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Summary: We ha found that the combination of chlorosilane  Table 1. Dy/SiClL-Catalyzed Cyclotrimerization of Alkynes?

and metallic Dy can see as an effectie promoter for the R R
radical cyclotrimerization of alkynes as well as the transforma- )
tion of imines to imidazolidines and hydrazines. In addition, RC=CH —_DySiCla RGR + /@\
catalytic quantities of SiGIDy can also effectiely promote the R R
radical polymerization of methyl methacrylate. 1 2 3
Recently, Yang and Verkad@nd wé discovered that silyl entry  alkyne R isolated yield (%) ~ 2/3
radical could effectively catalyze the cyclotrimerization of 1 la CeHs 98 94/6
alkynes. However, these methodologies require the use of either 2 la CeHs 74 94/6
expensive radical precursors such asC§t or a not easily i ig p:'gceelc_'ﬁ”f’ ;g g%é
available initiator (Dy$),® along with the need for a special 5 1d E—F,o—l\;ecem 56 96/4
workup procedure. Furthermore, it is found that the regio- 6 1e 1-cyclohexeny! 42 97/3
selectivity of these reactions was remarkably affected by the 7 1f 3-thienyl 20 98/2
nature of the initiating system. To further perfect this rare silyl 8 19 n-hexyl 68 56/44
radical catalyzed reaction, we have been interested in the g i.h nM'té:St}" 2‘31' 327715

possibility of developing a simple alternative method to generate . ) ) )
silyl radicals from common chlorosilanes using more readily " All reactions were carried out in THF at 7C for 3 days, except for
. . L entry 3, which was carried out in toluerfealkynes/Dy= 10/1, while others
available metal species as initiators. are 3/1.
Lanthanide metals are stable in air, are nontoxic and cheap, o o
and have strong reducing power. Noticeably, although the use Table 2. Cyclotrimerization of Phenylacetylene in Different
of lanthanide metals as versatile reductants has been shown in Systems

organic synthesis, all of these have been focused on stoichio- entry catalyst isolated yield (%) 2al3a

metric reactiond.The finding that the Sm/Smbkystem is more 1 Dy/MesSiCl 92 04/6
active than “Smyd” prompts us to examine whether metallic Dy 2 Dy/MePhSiCl 70 95/5
can be used instead of Dyih initiating silyl radical reactions. 3 Dy/SiCl 98 94/6
Moreover, we are also interested in incorporating the stoichio- g E%ISC'? gé g?g
metric reaction with lanthanide metals in some catalytic context. 6 Yb/SiCl, 75 95/5
Herein, we report a novel, highly efficient, and general method 7 Dy

to initiate silyl radical reactions using metallic Dy and a 8 SiCly.

successful application of this system in organic synthesis. 18 gﬁ]/bslgléh

As shown in Table 1, a Dy/chlorosilane system proved to be ) ) ) )
effective in radical cyclotrimerization of terminal alkynes a All reactions were carried out in THF at €.  All ratios of metal to
NN . " chlorosilane to substrate were 1:3:3.
indicating that Dy alone can be used instead of Dgs an

“To whom correspondence should be addressed. E-mail: xgzhou@ initiator during this reactioB.All acetylenes gave very high

fudan.edu.cn. regioselectivity, except for alkylacetylenes. After we screened

T Fudan University. a variety of such silanes, SiCgave the best results (Table 2).
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Table 3. Dy/SiCl-Promoted Reactions of Imines

Pt
. Ar- N R
ArAN/R Dy/SiCls I >—Ar + z
THF, 60 °C, 3d Ar” N r ~R
\
4 R Ar
5 6
imine Ar R product isolated yield (%)
4a Ph n-butyl 5a 75
4b Ph Me 5b 76
4c Ph Et 5¢c 72
4d Ph Ph 5d, 6d 15, 40
de p-MeCgH4 Ph 5e, 6e 10, 20
af p-FCsHa Ph 5f, 6f trace, 30

the abundant and cheap Sj@hat is ineffective as a precursor
in terms of the thermolytic or photochemical production of silyl
radical due to its exceedingly high first dissociation energy (ca.
111 kcal/mol) but also typically gave superior regioselectivity.
However, in the sole SClg catalytic system the cyclotrimer-
ization of la afforded2a and3ain an approximately 1:1 ratio.

Communications

Figure 1. Molecular structure off.

SiCl, combination used here possesses some unique functions
and can provide an alternative method for the synthesis of
imidazolidines and hydrazines. The structure6dfhas been
determined by X-ray analysis (Figure %).

We also found that the Dy/Siglkystem could effectively

To determine if other reducing reagents could be used in placePromote the radical polymerization of methyl methacryfdte.

of Dy in this method, the reaction was examined with Sm,Sml
Er, Yb, and Na, respectively. As revealed in Table 2, all cyclo-
trimerizations ofla promoted by the lanthanide metal/SjCl
systems led to the formation @& as the main product, although
the yields were generally lower than those achieved with Dy/
SiCls. Surprisingly, this method is not applicable in the present
reaction, although the reduction of a silyl bromide by sodium
has been found to produce a persistent silyl radiddlore

In all the cases, the radical mechanism was substantiated by
the lack of detectable products when 1,4-benzoquinone or
hydroguinone was added to the reaction mixture as a radical
trap. Furthermore, all of these reactions did not occur in the
absence of Dy or SiGlunder the conditions involved.

In summary, a simple and general method for initiating silyl
radical reactions under mild conditions using metallic Dy has
been developed. In comparison with other methods of forming

remarkable is the observation that metallic Sm was effective in Silyl radicals, the advantages of the present methodology are
the reaction with good yield and high selectivity but Srid easy access to the reagents and simple operation. More important
not work well, indicating that lanthanide metals can be expected iS the observation that the reactivity and catalytic behavior of
to provide more powerful reductants for reactions which are Silyl radicals could be modulated by lanthanide ions, thus

difficult to carry out in Smj systems under certain conditions.
To extend our methodology, the Dy/Sigdromoted reaction

of imines was also studied, giving unexpected imidazolidines

(5) and tetrasubstituted hydrazine®) (Table 3), which have
been unavailable in other silyl radical initiating systérasin

the reduction of imines with lanthanide met#lsimidazo-
lidines'! and hydrazin€ég are important building blocks in
biologically active compounds. Although transformations of
imines have been studied extensively, very few examples o
forming imidazolines are known and most of them involve
cleavage of THR3 On the other hand, the NN coupling
reaction of imines was previously feebly observed only in the
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affecting the outcome of a given reaction. One can readily
accomplish the highly regioselective cyclotrimerization of
terminal alkynes and the AN reductive coupling of imines,
which have been previously unavailable or relatively uncontrol-
lable by other radical reactions. Furthermore, this work repre-
sents the first use of a catalytic amount of lanthanide metals in
organic synthesis and sheds new light on the potential of
lanthanide metals beyond that possible with other metals in
¢ organic synthesis. Further development in this methodology is
currently under way in our laboratory.
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