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Asymmetric N—H Insertion Reaction with Chiral Aminoalcohol as
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In order to develop an efficient organocatalyst for the enantioselective N—H insertion reaction via
carbene/carbenoid, the catalytic core of the cinchona alkaloids was investigated. According to our working
hypothesis of an eight-membered ring transition state in the N-H insertion reaction, two pairs of enantiomers
related to 2-amino-1-phenylethanol were investigated for their chiral inducing potential. Since both (1R,2.S5)-
isomers gave the N-phenyl-1-phenylglycine derivative enriched in the R-form, while their enantiomers gave
the S-form, the 2-amino-1-phenylethanol structure is concluded to be the catalytic core of the cinchona
alkaloid in the enantioselective N—H insertion reaction via rhodium(II) carbenoid.

Key words

Introduction

The stereoselective N—H insertion reaction is one of the
most attractive subjects in medicinal chemistry because
pharmacological events of amino compounds depend on chi-
rality.® While highly stereoselective C—H and Si-H inser-
tion reactions using a-diazocarbonyl compounds have been
achieved by well-defined rhodium(II) carboxylates*® and
carboxamides” as chiral catalysts, there are a few examples
of enantioselective N—H insertion reactions initiated by
rhodium(IT) complexes using either chiral catalysis®” or coop-
erative catalysis.'”'® In cooperative catalysis for X—-H (X =N,
O, etc.) insertion reactions, cinchona alkaloids or chiral phos-
phoric acids are used in combination with achiral rhodium(II)
carboxylates such as dirhodium(II) tetrakis(triphenylacetate),
Rh,(TPA),,'"" or dirhodium(IT) tetrakis(trifluoroacetate),
Rh,(TFA),."? Cinchona alkaloids have been used widely in
many types of organic transformations to generate products
with high optical purities.'"*'> In addition to the naturally
occurring cinchona alkaloids, semi-synthetic analogs have ex-
hibited excellent utility in organic chemistry.'®

Results and Discussion

We previously reported the enantioselective N—H inser-
tion reaction on aniline with either a carbene or carbenoid
in the presence of a catalytic amount of a cinchona alka-

Fig. 1. Eight Membered-Ring Transition State

*To whom correspondence should be addressed.

N-H insertion reaction; carbenoid; cooperative catalysis; organocatalyst; aminoalcohol

l0id.!%!'” The highly reactive carbene or carbenoid was gener-
ated from phenyldiazoacetate by heating'” or treating with a
dirhodium(IT) complex,'” respectively. Since the enriched (R)-
phenylglycine derivative was produced by hydrocinchonine,
whereas its pseudo-isomer, hydrocinchonidine, predominantly
gave the (S)-form, we concluded that the chiral induction
in these N—H insertion reactions was solely dependent on
the chirality of the cinchona alkaloid. This chiral induction
suggests that the carbene/carbenoid forms an ammonium
ylide with aniline, which then undergoes a [1,2]-proton shift
through an eight-membered ring transition state, as shown in
Fig. 1. In order to optimize an efficient artificial organocata-
lyst, we planned to clarify the catalytic core of the cinchona
alkaloid in the carbene-driven N-H insertion reaction. Ac-
cording to the structure of the transition state, the fert-amine
and sec-alcohol moieties in the vicinal carbons are coordinat-
ed with ammonium and the anionic carbon in the ylide-type
intermediate, respectively. The aromatic ring and quinuclidine
moiety may cause the conformation of the catalyst to be rigid
by steric hindrance and restrict the orientation of both the
amine and the alcohol. In this paper, we describe the potential
of the chiral 2-aminoethanol, which is functional groups in-
cluded in the structure of hydrocinchonine (Fig. 2).

