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ABSTRACT

OH cat.[Cp*IrCl2] OH
base
+ ROH ————~
R1)\ 110°, 17h R R?
A new catalytic system for  f-alkylation of secondary alcohols has been developed. In the presence of [Cp*IrCl 2]z (Cp* = pentamethylcyclo-
pentadienyl) catalyst and base, the reactions of various secondary alcohols with primary alcohols give p-alkylated higher alcohols in good to

excellent yields without any hydrogen acceptor or hydrogen donor. This reaction proceeds via successive hydrogen-transfer reactions and
aldol condensation.

Alcohols are one of the most basic and important classes ofcatalytic process fgB-alkylation of a secondary alcohol with
organic compounds because they have a wide variety of usesanother alcohol to give a higher alcohol along witfCHas

in industrial and laboratory chemistry. Although a huge a coproductwould be highly desirable (eq 2). Only one report
number of methods for the synthesis of alcohols are kniévn, on this subject using a Ru catalyst has appeéiesiyever,

the synthesis of a variety of alcohols having intricate it is necessary in this system to add both a large amount of
structures through alkylation of simple alcohols usually a sacrificial hydrogen acceptor (5 equiv of 1-dodecene) and
requires tedious processes using many reagents. For example, hydrogen donor (dioxane solveftlirom the viewpoint
pB-alkylation of a secondary alcohol can usually be ac- of atom economy, it is most preferable to avoid these
complished via three-step transformations (oxidatiatky- additives.

lation? and reductiof® (eq 1).
OH

OH
catalyst
R1)\ + RZOH —M R r2 * HO (@)

oH idati ? Ikylati It ducti oH
oxidation alkylation , reduction (1)
N N e L R
We have recently found an extremely high catalytic

Taking into account increasing demands for environmen- ity of [Cp*IrCl,], toward both oxidative and reductive
tally benign and economical synthetic methods, a direct pygrogen-transfer reactiofisjemonstrating that the elec-
) . . O
(1) Sweeney, J. B. InComprehensie Organic Functional Group tronic and steric effects of the Cp* ligand are essential in
Transformations; Katritzky, A. R., Meth-Cohn, O., Rees, C. W., Eds.; high performance as a hydrogen transfer catalyst. In this

Pergamon: Oxford, 1995; Vol. 2, p 37.. _ paper, we report a new and atom economical catalytic system
(2) Larock, R. CComprehensie Organic Transformationd/CH: New . - .
York, 1989; p 475. using [Cp*IrCL), as a catalyst fof-alkylation of secondary

(3) Ley, S. V.; Madin, A. InComprehensive Organic Synthesis; Trost, alcohols with primary alcoholsvithout any sacrificial

B. M., Fleming, I., Eds.; Pergamon: Oxford, 1991; Vol. 7, p 251. additives

(4) Heathcock, C. H. IlComprehensive Organic Synthesis; Trost, B. ’
M., Fleming, I., Eds.; Pergamon: Oxford, 1991; Vol. 2, p 133.

(5) (a) Greeves, N. Ifomprehensive Organic Synthesis; Trost, B. M., (6) Cho, C. S.; Kim, B. T.; Kim, H.-S.; Kim, T.-J.; Shim, S. C.
Fleming, ., Eds.; Pergamon: Oxford, 1991; Vol. 8, p 1. (b) Harada, K.; Organometallic2003,22, 3608.
Munegumi, T. INComprehensie Organic Synthesigrost, B. M., Fleming, (7) In the system reported in ref 6, employment of 2 equiv of primary
I., Eds.; Pergamon: Oxford, 1991; Vol. 8, p 139. alcohols is also required.
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At first, we investigated the iridium-catalyzgdalkylation s
of 1-phenylethanol (1a) with 1-butanol (2a) under various tgpie 2. Cp*Ir Complex Catalyzegs-Alkylation of Various
conditions (Table 1). When the reaction of almost equimolar gecondary Alcohols with Primary Alcohéls

