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We report the first example of enantioselective and diastereoselective aldehyde additions of propargyl acetate to aldehydes using the methodology
recently reported from our laboratories. Subsequent O-silyl protection, Pd-catalyzed isomerization, AcOH addition, and hydrolysis result in
optically active y-hydroxy o.f-unsaturated aldehydes as powerful building blocks.

Chiral allylic alcohols are powerful building blocks for

direct access to natural products, such as the oxylipins (e.g.,

asymmetric synthesis as they possess useful stereodirectingonstanolactones A and B)r hybrid antibiotics (e.g.,
influence in a number of chemical transformations such as decarestrictine D}.A variety of methodologies have been
hydroxyl-directed epoxidations, cyclopropanations, and hy- reported for the synthesis of-hydroxy o,S-unsaturated
drogenation. The presence of a carbonyl functionality in carbonyl derivatives, including asymmetric dihydroxylation

conjugation with a &C bond widens the scope of applica-

and subsequent dehydration Bfy-unsaturated carbonyl

tion and synthetic importance of this class of compounds to derivatives] photoinduced rearrangement @f3-epoxy di-

include 1,4-additions and cyclizatiohsln this respect,
y-hydroxy a,B-unsaturated carbonyl compounds provide
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azomethyl ketonesplefination ofa-hydroxy aldehyde%and
condensations of optically active sulfinyl acetates with
aldehydes (the “SPAC” reactioh}Herein we report an atom-
economical process that provides ready access to optically
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active y-hydroxy a.8-unsaturated aldehydes. The process ||| N
combl_nes tWC_) mOde.”_" synthetic methods: (1) the direct, Table 1. Enantioselective Additions of 2-Propargy! Acetate
enantioselective addition of propargyl acetate to aldehydes, ajgehydes1—6>

mediated by Zn(ll), BN, and (+)- or (—)-N-methylephedrine

to afford optically active propargylic alcohols followed by ™Y R yield (8713)  selectivity
(2) Pd-catalyzed rearrangement and addition of HOAc 1 i-Pr 95% (8) 96% ee
(Scheme 1). 2 c-CeH11 88% (9) 97% ee
3 t-Bu-CH> 68% (10) 97% ee
4 (S)-CH3CH(OTBS) 70% (11) 97:4 dr
| 5 P 57% (12) 97% ee
Scheme 1 6 TBSOCH,* 54% (13) 88% ee
o OH aThe addition reaction was conducted using 1.1 equiv of Zn(Tfp
equiv of (+)-N-methylephedrine, 1.2 equiv ofsBf and 1.2 equiv of
RJ\H + /OAC ™ R \\ OA propargyl acetate in toluene at room temperatfifeollowing addition of
} ¢ aldehyde, the reaction times were 3 h for entries +4 and 16 h for entry
OR 5; for entry 6, the aldehyde was added over 24 The % ee was determined
= by conversion of the adducts to the corresponding MosReMTPA esters.
R CHO In all cases, thé®F NMR of both enantiomers were determinédJsing

4.2 equiv of Zn (OTf), 3.2 equiv of (+)-N-methylephedrine, 3.2 equiv of
EtsN, 3.2 equiv of propargyl acetate in toluene at room temperatiysing
2 equiv of Zn (OTf), 2.2 equiv of (+)-N-methylephedrine, 2.2 equiv of
Recently, we have been interested in the synthesis of EtN, 2.2 equiv of propargyl acetate in toluene at room temperature.
optically active propargylic alcohols via the enantioselective
direct addition of terminal alkynes to aldehydedhis
method constitutes a powerful means to access chiralPropanal4 mediated by (+)-N-methylephedrine furnished
propargyl alcohols, which are potent intermediates for the @dduct as a 26:1 syn/anti mixture of diastereomers in 70%
synthesis of a variety of natural products and macromol- Yield, favoring the 1,2-syn stereochemical outcome. By
ecules? Using this process we have effected the direct contrast, the use of)-N-methylephedrine, under otherwise
addition of propargyl acetate to various aldehydes. As shownidentical conditions, afforded the product possessing 1,2-
(Scheme 2 and Table 1)’ the Corresponding chiral propargy"can“ diastereomeric rEIatlonSh|p in 69% yleld (Syn/antl 110)

as shown in Scheme 3. The influence of the resident chiral
Scheme 2 ]
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alcohols were obtained in useful yields and excellent 0
L . . Me

selectivities. As we have previously described, for the  me H 2 | Me 1 and 14 dre 44
addition reactions involving stoichiometric use of Zn(ll) and OTBS HO  NMe, o
N-methylephedrine, the individual reactions can be fine-tuned 4
for any specific substrate in an effort to optimize rate, yield, 59 ?H
and selectivitie§® L %% , Me | dr=1110

Because the addition reaction ¢ealkoxy acetaldehyde Ph,~ Me oTBS
(entry 4) represents the first time we have investigated chiral H O/ \NMe 14 OAc

