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ABSTRACT

CrCly, cat. NiCly, cat. PPhg, H,0 )
R'—= + R%CHO R! R
DMF, 25 °C OH

Treatment of a mixture of a terminal alkyne and an aldehyde with CrCl, and a catalytic amount of NiCl, and triphenylphosphine in the presence
of water in DMF at 25 °C gives a 1,2-disubstituted allylic alcohol regioselectively.

Addition of a metal-hydride species to a terminal alkyne In contrast, it is not easy to prepare the 2-alkyl-substituted
generates two regioisomeric alkenylmetal compounds, whichallylic alcohol 2 directly from a terminal alkyne and an
afford the corresponding allylic alcohols upon treatment with aldehyde (path B). Therefore, a two-step procedure via the
an aldehyde. Because hydroboration, -alumination, and2-halo-1-alken&* usually has been employed (path®G)le
-zirconation of a terminal alkyne generate the corresponding report herein a direct method for the preparation of the
(E)-alkenylmetal compound, the 3-alkyl-substituted allylic 2-substituted allylic alcoho? from a terminal alkyne and
alcoholl is produced selectively via these hydrometalation an aldehyde using chromium(ll) under nickel catalysis.
methods (Scheme 1, path Aj.Recent reports on intermo- Nucleophilic carbor-carbon bond formation with orga-
nometallic compounds, except organoboron and -indium
I rcagents, is usually conducted under water-free conditions.
Scheme 1 Indeed, organochromium compounds hydrolyze with a lot
of water® On the other hand, the rate of hydrolysis is not so
R? fast among the early transition metal compouffdghus,
the addition of an organochromium reagent can be ac-
L _1 complished without protecting the hydroxyl group of the
path C R1J\x + R?CHO substrate aldehyde in some ca%esid even a nucleophilic
3 organochromium species can be generated by addition of a
small aliquot of watef. Water is a typical proton source,
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Table 1. Coupling Reactions between Terminal Alkynes and Aldehydes

CrClp, H,0
cat. NiCly, cat. PPh3 2
R'—= + R’CHO R 4R R
DMF, 25 °C
OH g OH
entry Rl R2 time (h) major product yield (%) A/B
|
n-CgH
1 Ph(CHy), n-CgHy7 8 Phd\( s 82 95/5
OH
4
2 8 99b 95/5
J\/Ph b
3 n-CroHa| Ph 8 1-CioHas 80 94/6
OH
\
-C1oH c-CcH
4 n-CioHzg 6H11 8 n-cmquJ\/O 79 90/10
OH
|
5 Ph n-CgHy7 8 phJV"'CsHW 74 55/45
OH
n-CsHyq4
-CsH Ph
6 (6-dodecyne) Ph 24 n-Cs “¢Y 6obc -
6 OH
; HO(CHy), Ph(CHy), g HO“)WP" $3d >99:<1
7 OH

0
8 Ph(CH;); / | 8
\OHC% )

Ph 81 95/5
| 8

aReaction was conducted on a 1.0-mmol scale. See typical procédireol of an alkyne, 6 mol of CrGJ 0.3 mol of NiCk, 0.6 mol of PPk, and 6
mol of water were used per mole of aldehy8&/Z = 98/2.93 mol of water was used per mole of aldehyde.

but in some cases it acts formally as a hydride anion or a markedly*' In addition, the yield was improved by slow

hydrogen radical source by reaction with low-valent metals.

addition of a mixture of the alkyne and water to a mixture

Therefore, we examined the addition of a small amount of of the aldehyde, chromium(ll) chloride, nickel(ll) chloride,

water to a mixture of an alkyne, chromium(ll) chloride, and
a catalytic amount of nickel(ll) chloride in the presence of
an aldehyde to generate an alkenylchromium sp¥clas
formal hydrochromation of an alkyne.

To a stirred solution of chromium(ll) chloride (4 equiv)
and a catalytic amount of nickel(ll) chloride (0.2 equiv) in
DMF was added a solution of 4-phenyl-1-butyne (2 equiv)
and nonanal (1 equiv) at 2Z&. A 1 M solution of water (2
equiv) in DMF was added slowly to the mixture at 25,

and triphenylphosphine in DMF. For example, when a
mixture of 4-phenyl-1-butyne (2 equiv) and water (2 equiv)
in DMF was added at 2%C over a period b2 h to amixture

of nonanal (1 equiv), chromium(ll) chloride (4 equiv), nickel-
(1) chloride (0.2 equiv), and triphenylphosphine (0.4 equiv)
in DMF, a mixture of the two allylic alcohols was obtained
in 78% yield @/5 = 91/9, Scheme 2). The 2-alkyl-substituted
allylic alcohol 4 was produced selectively. Although the
addition of water to the mixture was indispensable for the

and the mixture was stirred at the same temperature for 6 h.reaction, the yield of allylic alcohols decreased when an

Most of the alkyne and the aldehyde were recovered;

however, the two desired allylic alcohols, 2-(2-phenylethyl)-
1-undecen-3-0l4) and E)-1-phenyl-3-tridecen-5-oH), were

detected after hydrolysis, though the combined yield was less

than 3%. During the reaction, a deposition of nickel(0) was
observed. Therefore, phosphine ligands were added to th

mixture to prevent this deposition. Among those examined,
triphenylphosphine was found to accelerate the reaction

(8) Takai, K.; Toratsu, CJ. Org. Chem1998 63, 6450. See also a review
on water-accelerated organic transformations: Ribe, S.; WipEHem.
Commun2001 299.

