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Although asymmetric hydrovinylation of 1,3-cyclooctadiene (eq Table 1. Hydrovinylation of 1,3-Dienes (eq 2)?
1), is one of the earliest reported metal-catalyzed asymmetric C

no. | diene conv. regiosel. | product(s)
bond-forming reaction’,no satisfactory solution to the problem (%) (%)
) i
ethylene /
LI, [(allyhNi-ClI], A 2. BU'O—/ 3 | >99 98 BU'O—§
—_—
Lewis acid 6° 7
/
L = P(Me) [(-)-menthyl], (low ee) 3. Q_/ 7 >99 68° Q_§
azaphospholene (RR)-1 8a /
of hydrovinylation of 1,3-dienes has emergegloth the Wilke con- BnOCH, N BrOGH
ditions? using an azaphospholene ligahdand the use of a catalyst 4. ><j/\ 99 72¢ nOCH, ]
from aminophosphinephosphinite/Ni(CODYE®LAICI,* reported BnOCH, ® BnOCH, ™ 0a
for 1,3-cyclohexadiene, are limited either by the esoteric nature of _
the azaphospholene ligand, which permits no structural simplifica- 5. 99 99 3
tions® and/or by the constraints imposed by the need for a strong O‘ " ‘ 12

Lewis acid such as BRAICI. The isomerization of the product 1,4-

diene at higher conversion is one of the serious limitations of a z Z

recently reported nonasymmetric Ru-catalyzed reaétion. O‘ 13 O‘
In previous work we developed highly practical asymmetric >99 %

hydrovinylation of vinylarenes by employing monodentate phos-

pholane or diarylphosphinite ligands carrying hemilabile gréaps. N | \
Since then Leitner has reportethe use of binaphthol-derived 15 ~97 >99
o]

X
phosphoramidite ligandgor the same reaction, and we reported o” 18
their use in asymmetric hydrovinylation of norbornéf? An
interaction between a hemilabile group on the ligand and the PR >99 95 Ph/\)ﬁ
cationic Ni center and a synergistic relation between such a group 8. 17 18 |
and a highly dissociated counteranion such as [1,3)¢CkH3)4B]
or SbR~ appear to be crucial for the success of these reactions. 9 MeO,C " 99 08
. . . . . 19 MeO,C™ X
We recently discovered that hydrovinylation of 1,3-dienes also 20 |

benefit from such effects, and with the right choice of ligands,
exquisite selectivity for this reaction can be realized. An asymmetric 2 See Supporting Information for detaisMixture of two diastereomers
version of this reaction would be especially attractive for 1-vinyl- (~2:1).¢Rest isomerized plus 1,4-adducts-20% 1,4-adduct.

cycloalkenes, Sinc_e the pr_oduct_ 1,4-dienes _WOUld E?‘HOW control of Our studies started with an examination of hydrovinylation of
absolute E.(nd relative cohnflguratlons of thef5|de ch.alns anq of Othercyclohexa-l,3-diene2§ and 4tert-butyl-1-vinylcyclohexene 3)
stereogenic centers on the ring, a common feature in manylmportantusing the procedufa® we had successfully employed for the

natural product$! including D-ring-functionalized steroids, serru- hydrovinylation of vinylarenes [RR/[(allyl)NiBr]/AgOTf, 0.07
latanes, and psuedopterosigScheme 1). equiv Ni, low temp, CHCl,, 1 atm ethylene]. It soon became
Scheme 1. Controlling Exocyclic and Ring Junction appa_rent that, under thes_e conditions, 1,3_—d|enes were much less
Configurations through Hydrovinylation reactive compared to the vinylarenes, and higher temperaty2s (
°C) were needed for the reaction. We decided to explore new
H protocols for this potentially useful reaction by systematically
Z = ~—Me examining the use of the hemilabile ligand efféetsusing3 as a
— —
" n % of a catalyst generated frofa, allyl-nickel bromide dimer, and
. ‘ o Na™{[1,3-(CF).CeH3]4B} ~ effects the reaction a with ethylene
{) Chiral gf,”gfg:rtgtgfeg‘sséfgﬁ?vg{;‘gggxg‘y'a"°” pseudopterosin A-F (1 atm) to give a quantitative yield of the produ;tas a mixture
aglycone of two diastereomers (eq 2 and Table 1, entry 2). This product is

substrate. These studies revealed that the best ligand for this reaction
was 2-benzyloxyphenyldiphenylphosphir&)*® Thus, 0.14 mol

