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Efficient Trapping of Oxonium Ylides with Imines: A Highly
Diastereoselective Three-Component Reaction for the Synthesis of
B-Amino-o-hydroxyesters with Quaternary Stereocenters**

Haoxi Huang, Xin Guo, and Wenhao Hu*

Multicomponent reactions are among the most efficient
synthetic methods for the construction of organic molecules.™
This strategy offers significant advantages over classical step-
by-step approaches, as it allows the formation of several
bonds in a single synthetic operation. Furthermore, in this
way complex molecular architectures can be built up from
simple precursors without the need for the isolation of
intermediates.

The chemistry of oxonium ylides is an area of continuing
interest. For example, carbonyl, phosphorus, sulfur, oxonium,
and ammonium ylides have been widely studied and utilized
in organic synthesis.’® Recently, we reported a new type of
three-component reaction in which ammonium or oxonium
ylides generated in situ from diazo compounds with amines or
alcohols underwent nucleophilic addition to aldehydes or
imines.””) The reaction afforded highly substituted amino acid
frameworks with quaternary stereocenters in one step. [3-
Amino-o-hydroxy acid derivatives with quaternary stereo-
centers were obtained from the addition of oxonium ylides to
imines. The proposed reaction pathway is shown in Scheme 1.
The oxonium ylide generated in situ from a rhodium
carbenoid and an alcohol was trapped by an imine to give a
Mannich-type addition product. In no case did we find the
product of a two-component reaction between the diazo
compound and the imine to form an aziridine, but O—H
insertion did compete with the desired three-component
reaction.

Several issues associated with the reaction limited its
application. The reaction occurred with low chemoselectivity
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Scheme 1. Proposed pathway of the C—C bond-forming reaction of
oxonium ylides with imines.

and moderate diastereoselectivity, and the range of possible
substrates was narrow.” For example, imine 3’ derived from
aniline and benzaldehyde gave the O—H insertion product 5
as the major product [Eq. (1)].
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We believed that if the proposed reaction pathway shown
in Scheme 1 was correct we should be able to improve the
chemoselectivity of the reaction by increasing the electro-
philicity of the imine so that it would trap the oxonium ylide
more efficiently. Herein we report our recent breakthrough in
this approach. By using imines 3 derived from 2-aminophenol,
high chemoselectivity and excellent diastereoselectivity were
observed together with broad substrate scope [Eq. (2)]. The
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imines 3a—e were thought to be more active electrophilic
substrates than 3’ as a result of activation by the phenol
functionality through an intramolecular hydrogen bond.
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We conducted an initial reaction with one equivalent each
of methyl phenyldiazoacetate (1), benzyl alcohol (2a), and
imine 3a (Table 1, entry 1) and obtained the three-component

Table 1: The reaction of methyl phenyldiazoacetate with alcohols and imines 3 [Eq. (2)].”

amines. When chiral imines (R)-6 were used in the reaction,
exceptionally high diastereoselectivity was observed. In each
case, no other diastereomer of the (3-amino-o-hydroxy acid
derivative 7 was detected by
'H NMR spectroscopy in the crude
reaction mixture (Table2). The

Entry R' (2) R* (3) Yield [%]" 4/5" dr.of 4 reaction was relatively clean, and
1 CeHsCH, (2a) CeHs (3a) 5 (4a) 80:20 97:3 the O—H insertion product (5) was
2 Me CeHs (3a) (4b) 78:22 >98:2 the only side product formed. An
3 iPr CeHs (3a) 0 (4¢) 80:20 >98:2 excess of the diazo compound and
: E',\\l/lgo))ccﬁH“cc:z 26:5 8 a; E:d)) ;::EG 2‘;? the alcohol was used to maximize
a e : : . .
6 Z(NOE)C: :CHE p-s(l\/ISeO)CsH4 (3b) (4ﬂ 95 95 the yield qf 7. The use gf benZ)./hc
7 p-(NO,)CeH(CH, p-(CN)CeH, (3€) 5 (4g) 946 < 98:2 alcohols with electron-withdrawing
8 p-(NO,)CeH,CH, 1-naphthyl (3d) (4h) 91:9 <982 and electron-donating substituents
9 p-(NO,)C¢H,CH, p-(NO,)CeH, (3€) 67 (4i) 88:12 98:2 led to a slight decrease in yield
10 p-(NO,) CH,CH, p-(NO,)CeH, (3€) 75 (4)) 95:5 98:2 (Table 2, entries 3 and 4). The high-

[a] All reactions were carried out in CH,Cl, at reflux in the presence of Rh,(OAc), (1 mol%). [b] Yield of 4
after chromatography. [c] The ratio was determined by 'H NMR spectroscopy of the crude reaction
mixture. [d] The major isomer is erythro; see the Supporting Information. [e] The reaction was carried out

at 25°C.

product 4a as the major product with d.r. 97:3. This high
diastereoselectivity was found to be quite general for the
different alcohols employed (Table 1, entries 2-5). The che-
moselectivity was improved to 94:6 in favor of the desired
three-component product when the benzylic alcohol used had
an electron-withdrawing p-nitro substituent (Table 1,
entry 5). The reaction with p-nitrobenzyl alcohol was then
extended to other imines. High chemoselectivity and excel-
lent diastereoselectivity were observed in most cases regard-
less of the electronic effect of substituents on the imine
(Table 1, entries 5-9). The reaction of the electron-poor imine
3e occurred with relatively low chemoselectivity (4/5=
88:12). It was interesting to find that the temperature had a
significant effect on the chemoselectivity: It was improved to
95:5 simply by decreasing the reaction temperature to 25°C
(Table 1, entry 10).

