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Copper Sulfate (CuSO,): An Efficient Reagent in Organic Synthesis
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Copper sulfate (CuSO,) occurs in nature as anhydrous
form (hydrocyanite) and as mono- and pentahydrate. It is a
simple, inexpensive, and commercially available salt synthe-
sized by the treatment of cupric oxide with sulfuric acid.!

As monohydrate, also known as dried cupric sulfate, is
hydroscopic, off-white powder, soluble in water, and practi-
cally insoluble in alcohol (MeOH, EtOH). As pentahydrate,
also known as blue vitriol, Salzburg vitriol among others is
a large, blue or ultramarine, triclinic crystals or blue gran-
ules or light-blue powder. It can be obtained from the anhy-
drous form by dissolving in deionized water and allowing
the solvent to evaporate at room temperature, forming blue
crystals in approximately one week.? Loses 2 H,0 at 30 °C
becomes anhydrous by 250 °C. It is very soluble in water,
soluble in methanol, glycerol, and slightly soluble in ethanol
and shows acid characteristic with pH 0.2 molar.!

The anhydrous salt is used for detecting and removing
trace amount of water from alcohols and other organic
compounds. It is also used in agricultural as fungicide, algi-
cide, bactericide, herbicide, and fertilizer additive.!

Besides, copper pentahydrate is an eye irritant but not a
skin irritant, it may induce allergic dermatitis in sensitive
people. Copper is also an essential trace element and an
important catalyst for heme synthesis and iron absorption
on biological organisms. His dysregulation has been studied
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In chemistry, this compound is normally used as a cata-
lyst for reactions, due to its low cost, possibility of use at
low temperatures and ecological advantages.® Several reac-
tions have been reported using this compound since 1944
when Hann and Hudson® reported the activity of CuSO, as a
catalyst in triazole formation reactions. Copper sulfate
stands out for its application in catalysis reactions, for ex-
ample, in the synthesis of aryl/vinyl halides and azides of
vinyl/aryl boronate esters/boronic acids.” Table 1 presents a
series of recent applications of this reagent.
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Table 1 Recent Applications of Cupric Sulfate (CuSO,)
(A) Daniel Gonzaga et al. synthesized 2-phenyl-triazole-carbal- 1) p-glucose, H0,
dehyde using a three-step sequence for obtaining the Fisher reflux, sodium acetate,
osazone (D-glucose adduct with substituted phenylhydrazines) 2h, 63%
followed by oxidative cyclization by Hudson’s method (re- 2) CuS0y (3.52 mol%),
fluxed in aqueous solution of CuSO,), generating the derivate H 2 h, 67% HO 1) NaBH, CH,OH
phenyl-p-glucosotriazol, followed by the oxidative cleavage of N-\p, 3 NalOs 1t 24 b, >98% l}lfg MeOH N=
the glycotriazole in aqueous NalO, to obtain the carboxalde- ,N~N/ Nan?
hyde.® Ph 1, 24h pre N
(B) Elodig Decuypere et al. synthesized a series qf 1,2,3-tri- CuSO0; (0.02 mol%)-Ligand A or E
azoles using the CuSO, as a copper salt catalyst in the copper- EtsN RNCO
catalyzed aza-iminosydnione-alkyne cycloaddition reactions. NO. R Na ascorbate N b R
It is added to the reaction mixture along with sodium ascor- A />—g + =R tBuOH/H.0 / ’{‘/}R‘ + Ph’N‘N/)YH
bate and one of the se_:lected ligands to form the copper com- | Ph'e N 30°C, overnight pr N o
plex used in the reaction.’ R=nPr, Pr, Bu, R =(CHp)oPh, 29-78%
Ph, COPh CH,0H,
(CH,)20H,
(CHp)4OH
(C_) Mario Ficker et al. preparec_i an ester by redyctipn of alkene CuSO, (3 mol%)
using a copper—cobalt catalytic system, resulting in a good CoCly
product yield."® o NaBH, )ol\/
WOJ\/ L | N (@)
| rt, 10 min =
~ 91%
(D) Salhah D. Al-Qahtani et al. synthesized metallic complexes N
using EtOH/H,0 mixtures with a concentration of 0.001 mol AN N \\ ‘
dm~3 of copper sulfate for the preparation of the metallic HNNVS N cuso, (0.28 mol%) HNTS O
binding solution with the proposed naphthohydrazide." o EtOH-H,0 @ijfgo HioHo
-
“ | N Y
OO OH 5:% Z OH — Cu=—0O NH HN A
A Nv@
H,O
(E) Pankaj R Chaudhari et al. published a six-step synthesis for s
the preparation of a sutezolid compound where one of the in- [ j
termediates is synthesized by the reaction involving copper N
sulfate catalysis for 12 h in ethanol over -0,5 °C in 79% yield."? ) NH F
e 2
\ Yz sodium triacetoxyborohydride
o) DCM, CuSO4 (0.003 mol%), MeOH
HN-g F NH
o N N -05°C, 12h (
ﬁ/b [ ] 79% OH
H o O
s N
O o
(F) David Vrbata et al. performed a coupling of reaction with oM
azide precursor under microwave irradiation at 40 °Cfor 1 h OH
with a binary mixture of t-BuOH/H,O (proportions related to o c o ' o
. N . . . uS0, (8.4 mol%), sodium ascorbate o)
the polarity of the azide) involving copper sulfate and sodium o% RN / OH Hm
ascorbate.’3 / OH ﬁm 40°C, 2 h, MW irradiation 7 o on
4 0 o 23-36% /\X
e ! N
NCR.
R= g
X X=H, Ac, Br, NO,, CN, Bu, F
(G) Huafang Fan et al. synthesized vinyl lactams using a tree- Me Me Me Me
steps reaction involving oxidative cleavage of D-isoascorbic ac- o 1) Hy0p, NaxCOg )&
id, followed by acetonide formation of the resulting b-erythro- o) on 2 Acetone, CuSO4 (.46 mol%) 9 © o o
nolactone catalyzed by copper sulfate and, per last, ring HO. / 3) NaN3, DMF J\\ + ;(S\_
opening of the lactone with sodium azide in 39% yield.' OH 0y~ 0y e
110°C, 12h
HO 23% 39%
(H) Jeffrey R. Groch, Nicholas R. Lauta, and Jon T. Njardarson o
synthesized two chiral sulfonimines using the copper sulfate &
to drive imine formation in the final product with varying HaN"" Y 1Bu (ls?
- 1 .
yields of 60-89%. R-0O_0 O CuSO,(45mol%), DCM 0.0 N TBu
LY RP
R-o 1, 24 h R-O
60-89% 2 examples
R = CHyCHg

