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The development of efficient methods for the preparation of Table 1. Catalytic Asymmetric N—H Insertions: Effect of Reaction

enantioenrichedi-amino acids is of considerable importance in a
variety of fields, including chemistry and biologyror example,

phenylglycine or other arylglycines are subunits of bioactive

molecules such as amoxicillin and vancomy&ims a consequence,

a great deal of effort has been dedicated to the discovery of new

approaches to the asymmetric synthesist@mino acids.
The enantioselective insertion of andiazocarbonyl compound

into an N-H bond represents a potentially attractive route to

o-amino acid derivative%.” However, whereas catalytic asym-
metric insertions into €H bonds have evolved into an extremely
powerful tool in organic synthesfsthe development of corre-
sponding reactions of XH bonds (X= a heteroatom such as O
or N) is still in its infancy. Thus, the first efficient method for
catalytic enantioselective insertions into—@& bonds was just
described in 2006 (eq 2).
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In view of the significance of nonracemiz-amino acids, we
decided to examine enantioselective-N insertion reactions of

o-diazo esters. At the time that we initiated this program, the state-

of-the-art for catalytic asymmetric intermolecular-N insertions

Parameters
0 7.0% CuBr
6.0% AgSbF 0
soony, M or somemr P Ko
N, CICH,CH,CI BocHN H
R1 = t+-Bu r.t.
1.5 equiv "standard" conditions
entry variation from the “standard” conditions yield (%)2? ee (%)?
1 none 74 94
2 R! = i-Prinstead of-Bu 69 84
3 R! = Bn instead ot-Bu 81 77
4 R! = Me instead of-Bu 70 70
5 no AgSbk <2 -
6 6.0% AgOTTf instead of AgShF 86 87
7 no bpy* 80 0
8 12% bpy* instead of 8% bpy* 77 92
9 8.0% of a bis(oxazolinéjnstead of bpy* 80 <10
10 8.0% of BISAF instead of bpy* 70 <10
11 CHCl; instead of CICHCH.CI 71 88
12 THF instead of CICRKCH,CI 66 69
13 toluene instead of CIGIEH,CI 42 74

a Average of two experimenté.Isolated yield.£ Isopropylidenebis[(R)-
4-tert-butyl-2-oxazoline].

glycine derivatives (eq 2). With regard to ligand structure and to
reaction partners, this method complements the studies of Jargensen
and Zhou.

7.0% CuBr
o) 6.0% AgSbFg o
Ar 80% )by 4
Boc—NH, %Ot—Bu oo N NotBu (2)
N, r2t 2 BocHN H
1.5 equiv -

The procedure that we had developed for catalytic asymmetric
insertions ofo-diazo esters into the ©H bond of alcohols (eq 1)

was defined by a pioneering study by Jargensen, who demonstrategrovides modest enantioselectivity for the reaction of BogMfth
that a chiral copper/bis(oxazoline) catalyst can furnish 28% ee (54% PhC(N,)CO.t-Bu (<50% ee). In contrast, a copper/planar-chiral

yield) for the reaction of aniline with MeC@)CO,Et.1011 Very

bipyridinet314 catalyst accomplishes the desired-N insertion in

recently, Zhou has reported an impressive advance in this field, good yield and ee (Table 1, entry 1).

specifically, that a different copper/bis(oxazoline) catalyst achieves

the insertion of MeC(B)CO,R into an array of anilines (ArNgJ
with excellent enantioselectivity (up to 98% éé)he use of other

The stereoselectivity diminishes as the steric demand of the ester
decreases (Table 1, entries£).1® In the absence of AgSRAN—H
insertion does not occur (entry 5), which suggests that it is

N—H sources led either to no reaction (e.g., a primary alkyl amine) advantageous to generate a halide-free copper complex. Silver salts
or to a racemic product (e.g., a carbamate). The Zhou study focusedthat bear poorly coordinating counteranions other thans $hR

almost exclusively on MeC(NCO.R, although it was noted that
the insertion of EtC(B)CO,R proceeds in good ee (94%) and
modest yield (51%), whereas PhGJRO.,R affords very low
enantiomeric excess (8%).

be employed, although a slightly lower ee is obtained (entry 6).
Because N-H insertion proceeds in the absence of bpy* (entry 7),
we examined the possibility that a larger excess of bpy* might
improve the ee by decreasing the amount of bpy*-free copper.