(9) (@) Tolman, C. AJ. Am. Chem. Sod.97Q 92, 6777. (b) Trost, B.
M. Chem. Eur. J1998 2405.

(10) (a) Takai, K.; Tagashira, M.; Kuroda, T.; Oshima, K.; Utimoto, K.;
Nozaki, H.J. Am. Chem. S0d.986 108 6048. (b) Jin, H.; Uenishi, J.-i.;
Christ, W. J.; Kishi, Y.J. Am. Chem. S0d.986 108 5644. (c) Hodgson,
D. M.; Wells, C.Tetrahedron Lett1994 35, 1601.
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excess amount (16 equiv) of water was added.
The results obtained with several kinds of alkynes and
aldehydes are summarized in Table 1. Cyclotrimerization of

Scheme 2
CrCl,, NiCl,
Rl— . R2CHO (4 equiv) (0.2 equiv) R1J]\KR2+R1\/\KR2
(2 equiv) DMF, 25°C,24 h 4 OH 5 OH
] additive
Rz = Ph(CHz), H20 trace trace
ROz mCeftr H,0, PPh, 71% 7%

(slow addition of the alkyne and H,0)

Org. Lett.,, Vol. 5, No. 5, 2003



Scheme 3 Scheme 4
2 Cr(ll)y 2 Cr(lly
J
4 Yy [
Ni(0) Cr(ly+Cr(y  Ni(lly r
\ \ 4 R— l pathB Rp=
RJ\X RJ\ Ni(I1) RJ\Cr(III) 7 H0 , CT”)
8 9 path A Ni(0) — L,Ni-H l Criy i)
R—= H20
. . . Ni(l)) R™ TNi R™ Cr(m)
the alkynes was observed as a side reaction, tht3 e2juiv 10 8 9

of the alkyne was employed to obtain good yields. 2-Sub-
stituted allylic alcohols were obtained in a selective manner
except in the case of phenyl acetylene (entry 5). An internal
alkyne, 6-dodecyne, also reacted with an aldehyde to give
the corresponding allylic alcohols in 60% yield though the
reaction proceeded slowly (entry 6). The alcol@owas
produced almost exclusively, and the stereochemistry of the . . .
double bond of6 proved to be thé configuration. Since A rea_ctlon of the cgmplele with water gives the alk-
the coupling reaction is insensitive to a proton source, enylnickel spgmesB, which transmetalat.es to yield the
carbon-carbon bond formation could be accomplished _alkenyl_chromm_m reagens. I_n path_ B, mcke_I(O) reacts
without protecting the hydroxyl group (entry 7). In this case, |mm_e_d|ately W'th water t(? give a_mckel-hydnde_ species.
one regioisome7 was produced exclusively, probably due A_ddltlon of the nlck_el-hydrlde_spemes to the terminal alkyne
to the coordination of the hydroxyl group to the nickel. A gives the alkenylnickel species™

typical feature of the nucleophilic addition of organochro-  Acknowledgment. This work was supported by a Grant-
mium reagents is their selective addition to aldehydes prior in-Aid for Scientific Research on Priority Areas from the
to ketone carbonyl grougs!? This was also observed in  Ministry of Education, Culture, Sports, Science and Technol-

the reaction with a keto aldehyde (entry 8). ogy of Japan and by the Nagase Science and Technology
Similar to the reported alkenylchromium reagents (Scheme Foundation.

3),'°we assume that the alkenylchromium readeretported

here is generated by transmetalation from the alkenylnickel ~Supporting Information Available: General experimen-
speciess. tal procedure and characterization data for all compounds

in Table 1. This material is available free of charge via the

(11) Effects of additives on the yields and regioselectivities of the Internet at http:/pubs.acs.org.
reactions between 4-phenyl-1-butyne and nonanal are as followss, PBu
14% (4/5 = 0/100); Po-tolyl)s, 16% (64/36); P(2-franyk) 18% (78/22); 0OL0272996
P[3,5-(CR)2CeHa]s, 30% (90/10); P[2,6-(MeQ¥sH3]3, <5%.
(12) Takai, K.; Utimoto, K.J. Synth. Org. Chem., Jpi988 46, 66. (13) Bennett, M. A.; Castro, J.; Edwards, A. J.; Kopp, M. R.; Wenger,
Firstner, A.Chem. Re. 1999 99, 991. E.; Willis, A. C. Organometallics2001, 20, 980.

There are two possibilities for the formation of the
alkenylnickel specie8 from terminal alkynes (Scheme 4).
In path A, a terminal alkyne coordinates to nickel(0)
generated by the reduction of nickel(ll) with 2 equiv of
chromium(ll), and a nickel-alkyne compléxX is produced.
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