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The stereoselective synthesis of quaternary stereocenters in an
acyclic system is one of the major challenges in asymmetric
synthesis." Although many new elegant synthetic strategies were
developed in the past few years, mostly through asymmetric
catalysis, a single carbon—carbon bond is usually created per
chemical step.> We have recently considered a different approach
to prepare such stereocenters in an acyclic system® in which several
carbon—carbon bonds could be formed in a single-pot operation
via the use of ambiphilic zinc carbenoid species.* Indeed vinyl metal
species, resulting from a regio- and stereoselective carbometalation
reaction, react with zinc carbenoid and aldehydes to give the
corresponding adducts in excellent yields and diastereoisomeric
ratios as described in Scheme 1, path A. Homoallylic alcohols®™< "
as well as aldol products® were easily prepared in a single-pot
operation from functionalized alkynes.

Scheme 1. Approaches to Stereodefined Quaternary Stereocenters
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Alternatively, tertiary alcohols could be obtained from diaste-
reoselective additions of nucleophiles to ketones, and despite the
low reactivity and decreased steric discrimination of the carbonyl
center, recent diastereo- and/or enantioselective alkylation,” alky-
nylation,® vinylation,” aldolization,® and allylation of ketones have
been reported. In the latter case, organoboron,” titanium,' tin,"’
silyl,'? and zinc species'? were the focus of recent attention (Scheme
1, path B). However, stereoselective construction of two contiguous
tetrasubstituted carbon stereocenters in an acyclic system is still
extremely rare, and only a very limited number of strategies have
been devised for directly assembling this structural unit."* Prominent
examples only originate from sigmatropic rearrangements.'> Herein,
we report our efforts to address this challenging issue through the
efficient construction of three carbon—carbon bonds in a single-
pot operation from commercially available terminal alkynes. Our
approach consists of the addition of organocopper reagents 1 (easily
generated from the addition of 1 equiv of RMgBr with 1 equiv of
CuBr in ether at —30 °C) to alkynes 2 that lead to the straightfor-
ward formation of stereodefined alkenyl copper reagents 3.' Then,
addition of ketones, CH»I,, and Et,Zn are all added to the reaction
mixture at low temperature. Neither vinylcopper 3 nor Et,Zn reacts
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with ketones, and as the transmetalation from vinylcopper to
vinylzinc is a slow process, the reaction between Et,Zn and CH,l,
occurs first to lead to the in sifu formation of the Simmons—
Smith—Furukawa zinc carbenoid 4.'"” This carbenoid species
homologates the vinylcopper 3 into the allyl species 5, which then
react diastereoselectively with ketones 6 to give the expected
homoallylic alcohols 7 as described in Scheme 2.

Scheme 2. Diastereoselective Formation of Homoallylic Alcohols
Possessing Two Contiguous Quaternary Stereogenic Centers
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In this strategy, the stereochemistry of the allylzinc species 5
results from the syn-controlled carbocupration reaction of simple
alkynes 2 but the reaction of 5 with ketones 6 should be faster
than any metallotropic equilibrium and diastereoselective.*® We
were pleased to see that when the zinc homologation—allylation
reaction was performed at low temperature, the stereochemistry of
the allylzinc species was preserved as the reaction proceeds
diastereoselectively with ketones as described in Table 1. For
instance, when the carbocupration of 1-hexyne was performed with
EtCu followed by the zinc homologation and reaction with
acetophenone at —50 °C, the corresponding homoallylic alcohol
7a was obtained in good isolated yield with an excellent diaste-
reoselectivity of 98/2 (Table 1, entry 1). Permutation of the alkyl
group of the alkyne R' and of the organocopper reagent R? allows
the formation of the opposite diastereoisomer at the quaternary
stereocenter with the same level of diastereoselectivity (97/3)
excluding an open transition state mechanism (Table 1, entry 2).
As quoted before, the metallotropic equilibrium competes with the
allylation reaction, and if the same combined carbocupration—zinc
homologation—allylation reaction of 2a was performed at —40 or
—20 °C instead of —50 °C, the homoallylic alcohol 7a was also
obtained but with a lower diastereoselectivity (91/9 and 60/40
respectively). At a lower temperature than —50 °C, the reaction
becomes extremely sluggish and yields are lower.

When propiophenone was used (instead of acetophenone), the
diastereoisomeric ratio of 7c¢ is slightly lower (Table 1, entry 3).
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Table 1. Diastereoselective 3,3"-Disubstituted Allylzincation of
Ketones

1) R,Cu 1a-b
2) EtpZn, CHyl, RZR'
Rl—=—H 3) R3COR, R3 Pz
2a-c HO R* 7a-o0

entry R' R? R? R pdts  Yield® % dr?

