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mixture of pyridine (4.55 g) and water (0.147 g). Then ethylenediamine
(1.038 g) was added and stirred until the mixture became a clear solution.
Finally boric acid (0.18 g) and 40% HF (0.062 g) were added to the
obtained solution (pH 11.12), which was then heated at 170°C for 10 days in
a 23 mL Teflon-lined Parr autoclave. The product (yield 0.206 g), consisting
of a white powder and thin platelike single crystals, was collected, washed
with deionized water and ethanol, and dried at room temperature. The Ge
content was confirmed by energy-dispersive spectroscopy (EDS).
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Dodecacarbonyltetracobalt Catalysis in the
Thermal Pauson - Khand Reaction**

Marie E. Krafft* and Llorente V. R. Bofiaga

Dicobaltoctacarbonyl, [Co,(CO)g], has always been the
metal complex of choice in the widely used Pauson—Khand
reaction for the formation of bicyclo[3.3.0]octenones by the
cyclocarbonylation of an alkene and an alkyne (Scheme 1).[1
Alternative sources of zero valent cobalt, namely [(inden-
yl)Co(cod)] and [Co(acac),]/NaBH,, and cobalt carbonyl
clusters, such as [Co,(CO);,], [Coz(CO)o(us-CH) ], and [Co,-
(CO),,P(OPh);], have also been developed but are less
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Scheme 1. Cobalt catalysis in the Pauson—Khand reaction. Co catalyst:
[Co,(CO)g] with or without additive (phosphite, phosphane, cyclohexyl-
amine (CyNH,), phosphane sulfide, 1,2-dimethoxyethane (DME), water),
[Co,(CO)l, [Co(CO),P(OPh)], [Coy(CO)(us-CH)], [(indenyl)Co-
(cod)], [Co(acac),]/NaBH,. cod = cycloocta-1,4-diene; acac = acetylaceto-
nate.
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frequently employed. Of particular interest is the congeneric
tetranuclear carbonyl cluster [Co,(CO);,], which has seen
very limited practical utility in this cyclization under one
atmosphere of CO at moderate temperatures (such as
70°C).2 78] In fact, the advent of many protocols in the
cobalt-catalyzed reactions stems from the common belief that
[Co4(CO);,] formation deters [Co,(CO)g| catalysis and is
generally regarded as a dead end route in this reaction.!' 3!
Presumably derived from dimerization of “[Co,(CO),]” upon
release of the cyclopentenone product, [Co,(CO),,] was
suggested to be one of the cobalt species or clusters, which
were believed to be nonviable for the reaction.'># Conse-
quently, development of methods involving [Co,(CO);] cat-
alysis was based on preserving the catalytic species and
preventing the formation of inactive cobalt species. Successful
catalytic cyclizations using [Co,(CO);] were carried out with
additivesl® or ultraviolet light,®) under high operating temper-
atures and CO pressures,”) or in supercritical fluids.®! In
addition to providing low valent cobalt species, the role of
NaBH, in the [Co(acac),]/NaBH, catalyst system for the
Pauson — Khand reaction was also based on these premises.”]

The formation of [Co,(CO),,] from the thermal decom-
position of [Co,(CO),] in hexane, heptane, or toluene was
extensively studied by several groups.l'” Isolation of this
cobalt cluster was also reported

by Pauson and co-workers in  Table 1. [Co,(CO),,}/CyNH, as

coordination, by virtue of its Lewis basicity,¥ to coordina-
tively unsaturated organocobalt species. We also proposed
that cyclohexylamine preserved the active cobalt species
under the catalytic conditions and an iterative disproportio-
nation of residual cobalt species, “[Co,(CO),Lg_,]”, where
L =CO, CyNH,, or DME, to provide active species under the
substoichiometric conditions. Kinetic studies on the dispro-
portionation of [Co,(CO)g] by nitrogen-containing bases, such
as cyclohexylamine, have been reported.l'* Lewis bases, such
as ammonia, pyridine, methanol, and ethanol are also well
documented to induce disproportionation of [Co,(CO);,]."

