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Rhodium-catalyzed asymmetric conjugate addition otg8-
unsaturated ketones and related compounds is now well-recognized O
to be one of the most efficient methods of introducing aryl and <o O _ N
alkenyl groups with high enantioselectivityOn the other hand, H 5 By g G
asymmetric conjugate addition of alkynyl groups has not been well- (O O @ \
developed in spite of its high synthetic utilidyA most straight- 0 O OMe Si
(R Bu

forward and convenient reaction scheme should be the addition of
terminal acetylenes to enones, but it faces an inherent problem that
terminal acetylene is more reactive than enone toward the alkynyl  Figure 1.
rhodium intermediate, which results in the predominant formation
of acetylene dimers rather thgralkynylketones (Scheme 3¥.0ne
solution to this problem is the rhodium-catalyzed 1,3-rearrangement

)-DTBM-segphos

Table 1. Rhodium-Catalyzed Asymmetric Conjugate Addition of
Silylacetylenes to Enone 1a?

[Rh(1-OAc)(C2Hy)2l2

of an alkynyl group from alkynyl alkenyl carbinols, where the o (5 mol % Rh) o -
concentration of acetylene is kept minimal during the reaction, P . ligand (5.5 mol %) ;
leading to high yields of thg-alkynylketone$.In this communica- Ph)j\/\ t =S S oxane Ph X s
tion, we wish to report another solution to the rhodium-catalyzed |l _ 807C.12h 2a-4a
. : . S : i = SiMe,Bu, SiEts, SiPPra
asymmetric conjugate alkynylation, which is realized by use of
(triisopropylsilyl)acetylene combined with DTBM-segphass a entry ligand Si product yield (%)°
chiral phosphine ligand. The sterically bulky substituents on the ™ (R)-binap SiMe'Bu 2a 9
silicon and phosphorus atoms should hinder the acetylene from »2 (R)-binap SiEs 3a 10
approaching the alkynylrhodium intermediate (Figure 1). 3 (R)-binap SiPrs 4a 35
4 (R)-segphos Pry 4a 36
Scheme 1. 5 (R)-DMM-binap SIPr; 4a 49
o 6 (R)-DTBM-segphos IPrs 4a 87
— Rh catalyst 7° R)-DTBM-segphos S 4a 99 (91
R1JJ\/\R2 + H—R ——MM » R Z % ( ) gp 3 ( )j
l H——R R a8 Reaction conditions: enorig (0.20 mmol), silylacetylene (0.40 mmol),
O R? [Rh(u-OACc)(CoHa)2]2 (5 mol % of Rh), ligand (5.5 mol %), 1,4-dioxane
[RN—=—R . - (0.4 mL) at 80°C for 12 h.® NMR yield. ¢ For 24 h.9 Enantiomeric excess
A 0 R A (%) determined by HPLC analysis with a chiral stationary phase column:
R1JJ\/\R2 R Chiralcel OJ-H.

Table 2. Rhodium-Catalyzed Dimerization of Silylacetylenes?@

The effects of the alkyl substituents on the silylacetylenes and
[Rh(1-OAC)(C2Hy)al2 (2.5 mol % Rh)

chiral bisphosphine ligands were examined for the addition to

ligand (2.8 mol %) Si
1-phenyl-2-buten-1-onelf) (Table 1). In the presence of 5 mol 2 H—=-Si T dioxans 7™
% of a Rh/R)-binap catalyst generated from [RRQAC)(CHa)2]»" 40°C, 0.5 h Si
and R)-binap?g the reaction ofla with 2 equiv of tert-butyldim- : - -
entry ligand Si conversion (%)”

ethylsilyl)acetylene at 80C for 12 h gave only 9% yield of
B-alkynylketone2a (Si = SiMe,'Bu), where a major product was 1 (R)-binap SiE$ 95

the dimer of the silylacetylene (entry 1Bimilarly, the reaction of % Eg'gfllg?ﬂ seqphos SS“IDéat gg
(triethylsilyl)acetylene gave a low yield (10%) Bfalkynylketone 4 (R)-DTBM-segphos 1, 2

3a (Si = SiEt;; entry 2). By use of sterically more bulky (tri-
isopropylsilyl)acetylene, the yield of conjugate addition was  aReaction conditions: silylacetylene (0.40 mmol), [RIGAC)(C:Ha)]-
increased to 35% (entry 3). This yield is still not satisfactory but (2.5 mol % of Rh), ligand (2.8 mol %), 1,4-dioxane (0.8 mL) at@for
substantially higher than that with other silylacetylenes. The results 0.5 h.? Determined by GC.

obtained for the reaction with binap, segphos, and their modified

derivatives showed that the yield d& (Si = SiPr) is strongly reaction for a prolonged period of time (24 h) gave a quantitative
dependent on the steric bulkiness of the diarylphosphino groups,yield of 4a, whose enantiomeric excess was 91% (entry 7).

