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TheN,N'-dioxide—Cu(l) complexes have been developed to
catalyze the addition of nitromethane Nbtosyl aldimines.
The aza-Henry reaction proceeds smoothly affording the
corresponding nitro amines in good yields with high enan-
tioselectivities. A catalytic cycle is proposed to explain the
origin of reactivity.

a

The aza-Henry (nitro-Mannich) reaction provides a powerful
and efficient method for the synthesis/hitro amines which
can be readily converted into 1,2-diamihasda-amino acids.

Tremendous efforts have been directed toward the developmen

of catalytic enantioselective variaritSince the pioneering work
of Shibasaki using heterobimetalic met8INOLate complexe
various catalysts including metal compleke®d organocata-
lyst® have been developed for the asymmetric aza-Henry
reaction. However, there were few reports on the highly
enantioselective aza-Henry reaction Nfsulfonyl protected
imines which are usually bench-stable sdligisd could be easily
prepared.

In light of our success in developing enantioselective cy-
anosilylation! cyanoformylatiorf and allylatiof reactions
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catalyzed byN-oxide-metal complexe®, we tried to extend
them to the enantioselective aza-Henry reaction. In this paper,
we wish to report the utility of aiN,N'-dioxide—Cu(l) catalyst

for the highly enantioselective aza-Henry reactioNefs (Ts

= p-tosyl) imines.

The initial optimization studies witiN-Ts imines5a and
nitromethane were summarized in Table 1. After the screening
of central metald! Cu(l) was found to be the most suitable for
this reaction whem,N'-dioxides were used as ligands. There-
fore, a series ofN,N'-dioxides (Figure 1) were examined in the
presence of CuOTf as metal salt (Table 1). THa!I'-dioxide
derived fromL-pipecolinic acid was superior to those derived
from L-proline andL-ramiprol acid in both yield and ee (Table
1, entry 1 vs 5 and 8). The R substituent of the amide moiety
of N,N'-dioxides affected the yield as well as the enantioselec-
tivity (Table 1, entries +4), and the best result was obtained
with the cyclopentylamine-badé&N'-dioxide 1a(Table 1, entry
1, 52% vyield, 68% ee). As the flexibility of thid,N'-dioxides
could influence the chiral pocket built by the coordination
between the ligand and the metal, the linker length ofNfié-
dioxide was examined. The results showed either elongation of

(4) With nitroalkanes: (a) Handa, S.; Gnanadesikan, V.; Matsunaga, S.;
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38, 3504. (c) Yamada, K.-I.; Moll, G.; Shibasaki, i8ynlett2001, 980. (d)
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TABLE 1. The Screening of Ligands for the Aza-Henry Reactiof TABLE 2. Selected Further Optimization of the Reaction
Conditions?
s 10 mol% CuOTf 0.5 C7Hg - - —
| + CHNO 10 mol% ligand NHTs t catalystI Iogadmg ent L tlr;:e yls/ld eo/f-f
ntr m
Ph) 3NO, THF. 0 °C o NO2 entry (mol %) solven ) () (W (%)
1 5 CHNO;, 0 16 30 69
5a 6a 2 10 CHNO, 0 17 76 71
- - 3 20 CHNO2 0 16 99 74
entry Ilgand erIG (%) ee (%) 4 20 CH;NOZ —-20 21 75 81
1 1a 52 68 5d 20 CHNO, —-20 16 76 81
2 1b 48 22 e 20 THF/CHNOS —45 57 90 91
i i?j ié % a Re_action was conducted wisa (0.1 mmol) in a cgrtain solvent (1.0
5 e o8 36 mL) with x mol % 1a—CuOTf complex; the molar ratio dfa to CuOTf
6 1f 70 57 was 1:1.PIsolated yield < Determined by HPLC on a Chiralcel OD-H
column.® 10 mg 4 A MS wasadded ¢ 5 mol %iPrLNEt was added. THF:
7 19 30 25 CHaNO;, = 2:1 (VIv)
8 2 32 40 ; ’
9 3 43 &
10 4 31 0 TABLE 3. Enantioselective Aza-Henry Reaction with Various
11 la N.D.9 N-Ts Imines 3
1% la 63 31 Ts 20 mol% 1a-Cu(l) NHT
% | S
aReaction was conducted wiia (0.1 mmol) and CHENO, (10 equiv) J\‘ 5 mol% /ProNEt NO
in THF (1.0 mL) with 10 mol % CuOT0D.5GHg and 10 mol % ligand at R THF/CHANO. 4 Z‘ MS. 45 °C R™ * 2
0 °C for 40 h, unless otherwise indicatédsolated yield ¢ Determined by 5 g2 ' 6
HPLC on a Chiralcel OD-H columrt. The absolute configuration of the —
major product was inverse compared with the others by the analysis of epry imine (R) time (h) Y‘fld Ee (%)
HPLC on a Chiralcel OD-H columrt.5 mol % la and 10 mol % (%) i
CuOTF0.5GHg were used' 20 mol %1aand 10 mol % CuOTD.5GHs 1 CeHs (5a) 57 90 91°
were used? N.D. = not detected. 2 1-Naphthyl (5b) 22 88 86°
3 2-Naphthyl (5¢) 57 80 93¢
4 4-MeC4H, (5d) 70 81 93¢
s vl A i S S S
_ Z2n=1 R=lert 2-MeC4H, (5) 87 79 89°
SN + O 1c x=2 n=1 R=p-tolyl 6l 4 .
OQ\ N\/Hn\/lN 1d x=2 n=1R =;():S)-ghenylethyl 7 4-MeOCqH, (5g) 70 64 90
N_ O O N._  1e x=1n=1 R=cyclopentyl 0 %
R™ "H 'H” R 1f x=2 n=0 R = cyclopentyl 8§ e
1g x=2 n=3 R= | tyl < 87 63 89
1a-g g cyclopenty o (5h)
j 9 2-Furyl (5i) 31 89 84¢
D O 10 4-CIC6H, (5)) 64 99 84¢
g s c
O§\ N:'\/\/l‘\l* . NT_~ N 0 11 C¢Hs (5a) 40 87 91
fou o N o HN aReaction was conducted with (0.05 mmol) in the mixture of THF