We conducted Pauson —Khand cyclization studies with the
[Co,(CO);,] cluster in an attempt to understand the efficiency
enhancement provided by the amine ligand and to verify our
hypothesis that cyclohexylamine preserves the active catalyst
and induces its formation via disproportionation of [Co,-
(CO);,], which may possibly be formed during catalytic
reactions using [Co,(CO);]. As anticipated, we observed that
catalytic amounts of [Co,(CO);,] could be used in conjunction
with CyNH, to catalyze thermal Pauson-Khand reactions
under practical reaction conditions. We then verified the
extent of these observations in a series of catalytic cyclizations
of a variety of substrates employing the [Co,(CO),,]/CyNH,
system (Table 1).5 1) As was observed with the [Co,(CO);]/

catalyst system for a practical thermal Pauson - Khand reaction.[?!

their seminal studies on the

Product!'®l
[diastereomeric ratio, dr]

Yield [%]

Entry Substrate
thermal cyclizations of
[(HC=CH)Co,(CO)] com-
plexes with norbornene and its . EtO,C =
derivatives under a nitrogen 0L M
atmosphere.l''?l Generation of _
[Co4(CO);,] under these cycli- BOL
zation conditions in aromatic 2 F10C A\
solvents, such as toluene and tOTBS
benzene, was also indicated by _
the isolation of [(arene)Coi 3 MeO.C .
(CO),] complexes. o<l MeO2C

In our continuing studies on TSN/%

the Pauson-Khand reaction, 4 K\

we observed that cyclizations
can be effected using catalytic
quantities of commercially
available [Co,(CO)g] under
one atmosphere of CO. The 7
efficiency of this process was
further enhanced by the addi- 3

tion of cyclohexylamine
(CyNH,).P" Tt was later discov- TBSO
ered that, in the presence of 9 ﬁ nBu
added cyclohexylamine, sub-
.. . N\
stoichiometric  amounts  of
TBSO

[Co,(CO)s] were sufficient to
catalyze the Pauson—-Khand re- 10
action under an N, atmos-

10

nPr

1 EtO,C E o 1 92, 940!

EtO,C

EtO,C = o
2 EtOzc><:|% 12 [>20:1] 64

OTBS

MeO,C

3 MeO.C o 13 92, 70,c! 89,141 55l

K

4 (R=H) TsNﬁ o 14 88l
5 (R=nPr) 15 81
R
6 (R=H) %o 16 85, 70,141 5[¢]
TBSO
7 (R :nPr) 17 [1 :1] 91
TBSO.
8 mo 18 [4:1] 80
TBSO nBu
9 Cig o 19[1:1] 56,11 61
TBSO
>©i\: o 20 [1:1] 441300

phere.'”l In these studies, we
speculated an additive-derived
stabilization of reaction inter-
mediates originating from its
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[a] Reactions were carried out at substrate concentrations of 0.05M in DME using 10 mol % [Co,(CO),,] and
60 mol % CyNH, under a CO atmosphere at 70 °C. Reactions lasted typically 13—18 h. [b] 5 mol % [Co,(CO),,],
30 mol % CyNH,. [c] With pyridine. [d] In dichloroethane. [e] In isooctane. [f] 30 mol % [Co,(CO);,], 60 mol %
CyNH,. TBS = tert-butyldimethylsilyl.
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CyNH, system, good to excellent yields were obtained from
enynes with significant Thorpe —Ingold properties (entries 1,
3-5, 8), although a lower yield was obtained from an enyne
bearing a disubstituted olefin (entry 2). With the present
catalyst system, a complete cyclization of enyne 7 was
achieved using only a 10/60 ratio of [Co,(CO),,]/CyNH,
whereas, with the [Co,(CO)]/CyNH, system, a 30/60 ratio
of [Co,(CO);]/CyNH, was necessary. Similarly, enynes bear-
ing internal alkynes and lacking significant Thorpe —Ingold
assistance (entry 9) or which are sterically hindered (entry 10)
needed higher catalyst loading (for example 30 mol %) for
complete reactions, albeit still in modest yields. In our efforts
to improve the cyclizations depicted in entries9 and 10,
pyridine was substituted for cyclohexylaminel'” but essen-
tially identical results were obtained. Pyridine is one of the
Lewis bases known to induce disproportionation of [Co,-
(CO);] and [Co,(CO);,] . In contrast, cyclization of enyne 3
with pyridine as the additive was found to be inferior to
cyclohexylamine (entry 3). An intermolecular version of this
[Co,(CO),,]/CyNH,-catalyzed cyclization was also demon-
strated by the reaction of phenylacetylene and the reactive
alkene norbornene to give the cycloadduct in 97 % yield

[Eq. (1)].