with the more bulky aryl group giving the higher yield. The reaction The high yield offg-alkynylketone4a obtained by the combina-
with segpho% (Ar = Ph) resulted in the formation ¢fain 36% tion of (triisopropylsilyl)acetylene and DTBM-segphos ligand is
yield (entry 4), which is comparable to that observed with binap. caused by effective suppression of the dimerization of silylacetylene,

The yield of4awas increased to 49% by use &){DMM-binap° which is demonstrated by reference experiments of alkyne dimer-
where the Ar on phosphorus is 3,5-pM-MeOGH; (entry 5), and ization carried out in the absence of enones (Table 2). The Rh/
the highest yield (87%) was obtained by useR}fDTBM-segphos, binap catalyst was very active for the dimerization, especially for

where Ar is very bulky 3,3-Bux-4-MeOGH, (entry 6). The (triethylsilyl)acetylene, giving high yields of the acetylene dimers
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Scheme 2. @

0 H a) Q H b) 0 H
Ph)K/\ - 95% Ph)J\/\ 90% Ph)J\/\/
4a: 91% ee (S) SiPra 5:91% ee (S) 6:89% ee (

o =

PPN AL/\_ J\/\(\N@

a1o Ph 85% 91%
7:91% €8 (S) 8: 91% ee (S)
aConditions: (a) TBAF, THF; (b) cat. RhCI(PBk, EtOH, H (1 atm);
(c) iodobenzene, cat. Pd(Pfph cat. Cul, EfN, 60 °C; (d) l-azido-4-
chlorobenzene, cat. Cug®H,0, Na-ascorbate, GEN, H;O.

Table 3. Asymmetric Conjugate Addition of
(Triisopropylsilyl)acetylene to Enones?

entry enone product isolated yield and ee?

(@]

Mo
\
;

99%, 91% ee (S)

1a SilPry
0 o s
5 /©)K/\ /@)‘\/\S.P 88%, 91% ee (S)
MeO 1b MeO 4b e
0 o =
3 o) ) G O ] N 99%, 93% ee (S)
\ \
1c 4c SifPrg

78%, 95% ee (S)

N
0
=

o*izoﬂ/o
\ ) \
}

Ph

/
//

ad SiPrg

]

90%, 95% ee (S)
N
SifPry

(o]

:-O
N
;\;

92%, 92% ee (S)
af SifPry

(o]
'

80%, 89% ee (S)

19 SifPrg
o o  CsHi
8 M~ : 90%, 97% ee (S)
CsHyq A
1h 4h il
i'Prg
o) o
9¢ é é 67%, 88% ee (R)
1i 4i \\
0 S|’Pr3
10 @ 54%, 95% ee (S)
1j 4j \\
Sl’Pra

a Reaction conditions: enorie(0.20 mmol), (triisopropylsilyl)acetylene
(0.40 mmol), [Rhg-OAc)(CoHa)2]2 (5 mol % of Rh), R)-DTBM-segphos
(5.5 mol %), 1,4-dioxane (0.4 mL) at 8€ for 24 h.? Enantiomeric excess
values were determined by HPLC. The absolute configuratiorkhef|
were assigned by consideration of the stereochemical pattiiray.42 h.

at the reaction temperature of &L (entries 1 and 2). The

dimerization was much slower with the Rh/DTBM-segphos catalyst,

the conversion of (triisopropylsilyl)acetylene being only 4% under
the same reaction conditions (entries 3 and 4).

The silyl group of4a obtained here with 91% ee was readily
removed by treatment with tetrabutylammonium fluoride (TBAF)
to give alkynylketoné without loss of enantiomeric purity (Scheme
2, a). The absolute configuration 4& was determined to b&(—)
by correlation with saturated keto6¢Scheme 2; b}t As examples
of the synthetic application, the terminal acetylene ®rwas
subjected to Sonogashira couphgith iodobenzene and a copper-
catalyzed cycloadditidd with 1-azido-4-chlorobenzene, both of

which gave the target compounds in high yields (Scheme 2, ¢ and
d).

The present rhodium-catalyzed asymmetric alkynylation using
(triisopropylsilyl)acetylene and DTBM-segphos was successfully
applied to several types of f-unsaturated ketones (Table 3). The
reaction of 1-propenyl ketonds—1f bearing aryl, alkenyl, or alkyl
substituents on the carbonyl all proceeded well under standard
conditions to give the correspondirfyalkynylketonesda—4f in
high yields, the enantioselectivity ranging between 91 and 95% ee
(entries 1-6). Linear enone&g andl1h, which are substituted with
a longer alkyl chain at thg-position, are also good substrates
(entries 7 and 8). Although their reactivity is somewhat lower
toward the present alkynylation, cyclic enorfésand1j gave the
correspondings-alkynylketonesAi and 4j with high ee (entries 9
and 10).

In summary, we have succeeded in a conjugate addition of
(triisopropylsilyl)acetylene tax,f-unsaturated ketones with high
enantioselectivity by use of a rhodiuRj({DTBM-segphos catalyst,
where the sterically bulky substituents on the silicon and phosphorus
atoms suppress the alkyne dimerization.

