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The direct reduction of carboxylic acids to disilylacetals was 
achieved though manganese catalyzed hydrosilylation 
reaction in the presence of triethylsilane under mild 
conditions, at r.t. and under UV irradiation (350 nm). The 
aldehydes were obtained in good to excellent yields after an 10 

acidic hydrolysis. 

Aldehydes are key building blocks in organic synthesis due to 
their high reactivity and are valuable compounds in flavour 
and fragrance industry.1 Among the various methods 
developed for the preparation of aldehydes, the direct 15 

reduction of carboxylic acids to aldehydes is a straightforward 
reaction, which usually suffers from selectivity issues due to 
the over-reduction to alcohols.2, 3 Often, a two-step procedures 
have to be employed for the synthesis of aldehydes, either 
through full reduction to alcohols prior to re-oxidation to 20 

aldehydes4 or through the transformation of the carboxylic 
acids to more reactive acid derivatives, such as esters, acyl 
halides and anhydrides, prior to reduction.5 During the last 
years, hydrosilylation has emerged as an elegant and efficient 
methodology for the reduction of carboxylic acid derivatives 25 

under mild conditions with high chemoselectivity.6 Usually 
carboxylic acids react with one equivalent of silane to give the 
corresponding silyl esters.7 Nevertheless lately, the selective 
hydrosilylation of carboxylic acids to form aldehydes has 
been reported: Nagashima8 performed the reduction with (µ3, 30 

η2, η3, η5-acenaphthylene)Ru3(CO)7 as the catalyst and with a 
bis-silane, 1,2-bis(dimethylsilyl)benzene. Brookhart9 achieved 
the transformation with the strong Lewis acid, B(C6F5)3 as the 
catalyst, and with triethylsilane. Finally, we have employed an 
iron catalyst, namely (PBO)Fe(CO)3, (PBO = trans-4-phenyl-35 

but-3-en-2-one) combined with 1,1-3,3-
tetramethyldisiloxane.10 In the three cases, the formation of in 
situ stable disilylacetals intermediates, converted into 
aldehydes upon hydrolysis, allows the transformation to 
proceed with high chemoselectivity. 40 

Manganese is an earth-abundant element and therefore would 
be a sustainable, economical alternative source for developing 
new catalytic process. To the best of our knowledge, the use 
of manganese as a catalyst in homogeneous reduction such as 
hydrogenation and hydrogen transfer reaction is extremely 45 

rare.11,12 Besides, in the field of hydrosilylation reactions, 
compared to other transition metals of the first row of the 
periodic table, manganese promoted reductions are also quite 

Sheme 1: Hydrosilylation of carboxylic acids with manganese 
 50 

rare, even for alkenes and carbonyl derivatives11, 13-18 It is 
noteworthy that for carboxylic acid derivatives, two isolated 
examples of reduction of amides to amines were reported, 
catalysed by Mn2(CO)10

17a and CpMn(CO)3.17b More 
interestingly, in 1995, Cutler described the hydrosilylation of 55 

esters to form ethers with a manganese carbonyl acetyl 
complex, (CO)5MnC(O)CH3, as an efficient catalyst with 
phenylsilane.18 In the continuation of our reports on the iron 
catalyzed reduction of carboxylic acid derivatives,19 herein we 
report the first application of manganese complex as the 60 

catalyst for the challenging transformation of carboxylic acids 
into aldehydes. 

Table 1. Optimization of the reaction parameters a 

Entry Silane (equiv.) Solvent Time (h) Conv. [%]b 

1c Et3SiH (4) toluene 24 0 
2d Et3SiH (4) toluene 24 10 
3 Et3SiH (4) toluene 24 97 
4e Et3SiH (4) toluene 24 81 
5 Et3SiH (3.3) toluene 3 93 
6 Et3SiH (3.3) Et2O 3 92 
7 Et3SiH (4) pentane 8 26 
8 Et3SiH (4) THF 8 0 
9 Et3SiH (4) CH3CN 8 0 
10 Et3SiH (4) CH2Cl2 8 64 
a Reaction conditions: 4-methylphenylacetic acid 1a (0.5 mmol), Et3SiH (3.3 - 4 
equiv.), Mn2(CO)10 (5 mol%) in 1 mL of solvent at room temperature under UV 65 
irradiation (350 nm) for 3 – 24 h. b The conversion was determined by 1H NMR 
spectroscopy for the formation of the disilylacetal 2a. c The reaction was carried out 
at 100 °C, without UV irradiation. d The reaction was carried out at 100 °C, with 
visible light irradiation (24 W fluocompact light bulb). e Mn2(CO)10 (2.5 mol%) was 
used. 70 