54 m J. AM. CHEM. SOC. 2006, 128, 54—55 10.1021/ja0561338 CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

[Eq 2] (CH,),0Bn Table 2. Asymmetric Hydrovinylation of 1,3-dienes (eq 3)2
diene :
[(allyl)Ni-Br], + 4a + Na BARF @
. i N PPh, Ve
ethylene CH.Cl, Z 4an=0 O/BRE OO Phs,
Table 1 4bn=1 . . Me o . Me
[Table 1] R donco Ligand: » @(‘\lae L2: n :P-N>
ST
formed with exquisite regioselectivity (1,2-addtion at the less Me
hirldered olgfin). The racemic chiral olefthgave a negrlywz:l diene conv. % 5 Toee conv. % Toee
mixture of diastereomers. The results of hydrovinylation of other (sel. %) (config.) (sel. %) (config.)
typical dienes are shown in Tabledln general, excellent yields 11 >99 (>99) 85 (R) >99 (>99) 9% (5)
(>97%) and selectivities(95%) are observed for the hydroviny- 13 99 (97 93 (R 99 (599 99 (S
lation of both cyclic and acyclic dienes (entries 1, 2% under 1 >99 O7) ® | >90699 | >9()
atm of ethylene. Lack of selectivity is seen only for 1-vinylcyclo- 15 >99 (99) 3B®R) | >99(>99) 95(S)
hexene T, entry 3) and the 1-vinylcyclopenteBdentry 4, prepared 17 88 (>99) <5% -- --
by enyne metathesis), which gave a mixture of 1,2- and 1,4- addition 2See eq 3 for typical procedure and Supporting Information for

products. experimental details.

The most promising results with model compounds, suitable for  Acknowledgment. This paper is dedicated to Professor David
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Os [(allyl)Ni-Br], + L1 or L2 + NaBARF *\ Supporting Information Available: Full experimental details of
A O various hydrovinylation reactions, spectroscopic and chromatographic
CHLCL,, low temp., 4-6 h 12 data for characterization of compounds. This material is available free
ethylene (1 atm) [Table 2]

of charge via the Internet at http:/pubs.acs.org.

standard conditions (eq 3) using the phospholdr)¢ or the References

phosphoramidite ligandL@) gave exceptionally high yields and (1) (E:SﬁgdmantIJr\]/t’lcEBd;lg?gcl,lBiol\Z/Igister, B.; Pauling, H.; Wilke, GAngew.
regio- and enantloselectlv_lt_les for these cyclic d'm‘:ydlc (2) For recent reviews of hydrovinylation reaction, see: (a) RajanBabu, T.
dienel7 under these conditions gave nearly racemic product. IV.t_CheP-Ee-l_Z%Of_'lO& 2845. (b)CJOt"yl, P. W.;ﬂYnge, G. Hytdr"QVIrg-
- . . . ation. In Applie omogeneous Catalysis wi rganometallic Com-
The ?bsomte conﬂguranonl of the4 was eStab“Shed by its pounds Cornils, B., Herrmann, W. A., Eds.; VCH: New York, 1996;
conversion to the fully aromatic product of knotfirconfiguration Vol. 2, p 1024.

(3) Wilke, G.; Monkiewicz, J.; Kuhn, H. U.S. Patent, 4,912,274, 13B0em.
Abstr. 1991, 114, 43172.
(4) Buono, G.; Siv, C.; Peiffer, G.; Triantaphylides, C.; Denis, P.; Mortreux,

(eq 4a). The configurations 42 and16 were assigned by analogy.

