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Abstract:α, β-unsaturatedketoneswerepreparedefficientlyviaAldolcondensationreactionofun-modifiedketonesandaromatical-

dehydesinBronstedacidionicliquid (BAIL) BMImHSO4.Thenovelmethodhadadvantagesofhighyieldandselectivity, mildreac-

tionconditions, easeofproductisolationandrecycleofionicliquid.
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　　Thealdolreactionisconsideredtobeoneofthe
mostimportantcarbon-carbonbondformingreactions
andtheproductα, β -unsaturatedcarbonylcompounds
arewidelyusedasintermediatesinpharmaceuticaland
flavorchemicals

[ 1]
.However, thecorrosiveandexpen-

sivecatalyst(suchasastrongacid, baseorRuCl3
[ 2]

)

therigidreactionconditions, lowefficiencyanduseof
poisonousmolecularsolventsintraditionalaldolreac-
tionofketoneandaldehydewerealsolefttobeim-
provedinordertoestablishanindustrialcompetitive
process.Inrecentyears, ionicliquidshavebeeneffec-
tivelyusedinmanyorganicreactionsaspotentialgreen
alternativesolvents.Infact, somepioneershaverepor-
tedaldolreactioninionicliquids.Forexample,
Zhang

[ 3]
reportedthealdolreactionofTMSClmodified

aldehydewithketonesinBMImBF4.Albello
[ 4]
ex-

ploredthesupportedcholinehydroxideionicliquidas
heterogeneouscatalystinaldolcondensationwithhigh
conversionandlowselectivity.Herein, wereportedour
preliminaryresultsontheefficientandpracticalaldol
reactionofunmodifiedketonesandaldehydestoafford
α, β-unsaturatedketonesinBronstedacidionicliquid
(BAIL).TheBAILsusedwere1-methylimidazolium
tetrafluoroborateacid( HMImBF4 ) , 1-butyl-3-methyl-
imidazoliumdihydrogenphosphate(BMImH2PO4 ), 1-
ethylimidazoliumtrifluoroaceticacid(HEImTA) and1-
butyl-3-methylimidazoliumhydrogensulphate(BMIm-
HSO4 ).Alltheionicliquidswerepreparedaccording

totheliterature
[ 5]
.

1　Experimental

Preparationof3-benzylidene-2-butanone( 3 d) in
BMImHSO4 andrecycledprocedure

BMImHSO4 ( 3 g) , butanone-2 ( 0.22 g, 3

mmol), benzylaldehyde( 0.32g, 3mmol) wereadded
successivelytoa25 mLround-bottomedflaskunder
stirring, thenthereactionwaskeptfor4hatr.t.till
GC/MSdetectionindicatedthecompletion.Theobject
productcouldbevacuumdistilledorextractedbyethyl
acetate( 10 mL×2) fromthemixture, 0.39 g, yield
81%, purity>99%, m.p.37 ～ 39 ℃.Theleftionic
liquidcouldbereusedinthenextrunwithoutanyfur-
therdisposal, andsimilaryieldandselectivitycouldbe
obtained.

2　Resultsanddiscussion

WeinitiatedourstudytospeculatesuitableBAILs
asreactionmediabyusingbenzaldehydeandcyclohex-
anoneassubstrates, thesamereactioncatalyzedbya
commonbasesuchasNaOHorNa2CO3 inaneutral
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ionicliquid1 -butyl-2, 3 -dimethylimidazolium
hexafluorophosphate(BDMImPF6) wasalsoexplored
inordertocompare(Tab.1) theefficiency.

Tab.1　Aldolreactionofcyclohexanonewith

benzylaldehydeindifferentconditionsa

Entry
Reaction

conditions
Temp/℃ Time/h

Conversion

/%a

Selectivity

/%a

1 BMImHSO4 20 1 >99b >99

2 BMImH
2
PO

4 20 1 91 98

3 HMImBF4 60 4 <10 -

4 HEImTA 60 4 <10 -

5
BDMImPF6 /

NaOH3mmol
20 1 >99 95

6
BDMImPF6 /

Na2CO3 3mmol
20 2 95 87

a:detectedbyGC/MS;b:Datefromnextthreerunswere99,

99, 99% separately

IonicliquidBMImHSO4 wasconfirmedaneffective
mediumforthereaction, andshowedalmostthequanti-
tativeconversionandhighestselectivitycomparedwith
BMImH2PO4, HMImBF4 andHEImTA(Entry1-4).
Underourexperimentconditions, sidereactionscaused
bywatercouldbeeffectivelyrestrainedinBMImHSO4

accordingtoGC/MSdetection, whileinBDMImPF6 /
NaOH ( 1equiv.), severalanonymousimpuritieswere
detected, althoughtheircontentwaslessthan5% by