Optically active -aminoalcohol and $-amino-a-hydroxy
acid moieties are found in a large variety of biologically
important compounds and natural products® as well as in a
growing number of ligands and chiral auxiliaries for asym-
metric synthesis.”’ However, the asymmetric synthesis of
quaternary amino acid derivatives is a difficult and challeng-
ing task for organic chemists."”! As a result of our continuing
interest in new synthetic strategies for chiral targets, we found
that this method can be extended to the preparation of (3-
amino-a-hydroxy acid derivatives with a quaternary stereo-
center with high optical purity [Eq. (3)].

N-(tert-butylsulfinyl)imines"! 6 have been widely used as
chiral auxiliaries for the preparation of optically active
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est yield of product 7 was observed
with ethanol as the alcohol (7f;
Table 2, entry 6). Compounds 7
were also obtained in moderate to

Table 2: The reaction of methyl phenyldiazoacetate with alcohols and
imines 6 [Eq. (3)].!

Entry R (2) Ar (6) Yield [%]F! d.r. of 714
1 C¢HsCH, (2a) p-(NO,)CcH, (6a) 58 (7a) >98:2
2 C¢HsCH, (2a) 2,4-(NO,),CcH; (6b) 42 (7b)  >98:2
3 p-(MeO)CeH,CH, p-(NO,)CeH, (6a) 40 (7¢) >98:2
4 p-(NO)CeH,CH, p-(NO,)CeH, (6a) 38 (7d)  >98:2
5 Me p-(NO,)CcH, (6a) 45 (7e) >098:2
6 Et p-(NO)CeH, (6a) 62 (7) >98:2
7 iPr p-(NO,)C¢H, (6a) 35 (7g)  >98:2
8 H,C=CHCH, p-(NO,)C¢H, (6a) 50 (7h)  >98:2

[a] All reactions were carried out in CH,Cl, at reflux in the presence of
Rh,(OAc), (1 mol%). [b]Yield of 7 (based on the imine 6) after
chromatography. [c] The ratio was determined by '"H NMR spectroscopy
of the crude reaction mixture; only the erythro isomer was observed.

good yield when other alcohols were used in the reaction
(Table 2, entries5, 7, and 8). Although the reaction is
currently limited to the use of electron-deficient N-(tert-
butylsulfinyl)imines, our results show the potential of this
method for the efficient construction of polyfunctionalized
chiral molecules. The structure of 7b was confirmed by single-
crystal X-ray analysis to be the enantiomer shown in Figure 1
with the absolute configuration R,R,R, which indicates that
the three-component product is the erythro isomer.!?!

The N-sulfinyl protecting group was removed readily from
product 7a under mild conditions [Eq. (4)]."*) The treatment
of 7a with HCI gave 8 quantitatively with 98 % ee. The benzyl
group was removed by hydrogenolysis under nonoptimized
reaction conditions to give the free $-amino-a-hydroxyester 9
in 50% yield.

)

MeOOC e00C MeOOC
BnO" Ph 3N HCl BnO' Ph 10% Pd/C, H, HO'" Ph
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Figure 1. X-ray crystal structure of (R,R,R)-7b.

In conclusion, we have developed a process for the
efficient trapping by imines 3 and 6 of oxonium ylides
generated in situ from phenyldiazoacetates and alcohols.
Excellent diastereoselectivity was observed in this three-
component reaction. The use of N-(tert-butylsulfinyl)imines 6
provides ready access to [(-amino-a-hydroxyesters of high
optical purity through the construction of quaternary stereo-
centers by C—-O and C—C bond formation in a single step.
Further investigations on the application of this methodology
are in progress.

Experimental Section

General procedure: A solution of 1 (95 mg, 0.54 mmol) in CH,Cl,
(2mL) was added over 1h by a syringe pump to a solution of
Rh,(OAc), (2.38mg, 1 mol%), 2a (56.4 pL, 0.54 mmol), and 3a
(116.0 mg, 0.59 mmol) in CH,Cl, (4 mL) at reflux under an argon
atmosphere. When the addition was complete, the reaction mixture
was cooled to room temperature, and the solvent was removed. The
crude product was purified by flash chromatography on silica gel
(eluent: EtOAc/light petroleum 1:9) to give 4a (184 mg, 75%).
Products 4b—i were obtained by the same procedure. Products 7 were
obtained by the same procedure with a molar ratio 1/2/6 of 2:2:1. See
the Supporting Information for details.
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