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The enantioselective addition of terminal acetylenes to alde-
hydes or ketone$ affords direct access to optically active
propargyl alcohols which are useful, versatile building blocks that
enjoy wide application in chemical synthesis. The existing

methods for carrying out these enantioselective addition reactions

require the use of stoichiometric quantities of metalated acetyl-
enes, which have taken the form of boryl acetylides or, more
recently, in situ generated Zn(ll) alkynilidés?® In our continuing
interest in the development of mild, practical methods for
asymmetric C-C bond-formatiort® we have investigated the in
situ C—H activation of terminal acetylenes to give nucleophilic

carbanions that participate in catalytic, enantioselective additions
to aldehydes. Herein, we report the enantioselective addition of

terminal acetylenes to aldehydes, which is catalytic in both metal
and chiral ligand. This is the first time that Zicarbanions have
been added enantioselectively to aldehydes usinly catalytic
amounts of metal; previously, stoichiometrigZR has always
been employed.The propargylic adducts are isolated in useful
yields and excellent selectivities. Additionally, we document the
first example of an alkynilide addition to an aldehyde that can
be conducted solvent-free with 1.0 equiv of aldehyde and 1.05
equiv of alkynet As such, this volumetrically efficiehfprocess
exemplifies ideal atom econoniynot only because the two
reactants comprise the product but also since it obviates the us
of solvent.
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To date, the processes that have been reported for the

enantioselective additions of a wide range of nonstabilized

carbanions to carbonyls prescribe stoichiometric amounts of an
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organometal (RM, M= Zn, Ti, Mg, Li) or organometalloid (Si,

B, Sn) nucleophilé&.” Importantly, those processes which are noted
as catalytic, are catalytic in metahly with respect tahe active,
chiral complex that serves to activate the nucleophilic or elec-
trophilic reaction partners.With the exception of methods
proceeding via enolates reported by Shibasaki and Titosthe
best of our knowledge, a method to enantioselectively add in situ
generated carbanions to aldehydes which is truly catalytic in metal
is unprecedented.

We recently documented the enantioselective addition of Zn-
alkynilides to aldehydes using stoichiometric quantities of com-
mercially available Zn(OTf) (+)- or (—)-N-methylephedrine and
EtsN.1¢79 In analogy to the additions of &n in the presence of
chiral catalystsf the products were obtained in high enantiose-
lectivities, however, by contrast, the addition reactions of in situ
generated Zn-alkynilides were not catalytic. Even after numerous
investigations involving the use of additives and various ligands,
as well as variation of solvent, the reaction proved recalcitrant to
catalysis. We speculated that the lack of turnover was a conse-
quence of a kinetic barrier inhibiting protonation of the first-
formed Zn-alkoxide.

We subsequently determined that catalysis could be attained
by conducting the reaction at 6@ (Table 1)!° The catalytic
process displays wide substrate scope and is compatible with
functionality on both the alkyne and the aldehyde. At the current
level of development the addition works ideally witksubstituted
aldehydes! while unbranched unsubstituted aliphatic aldehydes
deliver products in high enantioselectivites and useful yields
(entries 5 and 16% With a,a-disubstituted aldehydes, the reaction
worked most efficiently when a 20 mol %:10 mol % ratio of
Zn(OTf),:(+)-N-methylephedrine was employed (entries 6 and
7)231n general, although the use of 20 mol % Zn(QTf)reliably
affords adducts in the selectivities and yields ndfede found
that the ligand could be reduced to as little as 5 mol % with
retention of high enantioselectivit§.The robust nature of the
process is underscored when it is noted that, even when the
reaction was conducted at 100, propargy! alcohol adduct was
produced in high % ee (entries 12 and 14). We have also observed
that the catalytic addition reaction is tolerant of moisture and air.
For example, when 4-phenyl-1-butyne was added to cyclohexane
carboxaldehyde under an atmosphere of air using freshly opened
bottle of ACS reagent-grade toluene (103 pprOHtontent by
Karl Fischer titration) the chiral propargy! alcohol was formed
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Table 1. Catalytic, Enantioselective Addition of Alkynes to Scheme 1
Aldehydes8 T™MSO OH
Enry | R'CHO | R'CCH | Time | Yield | ee™ ) H—=—-ve < OH
Me - ASS
1 ¢-CH,, Bn,NCH, 2h 91% 97% o  Catalyic |@) Acidic work-up md Me
Conditions o i o
2 Ph(CH,), 4h 89%  94% H 99% yield, 94%ee
e No Solvent OH
3 Ph 5h 9%  86% | e Q
ox | H——siEt, N SiEL,
4 i~Pr ™S yd Sh 77% 98% 87% yield, 91%ee
5 n-C:H, Ph(CH,), 20h* 45% 92% are worth noting: first, unlike the reaction in toluene, the solvent-
h free reaction did not require the prescdb®2 h mixing period
6 t-Bu 24h 7% 93% (Zn, ligand, and amine) to form the active complex, therefore
h reducing the overall time required for the reaction, and second,
7 TBSOCH, >h 81% 3% aqueous workup could be obviated, as direct transfer of the
Ej’\ contents of the reaction vessel onto a column of silica yielded,
8 c-CH,, oY %h 88%  94% after the chromatographic purification, analytically pure chiral
propargyl alcohol adduct.
9 n-CH, 6h° 81% 93% Finally, using the catalytic addition reaction it is possible to
access optically active dialkynyl methanols (eq 2). Thus, in
i preliminary results the addition of alkyrégo alkynall furnished
10 TMSOX;" 4h 80% 9% alcohol 3 in 89% ee. Such alcohols in which the ends of the
) alkynes are differentiated provide ideal building blocks that can
11 EtSi 7h 85% 96% be extensively synthetically elaborated, not only for use in
traditional total synthesis but also for materials applicatfon.
12 PL/ Bn,NCH, Sh' 80%  95%
TIPSO O
oH
- H
13 ¢-CH,, TBSOCH, Sh 88% 90% TBSO, caayic A @
M M We 1 Condltlons> = SiEt,
i + Me Me
3
14 { ; Bn,NCH, 5h 81%  94% He—=siEt, s oo
/ 2

