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Alkynyl heteroaromatic compounds reacted with arylboronic acids to give addition products in the presence of [Rh(COD)CI], and pyridine-
substituted water-soluble ligand. The reactions proceed to give trisubstituted alkenes with high regioselectivity.

The formation of carboncarbon bonds using a transition reaction, the regioselective addition of arylboronic acids to
metal catalyst in water represents an attractive strategy inalkynyl heteroaromatic compounds successfully proceeded
organic synthesik.Recently, we reported the rhodium- in the presence of the novel water-soluble lig&ydwhich
catalyzed reactions of various arylboronic acids to aromatic has a pyridyl phosphine moiety.
or heteroaromatic olefidsusing the water-soluble ligand Initial experiments focused on finding a catalyst system
TPPDS 13 We sought to determine whether a modified that would promote the addition. When the reaction of 2-(1-
ligand system could promote the addition to other unsaturatedhexynyl)pyridine4 with phenylboronic acidba was carried
compounds. Herein we report the rhodium-catalyzed addition out in the presence of 2 mol % [Rh(COD)&IB mol %
reactions of arylboronic acids to alkynes in water. In this TPPDS1,° NaCQs;, and sodium dodecyl sulfate (SDS) in

- - — - . water at 80°C for 3 h, the corresponding addition product
S e e e, 6awas formed in 25% yield (35% yield based on recovered
1998. (b) Li, C. J.; Chan, T. Hrganic Reactions in Organic Medidohn starting material) (Table 1, entry 1). The reaction using
Wiley and Sons: New York, 1997. (c) Cornils, B.; Herrmann, W. A.  TPPTS25 failed completely (entry 2). Recently, we found
Aqueous Phase Organometallic Chemistry: Concepts and Applications . . . . .
Wiley-VCH: Weinheim, 1998. (d) Li, C. JChem. Rev1993,93, 2023. the rhodium-catalyzed reaction of arylboronic acids to vinyl
(e) Li, C. J.; Chan, T. HTetrahedron1999, 55, 11149. (f) Li, C. J. heteroaromatic compounds effectively proceeds in the pres-
Tet(rza;hoeshrgpti%?ﬁglze,fgﬁhe rhodium-catalyzed additions of arylboronic ence Of_ p_yndméiO_n the basis of this re_SUIt’ we _exa_mlned
acids to olefins. For additions to enones, see: (a) Sakai, M.; Hayashi, M.; the pyridine-substituted water-soluble ligaBdwhich im-
Miyaura, N.Organometallics1997,16, 4229. (b) Takaya, Y.; Ogasawara, proved the vyield of6a to 51% (entry 3). A series of

M.; Hayashi, T.; Sakai, M.; Miyaura, NJ. Am. Chem. Soc998, 120, . . . .
5579. For additions te.,5-unsaturated esters, see: (c) Sakuma, S.; Sakai, Substituted arylboronic acids were then subjected to these

M.; ltooka, R.; Miyaura, NJ. Org. Chem2000,65, 5951. For additions to
vinyl phosphonates, see: (d) Hayashi, T.; Senda, T.; Takaya, Y.; Ogasawara, (4) Synthesis of ligan8: Herd, O.; Langhans, P. K.; Stelzer, @ngew.
M. J. Am. Chem. Socl999, 121, 11591. For additions to vinyl nitro Chem., Int. Ed. Engl1993,32, 1058.

compounds, see: (e) Hayashi, T.; Senda, T.; Ogasaward, Mn. Chem. (5) These ligands are available commercially from Strem Chemicals.
So0c.2000,122, 10716. (6) Additives such as pyridine were found to influence the ratio of Heck-

(3) Lautens, M.; Roy, A.; Fukuoka, K.; Fagnou, K.; Martin-Matute, B.  type products to addition products in some substrates. A detailed description
J. Am. Chem. So2001,123, 5358. of these results will appear in the full paper on this reaction.
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Table 1. Reactions of Alkyne4 with Various Arylboronic
Acids?

Table 2. Reactions of Various Alkynes with
2-Methylphenylboronic Acid

entry substrate productb yield (%)
4 ek ()
N AN iy Afa(f:f)H)Z SDS, NayCOg, H,0 SN 1 2, R 4 R =2-(1-hexynyl) Q/{ 81
A 80°C, 1-3 h 6a-f 2 \NJ 7 R =3-(1-hexynyl) N7 A N.R.
3 8 R = 4-(1-hexynyl) &b N.R.
yield
entry boronic acid ligand product (%) 4 E/\{" ?L{ 6o
1 phenyl 5a 1 6a  25(35) NJ\/\/ | N7 A
2 phenyl 5a 2 nr 10
3 phenyl 5a 3 6a 51
4 2-methylphenyl 5b 3 6b 81 5 @j\/\/ m/{ 63
5  2,6-dimethylpenyl 5¢c 3 6c 86 ™
6  1-naphthyl 5d 3 6d 72 12
7% 4-methoxyphenyl 5e 3 6e 57 Br
82  4-methoxy-2-methyl-phenyl 5f 3 6f 83 &? \(j\/\/ \(j\/{ 66
aUsing 4 mol % [Rh(COD)CH, 16 mol %3, and 5 equiv of boronic N 1 A
acid. OTBDPS
reaction conditions to further define the reaction scope. ’ (j\/V (j\/{ 8
. . . . . OTBDPS N Ar
Substitution in theortho position gave better results (entries
4—6), and the yield was increased to 86% when 2,6-
dimethylphenylboronic aciéc was used (entry 5). When
the reactions with arylboronic acidse and 5f bearing a % Py &
methoxyl group were carried out, the corresponding products N 18 Ar
6eand6f were obtained in good yield (entries 7 and 8). All OH
adductssa—f were isolated as the sole products, and it was (M
clear by NMR that the reactions proceed with high regiose- 2 O\/\ | NP 60
lectivity. 20
SOsK NaO,S SOsK 104 (j\ @/E’h .
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a Reactions were carried out in the presence of 2 mol % [Rh(COR)CI]
8 mol %3, and 2.5 equiv of 2-methylphenylboronic acid, SDS, angd{a
in HO at 80°C for 1—3 h.b Ar = 2-methylphenyl¢ The reaction was
carried out at 60C. 4 Using 4 mol % [Rh(COD)CH, 16 mol %3, and 5
equiv of 2-methylphenylboronic acisb.