N and CHNO, (0.5 mL, THF:CHNO, = 2:1, v/v) with 20 mol %la—CuOTf

complex, the molar ratio dfato CuOTf was 1:1, 54 A MS and 5 mol
% iPLNEt were added, unless otherwise indicatetolated yield.° De-
termined by HPLC on a Chiralcel OD-H columhDetermined by HPLC

O o
Q,sz
d

N
S

0

o o on a Chiralpak AD-H column® Determined by HPLC on a Chiralpak 1A
X N _A~_N p - .. . ’
N column.” The concentration of imine was 0.2 MThe reaction was carried
,: NH HN out on 1 mmol scale in 10 mL of solvent.
4 :

loading from 5 to 20 mol % (Table 2, entries-3). Fortunately,
FIGURE 1. Chiral ligands evaluated for the asymmetric aza-Henry Iowerllng the.t(.amperature te-20 °C further increased th.e
reaction. enantioselectivity (Table 2, entry 4). However, further lowering
the temperature te-45 °C almost stopped the reaction (the
the carbon chain ofato 1g or shortening talf led to lower reaction mixture frozen for the relatively high melting point of
enantioselectivities (Table 1, entry 1 vs 6 and 7). To determine nitromethane). Therefore a mixture of THF and {8lD, was
the function of bisN-oxide moiety, the single-sidd-oxide 3 used as the solvent; however, the reactivity did not reach the
and diamide4 (Figure 1) were also explored in the reaction. accepted level. The additives which were able to increase
While 3 or 4 was used as the ligand, poor results were obtained catalyst turnover and enantioselectivity in previous work were
(Table 1, entry 1 vs 9 and 10), which indicated that theNbis-  investigated. Fortunatelyt A MS (molecular sieve) and achiral
oxide was essential for good yield and enantioselectivity. The tert-amine both showed positive effects (Table 2, entries 5 and
combination oflato CuOTf in a ratio of 1:1 afforded the best  6). Under the optimized condition (at45 °C, in the presence
catalyst for the present reaction while increasing or decreasingof 20 mol %1a—CuOTf, 5 mol %iPr,NEt, and 100 mg/mmol
the ratio led to disappointing results (Table 1, entry 1 vs 11 4 A MS in the mixture of THF and CNO,), 6awas obtained
and 12). in 90% yield with 91% ee (Table 2, entry 6).