A.; Petit, F.J. Org. Chem1985 50, 1781.
[Eq 4a] S . [Eq 4b] S Me (5) Angermund, K.; Eckerle, A.; Lutz, Z. Naturforsch., B: Chem. Sdi995
' . : , 488.
1. 9-BBN/THF/0 © -t R (6) He, Z.; Yi, C. S.; Donaldson, W. AOrg. Lett 2003 5, 1567.
2. H,0, /OH" Oe (7) (@) Nomura, N.; Jin, J.; Park, H.; RajanBabu, T.V.Am. Chem. Soc.
3.H,/CH,Cl,, Ir* (cat) 1998 120, 459. (b) RajanBabu, T. V.; Nomura, N.; Jin, J.; Nandi, M.;

Park, H.; Sun, XJ. Org. Chem2003 68, 8431. (c) Nandi, M.; Jin, N.;
. RajanBabu, T. V.J. Am. Chem. Soc1999 121, 9899. (d) Park, H.;
21 (dr30:1) RajanBabu, T. V.J. Am. Chem. So@002 124, 734. (e) Zhang, A
RajanBabu, T. VOrg. Lett.2004 6, 1515.
L. . . . . (8) Franciq G.; Faraone, F.; Leitner, W. Am. Chem. So@002 124, 736.
The sense of asymmetric induction is consistent with the model  (9) Armold, L. A.; Imbos, R.; Mandoli, A.; de Vries, A. H. M.; Naasz, R.;

(~61%)

(_)_22rei.14

we proposed for asymmetric hydrovinylation of vinylarefEhe (10) '(::)rilfggﬁ%a?éé—v-\;; ?ﬁ;ﬁhgd.r‘,’q”;?&q '36_: F%g%%Babu TOfg. Lett.2003 5
ee’s were unambiguously established by GC, HPLC, and/or Mosher 4345, (b) Park, H.. Kumareswaran, RJ Rajar{Ba.bu?.TTVt.rahedrO’n
estet® methods. 2005 61, 6352. _ . o _
A b f diff t strateqi includi hvdrob ti d (11) For a leading reference, discussion, and citations of earlier work, see:
A number of different strategies including hydroboration an Guevel, A.-C.; Hart, D. JJ. Org. Chem1996 61, 465 and references
directed hydrogenation can be envisioned for controlling the 12) tpereln- rof () Rigirez, I 1. Rodl A D, Nat. Prod
- . . : . P or recent reterences: (a ez, |. I.; Rodiguez, A. D.J. Nat. Prod.
configuration qf the rlng.carbon to which the S|d§ chain is attached. 2003 66, 855 and references therein. (b) Tanaka, J.-i.; Ogawa, N.; Liang,
One example is shown in eq 4b. The hydroboration (9-BBM)4! g) lgga, T.TRetghe;ﬁrodnl?Ii 49, 8J11i_|Synthdetlc Astté:ilzs: %ﬁgorggene:
. . . s c) Cesati, R. R., Ill; de Armas, J.; Hoveyda, A. Bl.Am. em. Soc
of 14 followed by directed hyd_rogenatlon using Crabtree’s catalyst, 2004 126, 96. Pseudopteroxazole: (d) Davidson, J. P.: Corey, B. J.
([(COD)(CysP)Ir(py)I*PRs), gives a reduced produc2y, dr 30: Am. Chem. So003 125, 13486.

; ; - (13) See Supporting Information for full experimental details, analytical data,
1) with very high gtereoselect|V|tV. . . characterization, and assignments of configurations4pR1, and22.
Further expansion of the scope of the asymmetric reaction and (14) Menicagli, R.; Piccolo, O.; Lardicci, L.; Wis, M. LTetrahedron1979

its applications for the synthesis of natural products will be reported 35 1301.
in due course. JA0561338

J. AM. CHEM. SOC. = VOL. 128, NO. 1, 2006 55