R1)\ + R¥7OH 11obfc§e17h R R2
Table 1. j-Alkylation of 1-Phenylethanoll@) with 1-Butanol ’

(2a) under Various Conditiofs entry  seconda primary  catalyst base product yiel%
alcoho alcohol [%elr] [%]

OH c%talyst OH o
ase

+ —_— + OH

" OH 110°C, 17h e P 1 2

1a 2a 3a 4a Ar

OH

1 laAr=Ph 2aR%=Pr 1.0 NaO'Bu 3a 88°
yield® (%) 2 1a 2bR?=heptyl 2.0 NaOH 3b 77°
I 5
entry catalyst (% metal) base  solvent (mL) 3a 4a 3 Ia 2 Rz - EP T 20 NaOH = 3¢ 754(8)
4 1a 2d R“="Bu 20 NaOH 3d 827%12)
1 [Cp*IrCla]2 (1.0) NaOtBu toluene (0.3) 90 6 5¢ 1a 2¢ R2 = Ph 20 NaOBu 3e 75
2 [Cp*IrCla]s (0.5) NaO'Bu toluene (0.3) 82 7 6 1a UR2—4-MeCH, 4.0 NaO'Bu 3f 80°
3 [Cp*IrClyls (0.5) NaOH  toluene (0.3) 77 4 e la  2gR*-4MeOCGH, 40 NaO'Bu 3g 8I1°
4 [Cp*IrCly]2 (1.0) NasCO3 toluene (0.3) 0 0 8¢ 1a 2nR2= 4CICeH, 40 NaO'Bu 3h  80°
c * t '
Z {gp*irgﬂz Eg; gaggu t"i“ene Egg; Zi 22 9¢ 1a 2iR2=4-CF;Cgll; 40 NaOBu 3i 87°
’ [CP*I;Cf]Z 05 N:OtBE n‘:)r‘::ne U 10 Ia 2jR®=benzyl 2.0 NaO'Bu 3j 74
prrtoziz A9, 11 1a 2kR%=phenethyl 2.0 NaOH 3k 83
8¢ [Cp*IrCLy; (0.5) NaO'Bu THF (3.0) 121 12 1bAr=4-MeCgH, 2a 40 NaOH 31 80(14)
9¢  [Cp*IrClsls (0.5) NaOtBu dioxane (3.0) 23 2 '
13 1e Ar=4-MeOC¢H 2 40 NaOH 3 69 (22
10  Cp*IrCly(PPhs) (1.0) NaO'Bu toluene (0.3) 10 2 3 leAr=4-MeOCeH,  2a z m 69(22)
14 1d Ar = 4-CICqHy 2a 2.0 NaOH 3n 78(14)
11 [IrCl(cod)]s (1.0) NaOtBu toluene (0.3) 30 5 15 1le Ar = 4-CF-C.H 2a L0 NaO'Bu 30 77
12 [Cp*RhClyl; (1.0)  NaO'Bu toluene (0.3) 26 2 5H6 4 :
aThe reaction was carried out witha (3.0 mmol), 2a (3.6 mmol), t
catalyst, and base (3.0 mmol) at 1%0 for 17 h.b GC yield based ora. 16 PhV\ 2a 40 NaOBu 3p 58
¢ At 90 °C. 9 At 65 °C. At 100 °C. 1f
OH
17 iPr)\ 2e 20 NaOBu 3q 78
amounts ofla (3.0 mmol) and?a (3.6 mmol) was carried le OH
. . 0
out in the presence of [Cp*Irglh (1..0 Y%Ir) catalyst and 8 2a 40 NeO'Bu 3 654
NaOBu (3.0 mmol) at 110C for 17 h in toluene (0.3 mL},
1-phenylhexan-1-ol3a) was formed in a yield of 90% along ih
with a small amount of 1-phenylhexan-1-od@(6%) (entry 2The reaction was carried out with secondary alcohol (3.0 mmol),
1)_ The reaction proceeded ina high yie|d33f(82%) with primary alcohol (3.6 mmol), catalyst, and base (3.0 mmol) in toluene (0.3

