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Iron, one of the most inexpensive metals, has recently attracted Table 1.

great attention in organic synthesison catalysts have been applied
to various reactions, such as additformxidation? coupling?
cyclization? allylic alkylation 8 etc” We know that it is not so easy

to prepare3,y-unsaturated alkenoates due to the possible migration
of the C-C double bond to the conjugated,s-position. In
principle, conjugate addition of 2,3-allenoates would be the most
convenient metho8 Addition reactions of lithium dialkylcuprates

or dialkenylcuprate with simple 2,3-alleno&®r 2,3-allenoates
with functional groups, such as hydroXIimethoxycarbony#¢ or
4-ethylthio groups$d affordedp,y-unsaturated alkenoates with good
regio- and stereoselectivity; the reaction of organolithium with 2,3-
allenoates using CuCRLICl (0.5 equiv) also affordeds,y-

unsaturated alkenoates with high regio- and moderate stereoselec-

tivity (86/14)2efHowever, these reactions require a stoichiometric

or substoichiometric amount of organocuprate reagents. To the best

of our knowledge, there is no report on the catalytic conjugate
addition of 2,3-allenoates with easily available organometallic
reagents. Herein, we wish to report an iron-catalyzed conjugate
addition of 2,3-allenoates with Grignard reagents in excellent regio-
and stereoselectivity.

First, we used ethyl 2r{propyl)-4-phenylbutadienoatéa as
the substrate. The results of its reaction with methyl magnesium
chloride (3 equiv) at-78 °C in different solvents are summarized
in Table 1. With 20 mol % of Fe(acag)ethyl 2-f-propyl)-3-
methyl-4-phenylbut-3-enoateZ)-2a was afforded in 78% yield
with aZ/E ratio of 96/4 in THF; the yield of 2#(-propyl)-3-methyl-
4-phenylbut-2-enoat@a was at the extent of 0.5% (entry 2,
Table 1). In the absence of Fe(acacjo reaction occurred (entry
1, Table 1). However, when GBI, or n-hexane was used as the
solvent, the yield of2a was lower with a poor stereoselectivity
(entries 3 and 4, Table 1). Fortunately, it was found tha©FHir
toluene is a very nice solvent for this reaction (entries 5 and 7,
Table 1). With 5 mol % of the catalyst, the yield and stereoselec-
tivity of the reaction in toluene were somewhat higher than those
in E,O (compare entries 6, 8, and 9, Table 1). It was also quite
interesting to note that the reaction with 1.2 equiv of methyl
magnesium chloride affordezhwith a lower stereoselectivityZ(E
= 91/9) (entry 10, Table 13 Furthermore, the reaction could
even afford2ain 73% yield with just 0.5 mol % of Fe(acaqentry
12, Table 1). In the absence of Fe(agate reaction in toluene
was very slow (entry 13, Table 1). It should be noted that under
the catalysis of 20 mol % of Cugthe reaction in toluene afforded
(2)-2aand3ain 82 and 3% yields, respectively (entry 14, Table
1).

Thus, we defined 2 mol % of Fe(acacP equiv of Grignard
reagents, and toluene as the solvent-&@8 °C as the standard
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Effects of Solvent and the Amount of Catalyst on
Iron-Catalyzed Conjugate Addition of 2,3-Allenoate la

n-C3H7
cat. Ph CO,Et
Ph C3H7-n F —
+ CH3MgCl in THF(3 M)@» H 72 CH,
CO.Et ) solven _Z2a
1a 2! 3 equiv 78°C, 2 h Ph CsH7-n
Hs;C CO,Et
3a
mol % of yield of (2)-2a (%) larecovered® yield® of
entry catalyst solvent (Z/E)° (%) 3a (%)
1 - THF - 77 -
2 20 THF 78 (96/4) - 0.5
3 20 CHCI, 50 (74/26) 2 3
4 20 n-hexane 50 (83/17) 6 15
5 20 EtO 81 (98/2) - 11
6 5 EtO 77 (99/1) - 0.4
7 20 toluene 71 (98/2) - 1
8 10 toluene 75 (99/1) - 0.4
9 5 toluene 81%99/1) - 0.8
1? 5 toluene 76 (91/9) - 15
11 2 toluene 82%99/1) 2 0.3
1 0.5 toluene 73%99/1) 6 15
13 - toluene 29 ¢99/1) 56 2
14 20 toluene 82%99/1) = 3

aCHsMgCl (1.2 equiv) was applied.The reaction time was 5 h.
¢ Determined by NMRY CuCk, used instead of Fe(acac)

reaction conditions. The typical results shown in Table 2 indicated
that the reaction is quite general, formifig-unsaturated alkenoates
with very high regio- and stereoselectivity! Ray be alkyl or aryl;
R? may be H, alkyl, or benzyl; Rmay be alkyl or Bn. In addition
to primary alkyl Grignard reagent, secondary alkyl Grignard reagent
may also be applied to afford corresponding products in good yields
(entries 16-13, Table 2). The reaction dfi and 1j with phenyl
magnesium chloride afforded the products in the same yields (63%)
(entries 14 and 15, Table 2). Vinyl magnesium chloride may also
be used in the reaction (entries 16 and 17, Table 2).

