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The selective reduction of esters to aldehydes, via the formation of
stable alkyl silyl acetals, was, for the first time, achieved with both
manganese, —Mn;(C0)10— and rhenium —Re,(CO)10— catalysts in the
presence of triethylsilane as reductant. These two methods provide
a direct access to a large variety of aliphatic and aromatic alkyl silyl
acetals (30 examples) and to the corresponding aldehydes (13
examples) upon hydrolysis. The reactions proceeded in excellent
yields and high selectivity at room temperature under photo-
irradiation conditions (LED, 365 nm, 40 W, 9 h).

Functional group interconversion reactions are fundamental
processes in synthetic chemistry. In this respect, the direct
conversion of carboxylic acid esters to aldehydes represents a
major but recurring challenge in organic synthesis. Indeed, due
to the higher reactivity of aldehydes with respect to their ester
precursors towards nucleophilic addition of hydride species, the
undesired formation of alcohols resulting from over-reduction
of aldehydes is generally difficult to avoid. Stoichoimetric
reducing reagents involving bulky substituents,! such as
diisobutylaluminum hydride (DIBALH),2 have been widely
employed, usually at low temperature but these reagents prove
to be difficult to handle in both laboratorial and industrial
scales, because of their dangerous nature. Therefore, the
development of safer or/and greener catalytic processes is
highly preferable and of primary interest.

In the field of heterogeneous catalysis, a few systems based on
v-Al,033 Y,03%, Mn/AlI> were developed for the direct
hydrogenation of esters into aldehydes. However high reaction
temperatures (260 — 420 °C) were generally required. As an
alternative, catalytic reductions using hydrosilanes as a hydride
source, i.e. via hydrosilylation, are more attractive from both
selectivity and safety points of view.® For example, Motoyama
and coll. reported Pd/C as catalyst for the hydrosilylation of
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esters to silyl acetals at 50 'C with 2.5 equiv. of 1,1,3,3-
tetramethyldisiloxane (TMDS), the acetals being then easily
converted to aldehydes after hydrolysis.”

In homogeneous catalysis, a limited number of systems capable
of catalyzing the hydrosilylation of esters into aldehydes have
been described. The first example, was reported by Piers and
coll., involving the organocatalyst B(CgFs)s and PhsSiH as
reducing agent.8 A few examples were also described with
noble metals such as palladium,  ruthenium0 and iridium.11 On
the other hand, only two catalysts involving Earth abundant
metals were developed to date: a system based on cobalt-
described by Michon and coll.12 and another involving iron
described by our group.13

Manganese, which is also a 3d metal standing as the third most
abundant transition metal after iron and titanium, is attractive
for the design of sustainable homogeneous catalysts.'* Lately,
the use of manganese in (transfer)hydrogenation reactions of
various unsaturated compounds has grown exponentially®>
including the reduction of esters to alcohols.’® Meanwhile,
manganese has also been proven to be effective in the
hydrosilylation of carbonyl and carboxylic acid derivatives.1” In
particular, it has been shown that esters could be selectively
reduced to alcohols?8 or to ethers.1?

However, to the best of our knowledge, the hydrosilylation of
esters into aldehydes remains unknown to date with
manganese while only an example was described with
rhenium.20 In the present contribution, we report thus the first
effective Mn catalyzed reduction of esters to alkyl silyl acetals
which can then be conveniently hydrolyzed to corresponding
aldehydes. In addition, following our recent study on the
rhenium-catalyzed reduction of carboxylic acids to aldehydes,?!
the activity of the related rhenium complex Rez(CO)io is
evaluated in this process and compared with that observed with
its lighter congener Mn3(CO)1o.

heterogeneous catalysis
o) ¥-Al,05, Y203, Mn/Al, Pd/C o)
M7 Ev——e
R” TOR' homogeneous catalysis R
B(CgFs)s, Pd, Ru, Ir, Fe, Co
Mn (this work)

