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Following seminal studies by Oguni (198%)and Noyori Table 1. Enantioselective Reductive Coupling of Acetylene to
(1986)1> myriad catalysts promoting highly enantioselective ad- Aromatic and Aliphatic N-arylsulfonyl Aldimines®

i . Rh(cod),]BARF (5 mol%
dition of organozinc reagents to aldehydes have been developed. ArSOzJ'i (s[)_m(,Me())z_]mpHE(p ® moll/o) ArSOz)N\Hf
. . . . . = _—
Subsequently, catalytic enantioselective aldehyde vinylations em- 2 FZO WR K6 prco,H (5 mo) R
ploying organozinc reagents were reported by Oppolzer (1892), i 1a-12a NazF;Sr% FEzofsrggl%) 1b-12b
. . . .. . s 65-86% Yield
enantioselective catalytic additions to keto#eswere described _ ® H, (1 atm) oo vl
by Yus (1998, alkylatiorf-Pand Fu (1998, arylatiorf,and catalytic QR“"'L" 93-98% ee
asymmetric ketone vinylations were devised by Walsh (20@-
responding imine additions reveal additional challerigifter Soai's 1a,R=Ph Ar=Ns 7a, R =m-Br, p-FPh, Ar=Ts a
.. a . 2a, R = p-MePh, Ar = Ns 8a, R = m-NO,, p-BrPh, Ar = Ps :,
initial report (1992f2a number of nonmetallic catalysts for enan- 3a, R = p-CIPh, Ar = Ts 9, R = 5-NO,Thienyl, Ar = Ts Me PPh,
tioselective organozinc addition to imines emer§@&kcause con- 4a, R =p-NOPh, Ar =Ps 10a, R = CgHiz, Ar=Ts @ ’
5a, R = p-CO,MePh, Ar=Ts 11a,R=i-Pr, Ar=Ts Cl

ventional imines are less reactive to aminoalcohol catalyzed or-
ganozinc addition, such reactions emph»acyl andN-(diphenyl-

phosphinoyl) imines. As first shown by Tomioka (2000), issues of NsNH (Z NsNH (Z TsNH
reactivity in additions to conventional imines are overcome via en- Z Z Z
antioselective copper-catalyzed organozinc addfi@ther metallic Me cl

catalysts (Zr, Ti) followed? Finally, organolithiumt! organotint?2 1b, 86% Yield 2b, 71% Yield 3b, 74% Yield

H H d H _ >95:5ZE >95:5Z.F >95:5Z:F
organotltanlum., a.ndlorgano.blolaéﬁ reagen.ts have s.erved in cata 93% oo 98% o0 95% oo
lytic asymmetric imine addition® Catalytic reductive alkyne

. _ z 7 7
carbonyl couplings are reported by Montgomery (19%&nd Jami- Y Y ol oo
son (2000).3P and promising results on asymmetric alkyrimine
ON MeO,C

coupling are described by the latter author (208%J.0 date, highly

6a, R=m-MeOPh,Ar=Ns  12a,R=CyHs Ar=Ts (S)-Cl,MeO-BIPHEP

enantioselective imine vinylation remains an elusive g&at:16 e g ® somrg"  a g
Though effective, most methods for catalytic enantioselective 97% ee 95% ee 97% ee

coupling of nonstabilized carbanion equivalents to imines rely upon TsNH & PsNH Z TsNH (2
preformed organometallics. Further, many organometallics used in Br Z O:N Z ON \3/ Z
F Br

such transformations are prepared via transmetallation. Here, pre-

paration of the “primary organometallic” may itself require pre- 7b, 70% Yield 8b, 71% Yield 9b, 73% Yield
existing functionality to direct regiocontrolled metalation. For ex- 2955 ZE 2985ZE 2955 ZF
97% ee 94% ee 95% ee

ample, in metal-catalyzed imine arylations employing organoboron ~ _ _
reagentd2edaryllithiums that are prepared via metdialogen ex- S Mew B
change using-BuLi are then transmetalated to boron, meaning three T

metallic reagents are used stoichiometrically prior to@coupling.

10b, 68% Yield 11b, 70% Yield® 12b, 65% Yield®©
i i 95:5 Z:E >955ZE >95:5ZE
M-X Exchange Enantioselective 2 2 >
(Hydrometallation Transmetallation Cataysis | 97% ee 98% ee 97% ee
Ry-X > R-M, 7 > R-M, o=y R7OR

