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Abstract: Intra- and intermolecular coupling reactions of Cop(CO)g-complexed propargyl radicals have been realized providing
cyclic and acyclic 1,5-alkadiynes in moderate yield and moderate to good diastereoselectivity (44-80%).

The ability of organometallic fragments to dramatically influence the stability/reactivity of coordinated
molecules and ions is well-documented and of central importance in organic synthesis. However, despite the
recent renaissance in organic radical chemistry, the reactivity of carbon-centered organometallic radicals is
almost unknown.! While investigating the chemistry and synthetic utilization of Co3(CO)g-complexed
propargyl cations (e.g. 2),2 we have turned our attention to the chemistry of the corresponding radicals 3. First
postulated as intermediates in the reaction of propargyl halides with C02(CO)83 and in some coupling reactions
of 2,4 the involvement of these radicals has been implicated recently in Mn-promoted additions to Co-
complexed 1,3-en—ynes.5 We now report that reduction of the readily available propargylium salts 26 provides
a novel and convenient source of (propargyl)Co,(CO)g radicals’ and that these species enter into efficient inter-
and intramolecular coupling reactions, affording a useful route to acyclic and cyclic 1,5-alkadiynes.

Initial experiments utilized the phenyl-substituted complex 2 and granular zinc (30-100 mesh) as the
reductant. Thus, 2 (0.1M in CH2Cl3), derived from protonation of alcohol 1 at -40 °C,6 was stirred at r.t.
with an equimolar amount of Zn. Complete conversion was achieved within an hour, producing easily
separable (SiO9, pentane) di/meso diastereomers 4 and 58 (75:25) in 76% overall yield from 1.
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The configuration of the major isomer 4 was established as di by X-ray diffraction (Fig.1).

Figure 1. ORTEP diagram of di-4
Decomplexation of 4 and § with cerium(IV) ammonium nitrate (CAN)9 produced dl- and meso-3,4-diphenyl-
1,5-hexadiynes, respectively, each in 87% yield.

A preliminary assessment of the scope of the intermolecular reactions was carried out using the above
(unoptimized) conditions. Thus, the primary cation complex 9 (R1=C7H15, R2=R3=H) produced from 6
reacted with Zn to give both coupling and H-atom abstraction products- 8,12-eicosadiyne complex 12 (21 %
from 9) and (2-decyne)Coo(CO)g (3.5 %). The secondary complex 10 (R1=R2=H; R3=CH3) underwent
reductive coupling exclusively to 13 (21% from alcohol 7) with a diastereoselectivity (72:28) similar to the Ph-
analog 2. Reductive dimerization of tertiary complex 11 (R1=H; R2=R3=CH3) derived from 8 was
unsuccessful, however, with the products of H-atom abstraction, [HC!CCH(CH3)2]C02(C0)6 (19 %), and

electrophilic coupling, [HCSCC(CH3)2CH2C(=CH2)C!CH][Co2(C0)6}2 (18 %), only being isolated.
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These intermolecular dimerizations are noteworthy in several respects. Firstly, due to the protection of
the triple bond by the Coy(CO)g-group, the radical(oid) species generated undergo regiospecific propargyl-
propargy! coupling in contrast to the regioisomeric mixtures observed in reductions of conventional propargyl
or allenyl substrates. 10 Secondly, reduction occurs under mild conditions (-40° --> +20°C) allowing the metal
cluster to survive and coupling to occur as the dominant pathway for primary and secondary substrates.
Thirdly, the significant diastereoselectivity observed (de 44, 50%) with the secondary substrates is rather
unusual for organic radical dimerizations, which typically show no smereoselectivity.11 Additionally, reductive
dimerization of (pentadienylium)iron- and (propargylium)Mo9- salts and reduction of (benzylium)Cr(CO)3
complexes with Grignard reagents produce dimerization products stereorandomly. !
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Perhaps of greater synthetic impact are intramolecular variants of the reductive coupling process
involving bis-radicals (Scheme 3).12 Thus the Ph-substituted dication complex derived from 14 (R=Ph, n=1)
was reduced [excess zinc (1:70), 0.005 M CH2Cl313 at 20 °C] producing 3.4-diphenyl-1,5-cyclodecadiyne
complex 17 (51%) as a 90:10 ratio of diastereomers. The stereochemistry of the products 17 was determined
by 1H NMR analysis of the lower symmetry derivatives, mono-Co2(CQ)g complexes cis- and trans-21,

which were obtained by controlled oxidation of 17 (CAN addition rate: 1eq/0.5hr at -78°C). The 3J(H,H)
values of 10.7 Hz and 4.6 Hz, respectively, allowed assignment of the dl-stereochemistry to the major isomer.
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This intramolecular coupling reaction exhibits remarkably high stereoselectivity (de 80%),14 although the
moderate yield does not exclude the possibility of selective destruction of the meso-isomer. Decomplexation of
17 with CAN proceeds rapidly at -78 °C (8 eq, 15 min) producing 3,4-diphenyl-1,5-cyclodecadiyne (20,
di/meso 88:12) in 91% yield. The present macrocyclization process has general promise for the efficient
synthesis of medium-sized 1,5-diynes as evidenced by the successful generation of the parent 10- and 9-
membered rings from primary alcohols 15 (R=H, n=1) and 16 (R=H, n=0), affording 18 (46%) and 19
(20%). Previously, 1,5-cyclodecadiyne and 1,5-cyclononadiyne have been synthesized by multistep schemes in
low overall yields (8 steps, 1.9% and 7 steps, 0.5%, rv.ee;pectively).15 In contrast, the Co-mediated approach
furnishes 10-membered monocyclic 1,5-alkadiynes in 4 steps with an overall yield of 20-23 %. These
reactions may benefit from the bent geometry of the coordinated C=C16 which serves to bring the reactive
radical centers in closer proximity and decreases ring strain in the macrocycle.

1,5-Alkadiynes and 1,5-cycloalkadiynes are important classes of organic compounds, serving as
substrates in the Co-mediated [2+2}17- and [2+2+2]18- construction of fused and bridged polycyclic systems,
as models for studying the through-space electronic interaction of two triple bonds,1? and because of their
relationship to the cyclic ene-diyne core of the potent antitumor antibiotics esperamicin, calicheamicin,
neocarzinostatin and dynemicin.20 The present reductive cyclization process provides a novel, flexible (i.e. ring
size and substitution pattern), and improved route to cycloalkadiynes along with new evidence of the unique
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reactivity associated with n-complexed radicals. Studies are underway to fully define the scope of these radical
coupling reactions, including their potential for producing cyclic ene-diynes.
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support of this research.
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