Scheme 1. Catalytic selective reduction of carboxylic esters to aldehydes.
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Based on our previous studies on the hydrosilylation of
carboxylic acid derivatives,13 21-22 we firstly reacted methyl 2-
naphthylacetate 1a with Ets3SiH (4 equiv.) in the presence of
Mn3(CO)10 (5.0 mol%) under irradiation (LED, 365 nm, 4*10 W)
in toluene at room temperature (Table 1).23 To our delight,
within 3 h, 1a was converted to the corresponding alkyl silyl
acetal 2a obtained as a major product in 92% conversion and
82% selectivity, while only 18% of the undesired silyl ether 3a
was formed simultaneously due to over reduction (entry 1).
Lowering the amount of silane from 4 to 1.1 equiv. induced a
decrease of the conversion (from 92% to 60%) but enhanced
significantly the selectivity toward the desired product 2a
(entries 2-4). With only 1.1 equiv. of Et3SiH, in 9 h, 2a was
obtained in 89% NMR yield with an excellent selectivity (90%
conversion, ratio 2a: 3a over >95: <5, entry 6).

Table 1. Optimization of the parameters for the reduction of methyl 2-naphthylacetate
1al?

Mn,(CO)4o
(5 mol%)

toluene, r.t.
hv (LED 365 nm)

OMe R
+ Et;SiH
o] OSiEt,

1a R = OMe, 2a
R=H, 3a
EtsSiH . Conv. of 1a Selectivity
Entry [equiv.] Time h] [%]®] 2a:3a [%]Y!
1 4 3 92 82:18
2 3 3 82 >95: <5
3 2 3 73 >95: <5
4 1.1 3 60 >95: <5
5 1.1 6 85 >95: <5
6 1.1 9 90 >95: <5
7 6 56 >95: <5
gldl 6 <1 -
glel 6 <1 -
101 1.1 9 96 >95: <5

[a] General conditions: In a Schlenk tube, Mn2(CO)10 (4.9 mg, 5.0 mol%), toluene
(0.5 mL), EtsSiH, and 1a (50 mg, 0.25 mmol) were added in that order, then stirred
under irradiation (LED 365 nm, 40W) at r.t. (c.a. 30 °C); [b] Conversion of 1a and
yields of 2a and 3a detected by 'H NMR; [c] irradiation (400-800 nm, 30 W); [d] in
the dark; [e] at 100 °C; [f] Re2(CO)10(0.5 mol%)

As in the case of carboxylic acids, 21-22 the nature of the silane
was found to be crucial for the selectivity of the reaction (See
S.I. Table S1, entries 8-13). Indeed, the use of the secondary
silane Et,;SiH; led to partial conversion of 1a (41%) with the
formation of a mixture of products 2a and 3a in a ratio 49: 51.
On the contrary, Ph,;SiH;, PhSiH3; and TMDS reversed the
selectivity of the reaction and 3a was detected as the sole
product. With other tertiary silanes such as PhsSiH and
MePh,SiH, no reaction was observed.

Then a series of control experiments were performed. Under
visible light irradiation (LED, 400-800 nm, 30 W) using 2 equiv.
of Et3SiH, 56% conversion of 1a was observed, with a ratio of
>95: <5 for products 2a: 3a (entry 7). Replacing the UV-LED
devices by a Rayonnet RPR100 apparatus (350 nm) had little
influence on both reactivity and selectivity (Table S1, entry 17).
Noteworthy, under the same conditions, the use of a medium
pressure UV mercury lamp (150 W) led to a 86% conversion

2| J. Name., 2012, 00, 1-3

after only 1h but the selectivity 2a: 3a dropped to 85; 15 (Tahle
S1, entry18). In the absence of any light Ol QPAdICENEPRYS]
conditions!? (100 °C), no conversion of 1a was detected after 6
h (entries 8 and 9), demonstrating that the photo irradiation is
essential to reduce methyl 2-naphthylacetate 1a.

