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ABSTRACT
Mg 2-Bromooctane
K/ Br ——— K/ MgBr k/k/\/\/

THF, 5°C 5% Fe(acac)y/TMEDA/HMTA (1:2:1)
Z3 99% ZIE=97:3 THE, 0 °C, 45 min 69%, Z/E = 97:3
The first iron-catalyzed cross-coupling reaction between alkenyl Grignard reagents and n- or s-alkyl bromides is described. The reaction is

stereoselective and takes place in the presence of 5 mol % of [Fe(acac)  s[TMEDA/HMTA] (1:2:1) under very mild conditions (THF, 0 °C, 45 min).

Transition-metal-catalyzed cross-coupling reactions have tions!™45 Actually, organomagnesium compounds are one

been extensively developed in recent yéartowever, in of the most accessible and cheapest organometallics, and iron
spite of the considerable number of reports, some couplings
are always difficult to achieve. Thus, the use of nonactivated  (3) To the best of our knowledge, only two specific cases were reported

. . . with Grignard reagents. (a) The Cu-catalyzed reaction of 1,3-butadien-2-
secondary alkyl halides is often delicate because of the SIOWylmagnesium with 2-iodooctane (yield: 45%): Nunomoto, S.; Kawagami,

oxidative addition to transition-metal complexes and the Y.; Yamashita Y.J. Org. Chem.1983 48, 1912. (b) The Co-catalyzed

_ i imi i i i i~ coupling of 1-(trimethylsilyl)ethenylmagnesium bromide with various
ﬁ hy(_jrlde_ e“mmatl(.)n from the Int?rmedlate organome_talllc secondary alkyl bromides: Ohmiya, H.; Yorimitsu, H.; Oshima,d¢g.
species involved in the catalytic procéssately, this Lett. 2006 8, 3093. The procedure described in this report is limited to
problem has received considerable attention; however, to thethis special Grignard reagent. Two examples of Suzuki reaction were also

. reported: (c) Zhou, J.; Fu, G. @. Am. Chem. So@004 126, 1340.
best of our knOWIedge' no general procedumas described (4) For reviews on iron-mediated coupling reactions, see: (ether,

to couple alkenylmagnesium reagents with secondary alkyl A.; Martin, R. Chem. Lett.2005 34, 624. (b) Bolm, C.; Legros, J.; Le
; ; . P Paih, J.; Zani, LChem. Re. 2004 104, 6217.
hahdgs. Herein, we report the flrst.example of iron-catalyzed (5) (&) Cahiez, G.; Chavant, P.-Y. Metais, Eetrahedron Lett1992
reaction to perform such a coupling. 33, 5245. (b) Cahiez, G.; Marquais, Setrahedron Lett1996 37, 1773.
rON- ; ; (c) Cahiez, G.; Avedissian, Feynthesig€ 998 1199. (d) Dohle, W.; Kopp,
The developmen.t ofiron CatalyZEd, coupllng reactions from F.; Cahiez, G.; Knochel, FSynlett 2001 1901. (e) Frstner, A.; Leitner,
Grignard reagents is a very challenging research area becausg.: méndez, M.; Krause, HJ. Am. Chem. So002 124, 13856. (f)
of the considerable potential interest for large-scale applica- Firstner, A; Leitner, AAngew. Chem,, Int. E2003 41, 609. (g) Quintin,
J.; Frank, X.; Hocquemiller, R.; Figade B. Tetrahedron Lett2002 43,
3547. (h) Fustner, A.; Mendez, M.Angew. ChemInt. Ed.2003 42, 5355.
(1) (@) Kumada, MPure Appl. Chem198Q 52, 669. (b) Neghishi, E. (i) Seidel, G.; Laurich, D.; Fistner, A.J. Org. Chem.2004 69, 3950. (j)

Acc. Chem. Re4982 15, 340. (c) Suzuki, APure Appl. Chem1985 57, Martin, R.; Fustner, A, Angew. Chem., Int. EQ004 43, 3955. (k) Scheiper,
1749. (d) Stille, J. KAngew. Chem., Int. EAL986 98, 505. (e) Tamao, B.; Bonnekessel, M.; Krause, H.;"fAtner, A.J. Org. Chem.2004 69,