1 C,Hy C,Hs C¢Hs CH; 7a 70 98/2
(2a) (1a)

2 CHs C4Hyg CeHs CH; 7b 72 97/3
2b)  (1b)

3 CHs C4Hy C¢Hs CHs 7c 60 91/9
2b)  (1b)

4 CH; GCyHs C¢Hs CH; 7d 60 99/1
(2¢) (1a)

5 CH; CyHs C¢Hs CHs 7e 50 91/9
(2¢) (1a)

6 CHy C,Hs pCH;0,CCeHy CH; 7f 72 99/1
(2a) (1a)

7 CHs C/Hy pCH;0,CCHy, CH; T7g 70 99/1
(2b) (1a)

8 C,Hy C,Hs p-CH;C¢Hy CH; 7h 60 98/2
(2a) (1a)

9 CH3 C2H5 p-Bl’C6H4 CH3 7i 62 98/2
(2¢) (1a)

10 C4Hy CyHs p-BrCe¢H, CH; 7j 60 97/3
(2a) (1a)

11 CH; GCyHs p-MeOC¢Hy CH; 7k 55 97/3
(2¢) (1a)

12 CH; CyHs 2-naphthyl CH; 7 65 98/2
(2¢) (1a)

13 C4Hy GCyHs PhCH=CH CH; 7m 40 98/2
(2a) (1a)

14 C4Hy CyHs 2-thiophenyl CH; 7n 55 90/10
(2a) (1a)

15 GCHs C4Hy 2-thiophenyl CH; 70 57 90/10
(2b)  (1b)

“Isolated yields. ® Diastereoisomeric ratios determined by 'H, '*C
NMR and gas chromatography analysis of the crude reaction mixture.

The same trend was also observed when EtCu was added to propyne
and reacted, after zinc homologation, with these two ketones (Table
1, entries 4 and 5 respectively). Several functionalized ketones were
successfully used, and in all cases, excellent diastereoisomeric ratios
were observed (Table 1, entries 6—11 and 14—15). When ester
and ketone functionalities are present in the same electrophilic
partner, only the carbonyl group of the ketone reacts to give
functionalized adducts (Table 1, entries 6 and 7). The relative
configuration was established by X-ray crystallography on the
carboxylic acid 8f resulting from the saponification of 7f (see
experimental procedure), and the configurations of other reaction
products were assigned by analogy. An enone such as cinnamyl
ketone reacts also with excellent diastereoselectivity albeit in lower
yield (Table 1, entry 13). The diastereoselectivity of the reaction
might be rationalized by a chairlike transition state in which the
aryl group of the ketone occupies a pseudoequatorial position.

Acknowledgment. This research was supported by a grant from
the Israel Science Foundation administrated by the Israel Academy
of Sciences and Humanities (70/08).

Supporting Information Available: Experimental procedures with
a description of 'H and '3C NMR data and crystallographic data (CIF).
This material is available free of charge via the Internet at http://
pubs.acs.org.

References

(1) For general reviews, see: (a) Trost, B. M.; Jiang, C. Synthesis 2006, 369.
(b) Christoffers, J.; Baro, A. Adv. Synth. Catal 2005, 347, 1473. (c) Corey,
E. J.; Guzman-Perez, A. Angew. Chem., Int. Ed. 1998, 37, 388.

(2) For representative papers published in 2009, see: (a) Hoveyda, A. H.;
Lombardi, P. J.; O’Brien, R. V.; Zhugralin, A. R. J. Am. Chem. Soc. 2009,
131, 8378. (b) Tiong, E. A.; Gleason, J. L. Org. Lett. 2009, 11, 1725. (c)
Yin, L.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2009, 131, 9610.

(3) (a) Simaan, S.; Marek, 1. J. Am. Chem. Soc. 2010, 132, 4066. (b) Simaan,
S.; Golberg, A. F. G.; Rosset, S.; Marek, I. Chem.—FEur. J. 2010, 16, 774.
(c) Das, J. P.; Chechik, H.; Marek, 1. Nature Chem. 2009, 1, 128. (d) Marek,
1. Chem.—Eur. J. 2008, 14, 7460. (¢) Marek, 1.; Sklute, G. Chem. Commun.
2007, 1683. (f) Kolodney, G.; Sklute, G.; Perrone, S.; Knochel, P.; Marek,
I. Angew. Chem., Int. Ed. 2007, 46, 9291. (g) Sklute, G.; Marek, 1. J. Am.
Chem. Soc. 2006, 128, 4642. (h) Sklute, G.; Amsallem, D.; Shibli, A.;
Varghese, J. P.; Marek, 1. J. Am. Chem. Soc. 2003, 125, 11776.