2

aldehyde substrates, we carried out some investigations to

probe the extent of reagent versus substrate control. In this

regard, the addition toS)-2-(tert-butyldimethylsilyloxy)-
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1995. nant stereochemical control is provided by the chiral amino

3018 Org. Lett., Vol. 3, No. 19, 2001



Table 2. Protection and Pd-Catalyzed Reactihs

entry R yield (15—20) vyield (21-26)
1 i-Pr 90% (15) 85% (21)
2 c-CeH11 90% (16) 75% (22)
3 t-BuCH; 95% (17) 83% (23)
4 (S)-CH3sCH(OTBS) 94% (18) 73% (24)
5 Ph 88% (19) 42% (25)
6 TBSOCH: 58% (20) 55% (26)

a All reactions were performed using 2 mol %#ba)-CHCl;, 23 mol
% PhP, and 1.75 equiv of AcOH in refluxing toluene for 48°nAll yields
refer to isolated chromatographically purified compounds.

alcohol employed, with the resident stereogenic center of

the aldehyde playing a subordinate réle.
Having ready access to the optically active propargylic

diols, we subsequently investigated the use of these substrates
in Pd-catalyzed rearrangements. The palladium-catalyzed

reactions of propargylic compounds in organic synthesis
constitute an important class of transformations in the
organometallic repertoire for both synthetic and method-
ological interest! To this end we envisioned the use of
Trost's palladium-catalyzed rearrangement and addition
reactiod? with the aforementioned chiral propargyl addition
products. Very recently, Trost has reported the first two
examples of the Pd-catalyzed isomerization and HOAc
addition applied to chiral substrat&8In our concurrent and
independent study, reaction of 2 mol % of,Ritba)-CHCl;
with triphenylphosphine (23 mol %) in toluene together with
acetic acid and the protected propargylic alcolids-20at
reflux resulted in the formation @fem-diacetate®1—26as
illustrated in Scheme 4 and Table 2.

Scheme 4
OH TBDPSCI OTBDPS
R i R
T — S_on
8-13 15-20
Pd,(dba)3*CHCl, (2 mol %)
OTBDPS PhgP (23 mol %)
= OAc ==
R HOAGg, toluene
OAc reflux
21-26

In our investigation of this reaction chemistry the use of

Table 3. Hydrolysis of thegem-Diacetate21—26to the
Corresponding Aldehyde27—32b

entry R yield (27—32)
1 i-Pr 94% (27)
2 C-C5H11 97% (28)
3 t-BuCH: 87%° (29)
4 (S)-CH3CH(OTBS) 99% (30)
5 Ph 88% (31)
6 TBSOCH: 77% (32)

a All reactions were performed using 3.2 equiv of drgNEtn methanol
overnight at room temperature (unless otherwise stafedglds refer to
isolated, chromatographically purified compountiReaction conducted at
45 °C.

the bulkier TBDPS protecting group, Pd-mediated oxidative
addition across the €H bond is directed away from the
Secondary propargyl alcohol toward the sterically less
encumbered primary alcohol protected as an acetate. Con-
sequently, it is evident that the size of Beprotecting group
plays an important role in influencing the selective activation
of the propargylic G-H. The effect of changing the silyl
protecting group has been independently confirmed by
Trost1?°

As outlined in Table 2gem-diacetates were obtained in
good vyields (21—24) except for the aromatic and aliphatic
o-unbranched derivative2% and 26), which afforded the
product in moderate yields.

Finally, conversion of the diacetatdd—26to the corre-
sponding required optically actiyehydroxy o, /-unsaturated
aldehyde®27—32and was accomplished by base-mediated
hydrolysis of thegem-diacetates usingditin methanol, as
summarized in Scheme 5 and Table 3.

Scheme 5
OTBDPS OTBDPS
P OAc __EtsN, MeOH / 0
R ™ R
OAc H
21-26 27-32

In conclusion, the method recently developed in our
laboratories to effect the enantioselective addition of alkynes
to aldehydes can be performed with propargyl acetate. As
part of this work, we have investigated the first example of
addition of an alkyne to a chiral aldehyde using our
methodology; initial results indicate that the stereochemical

the TBS-protected secondary alcohol derivative resulted in outcome is reagent-controlled. When propargyl acetates are

the formation of the correspondimgm-diacetate derivative,
albeit in only 55% vyield for R= i-Pr. Through the use of
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subjected to Pd-catalyzed rearrangement and HOAc addition,
access to useful building blocks is provided in the form of
y-hydroxy a,f-unsaturated aldehydes. This present investiga-

(12) (a) Trost, B. M.; Brieden, W.; Baringhaus, K. Angew. Chem.,
Int. Ed. Engl.1992,31, 1335. For two reports from the Trost group that
were disclosed following completion of the work reported here, see (b)
Trost, B. M.; Lee, C. BJ. Am. Chem. So2001,123, 3671. (c) Trost, B.
M.; Lee, C. B.J. Am. Chem. So2001,123, 3687.

3019
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