Z& + Ph—=

5 equiv

10 mol% [Co4(CO)12]

H
wph @

60 mol% CyNH,
0.05 M DME, 1 atm
CO,70°C,135h

We have therefore shown that efficient cycloadditions of
enynes could be attained using catalytic amounts of [Co,-
(CO);,], with cyclohexylamine enhancing the reaction effi-
ciency. These findings further exemplified the utility of
additives, such as amines, in improving the catalytic efficiency
of cobalt carbonyls in Pauson— Khand reactions. In the early
studies on the thermal decomposition of [Co,(CO)s] (in
toluene), Ungvary and Marko showed that coordinatively
unsaturated [Co,(CO),] fragments are necessary for the
formation of [Co,(CO);,].%1 Hence, an atmosphere of CO
or the presence of coordinating ligands, such as CyNH, would
be expected to inhibit the formation of these fragments and,
consequently, the dimerization to the tetranuclear cluster. On
the contrary, it had been suggested that only at high CO
pressures would formation of the dinuclear cobalt carbonyl be
effectively favored from [Co,(CO),,].?"

To further elucidate this observed reactivity, we examined
the cyclizations of enyne 1 using [Co,(CO),,] in the absence of
additives in solvents commonly used in Pauson-Khand
reactions (Table 2). Although we intended to confirm its lack
of reactivity under our reaction conditions, we discovered
otherwise that [Co,(CO),,] catalyzes the cycloaddition in a
number of solvents under normal laboratory conditions, in
which the highest catalytic efficiency was observed in 1,2-
dichloroethane (DCE) and isooctane. Interestingly, Pauson
and co-workers isolated [Co,(CO);,] from stoichiometric
Pauson —Khand reactions in isooctane as the solvent.l''a] For
comparison, cyclization efficiencies in DCE and DME under

3824
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Table 2. [Co,(CO),,] and [Co,(CO);] catalyses in different solvents.?]
nPr

E><T%m:’r . 5mol% 0.05 M solvent E><:E>:O @

E catalyst  7p°c,1atmco E

N ~15h

1 11

Entry Solvent [Co,(CO)y,) [Co,(CO)s)
Yield [%] TONP!  Yield [%] TONII
1 11 1 11

1 dimethyl sulfoxide 93 - 0 94 -

2 acetonitrile 61 35 6.9 76 9 1.7

3 dichloromethane 47 - 0

4 dichloroethane - 68 14.3 29 26 5.0

5 - 37 3.7

6 - 504 24

7 tetrahydrofuran - 21 44

8 1,2-dimethoxyethane - 23 4.4 9 41 7.8

9 590l 6.0 - 820 8.3

10 toluene 86 9 1.9

11 n-hexane 24 37 6.2

12 n-heptane 30 41 8.7

13 isooctane - 59 12.5 31 19 33

14 - 61 6.5 - 574 2.6

[a] In [Eq. (2)], E = CO,Et, catalyst = [Co,(CO),,] or [Co,(CO)g]. [b] Turnover
number (TON) is the mole ratio of product to catalyst. [c] 10 mol%.
[d] 20 mol %.

the reaction conditions described in Table 1 are comparable
(see entries 3 and 6). However, under these catalytic con-
ditions, no cyclization was evident in dimethyl sulfoxide
(DMSO), presumably due to the formation of inactive
DMSO -cobalt complexes.'’l Owing to its strong coordinat-
ing ability, DMSO possibly formed complexes with [Co,-
(CO)y,] or its degradation products which were inert toward
catalysis in the Pauson-Khand reaction. On the contrary,
DMSO has been widely used as an additive to promote
Pauson—Khand reactions in benzene of [(alkyne)Co,(CO)]
complexes (40°C, air)'’l and of [ (allylpropargylsulfide)Co,-
(CO)g4] complexes (60°C, O,) in the presence of dimethylsul-
fide as a coligand.['’¥ These suggest that DMSO is beneficial
to [(alkyne)Co,(CO),] complexes, which renders them more
reactive towards alkene coordination, but is detrimental to
[Co,(CO)s] and [Co,(CO),,] complexes. As was already
demonstrated by Kim and Chung, [Co,(CO);,] did not exhibit
any catalytic activity in dichloromethane under one atmos-
phere of CO and optimal catalysis was only achieved at 150°C
and 10 atm of CO.M In contrast, [Co,(CO)s] exhibited its
highest catalytic activity in DME.I'"8] A subsequent increase in
yield was noted for cyclizations in DME when higher amounts
of [Co,(CO),] were used (entries 8 versus 9), although less
notably in dichloroethane (entries 4-6) and isooctane (en-
tries 13 -14).