Some results of rhodium-catalyzed reactions of various
alkynyl heteroaromatic compounds with 2-methylphenyl-
boronic acid in the presence 8fare summarized in Table
2. In contrast to the reaction df(entry 1), the reactions of
7 and8, which have the alkynyl group at timeetaandpara
positions on the pyridine ring, did not undergo the addition
(entries 2 and 3). However, when alkyr@and11 bearing
a pyrimidyl and quinolyl group were subjected to the
reactions, the corresponding product® and 12 were

We next tried the reaction dt3 and 25, in which two
alkynyl groups were present on the pyridine ring (Scheme
1). When23 was treated with 5 equiv of 2-methylphenyl-
boronic acidsb in the presence of 4 mol % [Rh(COD)glI]
and 8 mol %3, the double addition produ24 was produced

Scheme 1
5 eq. 2-methylphenyl-

obtained in good yield (entries 4 and 5). The bromoalkyne B boronic acid 5b (7 (e

13 reacted to afford4in 66% yield demonstrating chemo- = N 4 mol % [Rh(COD)CIl, O A Ve O
selectivity (entry 6). A substrate containing a siloxyl group ‘% S Nt e 80 G

within the alkyl side chairl5was successfully transformed , = 1h, 65% . #

to 16 (entry 7), and substrates with a free hydroxyl group _ 5 eq. 2-methylphenyl- X \

17 and 19 were converted td8 and 20 in moderate yields ® % (L
(entries 8 and 9). The reaction 1 having a phenyl group N N 16 Mol % 3, SDS, N

2 NayCOj, Hy0, 80 °C
20 min, 54%

at the propargyl position also proceeded to ghz(entry
10).
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in 65% vyield. Interestingly, substrat25, which has an
alkynyl group at both arortho and meta position, was
selectively converted into the mono add@étin 54% yield,
demonstrating it was possible to distinguish two alkynes
within a single molecule. From these results, it is clear that
the ortho-positioned alkyne is far more reactive than an
alkyne at themetaposition.

The reaction was also applicable2d, which has a triple
bond one carbon away from the pyridyl group. The product
28 was obtained in 90% yield from the reaction2f with
2-methylphenylboronic aci@b (Scheme 2).

Scheme 2

2.5 eq. 2-methylphenyl-

= | P boronic acid = I I
Sy Z4 2 mol % [Rh(COD)Cl], N
OTBS 8 mol % 3, SDS, N32003,
Ho0, 80 °C, 3 h, 90% OTBS
27 28

Very recently, Hayashi has reported the rhodium-catalyzed

addition of arylboronic acids to alkynés\e note several
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Figure 1.

at ortho position reacted with arylboronic acids support a
chelation-controlled insertion process. Finally the hydrolysis
of the complex31 with water would afford the product and
the regenerated rhodium specizs

In conclusion, we have developed a rhodium-catalyzed
addition reaction of arylboronic acids to alkynes. The reaction

differences between these two apparently similar reactions.enables the regioselective construction of trisubstituted
First, the reaction can be carried out in neat water under ourolefins in water, which is a very useful methodology in view

conditions compared to 10/1 dioxang{ solvent in
Hayashi’'s conditions. Second, we find the addition occurs
with heteroaryl-containing alkynes and not with dialkyl or
diaryl alkynes. Third, the presence of the pyridyl nitrogen

of environmental concerns. Furthermore, it was found that
the reaction smoothly proceeds best in the presence of the
pyridine-substituted ligan@&. Investigation to examine the
effect of pyridine moiety o8 in this reaction and application

has a dramatic effect in the regiochemistry as we obtain a of this catalyst to other types of reactions are now in progress.

single regioisomer, whereas Hayashi found that addition to )

1-phenylpropyne gave a 3:1 mixture of regioisomers. Finally _Acknowledgment. We would like to thank NSERC, the

Hayashi reported an unusual D-labeling result ,whereas weORDCF and the University of Toronto for valu'able support

see no such products. We found that deuterium was of our programs. M.Y. ackpowledges support in the form'of
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1. Itis presumed that (hydroxo)rhodium(l) comp2S exits

as an active species in this reaction, and a catalytic cycle

would involve the transmetalation of arylboronic acid to the

rhodium specie®9 to give the arylrhodium comple30 at

the initial step. Next, the coordination of alkynyl and pyridyl

group of the substrate to rhodium followed by regioselective OL010261T

insertion into the Rk C bond would give the alkenylrhodium

complex312 The observation that only alkynes substituted

Supporting Information Available: General procedures
for the rhodium-catalyzed reaction and characterization data
for the products. This material is available free of charge
via the Internet at http://pubs.acs.org.

(9) For examples of the chelation-controlled rhodium-catalyzed reactions,
see: (a) Ishiyama, T.; Hartwig, J. Am. Chem. So2000,122, 12043. (b)
Jun, C.-H.; Lee, H.; Moon, C. H.; Hong, H.-3. Am. Chem. So@001,
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