In terms of mechanism, the reaction of Fe(agadg}h Grignard
reagent RVigX may form the iror-magnesium ate complek*df
The subsequent conjugate addition with the electron-deficight
carbonr-carbon double bond in 2,3-allenoates would form 1,3-
dienolate intermediaté highly stereoselectively, probably due to
the steric interaction between thé &d R group in the transition
state6. Upon transmetalation of with R*MgX, magnesium 1,3-
dienolate8?9 was formed with the regeneration of the catalytically
active specied (Scheme 1).

The in situ formation of magnesium dienolate may be trapped
with D,0 to afford the 29-3-methyl-4-phenyl-2-propyl-3-butenoate
9 in 89% yield with ap incorporation of 97% (Scheme 2).
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Table 2. Iron-Catalyzed Carbomagnesiation of 2,3-Allenoates?
Fe(acac); R2
0,
Rl R? , RMgClin THF __(0.5-5 mol%) R‘\_?*COZR3
. 0 —
. CO,R? 3 equiv toluene, -78 °C ”
0.4 mmol 2
time yield? of
entry Rt R? R3 R* (h) 2 (%)
1b Ph n-Pr  Et(a) Me 2 77 @a)
2 Ph n-Pr Me (1b) Me 3 86 @b)
3 Ph n-Pr  Bn (0 Me 2 84 Qo)
4  Ph Me  Et(d) Me 1.5  88pd)
5 p-BrCsHa n-Pr Et (Le Me 1 88 Qe
6° p-BrCeHa Me Et (1) Me 15 88 ef)
7° n-C7His n-Pr  Et(g) Me 5 85 Rg)
8  n-CqHo Bn Me (lh)  Me 1.5  85¢h)
ob Ph n-Pr  Et(a) n-Bu 1 70 Qi)
100 Ph n-Pr  Et(a) cHex 1.7 86R)
11° n-C/His n-Pr  Et(g) cHex 1 90 @k)
1 Ph Me Et (Ld) cHex 1 78 @l)
13 n-C7His n-Pr  Et(g) s-Bue 1 94 (Lm)
14 n-CgHe H Et (L)) Ph 2 63 n)
15 n-CiHgs H Et (1)) Ph 1 63 R0)
160 Ph n-Pr  Et(a) vinyl 1 82 (1p)
17 n-C7His n-Pr  Et(g) vinyl 1 86 (1)

aThe reaction was conducted using 0.4 mmol of 2,3-allenoates, 3 equiv
of the Grignard reagents (solution in THF), and 2 mol % of Fe(adacy
mL of toluene at-78 °C. P Fe(acag) (5 mol %) was used: Fe(acag) (0.5
mol %) was used? Isolated yield.¢ s-Butyl magnesium bromide was used.
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1) Fe(acac); (5 mol%) n-C-H
; toluene, -78°C,2h 3 1
Ph Cs3Hy n+ CHgMgCl in THF(3 M) Ph DcozEt
o CO:Et 3 equiv 2)D,0,-78°Ctort CHs

9
Y: 89% (D: 97%)

This magnesium dienolat8a may also react with an alde-
hyde to afford the 1,2-addition produdi. Its reaction with
methyl chloroformate or acetyl chloride afforded 2-vinyl malo-
nate derivative 11 or fS-ketoester derivativel2 efficiently
(Scheme 3).

In summary, we have developed an efficient regio- and ste-
reospecific iron-catalyzed conjugate addition of 2,3-allenoates with
1°- and 2-alkyl, phenyl, or vinyl Grignard reagents. This protocol
introduces the Rgroup from the Grignard reagents to fhposition
of the ester group with the‘Ryrouptransto the R group at the
4-position in the remaining,y-carbon-carbon double bond. The
in situ formed magnesium dienolate may also react with different
electrophiles to prepare a series of compounds containing an allylic
quaternary carbon at the-position of the ester group. Further
studies in this area are being conducted in our laboratory.

Scheme 3
\ OH
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dr=71/29 HC  OFEt CHs
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/ CH, CHsCOCl = COEt
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