The observed reactivity of [Co,(CO),,] at 70°C and one
atmosphere of CO suggested that, under our conditions, it
probably underwent disproportionation into [Co,(CO)y] or a
similar catalytically active cobalt species.'”! Although gener-
ation of [Co4(CO);,] under the [Co,(CO)g]-catalyzed condi-
tions has been only assumed, we have discounted the
assumption that [Co,(CO),,] is inactive toward the Pauson—
Khand cyclizations under mild conditions, such as a normal
pressure of CO and a lower temperature. Thus, [Co,(CO),,]
can now serve as an alternative for [Co,(CO)g], which is more
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prone to air oxidation,?”l and possibly [Cos(CO)o(us-CH)].BY
It is also noteworthy that commercially available samples of
[Co,(CO);,] were used without purification and found to be
catalytically efficient.l??

In conclusion, we demonstrated that, contrary to common
belief, [Co4(CO),,] catalyzes the Pauson-—Khand reaction
under very practical laboratory conditions (70°C, 1 atm CO).
Its catalytic efficiency was further enhanced by the utility of
an additive, such as cyclohexylamine, which possibly facili-
tated its disproportionation into and promoted preservation
of the catalytically active cobalt species. Finally, we have
provided the first practical procedures using the commercially
available and more stable [Co,(CO);,] cluster as a catalyst
precursor. Studies on reactions using this cluster are under-
way.

Received: May 18, 2000
Revised: July 24, 2000 [Z15144]

[1] For reviews, see: a) P. L. Pauson, Tetrahedron 1985, 41, 5855; b) P. L.
Pauson in Organometallics in Organic Synthesis, Aspects of a Modern
Interdisciplinary Field (Eds.: A. de Meijere, H. tom Dieck), Springer,
Berlin, 1988, p.233; c) N. E. Schore, Chem. Rev. 1988, 88, 1081;
d) N. E. Schore, Org. React. (N.Y.) 1991, 40, 1; e) N. E. Schore in
Comprehensive Organic Synthesis, Vol. 5 (Eds.: B. M. Trost, I. Flem-
ing), Pergamon, Oxford, 1991, p. 1037; f) N. E. Schore in Compre-
hensive Organometallic Chemistry II, Vol. 12 (Eds.: E. W. Abel, F. A.
Stone, G. Wilkinson), Elsevier, New York, 1995, p. 703; g) O. Geis,
H. G. Schmalz, Angew. Chem, 1998, 110, 955; Angew. Chem. Int. Ed.
1998, 37, 911; h) S. T. Ingate, J. Marco-Contellas, Org. Prep. Proced.
Int. 1998, 30, 123;1) N. Jeong in Transition Metals in Organic Synthesis,
Vol. 1 (Eds.: M. Beller, C. Bolm), Wiley-VCH, Weinhem, 1998, p. 560;
j) Y. K. Chung, Coord. Chem. Rev. 1999, 188, 297; k) K. M. Brum-
mond, J. L. Kent, Tetrahedron, 2000, 56, 3263.

[2] A general review on tetranuclear clusters contains many references to
[Co4(CO)y,]): a) P. Chini, B. T. Heaton, Top. Curr. Chem. 1977, 71, 3;
see also: b) R.D.W. Kemmitt, D.R. Russell in Comprehensive
Organometallic Chemistry, Vol. 5 (Eds.: E. W. Abel, F. A. Stone, G.
Wilkinson), Pergamon, Oxford, 1982, p. 7.