We started our investigation with the reduction of 4-
methylphenylacetic acid (1a) as the model substrate with 
triethylsilane as the reducing agent and with Mn2(CO)10

20 as 
the catalyst (Scheme 1, Table 1). Under thermal activation, at 
100 °C in toluene, after 24 h, no reaction occurred, whereas 75 

under visible light irradiation, at 100 °C after 24 h of reaction, 
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7 6
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R

10% of the disilylacetal 2a was formed (Table 1, entries 1-2). 
To our delight, the reduction undergoes smoothly under UV 
irradiation (350 nm) at room temperature: after 24 h, in 
toluene, with 5 mol% of catalyst and 4 equiv. of Et3SiH, a full 
conversion into 2a was obtained (entry 3). It is noteworthy 5 

that no over-reduction to alkyl silyl ether 2’a nor to fully 
reduced p-ethyltoluene 2’’a was detected by 1H NMR of the 
crude mixture. A lower catalyst loading (2.5 mol%) decreases 
the conversion to 81% (Entry 4), but only 3.3 equiv. of silane 
and 3 h are sufficient to reach high yield in 2a (93%, entry 5). 10 

Among the various solvent tested, toluene and Et2O gave 
satisfactory results. (Table 1, entries 5-10) 
The choice of the silane is of crucial importance for the 
selectivity of this reduction: with monosilanes, such as 
Et3SiH, Ph2MeSiH and PhMe2SiH, after an acidic work, 97% 15 

of the aldehyde 3a was formed; with Ph3SiH, the reaction did 
not take place, while with secondary silanes like Ph2SiH2, 
Et2SiH2, 1,1,3,3-tetramethyldisiloxane (TMDS), the alcohol 
4a was formed as the major product (from 80 to 97%, see 
Supporting Information).  20 

Having optimized the reaction conditions (Mn2(CO)10 (5 
mol%), Et3SiH (3.3 equiv.), toluene or Et2O,21 UV irradiation 
at 350 nm, rt, 3 h), we then investigated the scope of this 
selective reduction of carboxylic acids to aldehydes. (Table 2) 
Under these conditions, phenylacetic acid, and its substituted 25 

derivatives with a methyl or a methoxy group at the para-
position undergo hydrosilylation to produce the corresponding 
disilylacetals derivatives 1a-c with high yields in 3 h (entries 
1-3). The presence of an amino group does not inhibit the 
reaction, and the corresponding protected aminoaldehyde is 30 

produced with 85% isolated yield. (Entry 4) The reduction of 
the 4-hydroxyphenylacetic acid leads to the formation of the 
corresponding disilylacetal with the concomitant silylation of 
the hydroxyl group: thus the conversion was slightly increased 
with the use of 5 equiv. of Et3SiH instead of 4 equiv. (Entry 5) 35 

This reduction is also tolerant toward halides, as no 
dehalogenation was observed during the reduction. However, 
a longer reaction time (24 h) was needed to reach good 
conversions, which might be due to the electronic effect of the 
halides. (Entries 6-8) On the opposite, nitro group inhibits the 40 

reaction (entry 9). A control experiment was carried out: the 
reduction 1a in the presence of one equivalent of nitrobenzene 
confirmed the deleterious effect of nitro group on the catalytic 
system, as no conversion was detected. These results could be 
explained by the formation of an adduct between the nitro 45 

group and manganese carbonyl species that deactivates the 
catalytic system.22  
The steric hindrance has a noticeable effect on this catalytic 
reduction as shown by the influence of the position of the 
substitution on the phenyl ring in 1j (ortho position) compared 50 

to 1a and 1k (respectively para and meta position), and by the 
absence of reaction of 1l (entries 1, 10-12). Similar behaviour 
has been found previously for the hydrolysis of silanes 
catalyzed by Mn2(CO)10.14a,15f Interestingly 1-naphtylacetic 
acid 1m was converted in good yield to the corresponding 55 

disilylacetal. (77%, entry 13) The reduction of 3- 
phenylpropionic and cinamic acids lead to the same product, 
as the conjugated C=C bond of 1o is fully reduced under these 

conditions. (entries 14 and 15) 

Table 2. Scope of the hydrosilylation of carboxylic acids to give aldehydes under the 60 

catalysis of Mn2(CO)10 

Entry  Substrate  
a 

Conv.[%]b Yield [%]c 

1 1a, R = Me A 93 90 
2 1b, R = H A 85 83 

3 1c, R = OMe A >97 93 
4d 1d, R = NH2 B - 85 

5d 1e, R = OH B 85 74 

   90e 82e 
6d 1f, R = F A 89 87 

7d 1g, R = Cl A 88 82 

8d 1h, R = Br A 91 86 
9d 

 

