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The search for new methods for stereoselective generation of Table 1. Asymmetric Hydrovinylation of 1-Ethylstyrene?

all-carbon quaternary centéiis a subject of considerable topical ligand temp time conv. e
interest, and several recent publications report catalytic procedures entry (mol %) (°C) (h) (%) (%, conf.)be
to accomplish this challenging goaWhile planning an enantio- 1 L5 25 48 <74 _
selective synthesis of Lyngbya toxin 3which contains an all- 2 L3/5 -10 16 <6n 27TR
carbon quaternary center at the benzylic position, we decided to 3 L3/5 0 19 <76 27T(R)
investigate asymmetric hydrovinylation of substituted vinylarenes g tig _fg gf i;gj 2759 g
as a general way of constructing this asymmetric center. Since 6 L4/5 ~30 17 ~99 7R
hydrovinylatiort introduces a highly versatile latent functionality 7 L4/5 _55 19 >99 88 R)
in the form of a vinyl group, the resulting intermediates could be 8 L4/5 =70 17 >99 93 R
quite valuable for further synthetic elaboration. Viability of such a 9 L4/5 —70 4 >99 9% R
reaction had indeed been demonstrated earlier in the hydrovinylation 12 ::gﬁ :;8 2 ><gg 9_5 ®
of 1-methylstyrené2 using a protocol (eq ) that was originally 12 L5/1 ~10 4 <15 7R

developed for the reaction between ethylene and vinylarenes.

Subsequent work from our laboratories has expanded the scope and 2 See Supporting Information for experimental detdilBetermined by

selectivity of the hydrovinylation reaction, and several new ligands € analysis on a cyclodex-B columhConfiguration assigned by com-

h been found useful for this exacting reaction. Recently. we parison of GC retention times with those of a known compadi¥nd.
ave bee acting reaction. Y, WE d yncertainty results from the volatility of the starting material.

also reported successful asymmetric hydrovinylation of strained

olefins® and of 1,3-diene$! In this paper, we report that highly  these conditions, no isomerization [tB){ and €)-1,2-dimethyl-

enantioselective hydrovinylatigire"®of 1-alkylvinylarenes canbe  styrenes] or oligomerization products were detected, as judged by

accomplished using phosphoramidite ligahaisder highly tolerant  careful GC analysis antH NMR spectroscopy. The yields and

conditions similar to what was developed for other reactions. selectivities are highly reproducible, and as expected, best selectivity

is observed at low temperatures. They are independent of the

Generation of a Quaternary Center via Asymmetric Hydrovinylation X X - .
catalyst loading (entries-810), indicating the total absence of

?H background reactions. Use of a bulkier phosphoramidite ligand
[Eq' 1 carrying anN-1-naphthylethyl substituent leads to lower activities
[(@lly)NiBr]o/[PhaPYAGOTE y and selectivities (entries 11 and 12).
e
R (0.007 equiv.) CH,Cl,, 0 °C H
+ ReM [Eq. 2]
CaHa (R =Me) quaternary center [(ally)NiBr]o/L/Na BAr,
+ 02H4
1 Lyngbyatoxin A (1atm.) (1-5 mol% cat.), CHoCl, R (A
R
We began our studies with an examination of hydrovinylation 2 S

of 1l-ethylstyrene 4, R = Et) using ligandd.1—-L5 (eq 2). The

results of the scouting experiments are listed in Table 1. A sample —>\Me O
of the racemic product was prepared in a reaction of ethylene with oBn /— Me
| | e O] oen ;

1-ethylstyrene in the presence of catalytic amounts of [(allyl)NiBr]

[o-(benzyloxy)phenyl]diphenylphosphine, and Na B(3,5-bistri- PPh, PPN2 pgruny

fluoromethylphenyl) [Na BARF] (Table 1, entry 1). We have OO

previously employed this ligand for the hydrovinylation of dieffes. L1 L2 L3 L4 phenyl
Catalysts derived from the MOP ligand-2)% showed no L5 1-naphthy!