SynOpen 2023, 7, 371-373




373

THIEME
SynOpen H. D. Ferrreira et al.
(1) Alex A. Hunt-Painter et al. proposed a synthetic route for OH
the synthesis of an iminosugar using a method of protection Acetone
of isopropylid ing acet Ifuric acid, and cop- oH o v o ~o
propylidene groups using acetone, sulfuric acid, and cop O CuS0, (2.61 mol%)
per sulfate for a subsequent iodination with 78% yield over HO OH —M— o/i/
two steps.'6 OH OH "
78%
() Ankush Banerjee, Shuvendu Saha, and Modhu Sudan Maji
proposed an economical approach to the use of biologically
active marine alkaloids, where hyellazole and 6-chlorohy- ~ OH  cus0,/A1,0; (0.01 mol%)
ellazole were first synthesized and were subjected to a di- 7N Xylene/Acetone
merization reaction in the presence of CuSO,/Al,O; under an = N Me 140°C, O, 4 h
0, atmosphere at 140 °C to produce the dimer known as sora- H  Me 67%
zolon E2 in 67% yield."”
(K) Seki and Takahashi reported a catalytic system with copper H Na
sulfate for regioselective C-H azidation of methyl anthranilate. . Nan, CuSOwSH:0 (25 mal%) =
This reaction is Perform_ed using NaN; gnd N’JaZS_ZO8 ;cg provide NHs 3 4“323205 N NH,
the corresponding a-azidated product in 80% yield. COMe CH3CN/H,0 (2:1) COuMe
pH 4.5,40°C,3h

80%
(L) Shan and co-workers published the synthesis of indole- CuS0, (5 mol%) o)
fused tetracyclic heteroacene via CuSO,4-catalyzed carbanion ﬂ;uOK S O
radical redox relay, yielding benzofuro[3,2-b]indole in 98%.° @\Ao e O \

N CN 90°C, 12h H
98%

In summary, copper sulfate enables a variety of diverse
reactions and functionalizations that include: triazole for-
mation, reduction of alkenes and alkynes, complexes for-
mation, and catalysis among others. The support reagent
offers advantages for the reactions, and in the most it is
used as catalyst due to all advantages such increase reagent
stability, ease of workup, low cost, and ecological advantag-
es.
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