& In conclusion, we have described the first process in which

15 U Ph(CH,), 6h 80% 93% terminal alkynes undergo addition to aldehydes in up to 99% ee
== using truly catalytic quantities of metal and ligand. The procedure

is practical, facile, and utilizes reactants that require no prior
preparation; moreover, the Zn(ll) salt and both enantiomers of

a20 mol % Zn(OTf), 22 mol % (+)-N-methylephedrine, 50 mol % :hle C?Iral. Ilgagd a_ret CommderC|aIIy avallabli_.l TE? Cong'}'o?;
EtN, 1.2 equiv alkyne, and 1.0 equiv (0.5 mmol) aldehyde in toluene '©'€rat€ alr and moistureé and are very versatiie, thus, while the

(1 M) at 60°C. b For entries 4, 711, 13, and 15 the adducts were general procedure described works well for a variety of substrates,
converted to their 3,5-dinitrobenzoate esters and then analyzed by HPLCthe range of reaction conditions that can be employed is
using Chiralcel column; for all other entries the ee was determined sufficiently broad to allow the relative amounts of Zn(ll) and
directly by Chiralcel HPLC analysi$.Absolute configuration of the  ligand to be varied. The flexibility of the method is especially
products was established by correlation with known compounds or by highlighted by the fact that the addition can be conducted at
ey e ki roposms o s cecton atine w25 , {eTeTaLUreS a5 igh as 100 to afford products in excellen
h10 mol % ¢+)-N-methylephedrine was usedyield and ee shown yields and %ee. We_have als_o_ demonsj[rated the f"?‘ examp_le of
for the desilylated product. a solvent-free alkynilide addition reaction that furnishes chiral
propargyl alcohols as useful building blocks with excellent

in 79% yield and 92% ee (cf. Table 1, entry 2). All of these results €nantioselectivity. As such the process epitomizes the concept
demonstrate that the system is highly versatile and amenable toof atom economy. Further studies are underway and will be
fine-tuning of conditions for optimization of selectivity for a given ~reported in due course.

substrate.

To maximize the practicality and efficiency of the catalytic
reactlon, we subsequentlly embarked on a study a'.mEd at examin- Supporting Information Available: Experimental details and char-
ing whether alkyne addition could be conducted in the absence ,¢terization for all new compounds (PDF). This material is available free
of solvent. In this respect, excellent yields and enantioselectivities of charge via the Internet at http:/pubs.acs.org.
were achieved in a reaction mixture consisting of 1.0 equiv of
aldehyde and 1.05 equiv of alkyne along with catalytic quantities JA016378U
of Zn(ll), amine, and ligand (Scheme 1). A number of observa- " (17)Modern Acetylene Chemisirgtang, P. J., Diederich, F., Eds.; VCH:
tions which attest to the advantages of the solvent-free systemweinheim, 1995.

16 nCH, BnNCH, 240 55%  91%
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