxyfuran
3a as depicted in Figure 2. According to this hypothesis, water
would activate both imine 5a either via protonation (Fig. 2b) or
hydrogen bond (Fig. 2a) and trimethylsilyloxyfuran 3a through
the presence of oxygen lone pairs of the water acting as Lewis base.

In summary, we have reported a clean and easy to implement
one-pot vinylogous Mannich-type reaction of trimethylsilyloxyfu-
ran under solvent-free conditions. This methodology allows the ra-
pid access to a series of 5-substituted y-butenolides 4 with good
yields. The crucial role of the water generated during the imine for-
mation was underlined and a dual activation model was proposed
to account for high reactivity.
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