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Table 1. Asymmetric Sulfone Formation with Crotyl Carborfate

Metal catalyzed allylic alkylations differentiate themselves o isolated rafic?
from most transition metal catalyzed reactions in that many _ .~ . o t‘ig‘p t”::e IS0 "’}ge rgt_'3 %oeex confi
different phenomena may lead to asymmetric inducticrOne entry substrate ligand®°C) (h) vie i oees” config

of the lesser explored phenomena involving discrimination in 1 E-la 4 0 1 97% 83:17 90(92) R
complexing enantiotopic faces followed by ionization to lead 2 E-la 4 20 2 91% 76:24 80 R
to asymmetric induction has not been very successful in Pd- 3 E-la 5 0 3 84% 70:30 80 S
catalyzed processé$. Scheme 1 outlines some of the issues 4 E-la 6 0 2 92% 69:31 28 R
that complicate such studies. A major obstacle in Pd-catalyzed 5  Z-la 4 0 2 92% 79:21 29 R
reactions stems from the propensity of nucleophiles to attack 6  Z-1a 4 20 033 99% 8218 16 R
at the sterically more accessible terminal position (path by which 7 E-la 4 0 2 92% 79:21 (92) R

leads to an achiral produ@;Whlle changing the metal to Mo aReaction performed with 0.25 mol % (dBjb-CHCl, 0.6 mol

or W8 may overcome this issue, the greater scope of Pd- o * 69 (n-CeHis)aNBr, 1.5 equiv PhSENa, 3:1 CHCl,:H-0 unless
catalyzed reactions makes them the method of choice whenotherwise stated Determined by GC or HPLC analys&Determined
possible. Nevertheless, within a limited range of allylic by chiral HPLC (Chiralpak AD column) using 90:10 heptane
substrates, some promising results with W involving enantio- isopropanol as eluting solvent; values in parentheses were determined
topic discrimination have been obtaintdA second obstacle by NMR spectroscopy with a chiral shift reagehp-Toluenesulfinate

is the facility of migration of Pd from one enantiotopic face to rather than benzenesulfinate was employed as the nucleophile.

the other (path c) via a83—»'—#° mechanisnt.f@ Indeed, such ) ) ] ] , , ]

a phenomenon, if fast relative to nucleophilic attack, can lead catalyzed allylic alkylations, which differentiate enantiotopic
to asymmetric induction if the difference in activation energies faces of the substrate, can be synthetically useful with the
for path a and ent-path a is sufficiently large in the presence of modular asymmetric ligands under development in these
chiral ligands. In such an event, the nucleophilic addition step Iaborat_or_|(_e§. S
determines the asymmetric inducti$h A third obstacle derives Our initial efforts focused on the concept of rapidly inter-
from the fact that the preferred motions with chiral scalemic convertingz-allyl intermediates thereby requiring chiral rec-
ligands during the ionization and alkylation steps must be ognition in the nucleophilic addition stéf? We examined the
opposite. Thus, if the former is a matched event, the latter mustreaction of eq 1 because prior studies with a tartrate-derived
become a mismatched one and vice versa. Such stereochemical

mismatching would tend to favor paths b and ¢ competing with R i R
path a or ent-path a. We wish to report that asymmetric Pd- ~AAOCR! ¢ ASONa S esAsoa o
SOLAr
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Table 2. Asymmetric Induction in Cyclization t®-Heterocyle3 7b gave good enantioselectivities with tReRligand 4 giving
) e the (-2-vinylpyrrolidine and piperidine, respectively. On the
entry Sstl::te tr ?ﬁ';f E/SCI)Z t(%g)p tl(?:)e |s§lea};ed %ee (eSR) other hand, starting with the chiral racemic precurgasnd
9b, only low enantioselectivities have been observed. These
1 71a 5 —25 6 90 80(90:10) results are quite consistent with the enantioselectivity being
2 7a s —50 48 92 81(90.5:9.5) determined by asymmetric recognition in the complexation step.
3 7a 1 —45 25 97 91(95.5:4.5) A completely different picture emerges in going from the
‘5" ;E 5'5 _38 1? (gcz)y 5518((2%14'525 5) six- to seven-membered ring substrate. With the achiral
6 7o 2 20 15 ‘a8 a1 (Zé 570 5) substratérc, the reaction was very slow, gave low yields even
7  9a 25 _78 16 70 4 (48.'5é) ' at ambient temperature, and gave a maximum ee of 51% (entry
8  9b 5 -50 16 83 6 (53;47) 5). Furthermore, the major enantiomer produced Rdsnt-
9 9 1 —35t00 2.5 84 92 (96:4) 8c). On the other hand, the reaction using the chiral racemic

precursor9c (entry 9) went to completion with 1% catalyst

a All reactions were performed with a ligand tg*CsHsPdCl), ratio between—35 and 0°C in 2.5 h to give both high yield and
of 2.5-3 in THF. ® Determined by HPLC using a Chiralcel OD column  high ee of theS enantiome8c. This remarkable behavior of
using 99.5:0.5 heptangésopropanol containing 0.1% diethylamine as  7c and9cin contrast to the other ring sizes can be rationalized
eluting solvent® Percent conversion determined by GC. by the notion of the need to dock the substrate in a chiral

