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Introduction

Copper(l1) tetrafluoroborate hydrate Cu(BF,),~xH,0O
[CAS: 314040-98-7] is a corrosive, moisture-sensitive,
blue crystalline solid readily soluble in water and sparing-
ly solublein alcohols. Cu(BF,),-xH,0 isreadily available
and widely used asthe starting material for homometallic,
trinuclear heteroscorpionate! complexes applied in the
studies of electronic and magnetic properties. It causes de-
composition of 9-diazofluorene in acetonitrile solvent.?
As it does not require special storage conditions and is
safe and stable under normal environmental conditions,
Cu(BF,),xH,0 hasemerged as one of most useful reagent
in various transformations such as acylation reactions and
1,1-diacetate formations. In all the cases, this reagent has
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been found to be superior to other available Lewis acids
such as triflates, tetrafluoroborates and perchlorates with
regard to short reaction times, requirement of stoichio-
metric amount of reagent, mild reactions conditions, sol-
vent-free conditions and low cost. Further, the distinct
advantage of the use of Cu(BF,),.xH,0 as a catalyst for
thiaaMichael addition reactions® with o,B-unsaturated
carbonyl compounds is evidenced by the fact that the
reaction of 3-methylcyclohexenone with thiophenol
afforded the product in 45 minutes while the correspond-
ing reaction did not proceed in the presence of an ionic
liquid.*

(A) Acylation reactions: Acetylation® of structurally diverse phe-
nols, alcohols, thiols, and amines with stoichiometric amounts of
Ac,0 under solvent-free conditions at room temperature has been
efficiently catalyzed by Cu(BF,),-xH,0. Excellent chemosel ectiv-
ity was observed during reaction with secondary and tertiary alco-
hols without any competitive dehydration and no rearrangement
took place with allylic and propargylic substrates.

CU(BFA)z'XHzo

(B) Diacetate formation: A strong cataytic effect of
Cu(BF,),~xH,0 has also been observed in the formation of alde-
hyde 1,1-diacetates® from aldehydes and acetic anhydride under
solvent-free conditions at room temperature. The rate of reaction
was found to be very fast and in most of the cases the reaction was
completed in 1-20 minutes in excellent yields, which could make
this method more attractive and industrially viable.
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Ar (R) XH (1 molo)
. ° Ar (R) XCOCHs
(CH5C0),0 neat, r.t., 0.25-12 h (80-97%)
X=0,S, NH
CU(BF4)2'XH20
(R)ArCHO (1 mol%)
" - (R)ArCH(OAC),
AC,0 neat, r.t., 1-20 min (83-97%)
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(C) Conjugate addition: Cu(BF,),~xH,O has been found to be a 0 CU(BF4)2xH20 o
new and highly efficient catalyst for Michadl addition of thiols® to R (1 mol%) Rl
a,B-unsaturated carbonyl compounds under solvent-free condi- . | s ‘
tions. “R2 R°SH, neat, r.t. “R2gR3
(75-92%)
(D) Electrophilic ring opening: A ring opening of siloxycyclopro-  me,sio o
pane,’ via B-copper substituted ketone intermediate, is efficiently CU(BF),:xH50
catalyzed by Cu(BF,),"xH,O leading to the formation of a 1,6- —
diketone. The reaction takes placein 0.5-1 hour at 15 °C in Et,0. 15°C o
(E) Epoxide ring opening by alcohols: A general, simple and effi- ROH
cient protocol® has been devel oped for ring opening of different ep- Cu(BF4)2:xH,0
oxides by reaction with various alcohols under the catalytic >&< (1 mol%) Roﬁ—é
OH

influence of Cu(BF,),-xH,O. The reactions were carried out at
room temperature and offered the use of cheap and commercially
available copper tetrafluoroborate.

R = primary secondary, tertiary, allyl, benzyl

(60-94%)

(F) Epoxide ring opening by amines: Another mild, efficient and 0
selective ring opening of epoxides® has been effected by amines RlARZ Cu(BF4)2xH,0 :
N . . . + -amino alcohol

leading to the synthesis of B-amino alcohols under the catalytic I 83-97%
effect of Cu(BF,),xH,O. The mild reaction conditions, short R3RNH rt, 5-12 min ( )
reaction times, solvent-free conditions, and excellent regio-, dia-
stereo-, and chemoselectivity are the important features of this
method.
(G) Cyclization: Exposure of unsaturated malonate_s bea_ring pen-  yeo,c CO-Me Me0,C_CO2Me
dant acohols to Cu(BF,),-xH,0% and Mn(OAc), gives rise to the Mn(llty, Cu(ll) (
formation of carbocycleslinked to oxygen heterocycles. The use of " m Jm
copper(ll) salts bearing poorly coordinating anions has a profound HO 0
influence on the product distribution.
(H) Acetal formation: Dimethyl/diethyl acetal formation'* in high CU(BF,)2-xH,0
yields from aldehydes and ketones by reaction with trimethyl/tri- Rt (1 mol%) Rl oR
ethyl orthoformate at room temperature and in short reaction time 220 + CH(OR)s

. . . R neat or ROH, r.t. r2 OR
has been successfully carried out in the presence of a catalytic o5t
amount of Cu(BF,),~xH,O which can be recycled. (58-95%)
(1) 1,3-Dithiolane/dithiane formation: Recently, Cu(BF,),-xH,O CU(BF4)2-xH,0
has emerged as an extremely efficient catalyst for 1,3-dithiolane/ Hs (1 mol%) _S
dithiane formation from aromatic, heteroaromatic and aliphatical- ~ (RIATCHO + HS:] P (R)AYCH\S]
dehydes and cyclic saturated ketones under solvent-free conditions neat Lk, -0 min (66-100%)
at room temperature.'?
(J) Carbamate formation: N-tert-Butoxycarbonylation'® of amines Cu(BF4)2:xH,0 o
by reaction with di-tert-butyldicarbonate under solvent-free condi- (R)AMNH, (1 mol%) (R)Ar<. J J<
5 . . + N (e}
tions and at room temperature was successfully carrlt_ad out in the o o neat. . H
presence of a catalytic amount of Cu(BF,),-xH,O in high yield. ﬂ\o)ko)kok 5 min to 6 h (50-100%)
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