K.; Kumada, M. InThe Chemistry of the Metal-Carbon baridartley, F. 3943. (I) Nakamura, M.; Matsuo, K.; Ito, S.; Nakamura,JEAmM. Chem.
R., Ed.; Wiley & Sons: New York, 1987; p 819. (f) Erdik, Eetrahedron S0c.2004 126, 3686. (m) Duplais, C.; Bures, F.; Korn, T.; Sapountzis, |.;
1992 48, 9577. (g) Kalini, V. N.Synthesisl992 413. (h) Knochel, P.; Cahiez, G.; Knochel, PAngew. Chem., Int. EQ004 43, 2968. (n) Dos
Singer, R. DChem. Re. 1993 93, 2117. (i) Stanford, STetrahedron 998 Santos, M.; Franck, X.; Hocquemiller, R.; FigadeB.; Peyrat, J.-F.; Provot,
54, 263. (j) Luh, T.-Y.; Leung, M.-K.; Wong, K.-TChem. Re. 2000 100, O.; Brion, J.-D.; Alami M.Synletf 2004 2697. (0) Nagano, T.; Hayashi,

3187. (k) Hassan, J.;"8gnon, M.; Gozzi, C.; Schultz, E.; Lemaire, M. T. Org. Lett.2004 6, 1297. (p) Bedford, R. B.; Bruce, D. W.; Frost, R.
Chem. Re. 2002 102, 1359. () Terao, J.; Kambe, N. Synth. Org. Chem. M.; Goodby, J. W.; Hird, MChem. Commur2004 2822. (q) Martin, R.;

Jpn. 2004 62, 1192. (m) Shinokubo, H.; Oshima, KEur. J. Org. Chem. Firstner, A Angew. Chem., Int. E@004 43, 3955. (r) Nagano, T.; Hayashi,
2004 2081I. T. Org. Lett.2005 7, 491. (s) Cahiez, G.; Chaboche, C.; Mahuteau-Betzer,
(2) Hills, I. D.; Netherton, M. R.; Fu, G. GAngew. Chem., Int. E@003 F.; Ahr, M. Org. Letters 2005 7, 1943. (t) Bedford, R. B.; Bruce, D. W.;
42, 5749. For general reviews on cross-coupling reactions with alkyl halides, Frost, R.; M. Hird, M.Chem. Commur2005 4161. (u) Bedford, R. B.;
see: (a) Frisch, A. C.; Beller, MAngew. Chem., Int. EQ005 44, 674. Betham, M.; Bruce, D. W.; Danopoulos, A. A.; Frost, R.; Hird, 31.0rg.
(b) Netherton, M. R.; Fu, G. CAdv. Synth. Catal2004 346, 1525. (c) Chem.2006 71, 1104. (v) Ottesen, L. K.; Ek, F.; Olsson, Rrg. Lett.

Cadenas, D. JAngew. Chem., Int. EQR003 42, 384. 2006 8, 1771.
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salts are cheap and environmentally benign. Recently, wenesium bromides were successfully coupled with various
have discovered two very efficient iron-based catalytic cyclic or acyclic secondary alkyl bromides. Secondary alkyl

systems to react aromatic Grignard reagents with primary iodides led to similar results (entries 5 and 6), whereas the
or secondary alkyl halides.The excellent results thus corresponding chlorides only reacted sluggishly and gave low
obtained encouraged us to try to couple alkenyl Grignard yields (entry 7).

reagents with secondary alkyl halides under similar condi- The reaction was successfully extended to primary alkyl

tions (Table 1, entries-18). halides (entries-914). Let us recall that with these substrates,

the coupling can also be performed under cogpépal-

I (acium, or nickel catalysis.