1i, R = NO2 A 0 - 

10d 1j, R = o-Me A 61 60 

11d 
 

1k, R = m-Me B 89 87 

12d  1l B < 3 - 

13d 
 

1m A 93 77 

14d 
 

1n A >97 96 (71)f 

15d 

 

1o A 78 70 

16d 

 

1p A 82 70 

17d  1q B >97 88 

18d 1r, n = 13 B >97 98 (92) 

19 
 

1s, n = 10 A >97 92 (81) 

20 

 

1t B >97 98 (88) 

21g 
 

1u B 92h - 

22i 

 

1v B 97  97 

23g  1w B >97 95 (81)j 
24g  1x B >97 97 (52)j 

25d  1y A 0  
a Reaction conditions: carboxylic acid (1 mmol), Et3SiH (3.3 mmol, 3.3 equiv.), 
Mn2(CO)10 (5 mol%), room temperature, UV irradiation (350 nm), 3 h, toluene (2 
mL) (A) or Et2O (2 mL) (B). b The conversion to the silyl intermediate 2 was 
determined by 1H NMR spectroscopy. c Isolated yield for 2 after purification by 65 
column chromatography. The numbers in parentheses are the yields of isolated 
aldehydes 3. d Et3SiH (4 equiv.) was used and the reaction was irradiated under UV 
for 24 h. e 5 equiv. of Et3SiH was used instead of 4 equiv. f The conjugated C=C 
bond was fully reduced. g Et3SiH (4 equiv.) was used. h 60% of the insaturated 
disilylacetal and 32% of the trisilylated product resulting from the hydrosilylation of 70 
both the acid and the alkene groups were formed. i The reaction was carried out with 

R

COOH

COOH
n

O

OHR

Mn2(CO)10 (5 mol%)
HSiEt3 (3.3 equiv.)

Acidic
workupOSiEt3

OSiEt3R

O

HRr.t., UV (350 nm)
1 2 3
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Mn2(CO)10 (10 mol%), Et3SiH (10 equiv.), for 24 h under UV irradiation. j The 
product was isolated as the 2,4-dinitrophenylhydrozone adduct after hydrolysis. 
 
It is noteworthy that heteroaromatic carboxylic acids such 1p 
and 1q bearing respectively a thiophenyl and an indolyl 5 

moieties are reduced in good yields (70% and 88%, 
respectively, entries 16 and 17). On the other hand, aliphatic 
carboxylic acids, such as palmitic (1r) and tetradecanoic (1s) 
acids gave after hydrolysis the corresponding aldehydes in 
very good yields (92 and 81%, entries 18 and 19). The 10 

presence of internal, non conjugated C=C double bond is 
tolerated, as shown by the sole reduction of the carboxylic 
group in the oleic acid 1t (entry 20), whereas in the case of a 
terminal C=C double bond like in the hept-6-enoic acid 1u, a 
mixture resulting from the partial hydrosilylation of the 15 

alkene moieties was obtained (60% of the insaturated 
disilylacetal and 32% of the trisilylated product resulting from 
the hydrosilylation of both the acid and the alkene groups 
(entry 21). Interestingly, the diacid 1v leads to the formation 
of the protected dialdehyde in excellent yield (97%, entry 22). 20 

Finally, acetic acid and formic acid were also nicely converted 
to the corresponding aldehydes, which were isolated as their 
hydrazone derivatives in good yields (81 % and 52%, entries 
23 and 24). In contrast, trifluoroacetic acid was not reduced 
under similar condition (entry 25). 25 

The reactivity of benzoic carboxylic acid derivatives was also 
investigated under similar conditions: the reduction of benzoic 
acid, p-methyl and p-methoxybenzoic acids leads to the 
exclusive formation of the corresponding aldehydes in modest 
yields, respectively 39%, 29% and 35% yields after hydrolysis 30 

(See Electronic Supporting Information). 
In summary, we have developed the first reduction of 
carboxylic acids to aldehydes catalysed by commercially 
available and inexpensive manganese carbonyl complex 
Mn2(CO)10 in the presence of triethylsilane as an affordable 35 

and stable reducing agent. The reaction proceeds at room 
temperature under UV irradiation. Of notable interest is the 
isolation of the stable protected aldehydes as their 
disilylacetals, which can be hydrolysed to the corresponding 
aldehydes. 40 
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