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Rhodium-catalyzed asymmetric conjugate addition of organo- Scheme 1

metallic reagents to electron-deficient alkenes has attracted increas- 0 Rh catalyst

ing attention owing to its high catalytic activity and high enantio- e N Ru/\
selectivity for a wide range of substrate@ne drawback of the — R R
rhodium-catalyzed asymmetric addition is that the organic groups t / o R
successfully installed have been limited to aryl and alkenyl groups, [R—==—R  --=---zscemmmmmmaon -

and any alkynyl groups have not been applied to the rhodium- A ﬁ\/\ <R1M\ >
catalyzed asymmetric addition. There have been a few reports on R R2 R

the catalytic asymmetric alkynyl conjugate addition using a catalytic
amount of chiral ligands for coppernd nicket catalysts or Scheme 2
alkynylboron reagentsbut the existing systems are still limited in

R
R
! i i i Rh -alkyny! —
tern_15 of substrate S scope, thus a new method is certalnly_hlghly HO Vi [(RH~OH [(\)] Y g/imir{a%:{an o [RN—=—R
desirable. Although it has been reported that conjugate addition of o~ A _ )

R1 R1 F R2 R1 Z RZ
R

; B . 2 —H,0
terminal alkynes is catalyzed by rhodium compléxas well as 3 R z

rutheniun§ and palladium complexeshigh yielding addition has R
been reported only fg8-unsubstituted enones such as methyl vinyl conjugate
ketone. It follows that new methodology is required for the addition

B c
realization of rhodium-catalyzed asymmetric conjugate alkynylation 1’L >‘ R2 R R2
2

because the use gfsubstituted enones is essential for the creation a
of new ste_reogenic cg_rbon centers at fhposition in the asym- will produce the3-alkynylketone2 by way of an oxaw-allyl-
metric conjugate addition. _ y _ rhodium intermediat&.This rearrangement should proceed much
Under one of the standard reaction conditions for the rhodium- more efficiently than the intermolecular alkynylation because the
catalyzed asymmetric additidrthe reaction of 1-phenyl-2-buten-  free terminal alkynes, which are responsible for the low yield of
1-one (&) with (tert-butyldimethylsilyl)ethyne (1.0 equiv tda) the conjugate addition, do not exist in the reaction media. In
was examined (eq 1), which gave a very low yield of the conjugate aqdition, the enone generated by fhelimination is located close
alkynylation produc®a as expected from the results reported so g rhodium, being ready to react with the alkynylrhodium species.

mol % of Rh), generated from [Rh(OH)(cod)dnd ®)-binap, in

toluene at 60°C for 3 h gave 68% yieRlof head-to-head dimers SiMe,Bu

of the silylacetylene together with 6% yield 28, indicating that (o] //

the major problem is competing dimerization of the terminal alkyne. )J\/\ + Li—==—SiMe,Bu HO _
Assuming that the reaction proceeds by way of an alkynylrhodium 1a Ph

speciesA which undergoes insertion of alkyne or enone, leading SiMe,Bu 3a @

. ; . Rh(OH)(cod
to an acetylene dimer or conjugate alkynylation product, respec- ES n(10| ;:CF?h))]Z

tively (Scheme 1), the wrong reaction pathway is caused by the (R)-binap (6 mol %) o | 1) TBAF, 90% i/(
presence of a terminal alkyne as a stoichiometric reaewitjch toluene, 60 °C,3h  py 2) RhCI(PPhg)s  ph
is more reactive than th&substituted enone toward the insertion. 2a: 88% yield Ha, 83% 4:93% ee (R)
Our new approach is the asymmetric 1,3-rearrangement of an 94% ee ()
SiMe,'Bu Treatment of racemicH)-1-(tert-butyldimethylsilyl)-3-phenyl-4-
o hexen-1-yn-3-ol 3a), which is readily accessible by 1,2-addition
)J\/\ [Rh(OH)(cod)], 0 Il of (tert-butyldimethylsilyl)ethynyllithium to enonéa, with the Rh/
Ph 18 (5 mol % Rh) (R)-binap catalyst in toluene at 6@ for 3 h gave 88% yield of
. {(R)-binap (6 mol %) Pn 2a: 6% (1) B-alkynylketone2ain 94% ee (eq 232 The absolute configuration
toluene, 60 °C, 3 h + of 2awas determined to b®&(—) by correlation with R)-3-methyl-
=—SiMe,'Bu 'BuMe;Si A, .~ S 1-phenyl-1-pentanoned);'® which was obtained by deprotection
68%\ SiMe,Bu of the silyl group followed by hydrogenation of the triple bond.

