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The reactions of (propargylium)Co,(CO)s* complexes 1 with
nucleophiles provide a versatile method for regiocontrolled C-C
bond construction,! free from the allenic byproducts which plague
reactions of classical propargyl electrophiles. As the utilization
of these complexes in organic synthesis has expanded,? so has
interest in the prospects for controlling stereochemistry in their
reactions. Although highly digstereoselective coupling reactions
(generally from complexed aldehyde or acetal precursors) with
enol and allyl nucleophiles have been reported,’ facile racemization
of these cations has previously thwarted attempts to develop
general, enantioselective variants.4

Inan effort todevise a general enantioselective propargylation
scheme, we have investigated a novel approach (Scheme I)
involving chirality transfer from readily available, enantioenriched
propargyl alcohols® via conversion to diastereomeric dicobalt
complexes (propargylium)Co,(CO);L (e.g., 2, 3) which, in turn,
could control the stereoselectivity of nucleophilic attack. Fol-
lowing demetalation of the resulting alkylated complex, enan-
tiomerically enriched propargylated products would be produced.$
The success of this method depends on the configurational stability
of the chiral -(C=CR’)Co,(CO);L cluster fragment (no epimer-
ization at C2, C3 of the cluster) and on the diastereoselectivity
of its formation and subsequent reactions. Aninitialinvestigation
of the PPh; derivatives 2 showed that while they were more
configurationally rigid than 1 and were diastereoselectively
quenched with oxygen-centered nucleophiles, they proved un-
reactive toward mild, synthetically important carbon nucleo-
philes.? In search of more electrophilic complexes with retained
stereocontrolling capacity, a third generation system (3) possessing
the bulky, weakly o-donating, strongly #-accepting tris(1,1,1,3,3,3-
hexafluoroisopropyl) phosphite® ligand was sought. We now
report that complexes 3 couple diastereoselectively with mild
carbon nucleophiles and, most importantly, that when derived
from enantioenriched propargyl alcohols, these reactions occur
with virtually complete enantioselectivity, resulting from the
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complete configurational stability of the cobalt cluster.

The requisite phosphite alcohol complexes 4a—¢ were conve-
niently obtained (50-75%) by dropwise addition of P[OCH-
(CF3)2]3 (0.9 equiv in 1:2 Et;0/THF) to a warmed solution (50
°C, 3 h) of the corresponding hexacarbonyl complex (Scheme
IT). The diastereomeric products (1.3:1 for 4a/4a’; 1.6:1 for
4b/4b’; >20:1 for 4c/c’) are readily separated chromatograph-
ically (Florisil)!® and are configurationally stable for days at
room temperature. Although the diastereoselectivity in forming
the phosphite complexes 4 has not been optimized, the capability
of isomer recycle via carbonylation/rephosphination (vide infra)
moderates this limitation. The relative stereochemistry of the
major isomer 4a as shown in Scheme II was established by X-ray
diffraction.!! The electronic similarity of the P[OCH(CF3),];
and CO ligands is reflected in the M—CO IR bands of 4, which
are ca. 40 cm-! higher than the corresponding PPh; derivatives?
and comparable to those of the parent -Co,;(CO)s complexes.!2

Next, the cation salts 3 were generated, and their reactivity
toward carbon nucleophiles was established. Protonation of
racemic 4a—¢ [HBF4Et,0, (CH;CH,C0),0, -45 °C, ether
precipitation] provided 3a—cas red, moisture-sensitive solids which
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(11) Khan, M. A, unpublished resuits, 1992. Full details of the X-ray
structures of 4a and & including crystallographic tables will be provided in
a forthcoming full account.
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Table I. Alkyiation Reactions of [(Propargylium)Co,(CO)s{P(OR)3}][BF4] (3)

alcohol yield, %
entry nucleophile complex product (diasteromer ratio)
1 OSIM 4a’ O Ph 85
* ox(COIsL (19)
Ph Ph
55
2 4 2 47
2(CO)sL .
phw (1:1.2)
e
3 4 Ty 30
(1:1.2)
4 OSiMe3 4a Q Ph 90
f ﬁ A geatconst (1:1.1)
77
5 Me3SIO 4a’ o) Ph 73
3 7°2(00)va (1.7 1)
EtO &0 .
88
6 MegS 4a Ph 94
l\/\ A)\\?oz(co)sL (1:10.5)
LTy

