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Abstract: Catalytic amount of indium (lll) trichloride efficiently

Table 1. Effect of InCl3

975

catalyzed Michael reaction between amines am-ethylenic Entry Reactions Conditions Yieldsa
compounds in water and under mild conditions. Indium trichloride can ! |
: S o InCl3 (20 mol%), 70
be recovered and reused without decrease in yield. 3
y : CO,Me* BNNH2 H0, rt, 6 h (33:67)b
One of the most straightforward routes for the synthesiB-afino 2 H20, rt, 6 h (352~(6)5)b
derivatives such ag-aminoestersis via the Lewis acid-mediated ’
addition of amines tar,3-ethylenic compounds. However, only simple £ . InCl3 (20 mol%), 82. 85, 81¢
: i i - . . 3 -\ + (iPr)oNH le) 16 h T
primary nonbulky amines can react with simple unsubstituted acrylic CN HyO, rt,,
compounds without special activatfoPsuch ahigh temperaturé high
pressuré, the use of appropriate cataly&tas well as with various such 4 " H;0,r.t, 16 h 624
combinations. In order to develop new catalysts to promote this \
) . . . . InCl3 (20 mol%),
reaction under mild reaction conditions, we examined a novel and useft. = P NH nCl3 (20 mol%) 45 (14 %de)
.. . . COEt 2 H,0,rt., 23 h
catalyst namely indium (l1I) trichloride.
Organic reactions in water or aqueous media have recently attracte 6 " H20,rt, 23 h 40 (15 %de)

great interest:® Recently, we have reported indium trichloride as an

excellent catalyst in the Mukaiyama aldol reactiftd? Diels-Alder 7 C{a_ + /L InClz (20 mol%), 70 (7 de%)
reactions:® aldol-type Mannich reactidft and Michael reactidrt neat _\cogEt PK™ "NHp HpO,rt,3d

or in water under mild conditions. As indium trichloride has these

unique properties compared to other Lewis acids which include stability. 8 . HyO.rt,3d 51 (8 de%)

and recoverability from water, we are interested to apply it to other
carbon-carbon bond formation reactions in water. In this paper, we
showed that indium trichloride can promote the conjugate addition of

a Jsolated yields. b the ratio of A/B. ¢ Yields of 1st, 2nd and 3rd runs
separately. 4 69% at 50 °C 7

a,B-ethylenic substrates such as acrylate, crotonate and acrylnitrile witt Table 2. InCl3 Catalyzed Conjugate Addition of Amines to Methyl

primary and secondary amines in watctieme 1 Acrylate _ _
Entry Ry Ry Time Yields(%) 2
1 4-Cl-Ph H 18h 6
R R X X 2 Ph H 18 h 45
NH + =\ InCls (20 mol%) ’\;lv\/ . K/\N/\/ 3 4-CH30-Ph H 18h 65
Re X H0, rt. h |R1 4 CHj CH;  18h 85
5 EtO,CCH; H 18h 65 (82:18)b
X=CN, COOCH3 A B (R2=H) 6 PhCH, H 6h 70 (33:67)b
-25)b
Scheme 1 7 Ph(CH3)CH H 18h 44 (75:25)

A typical experimental procedure is as follows: Anp-ethylenic

aIsolated yields. b The ratio of A/B

Table 3. InCl3 Catalyzed Conjugate Addition of Amines to Acrylnitrile

substrate (1 mmol) and Ing(20 mol%)were stirred in distilled water Enry R, Ry Time Yields(%) @
(5 mL) at room temperature for 10 minutes. Amine (1.2 equiv.) was then | 4-C1-Ph H 40 h 7
added in small portions. The resulting mixture was stirred for 6-40 hours 2 Ph H 40 h 33
at room temperature. Usual workup affordedfkemino products. The 3 4-CH30-Ph H 40h 54
results are summarized in Tables 1, 2 and 3. 4 CH;j CHj 160 92

5 iPr iPr 16 h 82, 85, 81¢
Indium trichloride was first tested for its effectiveness as a Lewis acid in ¢ EtO,CCHy H 20h 61
the reaction of methyl acrylate and benzylamine in water (Table 1, 7 PhCHj H 16 h 98 (98:2)4
entries 1 and 2). Competitive experiments were carried out with and _8 Ph(CH3)CH H 20h 72 (93:7yd

without InCk in water. The reaction of methyl acrylate with
benzylamine in the presence of Ig@las completed in 6 h giving a
mixture of mono and disubstituted products (70 %). However, the
control reaction without any catalyst gave much lower yields (20 %)

a Isolated yields. b 69 % at 50 °C 7. ¢ the yields of 1st, 2nd and 3rd runs
separately. d The ratio of A/B
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confirming the effectiveness of Ingks catalyst for the addition of PEnZylamine totransethyl crotonate andrans<thyl 4,4,4-trifluoro-
amine to a,B-unsaturated ester. Similarly, when the reaction ofcrotonate aff.orded.the corresponding products in hlgher yield than the
acrylnitrile with diisopropyl amine was carried out in the presence offONtrol reactions without IngbeparatelyTable 1, entries 5 to 8). These
InCl; (Table 1, entries 3 and 4), the monosubstituted product waéeSLf'FS conﬂrmed the efflClenCy_ of InQis a catalyst for the conjugate
obtained as the sole product in much higher yield as compared to tfigdition of amines ta,p-ethylenic compounds and show that recovered
reaction without InGJ. InClz can also be recovered and reused. The!NClscan be reused without decrease in yield.