In this report, we describe further progress in achieving asym- However, additional bpy* does not lead to enhanced enantioselec-

metric N—H insertion reactions, in particular, the use of a chiral
copper/bipyridine catalyst to couple-aryl-a-diazo esters with

tivity (entry 8), which indicates that the equilibrium constant for
complexation of bpy* to copper is high. A variety of other ligands,

readily deprotected carbamates, thereby furnishing access to arylincluding a bis(oxazoline) and a bis(azaferrocene), are not effective
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Table 2. Catalytic Asymmetric N—H Insertions: Synthesis of

I ] - the N—H bonds of carbamates to generate an array of easily
Boc-Protected Arylglycines (for Reaction Conditions, See eq 2)

deprotected arylglycines in good enantiomeric excess. This process

entry Ar yield (%)#° ee (%)?
1 Ph 75 94
2 (2-Me)GH4 71 81
3 (3-Me)GH4 75 88
4 (4-OMe)GHa 61 95
5 (4-NHBoc)GH4 e 91
6 (4-Br)GsHa 86 85 (95%
7 (4-CRs)CsHa 89 85
8 2-naphthyl 73 91
9 OD}{ 74 90
<O
10 3-thienyl 48 80

a Average of two experiment8.Isolated yield. After one crystallization
from hexanes.

Table 3. Catalytic Asymmetric N—H Insertions: Synthesis of
Cbz-Protected Arylglycines

7.0% CuBr
o} 6.0% AgSbF o
8.0% (-)-bpy*
Cbz—NH, Ar%or—au CICH(C)H 2’ A NorBu
N, cL e CbzHN H
1.5 equiv -
entry Ar yield (%)2? ee (%)?

1 Ph 77 95
2 (4-OMe)GH4 49 920
3 (4-CR)CgH4 78 82 (98§

a Average of two experiment8.Isolated yield ° After one crystallization
from hexanes.

under these conditions (entries 9 and 10). Finally, the use of solvents

such as CHKLCl,, THF, or toluene, rather than CIGEBH,CI, results
in a small to moderate loss in ee (entries-1B).

This new method for catalytic asymmetric¥l insertions can
be applied to a range af-aryl-a-diazo esters (Table 2§.Thus,

the aromatic ring can be substituted in the 2, 3, or 4 position, and
the group can be electron-donating or electron-withdrawing (entries
2—7). A fused aromatic ring or a heterocycle can be present (entries

8—10), although the reaction proceeds in modest yield if=Ar
3-thienyl (entry 10). Finally, for an NH insertion that occurs with
relatively low stereoselectivity, the ee of the product can be
enhanced through crystallization (entry 6).

The scope of this copper/bpy*-catalyzed asymmetrie HN
insertion is not limited to the synthesis of Boc-protected arylgly-
cines. As illustrated in Table 3, reactions of CbzNgtnerally
proceed with comparable ee as for BocNBut in somewhat lower
yield), thereby providing access to Cbz-protected arylglycines.

In a competition experiment, we have determined that Cu/bpy*

has a considerable bias for-¥ rather than N-D insertion (eq
3). In an earlier study of ©H insertion reactions catalyzed by
Cu/BISAF, we observed a similar prefereri¢é.

7.0% CuBr
o 6.0% AgSbFs o
Ph 8.0% (-)-bpy*
Boc—NHD %Ot—Bu % Ph . "OtBu (3)
N, CICH,CHoCl  Bog(D)HN H(D)
HD=1:1 r.t. 4
(mixture of 4% H
Ha, HD, and D,) 74%
4.0 equiv

In summary, we have developed a Cu/bpy*-catalyzed method

for the asymmetric insertion af-diazocarbonyl compounds into

complements the two earlier reports of catalytic asymmetric
intermolecular N-H insertion reactions, both of which focused on
the use of a chiral bis(oxazoline) as a ligand for copper-catalyzed
couplings of anilines witlu-methyl-o-diazo esters.
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