Having optimized the reduction of 1a with Mn,(CO)10, we then
investigated the catalytic efficiency of the related complex
Rez(CO)10, applying the optimized conditions, albeit using a
lower loading of catalyst (0.5 mol%) as in the case of carboxylic
acids.?! 1a was thus quasi-quantitatively converted (96%) and
the corresponding acetal 2a was obtained in good yield with
high selectivity (>95%, entry 10, more details in S.I. table S2).
“On-Off” experiments (see S.l. Figure S1 (Mn) and S2 (Re))
confirmed that continuous irradiation is also mandatory for
both reductions to proceed.?®° In addition, the presence of
TEMPO inhibited the reaction with both metals. (See S.I. for
complementary experiments and discussion).23

With the optimized conditions in hand (Table 1): Method A
(Mn3(CO)10, 5.0 mol%, entry6) or method B (Rez(CO)io,
0.5 mol%, entry 10), 1.1 equiv. of EtsSiH, toluene, room
temperature, 9 h, photo irradiation (365 nm, 40W), we then
explored the scope of this transformation (Table 2, and S.I. for
limitations). Noteworthy, since the two methods generally give
similar results, we will detail below only those obtained with
method A. The results observed with method B will only be
mentioned, if there is a significant difference between the two
metals. Methyl 2-naphthylacetate 1a, 1-naphthylacetate 1c and
2-phenylacetate 1le were readily converted into the
corresponding alkyl silyl acetals 2a, 2c and 2e in 71-82% isolated
yields. In general, ethyl esters were found to be more reactive
than their methylated analogues, as demonstrated with the
quantitative reduction of esters 1b, 1d and 1f into the
corresponding acetals 2b, 2d and 2f obtained in high yields (94-
99%). p-, m-, o-Methyl substituted 2-phenylacetates 1g, 1h and
1i were reduced in reasonable yields (59-83%). Increasing the
steric hindrance at the phenyl ring barely affects the efficiency
of this reaction, as illustrated with the ester 2j featuring a
mesityl group formed in 77% yield. Methyl 2-phenylacetate 1k
bearing a p-methoxy substituent and its ethyl analogue 1l were
smoothly converted into the corresponding alkyl silyl acetals 2k
and 2l isolated in 87% and 97%, respectively. From esters
bearing halogen atoms (1m-1p), the corresponding products
2m-2p were obtained in moderate to excellent yields (68-99%).
It must be noted that the acetal 2n decomposed into the
corresponding aldehyde 4h during its purification on silica gel
(See also Table 3, entry 8). While Mn,(CO),0 afforded product
20 in 59% yield, no conversion of the ester 1o exhibiting a p-
bromo substituent was observed with Re,(CO)1, in line with the
results obtained for the reduction of carboxylic acids.2l.
However, the reaction is tolerant to an electron-withdrawing
group such as a p-trifluoromethyl substituent yielding the
product 2p in 75% vyield. Increasing the steric hindrance at the
a-position of the ester decreased the reactivity, as observed
with the methyl 2-phenylbutanoate 1q converted into 2qin 68%
yield in the presence of 4 equiv. Et3SiH. The reactions between
Et3SiH and methyl/ethyl/benzyl 3-phenylpropanoate substrates
1r-1t afforded the corresponding acetals 2r-2t in 88%, 99% and

This journal is © The Royal Society of Chemistry 20xx
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Table 2. Scope of the catalyzed reduction of carboxylic esters 1 to alkyl silyl acetals 2@

Table 3. Scope of the reduction of carboxylic esters 1 to aldehydes 4.®ic\ Article Online

o
Y + Et;SiH

R™ "OR'

1 1.1 equiv.

Mn,(CO)10 (5.0 mol%) A
or Rey(CO)qg (0.5 mol%) B OSiEt;

toluene, hv (LED 365 nm) R OOR'

rt.,

2

T T,

OR
(J Yo

OSiEt;
R'=Me, 2a R' = Et, 2b)  R'=Me, 2cR Et, 2d R'=Me, 2e R'=Et, 2f
A, 90(82) A, >99 A.87(79) A 94 A, 86(71) A, 95
B, 95 B, >99 (94) B, 80 B,>99 (96) B, 77 B, >99 (95)
O\ O\
OSiEt, OSiEt; OSiEt;
2g, A, 83 (80) 2h, A, 59 2i A, 63
B, 74 B, 76 (68) B, 90 (75)
ST e e
OSiEt, OSiEt; F OSiEt;
2j,A, 77 R'=Me, 2k R'=Et, 2| 2m, A, >99
B, >99 (97) A, >99 (87) A, >99 (97) B, >99 (97)
B, >99
O\/
/©/\orS|Ets mlEtg Fs(:/©/\c>rsia3
A 20, A, 68 (59)1° 2p,A, 75
B,0 B, 83 (75)

