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Abstract: A diboron-mediated rhodium-catalysed transfer 

hydrogenation system using water as the hydrogen donor is 

developed. In addition to a series of alkenes with good functional 

group tolerance, this rhodium-based catalytic system also effectively 

reduces aldehydes and ketones. A plausible mechanism involving 

the Rh(I)-catalysed hydrogen generation and Rh(0)-catalysed 

hydrogenation is proposed for the reaction. 

Transition-metal-catalysed hydrogenation is arguably one of the 

most useful transformations in organic synthesis and catalysis. 

In this type of reaction, hydrogen gas is usually employed as the 

H donor, but its flammable nature and the operational issues 

associated with its use can be troublesome, especially for bench 

chemist. In this context, transfer hydrogenation,[1] which uses 

alternative H donors other than hydrogen gas, has been 

developed as an attractive approach. Among various H donors 

in transfer hydrogenation, water is undoubtly the most 

inexpensive and easy to handle one. Moreover, transfer 

deuteration can be easily achieved by using deuterium oxide to 

prepare valuable deuterated molecules. Therefore, development 

of practical and versatile methods for transfer hydrogenation 

with water is highly desirable.[2] 

The diboron reagents (e.g., B2(OH)4) are bench-stable, 

nontoxic, and easy to handle, and they proved to be useful 

reducing reagents in organic synthesis.[3] In recent years, there 

has been a great interest in studying the diboron-mediated 

transfer hydrogenation with water. Different metals including 

palladium,[4] copper,[5] and ruthenium[6] have been explored to 

catalyse this transformation, and it is found that the reactivity 

and selectivity of the reaction are highly metal-dependent. For 

example, the diboron/water system in concert with palladium 

catalyst effective reduces unactivated alkenes,[4a] while the 

copper catalyst promotes the formal reduction of the activated 

alkenyl moiety of enones via a hydroboration-protodeboronation 

pathway.[5a] Herein, we report our serendipitous finding that 

rhodium is also able to effectively catalyse the diboron-mediated 

transfer hydrogenation with water (Scheme 1). The current 

rhodium catalytic system features the following advantages 

compared with the established methods: 1) broad substrate 

scope: it works well for both activated and unactivated alkenes, 

as well as aldehydes and ketones; 2) better functional group 

tolerance: for example, aryl bromide is sensitive to palladium 

catalyst, but it is tolerated under the current system; 3) 

controllable chemoselectivity: the selective reduction of enones 

can be easily controlled via adjusting the amount of diboron 

reagent. Thus, this rhodium-based catalytic system provides a 

new tool for transfer hydrogenation with water. 

 

Scheme 1. Diboron-mediated transition-metal-catalysed transfer 

hydrogenation of alkenes and carbonyls with water. 

As part of our ongoing efforts on the Rh(I)-catalysed conjugate 

addition of organoborons to alkenes,[7] we investigated the Rh(I)- 

catalysed addition of diborons to CF3-activated alkene 1a, 

aiming to achieve the conjugate borylation of this -aryl 

substituted substrate, which remains a formidable task in 

borylation of trifluoromethyl alkenes.[8] To our surprise, no 

conjugate borylation product was detected during our 

investigation, but reduction of 1a was observed. As shown in 

Table 1, the reaction between trifluoromethyl alkene 1a and 

tetrahydroxydiboron 2a proceeded smoothly in the presence of 

rhodium catalyst under mild reaction conditions in aqueous THF, 

giving the reduced product 3a in high yield (86%, entry 1). Other 

diboron reagents including bis(neopentylglycolate) diboron 

B2(neop)2 and bis(catecholate) diboron B2(cat)2 also worked well, 

but bis(pinacolate) diboron B2(pin)2 was found to be ineffective 

(entries 2−4). The coordinating ligand on rhodium was crucial for 

the catalytic activity, and bis(phosphine) ligands were found to 

be not suitable for this catalytic system (entries 5−6). Control 

experiments revealed that the rhodium catalyst was essential, as 

no conversion of 1a was observed without catalyst (entry 7). The 

use of triethylamine as the base was also necessary for the high 

yield of the reaction (entries 8−10). The reaction did not proceed 

under anhydrous conditions, validating the important role of 

water as the H donor (entry 11, B2(cat)2 was used to avoid the 

introduction of water from B2(OH)4). It is noteworthy that the 
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defluorination product, which can be generated via -F 

elimination from the alkyl-rhodium species,[9] was not observed.  

