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Abstract: A novel Mannich-type reaction of alkenyl
trichloroacetates with aldimines has been realized
by using dibutyltin dimethoxide as a catalyst, which
is regenerated by addition of methanol. A three-
component coupling reaction of aldehydes, primary
amines, and alkenyl trichloroacetates has been also
efficiently achieved. These procedures can provide
a variety of b-amino ketones not only from aromatic
aldehydes but also from a,b-unsaturated alde-
hydes mainly with syn-selectivity in high yields up
to 99%.
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The Mannich-type reaction of enolates with imines and
related compounds provides a beneficial route to b-ami-
nocarbonyl compounds including b-amino esters, which
can further be transformed into b-lactams or other use-
ful organic molecules.[1] In order to obtain these Man-
nich products in high yield and purity, various methods
have so far been developed.[2,3] One promising method
for this purpose is the reaction using silyl enolates cata-
lyzed by Lewis acids;[3b�3e] however, the method has an
innate disadvantage in that the Lewis acids are deacti-
vated by the polar Mannich products. Here we describe
a novel Mannich-type reaction of alkenyl trichloroace-
tates with imines catalyzed by dibutyltin dimethoxide
(Scheme 1).

We have previously shown that tin dimethoxide be-
haves as a catalyst in the aldol reaction of alkenyl tri-

chloroacetates with aldehydes.[4] The tin compound is ef-
fectively regenerated from the aldol adduct under the
action of MeOH and thus the reaction proceeds catalyti-
cally. We anticipated that Bu2Sn(OMe)2 could also cata-
lyze the addition of alkenyl trichloroacetates to imines
avoiding the product inhibition which is often seen in
the Lewis acid-promoted Mukaiyama-type aldol reac-
tion of silyl enolates or ketene silyl acetals.[5] First, we ex-
amined catalytic activity of Bu2Sn(OMe)2 in the reac-
tion of 1-trichloroacetoxycyclohexene (2 equivs.) with
N-phenylbenzaldimine (1 equiv.), and, gratifyingly,
found that the targeted b-amino ketone was obtained
in 81% yield with a syn/anti ratio of 65 :35 in the pres-
ence of 10 mol % of the catalyst and 20 equivs. of
MeOH in THFat room temperature (22 8C) for 1 h (en-
try 1, Table 1). We then optimized the reaction condi-
tions to reduce the catalyst loading and to obtain higher
yields of the product. The results are summarized in
Table 1. We tried the reaction employing less than
0.1 equiv. of Bu2Sn(OMe)2 and found that the 84% yield
of the product was still formed under the influence of
2 mol % of the catalyst with 20 equivs. of MeOH (entry
5). Among the various conditions, use of 5 mol % of the
catalyst and 20 equivs. of MeOH at room temperature
gave the most satisfactory results in the terms of product
yield and syn/anti selectivity (entry 3). The reactivity of
Bu2Sn(OMe)2 was higher than that demonstrated by
Bu3SnOMe[4a,6] (entries 3 vs. 6). Although less polar and
more polar solvents including MeOH were also usable
in the present Mannich-type reaction, THF was the sol-
vent of choice (entries 3 and 7–10). We also examined
several reaction temperatures (entries 11–14) and the re-
action at 10 8C gave the highest yield (entry 12).

We next performed the catalytic Mannich-type reac-
tion of 1-trichloroacetoxycyclohexene with various aldi-
mines under the optimized reaction conditions (Ta-
ble 2). From aromatic aldimines, the corresponding
Mannich products were syn-selectively produced in
good yield (entries 1–4). With (E)-cinnamaldimine, ex-
clusive 1,2-addition took place (entry 5). We further car-
ried out a screening of the R2 substituent of imines and
found that arylamine-derived imines showed remarka-

Scheme 1. Mannich-type reaction of alkenyl trichloroacetates
with aldimines catalyzed by Bu2Sn(OMe)2.
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Table 1. Optimization of Mannich-type reaction of an alkenyl trichloroacetate of cyclohexanone with N-phenylbenzaldimine
catalyzed by Bu2Sn(OMe)2.