To investigate the minimum requirement of the cinchona
alkaloid catalysts for the enantioselective N—H insertion reac-
tion, we chose two pairs of chiral 2-amino-1-phenylethanol de-
rivatives. One pair was (1R,2S5)- and (15,2R)-2-(dibutylamino)-
1-phenylpropan-1-ol (1a, 1b) and the other was (1R,2S)- and
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Fig. 2. Catalytic Core Structure of Hydrocinchonine
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Table 1. Enantioselective N-H Insertion Reaction of Phenyldiazoacetate and Aniline Using Rh(II) and Chiral 2-Amino-1-phenylethanol Derivatives®
N, Rh(Il) complex HN/©
(1 mol %)
©)\002Me /@ Organocatalyst ©)\002Me
HoN
Solvent, 23°C, 3 h
3a 4a 5a
a-Amino esters
Entry Rh(Il) Organocatalyst (mol%) Aniline (equiv.) Solvent
Yield, %" Ee, %
1 Rh,(TPA), Hydrocinchonine (1) 1.2 CH,CI, 83 58 (R)
2 Rh,(TPA), 1a (10) 12 CH,CI, 96 48 (R)
3 Rh,(TPA), la (10) 1.2 CHCI, 87 33 (R)
4 Rh,(TPA), 1a (10) 12 Toluene 91 44 (R)
5 Rh,(TPA), 1a (10) 12 Hexane 45 21 (R)
6 Rhy(TPA), la (5) 12 CH,CI, 97 50 (R)
7 Rh,(TPA), la (2) 12 CH,CI, 99 51 (R)
8 Rh,(TPA), la (1) 12 CH,CI, 95 45 (R)
99 Rhy(TPA), la (2) 1.2 CH,Cl, 75 39 (R)
109 Rh,(TPA), la (2) 12 CH,CI, 92 45 (R)
11 Rh,(TPA), la (2) 2.0 CH,CI, 88 45 (R)
12 Rh,(TPA), la (2) 5.0 CH,Cl, 74 38 (R)
13 Rhy(S-PTTL), la (2) 12 CH,CI, 86 43 (R)
14 Rh,(S-PTTL), — 1.2 CH,Cl, 89 rac
15 Rh,(R-PTTL), la (2) 12 CH,CI, 89 46 (R)
16 Rh,(TPA), b (2) 12 CH,CI, 96 51(S)
17 Rh,(TPA), 2a (2) 12 CH,CI, 93 31 (R)
18 Rh,(TPA), 2b (2) 12 CH,CI, 88 33 (S)

a) All the reactions were carried out as follows; A mixture of diazocompound 3 (0.2mmol) and aniline in the indicated solvent (2mL) was added to a solution of Rh(II)
complex and organocatalyst in the same solvent (2mL). ) Isolated yield. ¢) Determined by HPLC (Daicel Chiralpak AD-H). d) The reaction was carried out at 0°C. e) The

reaction was carried out at reflux.

Organocatalyst

Rhodium complex

Q
OH OH OCHj; Ry, l\\l}:p
Hr 'j\R ?N(nBu)z RS %
CH CH CH ~
3 3 3 / ?/
a: (1R,25)- b: (1S,2R)- 1c: (1R,25)- /R|h—/R|h
trR=N" Rhy(TPA), Rhy(PTTL),
e S-form : Ry ='Bu, R, = H
2:R= —NG R-form : Ry = H, R, = Bu
Fig. 3. Structures of Organocatalysts and Rhodium Complexes
(15,2R)-1-phenyl-2-(pyrrolidin-1-yl)propan-1-ol ~ (2a, 2b)'3!? C.Ha C.H
. . . 419 CaHg 1y
(Fig. 3). Fortunately, when the rhodium carbenoid gener- H C\ [ ® /_Ph
ated from methyl phenyldiazoacetate (3a) and dirhodium(II) 3¢ NH-N ~Ph
. . v biected H y \-\\\\COQCH3 . HN
tetrakis(triphenylacetate) [Rh,(TPA),, 1mol%] was subjecte _o-HEPh ,J{“‘COzCHs
to the N—H insertion reaction with aniline (4a) in the presence H H “Ph
of a (1R,2S)-aminoalcohol, methyl 2-phenyl-2-(phenylamino)- @ (R)
acetate (5a) was obtained enriched in the R-isomer (Table 1).
Methylene chloride was found to be the most suitable solvent 5a

among the four solvents tested, and the highest chemical
yields (99%) with enantioselectivities (51%) were observed
when 2mol% of 1a and 1.2eq of aniline were used (Entry 7).
Interestingly, when the reaction was conducted at 0°C, the
enantioselectivity decreased to 39% enantiomeric excess (ee),
as did the chemical yield (Entries 7 vs. 9). When the reaction
temperature was increased to the boiling point of methylene

Fig. 4. Proposed Transition State for N-H Insertion Reaction

chloride, the chemical yield and enantioselectivity decreased
slightly (Entries 7 vs. 10).

