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As the field of asymmetric catalysis has matured, several types Table 1. Kinetic Resolution of Atropisomeric Amides with the
of ligands have emerged that consistently form highly enantiose- Sharpless Asymmetric Dihydroxylation

lective catalystd:2 The biaryl atropisomers BINGES and BI- Amide? Ag-?;ix (ggl‘/)T (0 Kk
NAP36.7are prominent members of this elite class. It is, therefore, OUNPr o T 2 o2
surprising that nonbiaryl atropisomers have only recently been 1 MeO B 1 25 56
examined in asymmetric synthe&&The pioneering work of Curran \é/\ a 1.0 16
using atropisomeric anilides and imides showed that atropisomeric O NPr B roo 64
compounds could exhibit excellent diastereoselecti{ity? Impres- 2 2 a 1 25 32
) - L . . MeO. % A COEt g 1 o5 o7
sive diastereoselectivity with nonbiaryl atropisomers has also been
realized by Simpking314 Claydent>17 and Taguchit&20 The

. ) . L . O NEt, « 25 63
perpendicular architecture of atropisomeric anilides and benzamides 3 Meo ? < CO.Et B 1 % 9
exerts powerful control over the generation of new stereogenic 2
centers. OINPr,

The successful application of nonbiaryl atropisomers as chiral 4 Me, N o 2 25 26
auxiliaries alludes to the great potential of these, and related B 2 25 20
compounds, as axially chiral ligands and catalys#An impedi- O NP,
ment to the examination of this potential is the generation of 5 MezN\E;j/\/COZEt o 2 25 19
enantiopure atropisomers. Routes to benzamides and naphthamides _ B 2 25 15
of high enantiopurity are currently based on enati&-22 or O NPr,
diastereoselectiVe!® reactions requiring stoichiometric chiral SMeaS‘\&/\ o 3 25 1
reagent3%12 With the goal of developing simple and direct _ P 3 2% 1
methods for the resolution of these compounds, we focused on their O NP “ » w
catalytickinetic resolutior?324To our knowledge there are no such 7 C°2E' B 2 2 e
previous reports. This efficient kinetic resolution has allowed us
to isolate atropisomeric amides in high enantiopurity and to Oy NEt o 2 25 74
determine their barriers to racemization. NCOEt g 2 25 14

O
U,

Kinetic resolution of the olefind—8 was performed with the
Sharpless asymmetric dihydroxylation reaction (Amploying
the commercially avaliable AD-mig-and AD-mix{ [with (DHQ),-
PHAL and (DHQD})-PHAL ligands, respectively]. The AD has
been used with varying degrees of success in kinetic resoldicis. ~ conversion2 would have 98% ee. By reactirigwith AD-mix-o,,

We hoped that the preexisting chiral axis in the olefin substrates We isolated5 of 94% ee in 36% yield.

would affect the relative rates of dihydroxylation of the enantiomers. ~ Séveral trends are apparent from the data in Table 1. Kinetic
The reactions were performed at°C or room temperature in resolutions with (DHQ)PHAL are more effective with benzamides
t-BUOH-H,0O (1:1) at a concentration of 0.1 M substrate. while the diastereomer (DHQBPHAL is more efficient with
Reactions were followed by removal of samples, workup, and naphthamides. In general, benzamide derivatives are superior
analysis. The extent of conversion was measuretHoMMR, and substrates for the kinetic resolution with the Sharpless AD than
the ee’s of the olefins were determined by HPLC (Chiralcel OD-H are analogous naphthamides. Decreasing the size bf,Mhdialkyl

1, 4, 5, and8; Pirkle 7) and shift reagent 3, 6). Low-to-excellent groups from isopropyl to ethyl resulted in loweg values for the
levels of kinetic enantioselection witke up to 32 were realized benzamide3 (vs 2) and higher values for the naphthami@¢vs
under these conditions (Table 1). 7). The presence of the-trimethylsilyl group in6 significantly

Thek. values in Table 1 are particularly important because they lowers the barrier to atropisomerization, and no kinetic resolution
are the relative rates of oxidation of the fast- versus slow-reacting ©f 6 was detected. It is possible that the silicon facilitates
enantiomers. The relative rate constakis) €nable one to calculate racemization by coordinating the carbonyl oxygen in the transition
the degree of conversion necessary to obtain the desired enantiopuState?Z_ o ) ) o ]
rity.24 Our most impressive results were obtaineddgi-unsatur- An intriguing result was realized in the kinetic resolution of
ated ester2, affording ake of 32 (AD-mix ). Thus, at 57%  terminal olefinl. Examination of the diol products after consump-

tion of the olefin was complete indicated that the initial diastereo-

* Author to whom correspondence may be addressed. E-mail: pwalsh@ selectivity was 4'8:lj It d.ecr.eased slightly afFer 24_ h at°€3.to

sas.upenn.edu. 4.1:1 due to slow epimerization about the chiral axis. Heating the

aSyntheses o1—8 are outlined in the Supporting Information.
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Figure 1. The X-ray structures ot and the major diastereomer formed
on its dihydroxylation are shown (top). The proposed reactive conformation
of 1, B, is illustrated (bottom).

Table 2. Barriers to Racemization of Atropisomeric Amides

entry amide temp (°C) half-life (h) k (106571 AG¥ny, (kcal/mol)
1 1 25 16 24.1
2 1 4 181 11 23.8
3 1 —16 1970 0.10 23.6
4 4 25 135 1.4 27.3
5 7 25 12 16 24.0
6 7 4 118 1.6 23.5
7 7 -16 680 0.28 23.0
8 8 25 7 27 23.7
9 8 4 57 3.4 23.1
10 8 —16 379 0.52 22.7

4.8:1 mixture of diaostereomers to 8C (CiDe, 9 h) resulted in

equilibration of the diasteromers to a 1:1 mixture that did not change

on further heating. The de of the diol product using pyridine as

ligand under the same reaction conditions was also 4.8:1. Therefore,

the kinetic diastereoselectivity in the AD afwas dictated by the

In summary, we have demonstrated the feasibility of the kinetic
resolution of atropisomeric amides using the commercially avaliable
AD-mix. To our knowledge, this methodology represents the first
catalytic kinetic resolution of such compounds. The resolution of
the amides examined here would be difficult to otherwise achieve.
Their half-lives to racemization range from 7 to 135 h at°23
Such data is essential in the construction of ligands for asymmetric
catalysis from these precursors.
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