0 mL) at 110°C for 17 h.P Isolated yield based on secondary alcohol. Values
a reduced amount of Catalyst (0'5 /Olr) (emry 2)' NaOH was in parentheses indicate the isolated yield of corresponding ketdie-

also effective as a base comparable to MaO(entry 3), mation of a small amount of the corresponding ketone which was not

; 1D isolated was observed by GC analysis {8%). ¢ Mixture of diastereomers
while the use of a Weaker base ) g_ave no prOd,UCt (1:1).®Reaction was carried out in 3.0 mL of toluehdlixture of
(entry 4). The reaction at 9¢C resulted in a lower yield  diastereomers (cis/trans 54:46).

(entry 5). The amount of toluene was important to obtain
the desired producda selectively; when the reaction was B-alkylated products in high yields (entries—4). The
carried out in an increased amount of toluene (3.0 mL), the \gactions ofla with benzyl alcohols bearing an electron-
formation of a considerable amount4d (20%) in addition  gonating or an electron-withdrawing substituent also pro-
to 3a (60%) was observed (entry 6). The reaction without ceeded efficiently (entries-59). In these cases, optimum
solvent, in THF, or in dioxane resulted in a lower yield yegyjts were obtained by the reactions in 3.0 mL of toluene.

(entries 7-9). Othfr catalysts such as Cp*lgRPh), The reactions of 1-arylethanolék{—e) with 2a also gave
["CL(COd)]Z’ or [Cp*RhCL], showed lower activity than e g-alkylated products (entries £25). In these reactions
[Cp*IrCl], (entries 10—12). a considerable amount of the corresponding ketone products

On the basis of the above results, we next examined theyere also isolated in addition to the desired alcohol product.
reactions of various secondary alcohols with primary alcohols Other secondary alcohols suchids-h were also applicable
under the optimized conditions (Table 2). The reactions of o the present catalytic system to give moderate to good
lawith aliphatic primary alcohols gave the corresponding yields (entries 16:18). The reaction of 1,2,3,4-tetrahydro-
1-naphthol (1h) witiRa gave a diastereomeric mixture (cis/

(8) (a) Fujita, K.; Yamaguchi, RSynlett.2005 560. (b) Fujita, K.; Fuijii, — 54" - - - -1-

T.; Yamaguchi, ROrg. Lett.2004,6, 3525. (c) Fujita, K.; Kitatsuiji, C.; trans 054'46) 0;3 k.)Utyl 1’2’3'?j.ftrdahydr§nafhthﬁlﬁnll ol
Furukawa, S.; Yamaguchi, Retrahedron Lett2004,45, 3215. (d) Fuijita, (3r, 65%) in addition to 3,4-dihydro-2-butylnaphthalen-
K.; Li, Z.; Ozeki, N.; Yamaguchi, RTetrahedron Lett2003,44, 2687. (e) 1(2H)-0ne (4r, 34%) (entry 18)_

Fujita, K.; Yamamoto, K.; Yamaguchi, FOrg. Lett. 2002, 4, 2691. (f) L f . . .
Fujita. K - Furukawa, S.: Yamaguchi, B. Organomet. Chen2002, 649, To obtain information concerning the reaction mechanism,

289. the a-alkylation of ketone with a primary alcolfolnd
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transfer hydrogenation of am-unsaturated ketofeunder

the present catalytic conditions was undertaken. The reactiongcheme 1. Possible Mechanism for Cp*Ir Complex Catalyzed

of acetophenone with 1-butanold) in the presence of
[Cp*IrCl), (1.0%Ir) and NaOH (1.0 equiv) at 11T for
17 hin toluene gave 1-phenylhexan-1-one (4a) in 91% yield

(eq 3).

o [CP*IrCly], (1.0%lr) o
NaOH (1.0 equiv)
+ N
Ph)l\ Pr~ "OH toluene Ph)J\/\ pr 3
2a 110°C, 17h 4a 91%

When the transfer hydrogenation of benzylideneacetophe-
none using 2-propanol (5.0 equiv) as a hydrogen donor was
carried out in the presence of [Cp*Irfd (1.0%Ir) and
NaOBu (1.0 equiv) at 110°C for 17 h in toluene, 1,3-
diphenylpropan-1-ol3g) was formed in 59% yield (eq 4}:*?