OSiEt; osiEt,
OR /\ﬂ)\ o
OSiEt, 4

2q,A,71(68)9  R'=Me, 2r R'=Et 2s R'=CH,Ph, 2t 2u, B, 96 (93)F!
B, 56 A, 88 A, >99(92) A, >99
B,81(73) B,>99 B, >99 (93)
OSiEt )
OSiEt; OSiEt, - 1=t o OSiEt,
(6] 10 ~ = -
/\ /\/\
° o OSiEt, v 70
2v,A,>99 (89) 2w, A,>99 2x, A, 9olllel 2y A, 56
B, >99 B, >99 (91) B, >99 (92)cH1 B, 82 (74)
OSiEt, OSiEty OSiEt; osiEty

" T T o
o cl \ o

R'=Me 2z R'=Et2z' 2aa, A, 95 (90) 2ab, A, 37 R'=Me, 2acR' = Et, 2ad
A, >99 (86) A, 75P! B, 90 B, 80 A, 66 (40) A, >99 (96)
B, 75 B, 90! B, 55

[a] General conditions: ester (0.5 mmol), Et3SiH (88 uL, 0.55 mmol), Mn2(CO)10 (9.8
mg, 5.0 mol%, method A) or Re2(CO)10 (1.6 mg, 0.5 mol%, method B), r.t., toluene
(1.0 mL), irradiation (LED 395 nm, 45W), 9 h; Conversion of 1 detected by H NMR
and isolated yields of 2 in parentheses; [b] 1.0 mmol scale, toluene (1.0 mL); [c]
2.2 equiv. EtsSiH; [d] 4.0 equiv. EtsSiH; [€] Mn2(CO)10 (10.0 mol%); [f] Re2(CO)10 (1.0
mol%).

DOI: 10.1039/D0CC03580G

Mn(CO)so (5.0 mol%) A
or Rey(CO)1 (0.5 mol%) B H'/H,0 O

J +EtsiH J
R OR' toluene, hv (LED 365 nm) rt,4h R
1 1.1 equiv. rt,9h 4
Entry Substrate 1 Product 4 Conv. (Yield) [%]

4a, A, >99(93)

o=

o _~
1 1b
o

ool O O~ 1d
QB!

4b, B,>99 (75)

o=

,>85 (84)IR' = Me

4c,
,>99 (75)FIR' = Et

4d, B,90(70)

O

aeiay

4e, B,>99 (93)

3

4f, A, >99 (>99)ldel

o
o/
8
o
(
O/
g

7 WOV 1m m 4q, A, >99 (>99)ldel
F © F o B, >99 (>99)(¢e]
o ‘
’ c|m " mm 4h, B,92(76)
, 91 (61l

©
-
o)
o i
<o
-
°
o
&
o
oi
&
®

i

10 @/\)\o/\ 1s ©/\) 4j, A, >99 (85)
3 3

1 1u 4k, B,97(83)
oo A~

o
o}
o
o}

4, B, >99 (>99)¢

4m, B, 90 (86)[dve]

S

/
3;

a

\
X
240 ‘{

13 ©)\0/\ 12

[a] General conditions: ester (0.5 mmol), EtsSiH (88 uL, 0.55 mmol), Mn2(CO)10 (9.8
mg, 5.0 mol%, method A) or Re2(CO)10 (1.6 mg, 0.5 mol%, method B), r.t., toluene
(1.0 mL), irradiation (LED 395 nm, 45W), 9 h; then hydrolysis (THF/HCI 1 N), 4 h.
Conversions of 1 detected by 'H NMR and isolated yields of 4 in parentheses; [b]
4.67 mmol (1 gram) scale; [c] Isolated as solid trioxane derivatives, see S.I.; [d]
1.0.mmol scale, toluene (1.0 mL), [e] NMR yield determined with internal standard.

99% vyields, respectively.

