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Among the lanthanide reagents used to mediate organic reac-Chart 1. Products Obtained from Acetylenes According to
tions! yttrium reagents are used for hydroyttrattdmydrosilylation? Scheme 2

and hydroaminatichof alkenes and alkynes and show a preference SiMes SiMes

for interaction with carborrcarbon multiple bonds. Here we report ¢, O~ o6%a SiMeg

that an yttrium reagent can react even with a metalated alkene such H(D)< ~100%d —_— -

as a vinyl Grignard reagent, leading to a new method of generating i T oMe
1,2-dimetalated etharte(Scheme 1). As there are still limitations . 8) 93% 0 81% (10) 90%

in the practical generation of 1,2-dimetalated ethariea funda- SiMes VO

mental dicarbanionic species and a versatile conjunctive re&gent, PhA 7 PhjéH(D)c 96%d

we also demonstrate some synthetic applicatiorfsaifcording to U HD) = ~100%d A
Scheme 1. (11) 99% (12) 96% (13) 86%

Scheme 1. Yttrium-Mediated Generation of 1 and Its Application

"2 Scheme 3. Utility of 1 as Conjunctive Reagent
RI———R2 H*'(D") R! . )
M~ ———— H(D) SiMes SiMes
Y reagent M H(D) Ph. other Ph B other
Zmgel > | M= metals | — hd bromides Tt Bromides
) RCO,Et H* R>4 \".Br < trace < trace
HO (16) 68% 1) GBia . (17) 55%
2) H* 2) H*
SiMeg SiMes 1) CBry, 2) Brp SiMes
Yttrium(lll) chloride was first treated with sodium cyclopenta- |‘| 1 Ph " 67% Ph B
dienide to produce yttrium dichlorid2? to which diisobutylalu- M CBry NG
minum hydride (Dibal), vinylmagnesium chloride, and 5-decyne g:) (s) HECU(CR 2 cat (18)
(5) were added in this order (Scheme 2). The reaction most likely 1) CBra \) T:Zéﬂ?%wfgzcat :
proceeded via (i) generation of yttrium hydri8efrom 2 and (ii) 2) ﬁ:g’é&fg’n'}‘gzw \
hydroyttration of the vinyl Grignard reagent to give(i.e., 1 via SiMes on §iMes
metal exchange). Finally, the carbometalation of the acetyfene Ph'_ 7
with 1 afforded ethylated alkeng in 98% yield with virtually 5B (20) 60% (19) 80%
complete stereoselectivity after hydrolytic workUpther lanthanide Bu Bu Bu
trichlorides such as Sm, Sc, Ce, and La in place of Y did not 1 Bu M _1NCBu2Br Bu Br
promote this reaction (yield of: 29%, 15%, trace, and trace, B M xBr
respectively). Deuteriolysis of the above reaction mixture produced ® 5 (21) 62%
dideuterated produg@td,, confirming the presence of a bismetalated Ph =( ' Ph
intermediate6. Additional products obtained by this reaction are Il 1 Ph " Me H* P“A
summarized in Chart 1 (dotted line refers to ethylated position), M Pda(dba)s»CHCI5 (10 mol%) 5 Ve
. . . . dppf (25 mol%) '
which shows that the carbometalation proceeded in a regio- and () (23) 73%
stereoselective manner, always producing single trisubstituted
olefins 8—131° ments). While bromination oi5 (generated from acetyleri)
Scheme 2. Yttrium-Mediated (8-Metaloethyl)metalation of with CBr, or Br, sglegtlvely afforded rlnon.obromld]a6 or 17,4
Acetylenes respectively, combination of these brominating agents or solely CBr
CpNa* Dibal 2 gl in the presence Qf a copper catalyst afforded dlbronhBi@oppe(—
vo, (e (CpYCh] (2 equiv) ) ovhy ] —259M cpyé/\MgCI cata!yzgd allylation ofl5 cleanly_pro_ducedg, a_nd the successive
(1equi) THF. 1. @) 30 min @) 30 min @ applications of the above bromination and this allylation achieved
a four-component coupling process to prodi@ Two more
M~ Bu—= examples are shown in Scheme 3, which include dibromination or
= | Mo moton (5’ \d LGN \éH(D)« 95%d a palladium-catalyzed selective monoalkenylation of the intermedi-
Q) " equn equiv) H(D}~r ga%d ates generated from each acetyléher 22 to give 21 or 23,
55°C,3h (6) (7) 98% (based on 5) .
respectively.
Although ethylene complexes of group 4 metals, suchs@v
Scheme 3 illustrates the utility df as a conjunctive reagent = Ti or Zr with appropriate ligands)are known to constitute a

(dotted lines indicate the ethylene basement and two other frag- practical and synthetically useful 1,2-dimetalated ethane, these
2904 = J. AM. CHEM. SOC. 2008, 130, 2904—2905 10.1021/ja077992u CCC: $40.75 © 2008 American Chemical Society
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species usually work as metal transfer reagents toward 1,6-enynes

24+to allow intramolecular cyclization, producirdy via metalacycle
26,71213instead of g-metaloethyl)metalation (eq 1). In contrast,
with the newly developed reageht1,6-enyne&28 underwent clean
(B-metaloethyl)metalation to giv&9 unaccompanied by the cyclized
product30 (eq 2).

_——R """M 2 DM R R
< =
(24) CH,=CH, (26) @7)
SiMeg s
) M~ iMes
<fs|Me3 A Mo
_ (2)
(28) (29) 91% (30) none

To confirm the nucleophilic nature of this reagent, we investi-
gated its reaction with an electrophile. Actually the reagént
underwent double addition to ethyl decanoate to produce 1-nonyl-
1-cyclopropanol in one pot, albeit in a low product yield around
20%. After some tuning of its reagent compositi@yftrium-based
reagentl gained improved product yields as shown in eq 3. Even
the a,f-olefinic and -acetylenic estefZlc—e afforded cyclopro-
panols 32c—e uniformly in satisfactory yields, which is not
attainable with the aforementioned 1,2-dimetalated ety
Similarly, the reageni and 5-alkenoat&3 cleanly afforded34,
without contamination with35 that is usually observed in the
reaction with25.%

1 H* R
RCO,Et —_— >4 (3)
r.t., 10 min HO
@1 (32)
R= CgHig- (@) 51%
Ph- (b) 52%
(E)-PhCH=CH- (c) 54%
(E)-CgH17CH=CH-  (d) 52%
CgH13CH=CH- (e) 58%
OH OH
CO,Et
Ph: Ph Ph
(33) (34) 65% (35) none

In summary, a 1,2-dimetalated ethane was conveniently generated

by an yttrium-based multimetallic reagent system. It has new
characteristics that are complementary to those of the existing 1,2-

dimetalated ethanes already used in organic synthesis. Further 12)

synthetic applications are now under investigation.
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