ﬁ RyM; Ry-X ﬁ MyX MyX ﬁ (Then H,0) aCited yields are of isolated material (Rs benzenesulfonyl, Ts=
brocursor to Primary Secondary Stoichiometric Use of p-toluenesulfonyl, Ns= p-nitrophenylsulfonyl). The indicated data represent
. ! .
Organometallic Organometallic Organometallic Three Organometallics the average Of_ two T'UI'IS O_n 0.2 mmol scale. Best results are Obtameq using
. . . . an apparatus in which mixtures of hydrogen and acetylene are delivered
Direct methods for the catalytic asymmetric coupling of non- from a gas bag via cannula. See Supporting Information for detailed

stabilized organic fragments to carbonyl compounds and imines experimental procedureSReaction was performed at ambient temperature.
circumvent use of preformed organometallics. Accordingly, we have ° Reaction was performed using 600 mol % of8@.

developed a family of catalytic €C couplings wherein two or Initial studies involved exposure df-(p-nitrophenylsulfonyl)
more unsaturated compounds are hydrogenated together to furnistaldiminelato ambient pressures of acetylene and hydrogen gas at
a single, more complex produttWhereas conventional hydro-  45°C using conditions developed for the related aldehyde couplings
genations involve Kl addition across a single functional group, as the starting point for optimizatidf® Employing BIHPEP as a

“C—C bond forming hydrogenations” involve,thddition across ligand, various cationic rhodium precatalysts, [Rh(epd)where
two or more functional groups. This method enables reductive X = OTf, BF,;, Sbk;, and “BARF” (BARF = B(3,5-(CF).CsH3)4)
addition of acetylene to carbonyl compounds to providedienyl were screened. This assay reveals that the; 8bB BARF salts

allylic alcohols!®Here, we report that-arylsulfonyl imines couple are equally effective for reactions conducted in 1,2-dichloroethane
to acetylene to provideZj-dienyl allylic amines. Further, using  solvent. However, since [Rh(ca$BARF exhibits greater solubility
chirally modified catalysts, adducts are formed with uniformly high in toluene, which was later identified as the optimal reaction solvent,
levels of enantioselection (938% ee). it was chosen as the standard precatalyst.
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Table 2. Elaboration of Coupling Products 1b and 10b? (Grant RO1-GM069445) for partial support of this research.
RO Umicore is acknowledged for generous donation of [Rh(cod)CI]
TsYRN 7 (Ts)(Boc)N TsN . . . .
P P _ Supporting Information Available: Experimental procedures,
spectral data for all new compounds, and HPLC data. This material is
106.R = Boc 10f R=H 10h available free of charge via the Internet at http://pubs.acs.org.
10d, R = CH,CH=CH, 105, R=0OMe  oAc

10e, R = (CH,),CH=CH, References

TsN TsNH RNH (1) (a) Oguni, N.; Omi, TTetrahedron Lett1984 25, 2823. (b) Kitamura,
F CH, M.; Suga, S.; Kawai, K.; Noyori, Rl. Am. Chem. S0d.986 108 6071.
3 (2) For reviews encompassing catalytic enantioselective addition of organozinc
reagents to carbonyl compounds, see: (a) Pu, L.; Yu, HCfiem. Re.

10i 10j 1¢,R=Ns, 1d,R=H 2001, 101, 757. (b) Betancort, J. M.; Garcia, C.; Walsh, PSynlet2004
749. (c) Rama, D. J.; Yus, MAngew. Chem., Int. EQ004 43, 284. (d)
aCited yields are of isolated materitbc 10b, Boc,O, DMAP, MeCN, Garcia, C.; Martin, V. SCurr. Org. Chem2006 10, 1849. (e) Rarho,
25°C, 95%.10d: 10b, BrCH,CH=CHj, K,COs, DMF, 25°C, 99%.10e D.J.; Yus, M.Chem. Re. 2006 106 2126.
10b, Br(CH,).CH=CH,, C$COs, DMF, 70 °C, 84%.10f. 10¢ OsQ, (3) For enantioselective catalytic addition of vinylzinc reagents to aldehydes,

- o see: (a) Oppolzer, W.; Radinov, Relv. Chim. Actal992 75, 170. (b)
NalQy, THF—H,0, 25°C, 83%.10g 10f, MnO,, NaCN, MeOH, 25°C, Oppolzer, W.; Radinov, RI. Am. Chem. S0d993 115, 1593. (c) Soai,