@ Unoptimized; isolated after chromatography on Florisil. # Traces of two other isomers detected.

were used directly in subsequent reactions. In contrast to the
nonreactivity of PPh, derivatives 2, the phosphite derivatives 3
react readily (CH,Cl;, —40 °C to 0 °C) with mild carbon
nucleophiles, including trimethylsilyl enol ethers and allyltri-
methylsilane (Scheme II, Table I), to afford propargylated
complexes 5-9 and §'-9 in moderate to excellent yield.1o The
diastereoselectivity of the reactions ranges from modest to
excellent and clearly depends on both the nucleophilic partner
(cf. entries 1,5,6) and the a-substituent of the complex, Phvs Me
(cf. entries 1,2), with the former giving better results. Inter-
estingly, for the reactions of 2 and 3 studied to date, the
diastereoselectivity is qualitatively independent of the relative
stereochemistry of the alcohol precursor, suggesting formation
of a common cationic intermediate; cf. entires 2,3 and aqueous
quenching results of 3a!3 of 2.8 Moreover, the relative stere-
ochemistry of the major product, &, from the reaction of racemic
4a with 1-OTMS styrene (entry 1 and Scheme II) was shown by
X-ray diffraction to be inverted compared to the alcohol
precursor.l! Exclusive production of the (E)-isomer of 8/8 and
preferential formation of two of the four possible isomers of 7 is
also noteworthy.

To determine if the intermediate cations 3 resist the stereo-
chemically compromising racemization characteristic of the parent
-C0,(CO)¢ derivatives 14 and thus to assess the viability of the
approach of Scheme I for enantioselective synthesis, the reaction
of 1-OTMS styrene with optically active 4a’ was examined. The
latter was produced (along with its diastereomer 4a, 1.0/1.6,
65% yield) from (S)-HC=CCHPhOH (92% ee)!4 according to
Scheme III. Protonation of 4a’ followed by addition of the silyl
enol ether afforded ketone derivatives §/5’ (1:9) in 77% yield.
The major product §’ was carbonylated (65 psi CO, THF, 20 °C)
and then oxidatively decomplexed [(NH,),Ce(NO;)s/acetone/
-78 °C, 86% overall] to give HC=CCHPhCH,COPh, whose

(12) IR data: e.g., IR(hexane) 4a, 2089 s, 2045 s, 2033 5, 2003 sh cm™!;
(HCaeCCHPhOH)Co,(CO)s, 2095 s, 2057 s, 2033 s, 2017 sh cm-l;
({{CﬁcI CHPhOH)Co,(CO)s(PPhs) (ref 8a), 2045 s, 1995 s, 1990 s, 1985
sh cm-!.

(13) Similar isomer ratios are obtained from aqueous quenching of 3a
derived from 4a or 4a’: Caffyn, A.J.M.; Nicholas, K. M., unpublished results,
1992.

(14) Prepared by lipase-catalyzed acetylation /kinetic resolution of racemic
HC=CCHPhOH according to the general method of Burgess (ref 5a). The
(S) configuration was assigned on the basis of the sign of its [a] (ref 15).

(15) Issai, K.; Tomita, K. J. Pharm. Soc. Jpn. 1960, 80, 156.

enantiomeric purity was virtually identical to the original
HC=CCHPhOH, 91 £ 2% by Eu(hfacam); !H NMR analysis.
Furthermore, the absolute stereochemistry of the acetylenic ketone
wasestablished as (S) by chemical correlation,!!7 demonstrating
a net retention of stereochemistry at the propargylic carbon in
the conversion 48’ — §’. This result clearly indicates the stability
of the intermediate cations to cluster epimerization.

Thisstudy has demonstrated the capability of achieving absolute
stereocontrol in propargyl coupling reactions using a properly
designed chiral metal cluster. Although epimerization at the
propargylic carbon occurs to a varying degree in alkylations by
chiral 3, the resulting diastereomers are not racemized by virtue
of the configurational stability of the -(C==CR )Co,(CO);L cluster
core. Furthermore,the enantiomerically enriched diastereomeric
product complexes can be separated easily, affording optically
active alkylation products after demetalation. These results are
especially significant in light of the fluxionality and facile
racemization of many metal carbonyl clusters!® and suggest that
chiral polymetallic clusters may offer new and unique opportu-
nities in asymmetric synthesis.
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