reactivity, while those derived from phospholane liga889-°which
gave high enantiomeric excesses and turnover numbers in the Hydrovinylation of several 1l-alkylstyrene derivatives was at-
hydrovinylation of a number of styrene derivatives, showed only tempted under the optimal conditions, and the results are tabulated

moderate reactivity under similar conditions (entriest2. Among in Table 2. While the 4-methyl substratgjave excellent selectivity

the chiral ligands we examined, the phosphoramiditavas found for the formation of the expected product, the 4-chloro derivative
to provide the best results. Ligahd, a phosphoramidite with an 5 gave up to 5% isomerization of the starting olefin (entry 3). A
N-1-phenylethyl substituent, when treated with [(allyl)NiBfI- similar minor side reaction was also observed for the substrates

lowed by Na BARF gave a very active precatalyst that effects the and9. An isopropyl group at the 1-position of the styre@gretards
hydrovinylation of 1-ethylstyrene at70 °C (4 h), with as little as the reaction (entry 4), and it is best accomplished &tQ4vith 10
1 mol % of catalyst to give a quantitative reaction (entry2@)nder mol % catalyst. Even though the yield of the reaction is only

5620 = J. AM. CHEM. SOC. 2006, 128, 5620—5621 10.1021/ja060999h CCC: $33.50 © 2006 American Chemical Society
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Table 2. Asymmetric Hydrovinylation of 1-Alkylvinylarenes?

no. vinylarene T (°C)/ conv./ sel. ce
t (h) yield (%)°
1. Q)H -70/4 >99/595 | >99 >95
2
-60/12 | >99/>90 | >99 90
2.
4
3. /Q)H -70/11 >94/>90 | >95¢ | 90
cl 5
4. @k( 24/20 61'/60 >97 >95
6°
5. ©)LC5H,‘ -70/8 >98/93 >96¢ | >50°
7
6. =70/14 | >99/>98 | >99 93
8
7. @ —70/4 >98/70 714 | >95
9

aSee eq 2 for detail®. Selectivity for HV product® Determined by GC,
R isomer of3; all others assigned by analogy 3oProduct from9 (entry
7) assigned by comparison af]f% with that of a related compourid?
See Supporting Information for detaifsRest isomerized product from
starting material® 10 mol % catalyst used Rest starting materia$. Enan-
tiomeric excess determined via Mosher esters of hydroboration prétuct.

moderate, very high enantiomeric exces97%) was observed
for the isolated product. The 2-naphthyl derivat8/gave excellent
yield (>98%) and selectivity £99%) for the expected product.
The tetralin derivatived represents a different class of substrates
that underwent the hydrovinylation reaction givirg95% ee.
Significant isomerization{30%) of the starting material to an
endocyclic olefin is a major distraction of this otherwise useful
reaction. Compounds (e.gl0b) structurally related to the HV
productl0afrom 9 have been synthesized previously via intramo-
lecular asymmetric Heck reactions-$3% ee)i'2 stoichiometric
oxazoline directed alkylation~99% ee)? and enzyme-catalyzed
desymmetrization of a chiral malonate (97% 8&By comparison,
the asymmetric hydrovinylation route is significantly shorter (2 steps
from 1-tetralone vs>10 steps), and operationally simpler.

Among the other olefinsl1-13, only the acyclic dienel3
undergoes hydrovinylation at low temperatures, and the product

10aX=H 14 (<5% ee)
10b X = OMe

14 is formed in nearly racemic form, contaminated with product
of ethylene addition at the benzylic position.

In summary, we have demonstrated the feasibility of a new
catalytic method for the generation of quaternary centers. Expansion
of the scope of this reaction to heteroaromatic compounds, cyclic
and acyclic dienes, and bicyclic molecules will be reported in due
course.
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