) ) . pocket!* Such a pocket should have steric constraints wherein

occurs in the alkene complexation, the first example of such g |imit will be reached as to what can sterically be accom-
chiral recognition with this family of ligands. Similar results modated. Apparently that limit is reached betw@rand7c.
were obtained using tiglyl methyl carbondte whereby2b of On the other hand, fitting the regioisomeric starting material
94% ee was obtained. o . . 9c into the pocket orients the sterically bulky portion of the

Attempts to extend this asymmetric induction to amine molecule toward a less sterically demanding region thereby
nucleophiles were thwarted by an unfavorable regioselectivity. permitting more facile ionization, although not as rapidly as
Resolution of this problem lay in tethering the nucleophile. gijther7a or 7b. The high enantioconvergency observed with
Alkylation in the presence of the chiral scalemic ligahdnly the racemic substrate requires that pseudoracemization (i.e., a
gives internal alkylation regardless of the tether lengtmfer mechanistic pathway which would constitute racemization in
1,2, or 3 (see eq 2 and Table 2). The enantioselectivities werethe presence of achiral ligands) be faster than cyclization.
Apparently, the slower rate of formation of a seven-membered

Y 4 ring compared to a five- or six-membered ring allows the
NH S (n™C3H 5PdCI, equilibration to dominate. Interestingly, the formation of the
OAc  (CaHs)aN, THF same enantiomeric product with high ee fta&, 7b, and 9c

means that the sense of chiral recognition for the two mecha-
nisms for enantiodiscrimination must be the same. Thus, the

g n=11bn=2gn=3 product determining intermediate is the kinetically accessible
. one from7a and7b (but not7c) but becomes accessible only
O

CHZ0 7

by thermodynamic equilibration froric (but not9a nor 9b).
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A andior e I The results reported herein demonstrate the utility of enan-
/©) O) @ tiofacial discrimination for asymmetric induction in Pd-catalyzed
CHa0 S cHp R CH,0 reactions. The intramolecular version would have particular
8 ent-8 9 utility in order to control unambiguously the regioselectivity

of the process, a phenomenon that may result from both the
established by chiral stationary phase HPLC. The absolute effect of the ligand and the nature of the nucleophile. Com-
configurations were determined as shown in eq 3, all of which bining the concept of a cleavable tether with the current reaction
should extend the utility of this asymmetric process to noncyclic

@\/ products. Choice of regioisomeric substrate may be important.

S Z oM. © A delicate balance can exist between enantiodiscrimination by
L complexation in the ionization event and by alkylation of rapidly

| | CH3OH, CH,Cl, equilibrating diastereomeric intermediates as a function of steric

CHg0 then NaCNBH, bulk of the substrate and ring size. By properly choosing the

mechanism for chiral recognition, high ee can be achieved in

i 1) 1 atm H, formation of five-, six-, and seven-membered heterocyclic rings

5 1H0% Pd/C (QD\/ in which the stereochemistry of the product is dictated by the

__HCl CHsOH -1 @ “chiral space” regardless of the mechanism. The products
2) (Boc),0 Boc obtained herein are useful building blocks as in a synthesis of

CH,40 10 ether " indolizidines and quinolizidiné&>'5and in ring expansions to
medium-sized ring$®
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were synthesized independently as eitBasr R enantiomers (R=H. Ar = Ph) 2b (R = CHs, Ar — Ph).8a (n = 1), 8b (n = 2)

- ! - s
frogn comlmerC|a'I£Iy ava”?b(;éb O:hR ?jmtmo aC|d§,t. int fi = nd8c (n = 3) and typical experimental procedures for an inter- and

everal aspects revealed Dy the data are quite INterestng. Fofyamolecular reaction (3 pages). Ordering information is given on
the five- and seven-membered rings, lowering the amount of any current masthead page.

palladium precursor had a more beneficial effect on ee (entries
2 and 3) than lowering temperature (entries 1 and 2). For five- JA960649X
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