[Cp*IrClylp (1.0%lr)
NaO'Bu (1.0 equiv)

B-Alkylation of Secondary Alcohols with Primary Alcohols

o
R R?
(R S
=
alcohol R! R?
cross-aldol
)OJ\/\ ) base Tcondensation
R? R? 0 ey
R1)J\+ R2 \o
" alcohol ) . If-H
[Cp*IrClo), “oase [Ir]-alkoxide Ahydrogen (i
elimination
OH
R1)\/\R2 i»\ le}
product —/ Rﬂ)J\ARz
alcohol
O/[Ir]
R1)\AR2

Q 2-propanol (5.0 equiv) oH
o, toluene Ph ph @
110°C, 17h 3e 59%

A possible mechanism for Cp*Ir complex-catalyzed
p-alkylation of secondary alcohols with primary alcohols is
described in Scheme 1. The first step of the reaction would
involve the oxidation of primary and secondary alcohols to

give ana,f-unsaturated ketone. Successive transfer hydro-
genation of GC and G=0O double bonds of thex,-

unsaturated ketone by the hydrido iridium species would
occur to give the product. It should be noted that, in this
catalytic system, the hydrido iridium species generated at
the stage of the oxidation of alcohols are consumed at the

aldehyde and ketone accompanied by the generation of astage of the reduction ofi,f-unsaturated ketone. Thus,

hydrido iridium specie8.Then, base-mediated cross-aldol

additions of hydrogen donor and acceptor are not required,

condensation between aldehyde and ketone would occur tomaking this catalytic system a highly atom economical

(9) Transition-metal-catalyzed-alkylation reactions of ketones with
primary alcohols have been recently reported by Ishii et al. and Cho et al.:
(a) Taguchi, K.; Nakagawa, H.; Hirabayashi, T.; Sakaguchi, S.; Ishii, Y.
Am. Chem. So004,126, 72. (b) Cho, C. S.; Kim, B. T.; Kim, T.-J.;
Shim, S. C.Tetrahedron Lett2002,43, 7987. (c) Cho, C. S.; Kim, B. T ;
Kim, T.-J.; Shim, S. CJ. Org. Chem2001,66, 9020.

(10) For example: (a) Albrecht, M.; Miecznikowski, J. R.; Samuel, A.;

Faller, J. W.; Crabtree, R. HDrganometallic2002,21, 3596. (b) Hillier,
A. C.; Lee, H. M.; Stevens, E. D.; Nolan, S. ®rganometallic2001,20,
4246. (c) Yi, C. S.; He, Z.; Guzei, |. AOrganometallic2001,20, 3641.
See also, (d) Sakaguchi, S.; Yamaga, T.; IshiiJYOrg. Chem2001,66,
4710. (e) Brieger, G.; Nestrick, T. CThem. Rev1974,74, 567.

(11) 1,3-Diphenylpropan-1-one (4e) was also formed in 14% vyield as a
byproduct.

(12) Similar transfer hydrogenation of benzylideneacetophenone using
1.0 equiv of 2-propanol as a hydrogen donor gave 1,3-diphenylpropan-1-
one (4e) in 73% vyield.
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process.

In summary, we have shown a new efficient system for
the-alkylation of secondary alcohols with primary alcohols
catalyzed by a Cp*Ir complex. It should be noted that the
coproduct in these reactions is only,® Moreover, the
present system requires an extra addition of neither hydrogen
acceptor nor donor. In addition, almost equimolar amount
of substrates are sufficient to obtain good yields of products.

Supporting Information Available: Full experimental
details and characterization data. This material is available
free of charge via the Internet at http://pubs.acs.org.
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