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ABSTRACT

Arylmagnesiation of unfunctionalized alkynes in the presence of catalytic amounts of chromium(ll) chloride and pivalic acid proceeds with
high stereoselectivity. The alkenylmagnesium intermediate reacts with various electrophiles to afford the corresponding tetrasubstituted olefins

in good yields.

Carbometalation of alkynes is a straightforward method for
the synthesis of multisubstituted olefins in organic synthesis.

Treatment of 6-dodecynd (1.0 mmol) with phenylmag-
nesium bromide (2, 3.0 mmol, 2 M diethyl ether solution)

To date, most studies of the process have focused on employin toluene (3 mL) at 110C in the presence of chromium-
ing heteroatom-containing alkynes such as homopropargyl(Il) chloride (0.075 mmol) for 18 h provided 6-phenyl-6-

ethers and propargyl alcohols as substraesfor the carbo-
metalation of unfunctionalized alkynes, however, much less
progress has been matié.The development of facile, effi-

cient, and general methods for the carbometalation of unfunc-

tionalized alkynes remains an important challenge. Herein,
we wish to report that a simple chromium salt promotes aryl-
magnesiation of unfunctionalized alkynes with high efficiency.
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dodecene (3) in aR/Zratio of 91:9 in 81% yield (Table 1,
entry 1). We screened several transition metal catalysts such
as iron, cobalt, and nickel salts, none of which did show
any catalytic activity under similar reaction conditidrishe
choice of reaction solvent is crucial. The use of THF instead
of toluene resulted in recovery of the starting matetial

We next explored several additives to improve the yield
and theE/Z selectivity (Table 1). Surprisingly, the addition
of a catalytic amount of protic additives led to higher yield,
better stereoselectivity, and faster reaction fatdthough
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scope of the alkynes and Grignard reagents. The alkynes available for use
are limited to 1,6-diynes and 1,6-enynes. In other words, the intramolecular
carbomagesiation of unfunctionalized alkynes did not proceed at all.
Additionally, we obtained promising results only with methallylmagnesium
chloride of high nucleophilicity. (c) Molander, G. A.; Sommers, E. M.
Tetrahedron Lett2005,46, 2345—2349.

(6) The use of chromium(lll) chloride afforde®lin a yield similar to
the chromium(ll) chloride catalyst in the absence of pivalic acid. In the
presence of pivalic acid, chromium(ll) chloride was superior to other
chromium salts.



Table 1. Effect of Additives on the Chromium-Catalyzed
Phenylmagnesiation of 6-Dodecyne (1)

Table 2. Chromium-Catalyzed Arylmagnesiation of Alkynes

P 2
_ R—="R CrCl, (7.5 mol %)
Coft—="Csftn 9 (.0mmol)  5,000H (10mol %) H,O0 ~ R!  R2
1(1.0 mmol) 1Cl5 (7.5 mol %)
additive (10 mol %) HQO C5H11 C5H11 +
+ ArMgBr toluene (3 mL) Ar H
PhMgBr toluene (3 ml) Ph H (3.0 mmol)
2 (3.0 mmol) 3

- - temp time yield®

temp time yield entry R! R2 Ar C) (h) (%) E/7b
entry additive (°C) (h) (%) E/Zb
1 C5H11 C5H11 2—MeCGH4 110 10 55 >99:1
L none 1018 81 91:9 2 CsHy CsHy 3-MeCeHe 110 05 80 >99:1
2 none 60 18 0 3 CsHi:x CsHip 4-MeCgHy 110 0.5 81 >99:1
3 MeOH 110 2 77 95:5 4 CsHy CsHy 4-ClCeH; 110 2 61 88:12
4 PhOH 110 2 77 95:5 5 CsHp CsHy 3-MeOCeHy 110 18 69  87:13
5 ‘BuOH 110 2 75 95:5 6¢ CgHis Bu Ph 110 4 53  >99:1
6 AcOH 110 0.25 79 >99:1 7 C¢His Ph Ph 110 9 68 92:8¢
7 PhCOOH 110 0.25 81 >99:1 8 Me Ph Ph 60 18 51 95:5¢
8¢ ‘BuCOOH 110 0.25 87 >99:1 9 Me MesSi Ph 60 18 67 65:35
9 ‘BuCOOH 60 18 75 96:4 10 Ph Ph Ph 110 05 70

a|solated yield? Determined by!H NMR. ¢ When the reaction was
performed in a 10-mmol scale, an 78% yield of 6-phenyl-6-dodecghe (
was obtained.

alsolated yield.” Determined by'H NMR. ¢ The reaction was carried
out without'BUCOOH. 4 CrCl, (20 mol %) andBuCOOH (20 mol %) were
used.® A small amount of the corresponding regioisomer was observed
(entry 7; 10% vyield, entry 8; 1% yield).

the reaction required 18 h at 12C when no additive was

employed, the processes with alcohols (methanol, phenol,(entries 4 and 5). The use of 2,2-dimethyl-3-decyne provided
andtert-butyl alcohol) went to completion within 2 h (entries  the corresponding product with complete regioselectivity

1 vs 3-5). Further investigation revealed that the use of (entry 6). The regioselectivity was simply governed by the

carboxylic acids not only resulted in faster reactions (0.25 h) steric factor of the two substituents of the alkyne. The

but also increased the ratio &Z isomers to greater than  reactions of the phenyl-substituted alkynes afforded modest
99:1 (entries 6 and 7). The yield depended on the steric Yields of the arylmagnesiation products (entries 7 and 8).
bulkiness of the carboxylic acid, and pivalic acid showed Diphenylacetylene also reacted with phenylmagnesium bro-
the best result to provid€&j-6-phenyl-6-dodecen&)(in 87%

yield after 0.25 h (entry 8). The chromium salt/pivalic acid || G

system proceeded even at 8Dto afford the corresponding
phenylated producs in 75% yield albeit the reaction was
slow. It is worth noting that the additive-free process did

Scheme 1. Reactions of Various Electrophiles with the
Arylmagnesiation Produet?

