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Abstract

A novel one-step reductive dimerization of Co-complexed propargyl alcohol 5 has been developed producing dl- and meso-(3.4-di-
phenyl-1,5-hexadiyne)-bis-dicobalt hexacarbonyl (8.9) with unprecedented diastereoselectivity of 90%. A tandem action of a variety of
one-electron /hydride ion donors and Briinsted Lewis acids has been tested both in one- and two-step methods with the latter inciuding

the isolation of propargy! cation 1. © 1997 Elsevier Science S.A.
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1. Experimental

In connection with our program investigating the
chemistry and electronic nature of irunsition metal com-
plexed reactive intermediates [1! v swadied an equilib-
rium between Co,(CO) -complexed propargyl cation 1
and now-classical triphenylmethy! cation 2 [2]. To our
surprise, we found that o chemical reaction occurs
affording dimeric product 3. Its formation can be inter-
preted in terms of one-electron transfer to propargyl
cution 1 and subsequent coupling of cobali-complexed
propurgyl radical 4. This observation prompted us to
examine various classes of organic compounds as
prospective one-electron donors, and to establish di-
astereo- and chemoselectivities of the reaction, i.e. sin-
gle electron transfer (SET) vs, hydride ion transfer
(HIT). We report herein a novel one-step dimerization
of Co-complexed propargyl alcohol mediated by
Brénsted /Lewis acids and mild hydride ion donors,
such as, tetrahydrofuran (THF) (Scheme 1).

The overall mechanism of the process is depicted on
Scheme 2 with THF acting as a one-electron/hydride
ion source. The first step includes a treatment of Co-
complexed propargyl alcohol 5 with HBF, [3] und isola-
tion of the cation 1 as a dark-red powder in 85% yield.
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At the second step, a solution of cation 1 in CH,Cl, is
treated at ambient temperature with a two-fold excess of
THF or other donors (Table 1). While the mechanistic
experiments are underway, the temtative hypothesis in-
cludes the coordination of ‘hydride ion” with cationic
center and formation of the transition state 6 with
bridging hydrogen atom and three-center, two-c¢lectron
molecular fragment. Alternative pathways are repre-
sented by a single electron transfer generating Co- -ome
plexed propargy! radical 4 and a hydride ion transfer
affording hydrocarbon 7 [4]. The former undergoes an
intermolecular dimerization producing diastereomers of
Co-complexed 3.4-diphenyl-15-hexadiyne 8 and 9 [5].
Crucial parameters of the process are chemo- and di-
astereoselectivities indicated by ratios of SET (8 +9 +
10): HIT (7) products and dl-(8): meso-(9) isomers,
respectively. We found that SET and HIT are competi-
tive processes with the former one being inversely
proportional to hydridic character of donor molecul.
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Thess, 1.4-cyclohexadiene and tributyltin hydride act as
efficient hydride ion donors resulting in preponderant
formation of hydrocarbon 7 (SET:HIT 39:61 and 4:96,
respectively), To the contrary, milder hydride ion donors
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(Table 1) allow for a one-electron reduction to become
a major reaction path. Among those tested, the most
efficient reagents are THF and 1,3-dioxclane providing
better yields (46% and 38%) and excellent chemo-
(SET:HIT 99:1 and 94:6) and stereoselectivities (de
90% and 90%). It is noteworthy that the level of
stereocontrol achieved in these reactions is rather un-
precedented both for organic {6-8] and organometallic
[9-12] radical dimerizations mostly occurring stereoran-
domly. Recent Zn-mediated coupling of Co-complexed
propargyl cations occurs with de of 50% and constitutes
the highest diastereoselectivity ever reported [13] A
remote analogy to the observed phenomenon is repre-
sented by an amply documented bridged electron trans-
fer between transition metal ions [14). The process is
central to biology and chemistry [15] with halide atoms
and hydroxy and cyano groups serving as monatomic
bridges [14).

To make the THF-induced reductive dimerization
more attractive from the synthetic viewpoint, we devel-
oped its one-step rersion, i.e. direct coupling of propar-
ol alcohol 8 withowr isolation of the intermediate
carbocation 1, The method includes a tandem use of
hydride ion donors and Brinsted /Lewis acids, and the
major obstacle here is their compatibility. Multiple
combinations of both components were tested and the
best ‘matching pair® appeared to be THF/HBF,. An
optimized procedure includes the treatment of Co-com-
plex § with two-fold excess of HBF, and THF
ambient temperature in CH,CI, (4.5h). The formation
of HIT product 7 was not observed at all. whereas
dimerization oceurs in a good yield (47%) producing
diustercomers 8 and 9 in ratio of 95:5. The process
features o remurkuble simplicity combined with high
chemo- and stereoselectivities [16). Analogous results
were obtained with 1. 3-dioxolane /HBF, pair. Other
acids were less efficient resulting in lower yields and
decreased stereoselectivity (Bronsted/Lewis acid. de,
yield: BF, - Et,0, 84, 26: Tf,0, 88, 24: TsOH. 72. 3).

To prove that the observed diustereoselectivity is
genuine and not resulted from selective destruction of
one stereoisomer, we carried out a control experiment
with an increased five-fold excess of HBF,. The ratio of
isomeric dimers remained the same indicating that sta-
bility of isomers is comparable under reaction condi-
tions. Another piece of evidence is provided hy compar-
ison of the stereochemical outcome in one- and two-step
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processes. The latter is carried out in the absence of
HBF,, and higher de value can be anticipated if acid-in-
duced selective decomposition does take place. In fact,
diastereoselectivity remains the same (90%), as well as
the yield of coupling products does (46—-47%) (Scheme
3).

We also developed the ‘column-chromatographic’
version of the parent reaction that includes filtration of
alcohol 5 through Amberlyst-packed column (H*-form)
with THF as a coeluent. Although both yield and di-
astereoselectivity dropped (18%, de 44%), the method
nevertheless affords dimeric product and further opti-
mization can make it competitive with ‘in-flask™ proce-
dure.

2. Representative experiment

dl- and meso-pu-n°-(3,4-Diphenyl-1,5-hexadiyne)-
bis-dicobalt hexacarbonyl (8,9).

Under nitrogen atmosphere, a solution of complex §
(105 mg. 0.25 mmol) and THF (36 mg, 0.5 mmol) in
CH,Cl, (2.5 mL. 0.1M) was cooled down (- 5°C) and
reated with HBF, - Et,O (74 plL. 81 mg, 0.5 mmol).
The reaction mixture was allowed to warm over to room
temperature (30 min) and stirred for 4.5h (TLC control).
The products 8 and 9 were isolated by column chro-
matography (Florisil, anaerobic conditions, 60-100
mesh, 14 g. PE). Obtained were 8 and 9 (47 mg. 47%.
95:5, de 90%) as dark-red crystals which were identical
by physico-chemical and spectral (TLC. NMR, FAB)
data with authentic samples synihesized according to
known procedure [13].
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