77%.10h: Grubbs-I1,10g DCM, 40°C, 94%.10i: Rh(COD)Sbk, PPh, K. Takahashi, KJ. Chem. Soc., Perkin Trans.1994 1257. (d) Wi
o . - ; 5 , KJ. . Soc., . . pf,
10d, PhCH; 80 °C, 87%, 9:1 dr10j:_(IMes)(CyP)(ClRu=CHPh,cis- P.; Xu, W.Tetrahedron Lett1994 35, 5197. (€) Oppolzer, W.; Radinov,
1,4-diacetoxybutene, DCM, 28C, 72% (6:1,E/Z). 1c. Hy (1 atm), R. N.; De Brabander, Jetrahedron Lett1995 36, 2607. (f) Wipf, P.;
[Ir(CysP)(cod)(pyr)]Pk, 1b, DCM, 25 °C, 99%.1d: PhSH, KCGOs;, 1c, Ribe, S.J. Org. Chem1998 63, 6454. (g) Oppolzer, W.; Radinov, R.
MeCN, 45°C, 66%. See Supporting Information for experimental proce- N.; El-Sayed, EJ. Org. Chem2001, 66, 4766. (h) Dahmen, S.; Bsa,
res. .Org. Lett. , . (i) Chen, Y. K.; Lurain, A. E.; Walsh, P. J.
dures S.Org. Lett.2001, 3, 4119. (i) Chen, Y. K.; L A. E.; Walsh, P. J
J. Am. Chem. So@002 12225 (j) Ji, J.-X.; Qiu, L.-Q.; Yip, C. W.; Chan,
: g ; A. S. C.J. Org. Chem2003 68, 1589. (k) Lurain, A. E.; Walsh, P. J.
Through a sy;temaﬂc assay of Bransted aMmtrobgnzom Am. Chem. So@003 125, 10677. (I) Ko, D.-H.; Kang, S.-W.; Kim, K.
acid was identified as the optimal cocatalyst. A potential role for H.; Chung, Y.; Ha, D.-CBull. Korean Chem. So004 25, 35. (m)
i it i H Jeon, S.-J.; Chen, Y. K.; Walsh, PQirg. Lett.2005 7, 1729. (n) Lauter-
the Bransted acid additive has been outlined for gnalogous couplings wasser F..Gall, ). Hoefener, S “BeaSAdy. Synth. CataR00d 348 2068,
of acetylene to carbonyl compount8The collective data suggest (4) For reviews encompassing catalytic enantioselective aldehyde vinylation
that Brgnsted acids facilitate coupling by circumventing highly gglgéq gf%%g%zmg rs\?g?nési ?\Ieei (a)F\QNIBI’f.;hK%ndr%%gin%BEeré‘é
energetic 4-centered transition structuresdidrond metathesis, as ®) (@) Ranio. D.. J(_. )Yus'p,\}l_Tétraf]ZZfén Lettii)rgaeSSJrol%Q. (b) Ramo.
required for direct hydrogenolysis of metallacyclic intermediates, D. J.; Yus, M.Tetrahedron1998 54, 5651. (c) Dosa, P. I.; Fu, G. Q.
with 6-centered transition structures for hydrogenolysis of rhodium Am. Chem. S0cl998 120 445. o .
. . (6) For catalytic enantioselective ketone vinylation using organozinc reagents,
carboxylates derived upon protonolysis of the metallacitle. see: (a) Li, H.; Walsh, P. J. Am. Chem. So2004 126, 6538. (b) Li,
Gratifyingly, the first chiral ligands screene eO-BIPHEP H.; Walsh, P. JJ. Am. Chem. So@005 127, 8355, (c) Jeon, S.-J.; Li,
d fy C?I)II\/I O-BIPHEP 9 both f d CS)(M I H.; Garcia, C.; La Rochelle, L. K.; Walsh, P.23.0rg. Chem2005 70, 448.
and ©-Cl,MeO- ' Wer_e _Ot _Oun to pr_omOte equally (7) For a recent review encompassing catalytic enantioselective addition of
favorable levels of asymmetric induction. Selection of the latter organozinc reagents to imines, see: Vilaivan, T.; Bhanthumnavin, W.;
f Sritana-Anant, Y Curr. Org. Chem2005 9, 1315.
was arbitrary. . : . "
. . . . . (8) For selected examples of enantioselective organocatalytic addition of
Under these optimized conditions aromatic and aliph&tic organozinc reagents to imines, see: (a) Soai, K.; Hatanaka, T.; Miyazawa,
imi _ i i T.J. Chem. Soc., Chem. Commai@i92 1097. (b) Katritsky, A. R.; Harris,
arylsu_lfonyl a.lldlmmes.la 12a were found to engage .m.hlghly P. A. Tetrahedron: Asymmetr992 3, 437. (c) Andersson, P. G;
enantioselective couplings to gaseous acetylene to furfijstignyl Guijarro, D.; Tanner, DSynlett1996 727. (d) Andersson, P. G.; Guijarro,
allylic amines1b—12b as single geometrical isomers (Table 1). D.; Tanner, D.J. Org. Chem1997 62, 7364. () Guijarro, D.; Pinho, P.;
- . . . . Andersson, P. GJ. Org. Chem1998 63, 2530. (f) Brandt, P.; Hedberg,
Benzaldimines possessing ortho substitution do not react efficiently. C.: Lawonn, K.; Pinho, P.; Andersson. P. Ghem—Eur. J. 1999 5,
The choice of arylsulfonyl protecting group was made in response 1692. (g) Jimeno, C.; Reddy, S.; Sola, L.; Moyano, A.; Pericas, M. A.;
to i f lubilit d tivit If the-tol If | Riera, A.Org. Lett.200Q 2, 3157.
0 |.Ssu.es or solubil y. "fm reac 'Y' Y '9 oluenesuliony (9) For examples of enantioselective copper catalyzed addition of organozinc
derivative was not sufficiently reactive, tipenitrophenylsulfonyl reagents to imines, see: (a) Fujihara, H.; Nagai, K.; Tomiokal. lam.

