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Graphical Abstract
RhCI(CO)(PPhy), catalyzed a-akylation of ketones with alcohols

Rui Wang, Lina Huang and Zhengyin Du*

A simple and efficient method for a-akylation of ketones with primary alcohols catalyzed by
RhCI(CO)(PPhg), without additional additives under mild conditionsis developed. It hasawide substrate
scope, a high atom-efficiency and chemoselectivity. It is an environmentally friendly method to build
C-C bond because water is the only byproduct.
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Abstract. A simple and efficient methcfor a-alkylation of ketoneswith primaryalcoholscatalyzed byRhCI(CO)(PP5),
without additional additives under mitdnditions is developed. It has a wide substratpechigh atom-efficiency an
chemoselectivity. It is an environmentally frienahethod to build C-C bond because water is the bypyroduct.
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1. Introduction methodology under mild conditions and satisfactory
results were achieved. This cross coupling reaction
@an also be catalyzed by iron compidx and
'Fe(OTH to produce aimed product selectively.
B‘:sides, metal-free organocatalysisNafeterocyclic
Qarbenes and a large number BBUOLi were
emonstrated to be efficient fos-alkylation of
etones with primary alcohof§! Whatever, this kind

rb% reaction always suffered from excess base usage,
f?)ng reaction time consumption, and innert

a-Alkylation of ketones has been known as
pivotal method for a carbon-carbon bond formation
organic synthesi$? Transition metal-catalyzed
cross-coupling reaction between ketones and alsoh
is the most attractive strategy for thealkylation of
ketones not only from its high atom efficiency buﬁ|
also from water as only byproduct, which is i
accordance with sustainable development in views
economy and enw_ronmeﬁf‘.l This reaction is atmosphere requirement.
regarded as proceeding via hydrogeq transfer gate Compared with other heavy metal salts, rhodium
and alcohols are the source of hydrogen, which hﬁ ’

b id h attenti : vy ds been proved to be low toxic and rhodium
€en paid much attention in recent yearsin complexes bearing NHCs have also been widely used
connection with this strategy, many transition riggta

: o9 . as catalysts for transfer hydrogenation and cross-
such as rutheniufh and iridium complexé$ have coupling reaction in organic synthelfb.In 2013,

b?e” successfu_lly used as homogeneous CatalYStﬁri'Q(acetylacetonato)rhodium(lII) was used as a
this transformation and good results were obtalnegl

Supported heteroaeneous palladium catalvsts. ssich atalyst for theu-alkylation of ketones with primary
Pd;)g[s] Pd NPs/%]AIO(Ongl? Pd NPs/vioI{)ge’HO] aftohols  followed by transfer hydrogenation to

: : : furnish reductive coupling products in the presewice
Pd(ll)/SlOZf“] are also applied fon-alkylation of 1,4-diazabicyclo[2.2.2p]oc?aFr)19 (DABCO) asp ligdhidl.
ketonbes with p|r|31ary dalcohols(,j. '}AOSt of thelsi.camylynfortunately, the reaction cannot be stopped en th
can be recyce ]an reused for sgvera IMES. é%ége of alkylated ketone products. In 2014, Doroho
instance, Ni NP¥ and Ag/Mo oxide’s¥ are reported and coworket® reported a [Cp*RhG, catalyzed
to be_ good any efficient reusqble catalysts fos thf<etone methylation reaction using methanol as
reactlorl. However, ha‘arlzahllgeactlon temperature of '‘Wkylating reagent to form-branched products under
:0 1‘![0 deats reqduw bst ?nd over-:cteductg)rl?}of mild conditions. Except the above-mentioned
A{:llrs%e aarg dl(J:I(i:ti(S)naéIT hysclljroz;(re?] 25::(;/(\/9?)?0? f_réoodescexg%ferences, few literature in connection with riumali
1-decene, must be added to promote the realfitm. atalyst fora-alkylation of ketones was reported.