[a]

Entry Bu2Sn(OMe)2 [equivs.] MeOH [equivs.] Solvent Temp. [8C] Time [h] Yield[b] [%] syn/anti[c]

1 0.1 20 THF rt 1 81 65/35
2 0.05 15 THF rt 1 80 80/20
3 0.05 20 THF rt 1 88 84/16
4 0.05 25 THF rt 1 77 64/36
5 0.02 20 THF rt 1 84 71/29
6[d] 0.05 20 THF rt 2.5 29 78/22
7 0.05 20 CH2Cl2 rt 1 76 81/19
8 0.05 20 MeOH rt 1 72 56/44
9 0.05 20 toluene rt 1 70 84/16

10 0.05 20 DMF rt 1 65 55/45
11 0.05 20 THF 30 1 88 76/24
12 0.05 20 THF 10 1 92 80/20
13 0.05 20 THF 2 6 91 80/20
14 0.05 20 THF �40 24 5 74/26

[a] Unless otherwise noted, the reaction was performed using Bu2Sn(OMe)2 (0.02–0.1 equivs.), 1-trichloroacetoxycyclohexene
(2 equivs.), and N-phenylbenzaldimine (1 equiv.) in a dry solvent containing MeOH (15–25 equivs.) at the specified tem-
perature for 1–24 h. Room temperature is 22–24 8C.

[b] Yield of isolated product.
[c] Determined by 1H NMR analysis.
[d] Bu3SnOMe was used as a catalyst instead of Bu2Sn(OMe)2. 2.5 equivs. of 1-trichloroacetoxycyclohexene were used.

Table 2. Bu2Sn(OMe)2-catalyzed Mannich-type reaction of various aldimines.[a]

Entry R1 R2 Time [h] Yield [%] [b] syn/anti[c]

1 Ph Ph 3 94 81/19
2 4-MeOC6H4 Ph 2.5 92 79/21
3 4-BrC6H4 Ph 2.5 88 77/23
4 4-NO2C6H4 Ph 3 68 74/26
5 (E)-PhCH¼CH Ph 2.5 93[d] N. D.[e]

6 Ph 2-MeOC6H4 2 >99 63/37
7 Ph 4-MeOC6H4 3.5 86 73/27
8 Ph 4-BrC6H4 3.5 87 81/19
9 Ph 4-NO2C6H4 3 66 83/17

10[f] Ph PhCH2 1.5 <1[g] –
11[f] Ph c-C6H11 5 <1[h] –

[a] Unless otherwise noted, the reaction was performed using Bu2Sn(OMe)2 (0.05 equivs.), 1-trichloroacetoxycyclohexene (2.5
equivs.), and aldimine (1 equiv.) in dry THF containing MeOH (20 equivs.) at room temperature (22–24 8C) for 1.5–5 h.

[b] Yield of isolated product.
[c] Determined by 1H NMR analysis.
[d] A 1,2-adduct was formed exclusively.
[e] The syn/anti ratio was not determined.
[f] 2 equivs. of 1-trichloroacetoxycyclohexene were used.
[g] An enone was formed in 42% yield.
[h] An enone was formed in 22% yield.
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ble reactivity (entries 6–9), while use of benzyl and cy-
clohexyl groups led to totally unsatisfactory results (en-
tries 10 and 11).

The utility of the present Bu2Sn(OMe)2-catalyzed
Mannich-type reaction was then demonstrated by using
alkenyl trichloroacetates prepared from diverse ketones
(Table 3). In addition to cyclic substrates, acyclic sub-
strates also added to N-phenylbenzaldimine, although

longer reaction times were indispensable to get good
yields (entries 4 and 5). Cyclic alkenyl trichloroacetates
showed moderate syn-selectivity (entries 1–3). In con-
trast, the reaction of acyclic ketone derivatives proceed-
ed with almost no diastereoselectivity (entries 4 and 5).

We further attempted a three-component coupling re-
action[7] of 1-trichloroacetoxycyclohexene, aldehydes,
and amines, and the results are listed in Table 4. All re-

Table 3. Bu2Sn(OMe)2-catalyzed Mannich-type reaction of various alkenyl esters.[a]

Entry R1 R2 Time [h] Yield [%] [b] syn/anti[c]

1 – (CH2)3 – 1.5 91 79/21
2 –(CH2)4 – 3 94 81/19
3 –(CH2)5–

[d] 5 91 75/25
4 Et Me[e] 68 68 45/55
5 Ph Me[f] 71 58 53/47

[a] Unless otherwise noted, the reaction was performed using Bu2Sn(OMe)2 (0.05 equivs.), alkenyl trichloroacetate (2.5
equivs.), and N-phenylbenzaldimine (1 equiv.) in dry THF containing MeOH (20 equivs.) at room temperature (22–
24 8C) for 1.5–71 h.