GC/MS ( Entry5 ).whileinBDMImPF6 /Na2CO3

( equivalent), thereactionofcyclohexanonewith
benzylaldehydegaveamixtureofα, β -unsaturatedke-
toneandβ-hydroxyketonewiththe87% selectivityof
3 (Entry6).BMImHSO4canberecycledwith99, 99,

99% yieldsseparatelyinthenext3 runs.Theresults
reflectedthatBMImHSO4 mightbeasuitablemedium
andcatalystinAldolreactions, withtheadvantageof
highconversionandselectivity.

Encouragedbyourinitialexplorationresults, then
thescopeandthelimitationofthereactionsbetween
differentketonesanddifferentaromaticaldehydeswere
exploredinBMImHSO4.Theresultswerelistedin
Tab.2, fromwherecanbeenseenthatBMImHSO4 was
agoodreactionmediumforseveralofthesubstrates.
Highconversionandselectivitywerealwaysobservedat
lowtemperatureinveryshortreactiontimes.Thedif-
ferentsubstitutedgroupsonthearomaticaldehydesdis-
playedsomeinfluenceonthereactionresults, usually
higherconversionandselectivitywereobtainedwhen
therewasaelectrowithdrawinggroupotherthanaelec-
trodonatinggroup, wethoughtthedifferentnucleophi-
licitymightaccountedfortheobservedresults.Gener-
allyspeaking, aromaticmethylketoneislessactive
thancyclohexanone;therefore, anelevatedtemperature
andprolongedreactiontimeswereneededforahigh
conversionandyield.

Tab.2　AldolreactionofketoneswithdifferentaromaticaldehydesinBMImHSO4

Entry Aldehydes Ketones Product Temp/℃ Time/h Yield/% mp (inlit.) /℃

1 p-ClC
6
H

4
CHO (CH

2
)
5
CO 3a r.t. 1 92 145 ( 145 ～ 146) 3

2 p-MeOC6H4CHO (CH2 ) 5CO 3b r.t. 4 84 202 ( 204) 2

3 p-NO2C6H4CHO (CH2 ) 5CO 3c r.t. 1 99 199 ( 199 ～ 200) 3

4 C6H5CHO C2H5COCH3 3d r.t. 4 81 38 ( 38 ～ 39) 2

5 p-NO2C6H4CHO C2H5COCH3 3e r.t. 4 94 102( 103.5 ～ 106) 6

6 p-NO2C6H4CHO C6H5COCH3 3f 50 4 76 165 ( 165 ～ 166) 2

7 p-NO2C6H4CHO p-ClC6H4COCH3 3g 50 4 90 162 ( 164) 7

8 p-NO2C6H4CHO p-MeOC6H4COCH3 3h 50 4 97 172 ( 173) 7

9 p-NO2C6H4CHO p-NO2C6H4COCH3 3i 80 8 72 192 ( 193 ～ 194) 8

10 p-MeOC6H4CHO p-ClC6H4COCH3 3j 50 4 94 124 ( 124 ～ 125) 9

3　Conclusions

Insummary, α, β-unsaturatedketoneswerepre-
paredefficientlyviaAldolcondensationreactionofun-
modifiedketonesandaromaticaldehydesinBronsted
acidionicliquid ( BAIL) BMImHSO4.Thenovel
methodhadadvantagesofhighyieldandselectivity,
mildreactionconditions, easeofproductisolationand
recycleofionicliquid.
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Bronsted酸性离子液体催化的 Aldol反应
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摘　要:通过酮和醛的 Aldol反应在 Bronsted酸离子液体 BMImHSO4中制备了一系列 α, β -不饱和酮。所建立方法的主要

优势有:高转化率和选择性 、 温和的反应条件 、 产物容易分离 、 离子液体可循环使用。
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锂离子电池负极材料纳米 Ni3 Sn2 的溶剂热合成与电化学性能
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摘　要:采用溶剂热法合成锂离子电池负极材料纳米 Ni3Sn2合金粉末并研究了该合金粉末作为新型锂离子二次电池负极
材料的电化学性能。合成的合金粉末经过了 XRD和 FESEM的表征, 采用 Li/LiPF6 (EC+DMC) / Ni3Sn2模拟电池测定合

成的合金粉末的电化学性能。研究表明 , 该合金粉末的首次可逆容量为 136 mAh· g-1, 退火后的合金粉末表现出更好的循

环稳定性。
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