Highlight on the reactivity of PhSeZnX
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Abstract: The first bench stable selenolates, PhSeZnHalides have been synthesized through a
completely atom-economic oxidative insertion of the elemental zinc on the commercially available
PhSeHalides. These reagents showed the characteristic nucleophilic reactivity which will be
reviewed in this report. All of the reactions were strongly accelerated when effected in water
suspension. Alkyl, aryl, vinyl and acyl substitutions, ring-opening reactions of epoxides and
aziridines and Michael type addition will be described including the role of the zinc in the control of
the chemoselectivity and stereoselectivity.
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In 2008, the first bench-stable selenolates 1 were prepared by oxidative insertion of
elemental zinc starting into the chalcogen-halogen bond of the commercially available
PhSeX by refluxing the elemental zinc and the suitable selenenyl halide in THF (Figure 1).
The procedure allowed the quantitative preparation of the reagent in a completely atom-
economic fashion and therefore in perfect agreement with the green chemistry rules.?
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Figure 1. Synthesis and reactivity of PhSeZnX.
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Successively, using a similar procedure the corresponding zinc thiolate 1c was prepared
starting from the PhSBr easily available by bromination of the corresponding
diphenyldisulfide.?

Zinc chalcogenolates 1 were used for the synthesis of f-hydroxychalcogenides 2 via
ring opening reaction of styrene oxide, as shown in Scheme 1.2 The reaction with
organochalcogenolates 1a and 1b proceeded trough the formation of the electronically
controlled isomers 2a or 2b, respectively.

(@]
©\ /A ChPh OH
Ch-Zn-X o Ph)\ Ph)\
OH ChPh
la Ch=Se, X=ClI Ch=Se 2a 3a
1b Ch=Se, X =Br Ch=S 2b 3b

lcCh=S, X=Br

Scheme 1. Zinc chalcogenolates in ring opening of epoxides.

This highlighted that such reagents combine the properties of a strong chalchogen-
centered nucleophile with those of a Lewis acid (Scheme 2).
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Scheme 2. Zinc controlled ring opening mechanism.

The most interesting aspect of these reactions is correlated to the rate acceleration
observed in water under heterogeneous conditions in which compounds 2a and 3a were

obtained in almost quantitative yields in 2h instead of the 24h required in THF (see Table
1).t



Table 1. Reaction conditions in ring opening of epoxides.

Medium Time(h) Yield%  Product Ref
ratio

[ ]

THF 24 100 88:12 1
H.0 2 100 80: 20 1
THF 24 20 56:44 1
H20 2 - - 1
THF 0.25 99 89:11 2
H.0 6 40 89:11 2

All of the reactions have been performed using styrene oxide as substrate.

A number of nucleophilic substitutions were reported using as nucleophile PhSeZnCl (1a),
representative examples are illustrated in Table 2.1 In all the cases the on water conditions
showed a rate acceleration when compared with the same reaction effected in THF.

Table 2. Nucleophilic substitution using 1a and 1c.

Substrate Product Yield% Ref
1 E:;—I Et—S:—Ph 100 1
Bl asem g g
Br SePh
NO, O,N
50 1
NO, NO.
6 ;
X Br X SePh
8 9
N N
Br SePh 83 3
10 11
Ph__~Cl
T 99 3
12
Ph O Seph
N
7 TQ. ' 85 3
14
Ph__Cl Ph__SePh
\[c])/ 7(])/ 60 4
15 16
Ph_O__Cl  Ph_O__SePh
T T 60 3
17 18

Primary halides (3) and tosylates (5) demonstrated to be excellent leaving groups in substitution
processes promoted by the zinc selenolate (entries 1 and 2) and the negative influence of the



sterical hindrance on the reaction rate indicates that a Sy2 mechanism is involved. Similarly,
activated bromoaryl derivatives such as compound 6 underwent nucleophilic aromatic substitution,
affording the corresponding diarylselenide 7 (Entry 3). An interesting stereo-controlled mechanism
has been described in the case of vinylic nucleophilic substitution. The reaction proceeded with
retention of the stereochemistry in the case of non functionalized vinyl halides (entries 4 and 5)
whereas, when an acyl substituent is present on the carbon-carbon double bond, the process is
stereo-convergent affording the Z-vinyl selenide 13 starting from both Z- and E-chloro vinyl
derivatives 12 and 14 (entries 6,7). Based on DFT calculations it has been suggested that the stereo-
convergence is due to the interaction of the zinc atom that can be coordinated by the carbonyl
group driving the nucleophilic attack to the formation of the Z-isomer. Recently, PhSeZnCl (1a) and
PhSeZnBr (1b) were successfully used in on water condition for the synthesis of selenoesters
starting from the acid chlorides #(Table 2 entry 8) as well as from chloroformyl derivatives *(Table 2
entry 9).

In the case of Michael addition to aldehydes, ketones and esters the reactivity of 1a
appeared to be dependent on the nature of the substrate.> When the unsaturation is a
double bond, the best results were obtained in THF whereas, moving to the electron-
deficient alkynes, the on-water rate acceleration was demonstrated, indicating that the
solvent probably acts in the activation of the substrate rather than the zinc selenolate
complex. As reported in Scheme 3, the reactions were characterized by very high yields
(ranging from 85% to 100%) associated to a high stereoselectivity in favor of the Zisomer.>
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Scheme 3. Reactions with alkynes.

When the electron withdrawing group (EWG) is an ester (see as examples 21 and 23) the
reaction is stereospecific (only the Z isomers 22 and 24 are formed) but the
stereoselectivity decreases as increases the reactivity toward the 1,4 addition; aldehydes
showed indeed a 80/20 Z/E ratio while ketones produced a Z/E ratio of 75/25.



In conclusion, this highlight focus the attention on a new class of nucleophilic selenium
reagents that can be easily prepared and stored as stable solids over non-inert conditions.
These reagents allow avoiding the use of conventional organic solvents introducing the
possibility to apply unconventional green procedures and reusable medium such as water.
In this latter case the strong rate acceleration represents an interesting characteristic of
these reagents affording time and energy saving protocols to effect a number of
conversions.
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