Acknowledgment. This work was supported in part by a Grant-
in-Aid for Scientific Research on Priority Areas “Advanced
Molecular Transformations of Carbon Resources” from MEXT,
Japan. We thank Takasago International Corporation for the gift
of (R)-DTBM-segphos.

Supporting Information Available: Experimental procedures and
spectroscopic and analytical data for the substrates and products. This
material is available free of charge via the Internet at http://pubs.acs.org.

References

(1) (a) Yoshida, K.; Hayashi, T. IModern Rhodium-Catalyzed Organic
ReactionsEvans, P. A., Ed.; Wiley-VCH: Weinheim, Germany, 2005;
Chapter 3. (b) Hayashi, T.; Yamasaki, Ehem. Re. 2003 103 2829.
(c) Hayashi, TBull. Chem. Soc. Jpr2004 77, 13. (d) Hayashi, TPure
Appl. Chem2004 76, 465. (e) Darses, S.; Genet, J.Hr. J. Org. Chem
2003 4313. (f) Fagnou, K.; Lautens, MChem. Re. 2003 103 169.

(2) (a) Fujimori, S.; Carreira, E. MAngew. Chem., Int. EQ007, 46, 4964.
(b) Knopfel, T. F.; Zarotti, P.; Ichikawa, T.; Carreira, E. Nl. Am. Chem.
Soc.2005 127, 9682. (c) Kwak, Y.-S.; Corey, E. Drg. Lett 2004 6,
3385. (d) Wu, T. R.; Chong, J. Ml. Am. Chem. So005 127, 3244.

(3) For recent examples of rhodium-catalyzed dimerization of alkynes, see:
(a) Nishimura, T.; Guo, X.-X.; Ohnishi, K.; Hayashi, Adv. Synth. Catal
2007, 349, 2669. (b) Katagiri, T.; Tsurugi, H.; Funayama, A.; Satoh, T.;
Miura, M. Chem. Lett2007, 36, 830. (c) Weng, W.; Guo, C.;&enligil-
Cetin, R.; Foxman, B. M.; Ozerov, O. \Lhem. Commur2006 197. (d)
Lee, C.-C.; Lin, Y.-C.; Liu, Y.-H.; Wang, YOrganometallic2005 24,
136 and references therein.

(4) Catalytic conjugate addition of terminal acetylenes has been reported only
for -unsubstituted enones. (a) Nikishin, G. I.; Kovalev, ITBtrahedron
Lett.199Q 31, 7063. (b) Lerum, R. V.; Chisholm, J. Detrahedron Lett.
2004 45, 6591.

(5) Nishimura, T.; Katoh, T.; Takatsu, K.; Shintani, R.; HayashiJTAm.
Chem. Soc2007, 129, 14158.

(6) Saito, T.; Yokozawa, T.; Ishizaki, T.; Moroi, T.; Sayo, N.; Miura, T.;
Kumobayashi, HAdv. Synth. Catal2001, 343 264. DTBM-segphos;
5,5-bis{ di(3,5-ditert-butyl-4-methoxyphenyl)phosphihet,4-bi-1,3-ben-
zodioxole. Segphos; 3;bis(diphenylphosphino)-4;4i-1,3-benzodioxole.

(7) Werner, H.; Poelsma, S.; Schneider, M. E.; Windlem B.; Barth, D.
Chem. Ber1996 129, 647. [Rh(OH)(cod)] can be also used as a catalyst
precursor, but [Rh(-OAc)(C,H4),]- is more convenient to use because
of its facile ligand exchange between the coordinated ethylene and a
bisphosphine ligand.

(8) Binap; 2,2-bis(diphenylphosphino)-1'/binaphthyl.

(9) The formation of 1,4-bis¢rt-butyldimethylsilyl)-1-buten-3-ynel andZ
isomers) with the complete conversion of the silylacetylene was observed
by 'H NMR of the crude reaction mixture.

(10) Senda, T.; Ogasawara, M.; Hayashi,JT Org. Chem2001, 66, 6852.
DMM-binap; 2,2-bis{ bis(3,5-dimethyl-4-methoxyphenyl)phosphjrb, 1 -
binaphthyl.

(11) The specific rotation o8 (89% ee); {]2% —18 (c 1.12, E$O). Soai, K.;
Okudo, M.; Okamoto, MTetrahedron Lett1991, 32, 95. (R)-6 of 82%
ee; [0]?p —16.78 € 1.22, EtO).

(12) Sonogashira, K.; Tohda, Y.; Hagihara, Netrahedron Lett1975 16,
4467.

(13) (a) Barral, K.; Moorhouse, A. D.; Moses, J.@tg. Lett 2007, 9, 1809.
(b) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, KABgew.
Chem., Int. EJ2002 41, 2596.

JA710540S

J. AM. CHEM. SOC. = VOL. 130, NO. 5, 2008 1577