was used. If thep-toluenesulfonyl derivative was not sufficiently ggg%ggfgg%&% %62)0355 %ﬂ’%ﬁﬁg”é'ﬁ‘bﬁga&eﬁf&@b%?% Chem.

soluble, the benzenesulfonyl derivative was used. Increased yields (10) For examples of enantioselective zirconium and titanium catalyzed addition

are observed upon introduction of &0, which presumably of organozinc reagents to imines, see: (a) Porter, J. R.; Traverse, J. F.;
" L. i . . Hoveyda, A. H.; Snapper, M. L1. Am. Chem. So@001, 123 984. (b)
mitigates imine hydrolysis and the production of catalytically Basra, S.; Fennie, M. W.; Kozlowski, M. @rg. Lett. 2006 8, 2659.
inactive hydroxy-bridged dimers of rhodium. To illustrate the unique  (11) IFﬁr reviews encompassing cata}yt)ic enantkioselecﬁive addition of(g;gano—
A : : ithium reagents to imines, see: (a) Tomioka,3¢nthesid99Q 541.
featur_es of theZ) dlenyl side chain, addu.CtSb {ind 10b were Berrisford, D. JAngew. Chem., Int. EA.995 34, 178. (c) Denmark, S.
selectively transformed tdc, 1d, and 10c—j, which embody a E.; Nicaise, O. J.-QChem. Commuri996 999. (d) Enders, D.; Reinhold,
vari f ful functional ar I Table 2). Th I U. Tetrahedron: Asymmetry997, 8, 1895.
ariety o u:?e ul fu .Ct onal group a .ays (Table 2) . e absolute (12) For enantioselective rhodium-catalyzed addition of organometallic reagents
stereochemical assignment of coupling produddis12b is based to imines, see: (organotin reagents) (a) Hayashi, T.; Ishigedani. M.
upon correlation ofd to an authentic sample of optically enriched Am. Chem. So@00Q 122, 976. (organotitanium reagents) (b) Hayashi,
. . . . . T.; Kawai, M.; Tokunaga, NAngew. Chem., Int. EQR004 43, 6125.
material, as described in the _Supp_ortlng |nf0r_mat'0n-_ ) (organoboron reagents) (c) Kuriyama, M.; Soeta, T.; Hao, X.; Chen, Q.;
In summary, we report the first highly enantioselective catalytic (T)?mloka, \l(< %.) kAm. IChEmU 80(2004K12§h'8t128' |gi) Jokunh%g% N.;
. . N 3c,14,16 omaru, Y.; amoto, K.; Ueyama, K.; n ar_u, ., Aayasny.lAam.
vinylation of aldiminesi**41%2The present protocol does not Chem. S0c2004 126, 13584. (e) Duan, H.-F.; Jia, Y.-X.; Wang, L.-X.;
employ preformed organometallic reagents nor does it generate Zhou, Q--L.Org. Lett. 2006 8, 2567.

inhi ; i i (13) (a) Oblinger, E.; Montgomery, J. Am. Chem. S0d997 119, 9065. (b)
stoichiometric byproducts. Reductions employing hydrogen as Huang, W.-S.: Chan, 3.: Jamison. T Gg. Lett. 2000 2. 4221. () Patel,

terminal reductant, termed “hydrogenations,” are used extensively S. J.; Jamison, T. FAngew. Chem., Int. EQ004 42, 1364.

in academia and industry. As further demonstrated by the results (14) Catalyzed addition of vinylzirconocenes to imines is known, but enanti-
oselective variants have not been developed: (a) Kakuuchi, A.; Taguchi,

herein, C-C bond formations emp_|0ying hydmge_n as terminal T.; Hanzawa, Y Tetrahedron Lett2003 44, 923. (b) Wipf, P.; Kendall,
reductant, termed “€C bond forming hydrogenations,” evoke C.; Stephenson, C. R. J. Am. Chem. So@003 125 761.
ihiliti ; ; : ; (15) For a recent review of €C bond-forming hydrogenations, see: Ngai,
bour_1d|e_ss possm_llltle_s in terms of innovative methodologies and M.-Y.: Krische, M. J.J. Org. Chem2007, 72, 1063,
applications to arise in the future. (16) (a) Kong, J.-R.; Cho, C.-W.; Krische, M.J.Am. Chem. So2005 127,
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