der t i disadvant qt i With our continuous interest in transitional metal-
order to overcome these disadvantages an Oeeaézeqtalyzed efficient cross coupling reactfdnand
regioselective a-alkylation of methyl ketone

o . 4 alkylation reaction with alcohols as green alkylgti
derivatives with primary alcohols, Yus et™l Y g yig

red : talvzecalkvlati t methvl reagent&? we herein report a simple and efficient
reported an osmium catalyzeeaikylation ot metny alkylation coupling reaction of ketones with primar

ketones with alcohols through borrowing hydrogeq,.onols catalyzed by RhCI(CO)(Ph in the



presence of KOH as base and 1,4-dioxane as solvdrg catalyst and it is found that there was notieac
at 95 °C. The corresponding alkylated ketones a®ok place (Table 1, entry 5). However, when
unigue products were obtained in good yielBis.the potassium carbonate was replaced by cesium
best of our knowledge, this is the fisrt exampldRtf carbonate, 25% yield ada was obtained (Table 1,
() complex-catalyzedu-alkylation of ketones with entry 6). When the reaction was catalyzed by
primary alcohols to form alkylated ketonegalladium nanoparticles (Pd NPsh situ generated
exclusively. from palladium chloride in PEG-2088°% at 95°C, a
moderate yield of 63% was achiewaad there is no
improvement of the yield when increasing the amount
of Pd NPs and the reaction time (Table 1, entr\5o).
we have to screen other transition metal catalysts.
Surprisingly, when the reaction was catalyzed by 2
mol% of RhCI(CO)(PP¥),, a satisfying yield of 81%
was given in the presence of KOH in 1,4-dioxane at
95 °C (Table 1, entry 8). To investigate the base
o o influence, potassiuntert-butoxide and triethylamine
OH  Catalyst ‘)K/\‘ were also examined and unsatisfactory results were
' g Base, Solvent O O obtained (Table 1, entries 9 and 10). Subsequently,
1a 2a 3

a we explored the effect of substrates ratio and the

2. Results and discussion

We initiated our studies with the screen of rearctio
conditions in the coupling of acetophenofa) (with
benzyl alcoholZa), as seen in Table 1.

Table 1. Optimization of the reaction conditidts

Entry Catalyst Base  Solvent Time Yield  amount of the catalyst and the base. It is fourad th

() () the use of 1.5 equivalents of benzyl alcohol and 2

; E“egll‘ Ezg& E:Egzg 38 1 eduivalents of KOH resulted in an higher product
3 CuCi chos Toluene 20 50 Yield (91%) in shorter reaction time (Table 1, gntr
b

4  CuNPs KCO, Toluene 20 o 11). Increasing the amount of the catalyst from 2
5 PdC) K,CO,  Toluene 15 — mol% to 3 mol% could not improve the product yield
6 PdC} CsCO;  Toluene 18 25 (Table 1, entry 12) whereas decreasing the amdunt o
7 PdNPs G&£0O; PEG-2000 15 63 the base to 1.5 equivalents caused a slight dexofas
8 RhCI(CO KOH 1,4- 10 81 3a (Table 1, entry 13). Rhodium (1) chloride hydzat
)(PPh), Dioxane was also employed as a catalyst for the reactidn bu
9  RhCI(CO KOtBu 1.4- 8 56 only 36% yield of3a was gained under the same
)(PPR), Dioxane reaction conditions (Table 1, entry 14). It is end
10 ';"(E(gg):o EtN Di(l);;ne 8 ya that Iigand.s play avery important role in thisatgan.
119 RhCI(CZO KOH 1.4- 9 91 In comparison with other catalysts, the good cataly
)(PPh), Dioxane of RhCI(CO)(PPE. might be due to the good
12  RhCI(CO KOH 1,4- 9 91 exchange ability betwween hydrogen atom and ligand
)(PPh), Dioxane to form rhodium hydride complex which is key active
1¥ RhCI(CO KOH 1,4- 12 87  species in catalytic cycle.
)(PPh), Dioxane Under the optimized conditions, we tried to extend
149  RhCL3  KOH 1,4- 12 36 this methodology to a series of ketones and alsohol
H:0 Dioxane The results are listed in Table 2. It is obvioust thur

¥ Reaction conditionsia (1.0 mmol), 2a (1.2 mmol), ~ catalytic system works well for the coupling reant
catalyst (2 mol%), base (1.0 mmol), SO"’e';t (3n93,C.  of variousa-methyl(methylene)ketones with alcohols
;II?’:gl)lsb:SO ela(tg% m%%lj) (2:: (i\' Esm(ri(())l)mk());?e). (228 r(nlrfol) to achieve the corresponding-alkylated ketone
catalyst (3 molo2 2 (s mmal) base (LS mma). - O opheriones, such as 4-

At first, we chosed different Lewis acids as cately Methyl-, 4-chloro-, 4-bromo-, 2-methyl-, and 3-
(2 mol%) and KCO; as a base to conduct thignethoxyacetophenone, could react smoothly with
reaction in toluene at 9%. The results show that °&nzyl alcohol, 4-methyl- and 4-fluorobenzyl alctsho