yields of the 2nd and 3rd runs were comparable to the first run (Table Bfter confirming the efficiency of indium trichloride, a wide variety of
entry 3). Finally, the InGtcatalyzed addition of R)-methyl primary and secondary amines were reacted with acrylate and
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acrylnitrile in water. The results are summarized in Tables 2 and 3. Thie conclusion, InG is an efficient catalyst for Michael conjugate
following characteristic features of these reactions are noted: (1) In afiddition of amines ta,-unsaturated ethylenic compounds in water
cases indium trichloride catalyzed the addition of various amines witlunder mild reaction conditions.

acrylate and acrylnitrile in water gave the corresponfliagnino esters e acknowledge the financial support for this project from the National

in moderate to high yields. (2) InClcan catalyze both alkyl and yniversity of Singapore (Grant RP 940633, RP 950609, RP 970615 and
aromatic amines addition reactions. For the reactions of simple alkykp 970616).

amines such as dimethylamine, the yields are highRé&3ictivities of
nonbulky amines relate to their basicity (Tables 2 and 3, entries 1, 2 and

3). Generally, higher basicity results in higher yields. (4) The additionaﬁeferences and Notes:

alkylation reaction is difficult to control (Table 2, entries 5, 6 and 7;(1) Ben Ayed, T.; Amiri, H.; El Gaied M. M.; Villieras Jetrahedron
Table 3, entries 7 and 8). This further alkylation cannot be avoided 1995 35, 9633 and references cited therein.

either by changing the addition sequence or the changing of the ratios (f) Pfau, M.Bull. Soc. Chim. Franc&967, 117.

reactants. (5) InGlcan be recovered and reused after the completion of3)  perimutter, PConjugate Addition Reaction in Organic Synthesis
reactions without any decrease in yields (Table 1, entries 3). The  pergamon Press: Oxford, 1992.

experimental procedure is very simple: after being extracted with ethy(l4 Furukawa M. Okawara T. Terawaki @hem. Pharm. BullL977
acetate three times, the aqueous layer was separated and reused direct)ly o5 1319, ' '

for the second run.
(5) D'Angelo, J.; Maddaluno, J. Am. Chem. Sot986 108 8112.

Preliminary studies using chiral amind&}{methyl benzylamine) with
y g Xmethyl benzylamine) Matsubara, S.; Yoshioka, M.; Utimoto, Ehem. Lett1994 827.

trans-ethyl crotonate resulted in poor diastereoselectivity as shoque)
below Scheme 2 The isomers resulting frotransethyl crotonate can (7).  Jenner, GTetrahedron Lett1993 36, 233.

be easily separated by silica gel chromatography. Interestingly, indiur8) Lubineau, A.; Ange, J.; Queneau,Sy¢nthesid994 741.

trichloride can also catalyze the addition Bj-(nethyl benzylamine to  (9) Lj, C.-J.Chem. Rev1993 93, 2023.

trans-ethyl 4,4,4-trifluorocrotonate to afford the corresponding chiral(lo) Loh, T.-P; Pei, J.; Cao, G.-Q. Chem. Soc., Chem. Commun.
trifluoromethylated amine in good yield. This method provides an easy 1996 1819.

entry to trifluoromethylated amine which is otherwise difficult to obtain. o . s
We have also studied the reaction of ethyl (S)-(+)-3-(2,2-dimethyl-1,3£ll) tstr:’lg';;"sze;‘é's Koh, S.-V.; Cao, G-Q.; Li, X.-Rtrahedron
dioxolan-4-yl)<cis-2-propenoate with benzylamine as showisaheme ' U )

3. Efforts to increase the diastereomeric selectivity using other chirdft2) Loh, T.-P; Chua, G.-L; Vittal, J. J.; Wong, M.-W.Chem. Soc.,

amines are ongoing. Chem. Commuri998 861.
(13) Loh, T.-P.; Pei, J.; Lin; MJ. Chem. Soc., Chem. Commuf96
v 2315.

Y
\=\ . h/k INCl3(20 mol%) h/L }\/COOE‘ (14) Loh, T.-P.; Wei, L.-LTetrahedron Lett1998 39, 323.
cooet P “NHz 0 r PPN (15) Loh, T.-P.; Wei, L.-LTetrahedrori 998 54, 7615.

(16) Kinas, R.; Pankiewicz, K.; Stec, J. W.; Farmer, B. P.; Foster, B. A,;

Yoo eatelieae) . Jarman, MJ. Org. Chem1977, 42, 1650.
- (17) The diastereomeric ratio was determined!®# NMR and the
Scheme 2 absolute stereochemistry of the products was not determined.
(18) Matsunaga, H.; Sakamaki, T., Nagaoka, H.; Yamada, Y.
7[_0 COuEt Tetrahedron Lett1983 24, 3009.
O\)\) + BiNH; (19) The ratio ofcis/transof recovered ethyl (S)-(+)-3-(2,2-dimethyl-

1,3-dioxolan-4-yl)-2-propenoate is 5/95 respectively as compared
to the purecis starting material.

G NP PN
CORE COEt

NHBn IfIHBn

Condition 1. HxO, r.t., 21 h;
80% conversion; 63% isolated yield; (3R):(3S) = 80:2018:19,

Condition 2. InCi3(20% mol), H20, r.t.,, 21 h;
100% conversion; 78% isolated yield; (3R):(35) = 80:20'8,

Scheme 3
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