[3] a) P.Magnus, L. M. Principe, M. J. Slater, J. Org. Chem. 1987, 52, 1483;
b) V. Rautenstrauch, P. Megard, J. Conesa, W. Kuster, Angew. Chem,
1990, 102, 1441; Angew. Chem. Int. Ed. Engl. 1990, 29, 1413.
[Co,(CO),,] was claimed to be inert toward enynes, thus, in the
Pauson—Khand reaction. However, its reactivity with alkynes was
previously documented. [Co,(CO);,] react with alkynes to yield
[ (alkyne)Co,(CO),y] complexes. Under the normal Pauson-Khand
reaction conditions, this complex might be expected to decompose to
an [(alkyne)Co,(CO)s] complex, a requisite initial complex for the
Pauson-Khand reaction, and cobalt carbonyl fragments: a) R.S.
Dickson, G. R. Tailby, Aust. J. Chem. 1970, 23, 229; b) R. S. Dickson,
P. J. Fraser, Adv. Organomet. Chem. 1974, 12, 323; c) For a review on
alkyne cobalt complexes, see ref. [2b], p. 192; d) V. Cadierno, M. P.
Gamasa, J. Gimeno, J. M. Moreto, S. Ricart, A. Roig, E. Molins,
Organometallics 1998, 17, 697.

[5] Additives were used as co-ligands to presumably stabilize the working
intermediates throughout the reaction and prevent dimerization of the
active cobalt species: a) phosphite and phosphane: N. Jeong, S. H.
Hwang, Y. Lee, Y. K. Chung, J. Am. Chem. Soc. 1994, 116, 3159;
b) cyclohexylamine: M. E. Krafft, L. V. R. Boiiaga, C. Hirosawa,
Tetrahedron Lett. 1999, 40, 9171; see also: c) M. E. Krafft, C.
Hirosawa, L.V.R. Bofaga, Tetrahedron Lett. 1999, 40, 9177,
d) D. B. Belanger, T. Livinghouse, Tetrahedron Lett. 1998, 39, 7641;
e) T. Sugihara, M. Yamada, H. Ban, M. Yamaguchi, C. Kaneko,
Angew. Chem. 1997, 109, 2884; Angew. Chem. Int. Ed. Engl. 1997, 36,
2801; f) phosphane sulfide: M. Hayashi, Y. Hashimoto, Y. Yamamoto,
J. Usuki, K. Saigo, Angew. Chem. 2000, 112, 645; Angew. Chem. Int.
Ed. 2000, 39, 631; g) DME and water: T. Sugihara, M. Yamaguchi,

—
e

(6]
(7]

8

—_

]

(10]

(1]

[12]
[13]

[14]

(15]

[16]

Synlett 1998, 1384; h) For a chiral bisphosphine, see: K. Hiroi, T.
Watanabe, R. Kawagishi, I. Abe, Tetrahedron Lett. 2000, 41, 891.

B. L. Pagenkopf, T. Livinghouse, J. Am. Chem. Soc. 1996, 118, 2285.
High operating temperatures and CO pressures were envisioned to
prevent the formation of inactive cobalt species or clusters and favor
the regeneration of [Co,(CO)g] or active cobalt catalyst. a) No
reaction proceeded under five atmosphere of CO. J. W. Kim, Y. K.
Chung, Synthesis 1998, 142. See also ref. [3b].

Under supercritical fluids, it was believed that the catalytic metals
would be well dispersed and the chances of their aggregation would be
substantially reduced: a) supercritical CO,: N. Jeong, S. H. Hwang,
Y. W. Lee, J.S. Lim, J. Am. Chem. Soc. 1997, 119, 10549; b) super-
critical ethylene: N. Jeong, S. H. Hwang, Angew. Chem. 2000, 112, 650;
Angew. Chem. Int. Ed. 2000, 39, 636.

a) N. Y. Lee, Y. K. Chung, Tetrahedron Lett. 1996, 37, 3145; see also:
b) T. Rajesh, M. Periasamy, Tetrahedron Lett. 1998, 39, 117; T. Rajesh,
M. Periasamy, Organometallics 1999, 18, 5709.

a) G. Bor, U. K. Dietler, J. Organomet. Chem. 1980, 191, 295; b) G.
Bor, U. K. Dietler, P. Pino, A. Poe, J. Organomet. Chem. 1978, 154,
301; ¢) F. Ungvary, L. Marko, J. Organomet. Chem. 1974, 71,283;d) F.
Ungvary, L. Marko, Inorg. Chim. Acta 1970, 4, 324; e) M. F. Mirbach,
A. Saus, A. M. Krings, M. J. Mirbach, J. Organomet. Chem. 1981, 205,
229.

a) L. U. Khand, G. R. Knox, P. L. Pauson, W. E. Watts, M. 1. Foreman,
J. Chem. Soc. Perkin Trans. 1 1973, 977; b) 1. U. Khand, G. R. Knox,
P. L. Pauson, W. E. Watts, J. Chem. Soc. Chem. Commun. 1971, 36;
¢) I. U. Khand, G. R. Knox, P. L. Pauson, W. E. Watts, J. Chem. Soc.
Perkin Trans. 11973, 975.