Table 1. Rhodium-catalysed reduction of trifluoromethyl alkene 1a with 

diboron/water.[a]  

Entry Variation from standard conditions Yield [%][b] 

1 none 86 

2 B2(pin)2 instead of B2(OH)4 <5 

3 B2(neop)2 instead of B2(OH)4 71 

4 B2(cat)2 instead of B2(OH)4 81 

5 binap instead of cod <5 

6 dppe instead of cod <5 

7 w/o [RhCl(cod)]2 <5 

8 w/o Et3N 35 

9 Cs2CO3 instead of Et3N 78 

10 pyridine instead of Et3N <5 

11 w/o H2O[c] <5 

[a] Standard conditions: 1a (0.20 mmol), 2a (0.30 mmol), [RhCl(cod)]2 (5 mol, 

2.5 mol%), and Et3N (0.60 mmol) in THF/H2O (2.0 mL/0.05 mL) at 30 oC for 12 

h. [b] Isolated yield of 3a. [c] B2(cat)2 was used for anhydrous conditions. 

 

Scheme 2. Substrate scope of trifluoromethyl alkenes.  

With the established reaction conditions for transfer 

hydrogenation of trifluoromethyl alkenes, the scope of this 

catalytic transformation was studied, and the results are 

summarized in Scheme 2 (isolated yields of products were 

shown). In addition to the -aryl substituted trifluoromethyl 

alkenes, the current catalytic system also efficiently reduced 

the -alkyl substituted substrates (3b and 3c). Moreover, the 

,-disubstituted trifluoromethyl alkenes were also suitable in 

this system, producing the corresponding ,-disubstituted 

trifluoromethyl alkanes in high yields (3d−3g). Considering the 

easy preparation of trifluoromethyl alkenes, the current method 

provides a useful approach to accessing functionalized 

trifluoromethyl alkanes.[10] 

 

Scheme 3. Scope of alkenes and carbonyls. [a] 2.5 equiv. B2(OH)4 was used. 

[b] EtOH was used as the solvent. 
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With the success achieved on transfer hydrogenation of 

trifluoromethyl alkenes, we further explored the generality of the 

rhodium-based catalytic system for other types of substrates. As 

shown in Scheme 3 (isolated yields of products were shown), 

the ester or amide-activated alkenyl substrates, including those 

bearing aryl chloride or aryl bromide moieties, worked well under 

the standard conditions (5a−5f). The catalytic system was also 

suitable for the reduction of ,-disubstituted substrate (5g) and 

cyclic substrate (5h). Both cyclic and acyclic ,-unsaturated 

ketones can be reduced to saturated ketones under the 

standard conditions (5i−5j). Furthermore, we were delighted to 

achieve the reduction of the keto moiety with an excess amount 

of diboron reagent (5k−5l).[11] The utility of the current catalytic 

system for transfer hydrogenation of carbonyls was then next 

explored, and both aldehydes and ketones were found to be 

suitable substrates (5m−5r). Finally, the unactivated alkenes 

were investigated, and the transfer hydrogenation reaction 

worked very well (5s−5v). The wide scope and good functional 

group tolerance distinguish the current method from other known. 

 

Scheme 4. Transfer deuteration with D2O. 

One important advantage of the transfer hydrogenation with 

water is that the transfer deuteration can be easily achieved by 

using cheap deuterium oxide. In the current rhodium catalytic 

system, the transfer deuteration was also feasible. As shown in 

Scheme 4, both alkenyl and carbonyl substrates were reduced 

with high levels of deuterium incorporation. The scrambling of 

deuterium in 5s-d2 indicates the involvement of a rhodium 

hydride species during the catalytic process, which can lead to 

the observed scrambling via a migratory insertion/ -H 

elimination/regio-reversed reinsertion process. 

There are two important experimental phenomena observed 

during the study. The first one is the fast formation of hydrogen 

gas bubbles at the initial stage of the reaction; and the second 

one is the fast formation of rhodium black during the reaction 

process. To gain insight into the possible reaction mechanism, 

several control experiments were conducted in Scheme 5 based 

on the aforementioned observations. Control experiments 

showed that the rhodium(I) catalyst was essential for the 

production of hydrogen gas. Both rhodium(I) catalyst and 

rhodium black were found to catalyse the hydrogenation of 4s 

with hydrogen gas, however, rhodium black was not able to 

catalyse the transfer hydrogenation with diboron as the reducing 

reagent. Based on the experimental results and literature 

precedents, a plausible mechanism for the current catalytic 

system is proposed (Scheme 5). The first cycle accounts for the 

formation of hydrogen gas: oxidation of rhodium(I) to diboron 

generates the rhodium(III) intermediate,[12] which reacts with 

water and produces hydrogen gas upon reductive elimination. 

The second cycle is the rhodium black-catalysed hydrogenation: 

in the presence of hydrogen gas, the cyclooctadiene-ligated 

rhodium(I) catalyst is reduced to rhodium black, which then 

catalyses the hydrogenation of alkenes and carbonyls.[13] 

 

Scheme 5. Mechanistic studies and proposed mechanism. 

In summary, we have developed a rhodium catalytic system 

that catalyses the diboron-mediated transfer hydrogenation with 

water. The new system features broad substrate scope, good 

functional group tolerance, and controllable chemoselectivity. 

This rhodium-based catalytic system provides a new tool for 

transfer hydrogenation. 
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