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Abstract—A catalytic amount of Yb(O'Pr); (5 mol%) was found to be an excellent and practical catalyst for the nitro-Mannich
reaction of nitromethane with sulfonylimines affording the corresponding adducts in 81-100% isolated yields under extremely mild
reaction conditions. © 2001 Elsevier Science Ltd. All rights reserved.

The nitro-Mannich reaction can provide B-nitroamines
which can be further converted into several useful
building blocks in organic synthesis such as o-amino
acids and 1,2-diamines. Although this reaction has been
reported before,! only a few examples have been
described in recent years. Anderson et al. have reported
that alkyl nitronate anions can be added to a N-(4-
methoxybenzyl) imine (PMB imine) in the presence of a
Bronsted acid,? or a stoichiometric amount of a Lewis
acid.? In addition, they also reported the addition reac-
tion of I1-trimethylsilyl nitropropanate with N-(4-
methoxybenzyl) imine (PMB imine) catalyzed by
scandium triflate (4 mol%).> However, as for the typical
catalytic version of the nitro-Mannich reaction (direct
addition of nitromethane to an imine), there are no
reports so far except the work by Shibasaki et al., who
reported the first catalytic asymmetric nitro-Mannich
type reaction of N-phosphinylimines with nitromethane
promoted by a heterobimetallic complex (20 mol%).*
Herein, we report the first examples of catalytic nitro-
Mannich reactions of a sulfonylimine with
nitromethane catalyzed by lanthanide alkoxides.

In our initial study of the nitro-Mannich reaction of a
sulfonylimine with nitromethane (Eq. (1)) neither
KOPr nor a single Lewis acid such as Y(OTf); or
Ti(OPr), was found to promote the addition of
nitromethane to sulfonylimines. However, the addition
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product could be obtained in 33% yield if a mixture of
1.1 equiv. KOPr and 0.1 equiv. Y(OTf); was used
(Table 1).

HN TSP

Ph/\/NOZ

NTSP KOIPr, tt.
)l\ + CH3NO; .
Ph H Cat. Lewis acid

la 2a
(1)

The choice of base is crucial for the Henry reaction.’
1,2-Nitroamines are prone to retroaddition® and in the
Henry reaction, the 2-nitroalkanol formed may
undergo base-catalyzed elimination of water to give
nitroalkenes, which can easily undergo polymerization.”
Rare earth metal alkoxides exhibit some basic charac-
ter, and have been applied in the catalytic C—C bond
forming nitroaldol reactions.® Therefore, we proposed
that these rare earth alkoxides could also serve as the

Table 1. Nitro-Mannich reactions of sulfonylimine 1a
catalyzed by Lewis acids

Entry Cat. (10 mol%) Base (1.1 equiv.) Yield (%)
1 Ti(O'Pr), None -
2 Y(OTf), None -
3 None K(OPr) -
4 Ti(O'Pr), K(OPr) 34
5 Y(OTf), K(OPr) 33
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Table 2. Effect of different kinds and amounts of catalyst on the reaction

Entry Ln(OPr), Cat. (mol%) Time (h) ot (1&) Yield (%)
1 Sc 20 S 0.810 83
2 La 20 5 1.061 60
3 Gd 20 S 0.938 68
4 Yb 20 1.5 0.858 98
5 Yb 10 3 0.858 100
6 Yb 5 5 0.858 100
7 Yb 1 5 0.858 95

proper catalysts for this nitro-Mannich reaction (Eq.

2)).

l\ll’TS'p Cat. Ln(O/Pr); HNT TP
+ CHNO, ———————~ NO,
Ph /KH THF, rt. Ph/\/
la 2a

(@)

At first, several representative alkoxides were screened
using the following conditions:® imine (1 mmol) and
alkoxide (20 mol%) were stirred for 10 min in 5 ml of
THF at room temperature under Ar, then nitromethane
(5 mmol) was syringed into the mixture. The results are
summarized in Table 2. The radius of the rare earth
metal ion strongly affected the reaction. In general, the
acidity of rare earth metals depends on their ionic
radius. The activity of the catalyst was improved with
decreasing radius of the lanthanide metal (Table 2,
entries 2-4). Among all of the lanthanide alkoxides
screened, Yb gave the best results, which were similar
to the results obtained in the addition reaction of
N-phosphinoylimine.* In addition, the amount of
Yb(OPr), catalyst was examined: even with 1 mol%
Yb(O'Pr);, the product would be isolated in 95% yield
within 5 h (Table 2, entry 7).

Several examples of the nitro-Mannich reaction with
various sulfonylimines are listed in Table 3. In all cases,
the reactions proceeded smoothly to give the corre-
sponding addition products in excellent yields in the
presence of a catalytic amount of Yb(OPr); (5 mol%)
under extremely mild reaction conditions (Eq. (3)).

Tsp
Ts . -
N P Yb(OPr)3 5mol %  HN
+ CH3N02 > NOZ
Ar/KH THF, 3h, rt. Ar
1 2
(3)

In conclusion, Yb(O'Pr); was found to be an excellent
and practical catalyst for the nitro-Mannich reaction of
sulfonylimines. The corresponding adducts of sul-
fonylimines with nitromethane can be isolated in excel-
lent yields under extremely mild reaction conditions
with 5 mol% Yb(OPr);. Further work on the lan-
thanide alkoxides catalytic activity in organic synthesis
is underway in our laboratory.

Table 3. Nitro-Mannich reaction of sulfonylimines
catalyzed by Yb(O'Pr); (5 mol%)

Entry  Sulfonylimine Adduct Yield (%)
1 la, C;H; 2a, C,H; 100
2 1b, 2-MeOC¢H, 2b, 2-MeOC¢H, 95
3 1c, 4-MeOC¢H, 2¢, 4-MeOCH, 95
4 1d, 4-MeC,H, 2d, 4-MeCH, 91
5 le, 1-C,,H, 2e, 1-C,H, 81
6 1f, 4-CIC;H, 2f, 4-CIC H, 92
7 1g, 4-NO,C,H, 2g, 4-NO,C¢H, 92
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(157 mg, 98%) as an off-white solid. Mp 155-157°C; 'H
NMR (300 MHz, CDCl;, 25°C, TMS): 6=7.65 (d, J=38.3
Hz, 2H), 7.27-7.24 (m, 5H), 7.10 (d, J=8.3 Hz, 2H), 5.50
(d, J=17.57 Hz, 1H), 4.99 (m, 1H), 4.84 (dd, /=13.08, 6.64
Hz, 1H), 4.66 (dd, J=13.07, 6.34 Hz, 1H), 2.40 (s, 3H); IR

(KBr): v=23426, 1550, 1380, 1167 cm™'; ESI-MS (CH,OH-
H,0): m/z (%): 338.1 (M+H,O", 100), 260.0 (4.9); MS:
m/z (%): 274 (0.7), 260 (14), 91 (100); anal. caled for
C,sH(N,O,S: C, 56.24; H, 5.03; N, 8.74; S, 10.00. Found:
C, 56.50; H, 4.95; N, 8.82; S, 10.15.