[b] Yield of isolated product.
[c] Determined by 1H NMR analysis.
[d] 2 equivs. of 1-trichloroacetoxycycloheptene were used.
[e] The E/Z ratio was 17/83.
[f] The E/Z ratio was 84/16.

Table 4. Bu2Sn(OMe)2-catalyzed three-component coupling reaction.[a]

Entry R1 R2 Time [h] Yield [%] [b] syn/anti[c]

1 Ph Ph 3 84 (77)[d] 77/23
2 4-MeOC6H4 Ph 3 88 72/28
3 4-BrC6H4 Ph 3 87 74/26
4 4-NO2C6H4 Ph 3.5 85 68/32
5 (E)-PhCH¼CH Ph 3 90[e] N. D.[f]

6 Ph 2-MeOC6H4 3 81 58/42
7 Ph 4-MeOC6H4 3 53[g] 67/33
8 Ph 4-BrC6H4 3 84 78/22

[a] Unless otherwise noted, the reaction was performed using Bu2Sn(OMe)2 (0.05 equivs.), 1-trichloroacetoxycyclohexene (2.5
equivs.), aldehyde (1 equiv.), amine (1 equiv.), and trimethyl orthoformate (TMOF, 1 equiv.) in dry THF containing
MeOH (20 equivs.) at room temperature (21–24 h) for 3 or 3.5 h.

[b] Yield of isolated product.
[c] Determined by 1H NMR analysis.
[d] Without TMOF.
[e] A 1,2-adduct was formed exclusively.
[f] The syn/anti ratio was not determined.
[g] An enone was formed in 19% yield.
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actions provided the desired b-amino ketones in moder-
ate to high yields under the influence of 5 mol % of
Bu2Sn(OMe)2 at room temperature. Employment of tri-
methyl orthoformate (TMOF) as an additive was effec-
tive for suppressing the concomitant b-elimination of
the product and for obtaining better product yields. In
the present three-component system no aldol reaction
took place and the corresponding b-hydroxy ketones
were not obtained at all.

A probablecatalytic cycle is illustrated in Figure 1. First
of all, Bu2Sn(OMe)2 reacts with an alkenyl trichloro-
acetate to yield a tin enolate accompanied by methyl
trichloroacetate. The enolate is then allowed to add to
an imine, affording a tin amide of the Mannich adduct.
Finally, protonation of the tin amide with MeOH results
in the formation of the b-amino ketone and regenera-
tion of the tin dimethoxide. Rapid methanolysis of the
amide completes the catalytic cycle.

From the aforementioned catalytic cycle and the fact
that cyclic alkenyl trichloroacetates reacted with ald-
imines syn-selectively, the cyclic transition-state struc-
tures A and B shown in Figure 2 can be postulated as

models for the Mannich-type reaction of the cyclic sub-
strates. In these models, the imine coordinates to a tin
atom of the enolate to form a six-membered cyclic struc-
ture. Thus, from the cyclic enolate (E-enolate), the syn-
Mannich adduct is formed via a chair-type transition-
state structure A, whereas model B possessing a boat
conformation connects the E-enolate to the anti prod-
uct.[8] Among these transition-state structures, model
A is estimated to be more stable than model B, since
the latter has a thermodynamically less favored boat
form.

In summary, we have presented a successful applica-
tion of Bu2Sn(OMe)2 as a catalyst for the Mannich-
type reaction between alkenyl trichloroacetates and al-
dimines. The catalytic reaction proceeded with good to
high yields and mainly syn-selectivity, when cycloalka-
none-derived alkenyl trichloroacetates and N-aryl aro-
matic aldimines were employed. A Bu2Sn(OMe)2-cata-
lyzed three-component coupling process has been also
developed as a more efficient alternative. To the best
of our knowledge, this is the first example of a Mannich
reaction variant using alkenyl esters. Current efforts in
our laboratory are directed towards the application of
the present catalytic system to other reactions, as well
as the development of an asymmetric version of this re-
action.