M. E. Krafft, L. V. R. Bonaga, Synlett 2000, 959.

For a review on the utility of Lewis bases in the Pauson-Khand
reaction, see: a) T. Sugihara, M. Yamaguchi, M. Nishizawa, Rec. Res.
Devel. Organomet. Chem. 1999, 2, 13, and references therein; b) T.
Sugihara, M. Yamaguchi, M. Nishizawa, Rev. Heteroatom Chem. 1999,
21, 179. The Lewis base character of amines is also believed to
facilitate the decarbonylation step to generate a vacant site on the
cobalt center and thereby speeding up the reaction. See ref. [Se].
Both [Co,(CO)g] and [Co,(CO),,] are known to undergo dispropor-
tionation upon reaction with Lewis bases. [Co,(CO);: a) F. Calder-
azzo, R. Ercoli, G. Natta in Organic Syntheses via Metal Carbonyls,
Vol. 1 (Eds.: I. Wender, P. Pino), Interscience-Wiley, New York, 1968,
Chapter 1; b) I. Wender, H. W. Sternberg, M. Orchin, J. Am. Chem.
Soc. 1952, 74,1216; [Co,(CO),]: ref. [2a], p. 56. Kinetic studies on the
disproportionation of [Co,(CO);] induced by nitrogen-containing
bases, such as cyclohexylamine, was also reported: c) E. Mentasti, E.
Pelizzetti, R. Rossetti, P. L. Stanghellini, [norg. Chim. Acta. 1977, 25,
7; for a review on Lewis-base —metal-carbonyl complexes see: d) T.
Manuel, Adv. Organomet. Chem. 1965, 3, 181.

Representative experimental procedure: In a vessel equipped with a
three-way stopper and a balloon of CO, a mixture of enyne 1 (31 mg,
0.11 mmol) and [Co,(CO);,] (3 mg, 0.05 mmol, 5 mol % ) was pumped
briefly and purged three times with CO. DME (1.2 mL) and CyNH,
(3.6 uL, 0.03 mmol, 30 mol %) in DME (1.0 mL) were added succes-
sively and the resulting deep purple solution was heated at 70°C for
13 h. Upon completion of the reaction, the brown mixture was cooled
to room temperature, diluted with 3 mL of 10% ethyl acetate in
hexanes and filtered under reduced pressure through a pad of silica
gel. Subsequent removal of the solvent and purification by flash
chromatography (SiO,, 20 % ethyl acetate in hexanes) afforded 32 mg
of bicyclopentenone 11 (94% yield) as a colorless oil. DME was
purified by refluxing over sodium in a continuous still and was freshly
distilled prior to use. Precautions were also taken to avoid introduc-
tion of air into the system. [Co,(CO)g] and [Co,(CO);,] were
purchased from Strem Chemicals Boston, MA, USA and were used
without purification. All reactions were performed in base-washed
glassware.

References for enynes and their corresponding cycloadducts: entry 1:
T. Kondo, N. Suzuki, T. Okada, T. Mitsudo, J. Am. Chem. Soc. 1997,
119, 6187; entry 2: ref. [18a]; entries 3 and 4: ref. [6]; entries 5 and 7:
M. E. Krafft, A. M. Wilson, O. A. Dasse, B. Shao, Y. Y. Cheung, Z. Fu,
L. V. R. Bonaga, M. K. Mollman, J. Am. Chem. Soc. 1996, 118, 6080;
entry 8: S. Shambayati, W. E. Crowe, S. L. Schreiber, Tetrahedron Lett.
1990, 31, 5289; entry 9: ref. [12]; entries 6 and 10: ref. [5b]; entry 10:

Angew. Chem. 2000, 112, Nr. 20 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000 0044-8249/00/11220-3825 $ 17.50+.50/0 3825



ZUSCHRIFTEN

see also: P. Magnus, C. Exon, P. Albaugh-Robertson, Tetrahedron
1985, 41, 5861.

than cyclohexylamine. See: T. Sugihara, M. Yamaguchi, Synlett 1998,
1384.