To further improve the enantioselectivity, other conditions  The current catalytic system was applied to varidi3's
were investigated The screening of solvents showed that&£H  imines (Table 3). Aryl imines with either an electron-donating
NO. exhibited the best performance at© (Table 2, entry 1). substituent or an electron-withdrawing substituent, as well as
The catalyst loading has an effect on the reactivity and heteroaryl imines, afforded the corresponding products in good
enantioselectivity of the reaction. The reactivity and enantiose- yields with high enantioselectivities (Table 3, entriesl®)12
lectivity were improved gradually by increasing the catalyst The imines derived from the bulker aldehydes such as 1-naph-
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SCHEME 1. Synthesis of 1,2-Diamine the reactivity was proposed. The compléxwas generated in
NHTs H, (1 atm), 10% Pd/C NHTs situ by the mixture oflaand CuOTf. ThePrL.NEt deprotonated
~ N : ‘__NH the a-proton of nitromethane to generate an ammonium nitr-
Ph 2 7 MeOH, RT, 83% PR 2 P g

onate. The imine and the nitronate would interact with the Cu
complex thus generating the compl@:b-d the chiral catalyst
positioned the nitronate on thRe face of the imine, which
accords with steric and electronic considerations. Addition of
the nitronate to the imine followed by protonation afforded the
product and regenerated the catalyst.

6a 7

thaldehyde and 2-naphthaldehyde also gave high yields and
enantioselectivities (Table 3, entries 2 and 3). Aryl imines
bearing the electron-rich substituent or ortho-substituted aryl

imines showed relatively lower reactive rates than others (Table . .
In summary, we have successfully applied hexide—metal

3, entries 6-8). Moreover, the reaction could be carried out on complexes to the enantioselective aza-Henry reactioiHosy
1 mmol scale without any decrease in the enantioselectivity and. P y y

s ! . imines and the corresponding nitro amines were obtained in
reactivity (Table 3, entry 11). The absolute configuratiobaf . . . o
was detgr(rnined aShy r)elzdugtion to 1,2-diamin@ \?vhich was good yields (up to 90%) and high enantioselectivities (up to

- . . . 93% ee). This method benefited from the easily modifigh'-
assigned to b& by comparison with the sign of the reported . " : . -
optical rotation value (Scheme B dioxide and the stable and easily availaNetosyl imines.

Moreover, the reaction could be carried out on 1 mmol scale
without any decrease in the enantioselectivity and reactivity.

TfOH iPrNEt + CH3NO, ‘ : ’ >
12 + CuOTH Or\ﬂw Further investigations are underway in our Iabqratory for the
\J T o O ) detailed mechanism and the application foxide—metal
O\ G0 OO complexes to other versions of asymmetric catalysis.

Il iPr
[5 A G Experimental Section
?HTSNO Typical Experimental Procedure for the Aza-Henry Reaction.
ph N2 /\ The mixture of ligandla (92.9 mg, 0.2 mmol), CuOTd.5GH;g
6a o 51.7 mg, 0.2 mmol), ah4 A MS (100 mg) was stirred in the
) ’> g g
N Ts
PhJ
5a

-~ C’ i mixture of THF/CHNO, (THF:CHNO, = 2:1, viv, 6.0 mL) at
N \N/Ts room temperature under air atmosphere for 10 min to generate the
" H o )I\ catalyst. The reaction mixture was cooled-td5 °C followed by
i & Pen the addition of iminesa (1.0 mmol) and the mixture of THF/GH
Et iPr ] _) NO, (THF:CHsNO, = 2:1, v/v, 4.0 mL), thenPr,NEt (0.05 mmol,
B 5 mol %) was added to the mixture. The stirring was continued for
. 40 h at—45 °C. The reaction mixture was quenched with 0.1 M
FIGURE 2. The proposed catalytic cycle. HCI (10 mL), and the mixture was extracted with @ (3 x 20

) . . mL). The organic layer was dried over Mgg@nd concentrated
In the present reaction, the Hisoxide, the linker of a three  ynder reduced pressure. Purification of the crude product by silica
carbon chain of the ligand as well as the 1:1 ratio of Cu(l) to gel flash column chromatography (AcOEt:petroleum ether, 1:4)
ligand were essential to good enantioselectivity. According to afforded the corresponding produga as a white solid, 91% ee;
these experimental results and previous stutig¥ we as- H NMR (400 MHz, CDC}) 6 7.65 (d,J = 8.4 Hz, 2H), 7.24
sumed that comple& (Figure 2) would be the active speciés,  7.27 (m, 5H), 7.16-7.08 (m, 2H), 4.98 (tJ = 6.6 Hz, 1H), 4.84
and a possible catalytic cycle that would explain the origin of (3. 1H), 4.69 (q, 1H), 2.40 (s, 3H)p]* 73.5 € 0.10, CHCLy);
HPLC (Chiralcel OD-H column, hexane/2-propareB0/20, flow
(12) Alkyl and a,f-unsaturatedN-Ts-protected imines are less suitable 1.0 mL/min, detection at 215 nnt) = 16.6 min (major) and. =

substrates for the reaction. For instance, the aza-Henry adduct from the19.8 min (minor).
cinnamaldehyde-derived Ts-imine was obtained in 40% yield with 65% ee . . .
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