Table 1. Iron-Catalyzed Cross-Coupling between Alkenyl Interestingly, it is possible to use functionalized substrates;
Grignard Reagent anst and n-Alkyl Halides? thus an ester or a nitrile group is tolerated (entries 13 and
5% Fe(acac);/ TMEDA/HMTA 14)
1:2:1 ) . . L
AlkenylMgBr + RX . a2 , Alkenyl-R It should be noted that the coupling reaction is highly
0°C, THF, 45 min stereoselective since, in all cases, Zifié ratio of the starting
entry alkyl halide product yield® alkenylmagnesium bromides is retained during the coupling
1 \/\/\)Bf\ W 55 (entries 2, 3, 8, 10, and 11).
It is well-known that the insertion of magnesium takes
2 " \/\/\)\%% 67 place with a partial isomerization of the double bdnd.
E/Z: 85/15%¢ However, when the Grignard is carefully prepared under mild
3 conditions the isomerization is very limited and the coupling
! i product is obtained with a satisfactory stereomeric purity
EIZ: 85/15% (Scheme 1).
! " % 72
5 -1 74 |
6 <:>—x X=Br \ 75 Scheme 1
7 x=a 15 2-Bromooctane
it k/k/\/\/
8 ~ \/k/ﬁph Bz 160t 08 K’MgBr 5% Fe(acac)y TMEDAHMTA (12:1)
/ ZIE =973 THF, 0 °C, 45 min 69%, ZIE=97:3
9 NN N NN NSNS 48
NN
10 " ) 67
E/Z: 85/15% i . o
. , 7z In conclusion, we have described the first iron-catalyzed
1 E17- 86/14° 80 cross-coupling reactions between alkenyl Grignard reagents
12 NN, /\/\/M 69 and secondary alkyl halides. Moreover, it is also the first
o 0 general metal-catalyzed procedure to perform such a cou-
B A A~ /\O)W 73 pling. The reaction can also be successfully applied to
rimary alkyl halides. The conditions are very mild and the
14 0 NNNBr N"’C/\/\/\/\( 67 p _y y ) o y k
N coupling reaction is highly stereo- and chemoselective. In

 Alkenvl Grianard L@ ) dded dropwise for 45 mi the framework of sustainable development, these results are
enyl Grignard reagen .0 mmol) was aade ropwise rtor min . .
to a solution of alkyl halide (25 mmol), Fe(aca€).25 mmol), TMEDA a further step to develop less toxic and more economical

(2.5 mmol), and HMTA (1.25 mmol) in THF at €C.  Isolated yield, %. catalysts,
¢ Alkenyl Grignards were prepared from commercial mixtureszf &and

_ i d = e - . . .
ﬁg;ﬁ"%‘?g‘ég}'{’; Sf'p'\(,léﬁ::ﬁuggf r.’g/Ez/Z: 7%%12‘_1' MeCH=C(Me) Supporting Information Available: Complete compound

characterization data. This material is available free of charge

. ) ) via the Internet at http://pubs.acs.org.
We were pleased to find that the reaction occurs in THF

under mild conditions to afford satisfactory yields of coupling
product by using only a reasonable excess of Grignard (1.5

OL7016092

(7) Cahiez, G.; Chaboche, C z#guel, M. Tetrahedror200Q 56, 2733.

equiv) in the presence of 5% Fe(acAdMTA/TMEDA (8) Walborsky, H. M.Acc. Chem. Re<.99Q 23, 286.
(1:1:2). (9) The coupling can also be performed by using the catalytic system
; ; . _ . described by Nakamura (ref 5p) for the coupling of aryl Grignards with
The scope of the reaction is very large; or -mono alkyl bromides: 5% FeGI1.6 equiv of TMEDA (RMgX/TMEDA= 1:1).

substituted as well ag,5- or 3,5-disubstituted alkenylmag-  However, the yields are lower, 50% instead of 75% for the coupling of
Me,C=CHMgBr with cyclohexyl bromide (Table 1, entry 6), and the global

(6) Cahiez, G.; Habiak, V.; Duplais, C.; Moyeux, Angew. Chem., Int. amount of amine is clearly higher (160% instead of 15%). See the
Ed. 2007, 46, 4364. Supporting Information.
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