Esters bearing aliphatic chains like methyl decanoate 1u, ethyl
acetate 1v and butyl formate 1w gave full conversion affording
the corresponding products 2u (method B), 2v and 2w in 96%,
99% and 99% vyields, respectively. Dimethyl tridecanedioate 1x
was proved to be a suitable substrate since diacetal 2x was
formed in 92% isolated yield with 2.2 equiv. of Et3SiH and
Rez(C0O)10 (1.0 mol%). The internal C=C bond in methyl oleate 1y
was also tolerated, as the acetal 2y was produced in 56% yield
with the C=C bond remaining intact.2* On the opposite, when
methyl 5-hexynoate was engaged as substrate, even in the
presence of 2 equiv. of Et3SiH, the hydrosilylation took place
only at the terminal triple bond in line with the results reported
by Wang and coll.?> Good isolated yields were generally
obtained from benzoate derivatives: methyl and ethyl benzoate
(1z, 1z’) and ethyl 4-methoxybenzoate 2aa were thus
transformed into the acetals 2z, 22’ and 2aa in 99%, 75% and

This journal is © The Royal Society of Chemistry 20xx

95% vyields with Mn,(CO)10. With Re;(CO)io slightly lower
conversions were observed for 2z and 2aa (75% and 90%,
respectively). Methyl 4-chlorobenzoate 1ab was reduced with a
conversion of 37% and 80%, by using Mn and Re based-
catalysts, respectively. Heteroaromatic substrates such as
methyl (or ethyl) furan-2-carboxylate 1ac (1ad) can be
transformed into 2ac (2ad) in 40% (96%) isolated yield.

In order to directly obtain the aldehyde products from the
esters, we then performed an one-pot synthesis consisting in
carrying out the hydrosilylation of the esters followed by the
acidic hydrolysis of the acetals formed into aldehydes. The
general scope of the present reaction is presented on Table 3.
Overall, the ester substrates were readily converted under
standard conditions. For instance, the 2-(2-
naphthalenyl)acetaldehyde 4a was isolated in 93% yield, with
Mn(CO)10 as catalyst. Furthermore, from ethyl 2-(1-
naphthalenyl)acetate 1d, we have demonstrated the synthetic
utility of this methodology in the preparation of aldehyde in
gram scale, as evidenced with the corresponding aldehyde 4b
produced in 75% yield after purification by bulb to bulb

J. Name., 2013, 00, 1-3 | 3
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distillation. In addition, 2-phenylacetaldehyde 4c and its

derivatives bearing methyl- 4d, 4e, methoxy- 4f, fluoro- 4g,
chloro- 4h and trifluoromethyl- 4i groups were isolated in 61-
93% yields. 3-Phenylpropanal 4j, decanal 4k, tridecandial 4l and
benzaldehyde 4m could also be prepared in over 80% vyields.

In conclusion, the first Mn-catalyzed hydrosilylation of esters
into corresponding silylacetals was carried out under mild
conditions with excellent yield and high chemoselectivity. In
addition, an alternative Re-based catalyst was considered
showing comparable results for the same transformation. The
two simple catalytic systems are based on commercially
available Mn3(CO)10 (5.0 mol%) or Rez(CO)10 (0.5 mol%)
complexes in the presence of a stoichiometric amount of Et3SiH
(1.1 equiv.) as an inexpensive silane source. With both catalysts,
at room temperature under irradiation at 365 nm (LED, 4*10W),
a large variety of carboxylic esters was thus reduced in
moderate to good vyields to the corresponding protected
aldehydes without noticeable formation of silylethers arising
from over-reduction. Upon hydrolysis, aromatic and aliphatic
aldehydes, including di-aldehydes, were easily produced and
isolated in good vyields. For future developments in this
competitive field, the two metallic systems reported here will
have to be envisaged in a complementary manner, the catalytic
loading 10 times lower used with rhenium having to be opposed
with the lower price of manganese.
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Mn5(CO)4g (5.0 mol%)

j\ + EtSIH or Re5(CO)4q (0.5 mol%) OSiEt; hydrolysis j)
R” “OR' _ irradiation (LED 365 nm) R~ “OR' R
1.1 equiv. room temperature
R = alkyl, ary, 30 examples
heteroaromatic
R'= Me, Et, Bn

The selective reduction of carboxylic esters into silyl alkyl acetals promoted by manganese and
rhenium catalysts provides facile access to aldehydes upon hydrolysis.
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