Next, we addressed whether the chirality of the rhodium
complex used for generating the carbenoid influenced the
chirality of the product. For this purpose, a pair of chiral
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Table 2. Enantioselective N-H Insertion Reaction of Phenyldiazoacetate and Aniline Using Rh(II) and Chiral 2-Amino-1-phenylethanol Derivatives®

N2

©)‘\COZR1 /©/R2 1a (2 mol %)
+ b "
HoN CH,Cly, 23 °C

Rhy(TPA),
(1 mol %)

e
HN
O)\COQ&

3h
3 5
Diazo Aniline o-Amino esters
Entry

R, R, Yield, % Ee, %"
1 3a Me 4a H Sa 99 51
2 3b Et 4a H 5b 94 439
3 3¢ isoBu 4a H Sc 90 42
4 3a Me 4b F 5d 90 40
5 3a Me 4c Cl Se 94 45
6 3a Me 4d Br 5f 94 45
7 3a Me 4e I 5g 93 41
8 3a Me 4f Me 5h 95 40
9 3a Me 4g OMe No reaction

a) Isolated yield. b) Determined by HPLC (Daicel Chiralpak AD-H) unless otherwise stated. ¢) Determined by HPLC (Daicel Chiralcel OJ-H).

e

N2 Rhy(TPA)4 (1 mol %)
CO,Me @ 1c (2 mol%) CO,Me
HoN
CH,Cl,, 23°C, 3 h
3a 4a 5a
94% yield racemic
Chart 1

dirhodium(IT) tetracarboxylates [Rh,(PTTL),]***? was used
for the carbenoid generation. In the N—H insertion reaction
using either Rh,(S-PTTL), or Rh,(R-PTTL), in the presence of
aminoalcohol (1a), the R-form of the product was generated in
43% and 46% ee, respectively (Entries 13 and 15), while the
N-H insertion reaction in the absence of aminoalcohol (2a)
gave a racemic mixture (Entry 14). These results suggested
that the chirality of the product is only due to the chirality
of the organocatalyst and that the rhodium complex does not
influence the formation of the eight-membered ring transition
state!” (Fig. 4). We compared the potential of four aminoal-
cohols (1a, 1b, 2a, 2b) as organocatalysts in the enantioselec-
tive N—H insertion reaction. The chemical yields were nearly
quantitative (88—99%) in all cases. In these reactions, (1R,2S5)-
conformers (la, 2a) gave the enriched R-enantiomer of 5a,
51% ee with 1a and 31% ee with 2a (Entries 7 vs. 17), while
(1S,2R)-conformers (1b, 2b) gave the enriched S-enantiomer
of 5a, 51% ee with 1b and 33% ee with 2b (Entries 16 vs. 18).

We then investigated the substrate scope of the reaction
with respect to the ester groups and aniline component (Table
2). In all cases, high yield and similar degree of enantioselec-
tivities were consistently observed. However, no reaction oc-
curred when p-anisidine was used (Entry 9).

We performed additional study to obtain information on
the reaction mechanism. We prepared O-methyl analog (1c)
of f-aminoethanol catalyst.” The N—H insertion product 5a
was obtained in 94% yield as a racemic compound (Chart 1).

The loss of enantioselectivity suggests the participation of
the secondary hydroxyl group for the enantiomeric induction.
This result supports the proposed transition state as shown in
Fig. 4.

In summary, we have demonstrated a catalytic system of
Rh,(TPA), and simple chiral aminoethanol is effective for
enantiomeric induction in intermolecular N—-H insertion reac-
tions. We are continuing to pursue more efficient catalytic
systems in terms of enantioselectivities.
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