The absolute configuration of the produ@)-@a is in good
alkyny! group from alkynyl alkenyl carbinol3 (Scheme 2), which agreement with the stereochemical pathway proposed for the
involves the S-alkynyl eliminatiod! as a key step. Thus, an  asymmetric conjugate addition reactions catalyzed by Rh/Bthap,
alkoxyrhodium specieB generated from the alkynyl alkenyl the enone intermediate being attacked by the alkynylrhodium on
carbinol3 undergoeg@-alkynyl elimination to give alkynylrhodium its a-re face in the present reaction (Scheme 3).
complexC, which is coordinated with an enone released by the  The results obtained for the rhodium-catalyzed 1,3-alkynyl
elimination. Conjugate addition of the alkynylrhodium to the enone rearrangement of several types of alkynyl alkenyl carbinols are
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Scheme 3

Table 1. Asymmetric Rearrangement of Alkynyl Alkenyl
Carbinols?
entry alcohol product
SiMe,Bu SiMe,Bu
1 Ho)é\ 3a )O]\/ 2a: 88%, 94% ee (S)
Ph Ph ~
SiMe,Bu SiMe,Bu
2 H‘-}é\/ 3b )O]\/ 2b: 91%, 98% ee (S)
P ~F Ph ~
SiMe,'Bu SiMe,Bu
wo o |
o} = .
3 3c 0 o 2c:89%,91%ee(S)
\
\
SiMe,Bu SiMe;Bu
4b H% 3d:R=CHy @ 2d: 78%, 98% ee (S)
5 AR 3e: R = CsHyy R 2e: 78%, 81% ee (S)
SiMe,Bu SiMe,Bu
wo 7/ o |l
6° _~_ (EBE-3f 2f: 78%, 96% ee (S)
Ph" XX N
Ph
SiMe,Bu SiMe,Bu
v/ o
7 o Z  (E2)-3f Ph/W\ 2f: 88%, 81% ee (R)
SiMe,'Bu
0
HQ //
8d 3g [ 2g: 86%, 71% ee (S)

N\

SiMe,Bu

aReaction conditions: alcohd (0.20 mmol), [Rh(OH)(cod)] (5 mol
% of Rh), R)-binap (6 mol %), toluene (1.0 mL) at 68C for 3 h.
Enantiomeric excess values were determined by HPLC analysis. The
absolute configuration ob—g were assigned by consideration of the
stereochemical pathwa§ At 50 °C for 12 h.¢For 6 h.9 For 24 h.

summarized in Table 1. The reaction of alcol8# having a
1-butenyl group produced the correspondjiwgthynylketone2b

in high yield (91%) and high enantioselectivity (98% ee) (entry
2). The 1,3-rearrangement was also observed on the car®inol
which is substituted with a 2-furyl group (entry 3). The carbinols
3d and3e, which have a methyl substituent on the alcohol carbon,

are another type of good substrates for the rearrangement (entries(15)

4 and 5). It should be noted that the alkynyl migration took place
exclusively to the 1-propenyl group in the reactiorBbfvhere the
enone intermediate is 2-phenylethenyl 1-propenylketone (entries 6
and 7). The absolute configuration of the alkynylation prodifct
was opposite in the reaction dEX- and @)-propenyl isomersf,
which is as expected from the results observed for the asymmetric
conjugate addition of phenylboronic acfdn the reaction of cyclic
allylic alcohol3g derived from indenone, the enantioselectivity was
moderate under the standard conditions (71% ee, entry 8), but the
use of chiral diene ligand,S(S-Ph-bod*18 for triisopropylsilyl-
ethynyl analogu8h resulted in a great increase of enantioselectivity
(97% ee) (eq 3).

SiPrg
wo i
[RhCI(CoHg)s], (5 mol % Rh)
QQ (S,3)-Ph-bod* (6 mol %) 3)
Cs,C0O3 (10 mol %) \
3h toluene, 80 °C, 15 h oh \

SifPry
91%, 97% ee (R)

(8,8)-Ph-bod*: Ph‘@&

Ph

In summary, we found a new method of introducing alkynyl
groups to thep-position of a,f-unsaturated ketones with high
enantioselectivity, which was realized by rhodium-catalyzed asym-
metric 1,3-migration of alkynyl groups from 1 position to 3 in
alkynyl alkenyl carbinols. The catalytic cycle presumably involves
the -alkynyl elimination from an alkoxyrhodium intermediate as
a key step.
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