[17] A rate-decelerating effect of DMSO was evident in the amine oxide- [19] It was reported that under 1 atm of CO, at 53°C a hexane solution of
promoted stoichiometric Pauson—Khand reaction, presumably due to [Co4(CO);,] would be converted to a solution in which 50% of the
the strong coordinating ability of DMSO as a ligand: a) M. E. Krafft, cobalt content is present as [Co,(CO)g] (¢, = 160 days).!%]

I. L. Scott, R. H. Romero, S. Feibelmann, C. E. Van Pelt, J. Am. Chem. [20] Upon exposure to air, [Co,(CO);,] oxidizes to a purple Co' species but
Soc. 1993, 115,7199; see also: b) K. M. Brummond, H. Wan, J. Kent, J. this proceeds at an appreciably slower rate than [Co,(CO)y]:
Org. Chem. 1998, 63, 6535. For DMSO as additive, see: c¢) Y. K. a) ref. [2b]; b) R. B. King in Organometallic Syntheses, Vol. 1 (Eds.:
Chung, B.Y. Lee, N. Jeong, M. Hudecek, P.LL. Pauson, Organo- J.J. Eisch, R. B. King), Academic Press, New York, 1965, p. 103.

metallics 1993, 12, 220; d) A. Stumpf, N. Jeong, H. Sunghee, Synlett [21] T. Sugihara, M. Yamaguchi, J. Am. Chem. Soc. 1998, 120, 10782.
1997, 205; e) N. Jeong, S. J. Lee, B. Y. Lee, Y. K. Chung, Tetrahedron Optimal catalysis of the methylidenetricobalt nonacarbonyl cluster
Lett. 1993, 34, 4027. was achieved in toluene at 120°C under 7 atm of CO. It is of interest

[18] Cobalt-catalyzed Pauson-Khand reactions are usually performed in that the use of the parent cobalt cluster, [Co,(CO);,], was not reported
DME. See refs.[Sa—d,7]. See also: a)D.B. Belanger, D.J.R. in these studies.

O’Mabhony, T. Livinghouse, Tetrahedron Lett. 1998, 39, 7637; b) B. Y. [22] Highly purified [Co,(CO)s] and [Co,(CO),,] were reported by Jeong

Lee, Y. K. Chung, Y. K. Jeong, Y. Lee, S. H. Hwang, J. Am. Chem. Soc.
1994, 116, 8793. For reactions in toluene, DME is a better additive

et al. to undergo spontaneous ignition upon exposure to air; ref. [8b].
See also ref. [Sb].

Nicolaou, K. C. [ Sorensen, E. J.
University of California, San Diego, USA

CLASSICS IN TOTAL SYNTHESIS
Targets, Strategies, Methods

1996. XXIll, 798 pages with 444 figures. Softcover.
DM 98.-/ £ 34.95

AU EH

CLASSICS IN
HYDROCARBON
CHEMISTRY

Technical University Braunschweig, Germany
CLAssICcS IN HYDROCARBON CHEMISTRY

Syntheses, Concepts, Perspectives

1999. IX, Approx 530 pages with approx 300 figures.
Softcover. o,
Approx DM 98.-/ £ 34.95

ISBN 3-527-29606-9

Publication date: December 1999

Carbon and Hydrogen: the two basic building
blocks can be combined in a million different
ways to create a plethora of fascinating

organic compounds. H. Hopf presents not only
the most remarkable structures and properties
of hydrocarbon compounds but also illustrates
how molecules such as Pagodane or
Dehydrobenzene challenge the synthetic skills
of every organic chemist. Graduate students
and researchers alike will find this book a gold ..
mine of useful information essential for their
daily work.

ISBN 3-527-29231-4 S

WILEY-VCH e P.0. Box 10 11 61
69451 Weinheim, Germany
Fax: +49 (0) 62 01 - 60 61 84
‘e-mail: sales-books@wiley-vch.de

John Wiley & Sons, Ltd. ® Baffins Lane
Chichester, West Sussex

PO 19 1UD, UK

Fax: +44 (0)1243-775878

SR

This book is a must for every synthetic chemist.
With didactic skill and clarity, K. C. Nicolaou and
E. Sorensen present the most Qllmarkable and
ingenious total synthesesJ"'E[om outstanding

synthetic organic chemists."-‘llm|II ,%\ i,

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000 0044-8249/00/11220-3826 $ 17.50+.50/0 Angew. Chem. 2000, 112, Nr. 20