FeCl has no catalytic effect despite extending th form a series otx-benzylatedo acetophenones with
reaction time tremendously (Table 1, entry 1) . Whed00d yields in range of 61-84% (Table 2, entries 2-
NiCl, and CuC! were used as catalysts, 16% and0). Exchanging the substitution on the aryl rirfg o
20% yields of the aimed produsa were obtained, &ryimethylketones and benzyl ~alcohols has no
respectively (Table 1, entries 2 and 3) Whesignificant influence on the yield of aimed product

replacing  CuGl with’ 10 mol% of cbpper To examine the reactivity of aliphatic alcohols, we
nanoparticles (Cu NPs), only 9 % vyield 8 was used ethanol and 1-butanol as alkylating reagemts t

obtained (Table 1, entry 4). Then Pg®hs used as react with acetophenone and 4-methylacetophenone,
' respectively, and found that the corresponding

2



coupling products3k and 3/ were obtained in the 12° S~ oH i 52
yield of 56% and 52%, respectively (Table 2, estrie /Ej)K Q)W

11 and 12). These results proved that the hydrogen 3l

transfer reactivity of aliphatic alcohols is infarito 13 Q ©/\0H ? 63
that of benzyl alcohols. To investigate the scope o é é/\©
ketones in this reaction, cyclopentanone and

cycohexanone were also studied under the same 3m

reaction conditions to furnish the corresponding 14 i @OH i 58
alkylation of cycloketones with benzyl alcohol. The é ij/\@

obtained moderate product yields (63% 3vh and 3n

58% of 3n) showed that the reactivity of? Ketone (1.0 mmol), alcohol (1.5 mmol),
arylmethylketones is superior to that of cyclanoneRhCI(CO)(PPE), (2 mol%), KOH (2.0 mmol), 1,4-dioxane
(Table 2, entries 13 and 14). It is need to empkasi(3 ML) at 95°C for 9 h. Yield is isolated yield’Alcohol
that, in all cases, water is the exclusive byprodnd (2-0 mmol).

deeply reductive products, ketals and hemiketats of FOr the reaction mechanism afalkylation of
alkylated ketones were not found. ketones with primary alcohols, based on previous

report? a transitional metal-catalyzed hydrogen
Table2. a-Alkylation of methyl ketone derivatives with ~ transfer process is proposed with the reaction of

alcohols catalyzed by RhCI(CO)(PpH acetophenone and benzyl alcohol as an example, as
9 oo o seen in Scheme 1. At first, benzyl alcohol is
» + R oM Doxas 9556 Rl R.  catalytically dehydrogenated to form benzaldehyde
R ) 5 and the deprived active hydrogens are transfewed t
Entry  Ketone Alcohol Product vielq the catalyst to form rhodium hydride complex [RhH

(%) Then, the Aldol condensation occurs between

o1 acetophenone and benzaledyde to give chalcone.

1 [0 oH [
@J\ g Finally, chalcone is further hydrogenated by [RhH
3a

species to afford the aimed coupling product. The
ot O

84 detailed mechanism of this reaction is still under
investigation.
Q i CHO
Tt T o F O U7
4 /©)ok Fg > |jo L, o1 (RN (RhH] K“O
3d o o' H
5 i OH i 74 7
o O oo g
3e

Scheme 1. Mechanism of Rh-catalyzed-alkylation of

6 OH ; i ; 68 henon ith h
/©)l\ /@ ‘ : S acetop enone with be I2y| alcohol.
Cl

3. Conclusion

7 i OH i 66
/©)\ @ [ D _
Br ” In summary, we have developed a simple and

efficient method on RhCI(CO)(PBRk-catalyzed

8 Q)k ﬁ > o4 a-alkylation ofa-methyl(methylene) ketones with
Br

3h primary alcohols under mild conditions. This
method has been proved to have a wide substrate

9 it )©/\0H i 72
d scope and broad functional group tolerance. More

| condensation
(o)

3i importantly, the reaction is highly atom-
10 HSCOO)OL @AOH Hscojg)k ® 8 economical and chemoselective. There are no
T deeply reductive coupling and ketalization
19 o o o 56 byproducts found ir? .our reaction ghd completely
©)J\ no need for the addition of any auxiliary hydrogen
3K donors, acceptors and additives in this protocol. |
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Highlights

The first example of Rh(l)-catalyzed-alkylation of ketones with primary
alcohols.

Aryl methyl ketons, cyclonones, benzyl and alipbaicohols are compatible.

Any auxiliary hydrogen donor, acceptor and additie¥e not needed.

No deeplyreductive coupling and ketalization byproducts werend.

It is an environmentally friendly, high atom-efcicy and chemoselective
method.