Experimental Section

General Remarks

Analytical TLC was done on precoated (0.25 mm) silica gel
plates. Column chromatography was conducted with 70–230
mesh silica gel (neutral). Infrared (IR) spectra were recorded
on an FTIR spectrometer. 1H NMR spectra were recorded
on a 400 MHz spectrometer. Chemical shifts of 1H NMR spec-
tra were reported relative to tetramethylsilane (d¼0). Split-
ting patterns are indicated as s, singlet; d, doublet; m, multiplet;
br, broad. 13C NMR spectra were recorded on a 100 MHz spec-
trometer. Chemical shifts of 13C NMR spectra were reported
relative to CDCl3 (d¼77.0). All experiments were carried
out under an atmosphere of standard grade argon gas (oxygen
<10 ppm). Alkenyl trichloroacetates were prepared by treat-
ment of the corresponding ketones with trichloroacetic anhy-
dride in the presence of a catalytic amount ofp-toluenesulfonic
acid and purified by distillation before use.[9] Aldimines were
prepared from the corresponding aldehydes and amines in
the presence of anhydrous MgSO4 in dry THF. Other chemicals
were used as purchased.

Typical Experimental Procedure for the Mannich-
Type Reaction: Synthesis of 2-
[Phenylamino(phenyl)methyl]cyclohexanone (Entry 1
in Table 2, Entry 2 in Table 3)

1-Trichloroacetoxycyclohexene (608 mg, 2.50 mmol) and N-
phenylbenzaldimine (181 mg, 1.00 mmol) were dissolved in

Figure 1. A plausible catalytic mechanism for the Mannich-
type reaction catalyzed by Bu2Sn(OMe)2.

Figure 2. Probable cyclic transition-state structures.
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dry THF (5 mL) under an argon atmosphere and then dibutyl-
tin dimethoxide (14.8 mg, 0.050 mmol) was added to the result-
ing solution at room temperature (22 8C). To the mixture was
added dropwise MeOH (0.81 mL, 20.0 mmol). After being
stirred for 3 h at this temperature, the mixture was treated
with Et3N (1 mL), MeOH (2 mL), brine (2 mL), and solid KF
(ca. 1 g) at ambient temperature for 30 min. The resulting pre-
cipitate was filtered off and the filtrate was dried over Na2SO4

and concentrated under vacuum after filtration. The residual
crude product was purified by column chromatography on sili-
ca gel (neutral) to give a mixture of the Mannich adducts as
crystals; yield: 263.0 mg (94%). The syn/anti ratio was deter-
mined to be 81/19 by 1H NMR analysis. Physical and spectral
data of a 71/29 mixture of the syn and anti isomers: TLC
Rf¼0.36 (1 :4 ethyl acetate/hexane); IR (neat): n¼3382,
2930, 2850, 1693, 1602 cm�1; 1H NMR (400 MHz, CDCl3):
d¼1.58–2.06 (m, 6H, 3 CH2), 2.29–2.43 (m, 2H, CH2), 2.77
(m, 1H, CH), 4.4–4.7 (br s, 1H, NH), 4.62 (d, 0.29H,
J¼7.0 Hz, CH), 4.80 (d, 0.71H, J¼4.3 Hz, CH), 6.52–6.65
(m, 3H, aromatic), 7.04–7.08 (m, 2H, aromatic), 7.18–7.37
(m, 5H, aromatic); 13C NMR (100 MHz, CDCl3, syn isomer):
d¼24.8, 27.0, 28.6, 42.4, 56.6, 57.4, 114.0 (2 C), 117.6, 126.9,
127.4 (2 C), 128.3 (2 C), 128.9 (2 C), 141.5, 147.4, 211.3; (anti iso-
mer) d¼23.6, 27.9, 31.2, 41.7, 57.1, 57.9, 113.5 (2 C), 117.4,
127.1, 127.2 (2 C), 128.4 (2 C), 129.0 (2 C), 141.6, 147.1, 212.8.
The above-mentioned spectral data exhibited good agreement
with reported data.[7i,7j,10]
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