. CsHyp  CsHiq CsHi1—=—=—CsHy; CeHyy  CaMiq
not produces at all at the same temperature (entries 2 vs 9). 1 (1.0 mmol)
This arylmagnesiation was readily scalable. Treatment of 10 Ph D b a h Pho 1

. . . 5 92%D 11

mmol of 6-dodecynel() with phenylmagnesium bromidé,( 80% (E12 = >99:1) /72% (EIZ=<1:99)
30 mmol) |n.the_ presence of chromlum(ll) chloride (Q.75 CaHir CoHig CaHii Coiy CgHir  CsHig
mmol) and pivalic acid (1.0 mmol) in toluene (30 mL) in a ¢ >:< g >=(
similar manner provide@ in anE/Z ratio of >99:1 in 78% s i Mo o™
yield. The reason for the dramatic effect of the additives is 72% (EIZ=T7:98) d f 82% (EIZ=>99:1)

not clear at this stage.

/ e
CgHyt  CsHyq \

. Lo . CsHyy  CsHyy
Various combinations of alkynes and aryl Grignard
reagents were examined in the chromium/pivalic acid- Ph o OH CsHyy  CsHyq Ph or
catalyzed process (Table 2). All the reactions afforded the Ph>=<Ar

correspondingE adducts exclusively or predominantly,
except for the reaction of 1-(trimethylsilyl)propyne (entry
9). Arylmagnesium reagents having a methyl substitution at

the ortho, meta, or para position effected the arylmagnesia-

tion, and all the reactions afforded the correspondihg
isomers exclusively (entries—13). 3-Methoxy- and 4-chlo-
rophenylmagnesium bromides participated in the reaction

(7) (&) Vogl, E. M.; Groger, G.; Shibasaki, M\ngew. Chem.nt. Ed.
1999, 38, 1570. (b) Funabashi, K.; Jackmann, M.; Kanai, M.; Shibasaki,
M. Angew. Chemlnt. Ed.2003,42, 5489—5492. (c) Liu, X.; Fox, J. M.

J. Am. Chem. So2006,128, 5600—5601.
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7 9
74% (E/Z=793) 57% (E/IZ=<1:99)

8
Ar = Ph (a) 62% (E/Z = <1: 99)
Ar = 4-MeOCgH, (b) 87% (E/Z = 5:95)

a Reagents and conditions: (a) Cs¢¥.5 mol %),'BuCOOH
(10 mol %), PhMgBr (3.0 mmoal), toluene, 112G, 0.25 h; (b) RO;
(c) CH,=CHCH,Br (4.0 mmol), CuCN-2LiCl (10 mol %), 0C, 3
h; (d) PhCHO (4.0 mmol), 0C, 3 h; (e) Pd(dba} (2.5 mol %),
P(o-tolyly; (5 mol %), Arl (4.0 mmol), 25°C, 3 h; (f) Pd(dba)
(2.5 mol %), Pé-tolyl); (5 mol %), PhC(Brj=CH, (4.0 mmol),
25°C, 12 h; (g) Mel (4.0 mmol), CuCN-2LiCl (20 mol %), TC,
3 h; (h) k (4.0 mmol), 0°C, 3 h.
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mide, giving triphenylethylene in 70% yield (entry 10). In summary, the arylmagnesiation of unfunctionalized
Unfortunately, the use of terminal alkynes resulted in failure. alkynes has been achieved by using a chromium salt.
With the reliable carbomagnesiation reaction in hand, we Notably, the addition of a catalytic amount of pivalic acid
investigated the utility of the intermediary alkenylmagnesium dramatically enhanced the reactivity and stereoselectivity.
compound4 (Scheme 1). The intermediate reacted with The procedure is highly efficient to construct multisubstituted
various electrophiles such as deuterium oxide, allyl bromide, ethene units.
benzaldehyde, iodomethane, or iodine to give the corre-
sponding tetrasubstituted alkenes with high stereoselectivity Acknowledgment. This work was supported by Grants-
in good overall yield. As for trapping af with allyl bromide in-Aid for Scientific Research from the Ministry of Educa-
or iodomethane, the addition of a catalytic amount of CuCN tion, Culture, Sports, Science and Technology, Government
2LiCl improved the yield of the corresponding produéts  Of Japan. H.O. acknowledges JSPS for financial support.
and 10. The alkenylmagnesium intermediatevas useful
for palladium-catalyzed cross-coupling reactions of aryl
iodides such as iodobenzene and 4-iodoanisole, and the tw
aryl groups were introduced smoothly with high stereose-
lectivity. The conjugated dien® was also prepared from
the arylmagnesiation produttvia palladium-catalyzed cross- 0OL0703938
coupling reaction.
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