(4) (a) Marek, 1. Tetrahedron 2002, 58, 9463. (b) Sidduri, A.; Rozema, M. J.;
Knochel, P. J. Org. Chem. 1993, 58, 2694. (c) Knochel, P.; Singer, R. D.
Chem. Rev. 1993, 93, 2117.

(5) For recent reports, see (a) Garcia, C.; LaRochelle, L. K.; Walsh, P. J. J. Am.
Chem. Soc. 2002, 124, 10970. (b) DiMauro, E. F.; Kozlowski, M. C. J. Am.
Chem. Soc. 2002, 124, 12668. (c) Funabashi, K.; Jachman, M.; Kanai, M.;
Shibasaki, M. Angew. Chem., Int. Ed. 2003, 42, 5489. (d) Shibasaki, M.;
Kanai, M. Chem. Rev. 2008, 108, 2853.

(6) (a) Trost, B. M.; Weiss, A. H. Adv. Synth. Catal. 2009, 351, 963. (b) Unger,
R.; Weisser, F.; Chinkov, N.; Cohen, T.; Marek, 1. Org. Lett. 2009, 11,
1853. (¢) Li, F.-Q.; Zhong, S.; Lu, G.; Chan, A. S. C. Adv. Synth. Catal.
2009, 351, 1955. (d) Reynolds, T. E.; Bharadwaj, A. R.; Scheidt, K. A.
J. Am. Chem. Soc. 2006, 128, 15382. (e) Nicewicz, D. A.; Johnson, J. S.
J. Am. Chem. Soc. 2005, 127, 6170.

(7) Li, H.; Walsh, P. J. J. Am. Chem. Soc. 2005, 127, 8355.

(8) (a) Denmark, S. E.; Fan, Y. J. Am. Chem. Soc. 2002, 124, 4233. (b) Oisaki,
K.; Suto, Y.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2003, 125, 5644.
(c) Oisaki, K.; Zhao, D.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2006,
128, 7164. (d) Deschamp, J.; Chuzel, O.; Hannedouche, J.; Riant, O. Angew.
Chem., Int. Ed. 2006, 45, 1292. (e) Zhao, D.; Oisaki, K.; Kanai, M.;
Shibasaki, M. J. Am. Chem. Soc. 2006, 128, 14440. (f) Boxer, M. B.;
Akakura, M.; Yamamoto, H. J. Am. Chem. Soc. 2008, 130, 1580.

(9) (a) Nowrouzi, F.; Thadani, A. N.; Batey, R. A. Org. Lert. 2009, 11, 2631.
(b) Wada, R.; Oisaki, K.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc.
2004, 126, 8910. (c) Schneider, U.; Ueno, M.; Kobayashi, S. J. Am. Chem.
Soc. 2008, 130, 13284. (d) Carosi, L.; Hall, D. G. Angew. Chem., Int. Ed.
2007, 46, 5913.

(10) Yatsumonji, Y.; Nishimura, T.; Tsubouchi, A.; Noguchi, K.; Takeda, T.
Chem.—Eur. J. 2009, 15, 2680.

(11) Yasuda, M.; Hirata, K.; Nishino, A.; Yamamoto, A.; Baba, A. J. Am. Chem.
Soc. 2002, 124, 13442.

(12) (a) Tietze, L. F.; Knizel, T.; Schmatz, S. J. Am. Chem. Soc. 2006, 128,
11483.

(13) (a) Ren, H.; Dunet, G.; Mayer, P.; Knochel, P. J. Am. Chem. Soc. 2007,
129, 5376. (b) Dunet, G.; Mayer, P.; Knochel, P. Org. Lett. 2008, 10, 117.

(14) For a perspective article, see: Peterson, E. A.; Overman, L. E. Proc. Natl.
Acad. Sci. U.S.A. 2004, 101, 11943.

(15) (a) Qin, Y.-C.; Stivala, C. E.; Zakarian, A. Angew. Chem., Int. Ed. 2007,
46, 7466. (b) Stivala, C. E.; Zakarian, A. J. Am. Chem. Soc. 2008, 130,
3774.

(16) (a) Normant, J. F.; Alexakis, A. Synthesis 1981, 841. (b) Chinkov, N.;
Chechik, H.; Majumbar, S.; Liard, A.; Marek, 1. Synthesis 2002, 2473. (c)
Chinkov, N.; Majumdar, S.; Marek, I. J. Am. Chem. Soc. 2002, 124, 10282.
(d) Chinkov, N.; Majumdar, S.; Marek, 1. J. Am. Chem. Soc. 2003, 125,
13258.

(17) Charette, A. B.; Beauchemin, A. Org. React. 2004, 1.

JA101371X

J. AM. CHEM. SOC. = VOL. 132, NO. 16, 2010 5589



