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Abstract: Allylation reaction of aldehydes with allyltributyltin was
achieved using Sn catalysts in acidic aqueous media. Exclusive
aldehyde selectivity was observed for competitive reactions of
aldehydes and ketones with allyltributyltin in the presence of 5 mol% of
tetraallyltin or SnCly in a mixture of aqueous HCI solution and THF.

Previous studies in our laboratory have resulted in new methodology for
chemoselective allylation of carbonyl compounds using tetraallyltin (1)
in acidic aqueous media.! This paper concerns the development of the
catalytic process. Tetraallyltin (1) exists stably in a neutral or basic
aqueous solution and reacts very slowly with carbonyl compounds
under such reaction conditions.>?® However, this tin compound
gradually decomposes in acidic aqueous solutions and four of the allyl
groups rapidly react with carbonyl compounds in the presence of only 1
equiv of hydrochloric acid*> In contrast, allyltributyltin (2), which is
commonly employed for Lewis acid-promoted carbonyl allylation,6
does not react in the presence of HCL”® For example, only 3% yield of
the product was obtained by its reaction with nonanal at room
temperature for 24 h under the influence of a stoichiometric amount of
HCl. This striking difference in reactivity between these allyltin
reagents prompted us to further investigate the Brgnsted acid-promoted
allylation reaction. The number of allyl groups of tin reagents is crucial
to the conduct of the carbonyl addition reaction. For example, reaction
of diallyldibutyltin (3, 1 equiv)9 with benzaldehyde (1 equiv) in a
mixture of 2 N HCl (2 equiv) and THF at 20 °C afforded the
homoallylic alcohol 4 in 74% yield, whereas no reaction was observed
in the absence of the acid. This suggests that (allyl),SnBuy_, (n=2 ~4)
has a certain interaction with HC1 and/or carbonyl compound.
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Attempts to perform the catalytic allylation process in acidic agueous
media were successful with use of allyltributyltin (2) as an allyl source
(eq 1). Selected results are summarized in Table 1. Treatment of 0.05
equiv of tetraallyltin (1) with benzaldehyde (1 equiv) in a 1:1 mixture of
2 N HCI (1 equiv) and THF at 20 °C for 40 min followed by addition of
allyltributyltin (2, 1 equiv) and subsequent stirring for 4 h provided the
allylated product 4 in 97% yield (entry 2).10 Use of less than 0.01 equiv
of the catalyst resulted in a lower yield and longer reaction times were
required to obtain high yields (entries 3-5). Parallel experiments with
aliphatic and o,B-unsaturated aldehydes gave similar resulis (entries 6
and 7). In the reaction with (E)-cinnamaldehyde, an exclusive 1,2-
addition took place. Diallyldibutyltin (3) showed a similar catalytic
activity (entries 8 and 9). Furthermore, tin(IV) oxide and tin(IV) halides
were also found to promote the catalytic allylation (entries 10-14), with
SnCly exhibiting the highest reactivity among them (entries 13 and 14).
In contrast, the reaction did not proceed catalytically using a typical
Lewis acid, BF3+OEt, (entry 15).
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Table 1. Catalytic allylation of aldehydes with allyltributyltin (2)*

Entry  Catalyst Aldehyde Time,h Yield (%)”
(equiv)
1€ —_— PhCHO 4 <1
2 1(0.05) PhCHO 4 97
3 1(0.01) PhCHO 4 59
4 1(0.01) PhCHO 22 86
5 1(0.001) PhCHO 61 70
6 1(0.01) -CgHy7CHO 22 60
7 1(0.01) (B)-PhCH=CHCHO 22 67
8 3 (0.05) PhCHO 4 83
o4 3(0.001) PhCHO 47 30
10 Bu,SnO (0.05) PhCHO 24 40
11 BuySnCl, (0.05) n-CgHy7CHO 24 60
12 BupSnBr, (0.05) n-CgH;7CHO 24 55
13¢  snCl, (0.05) PhCHO 4 71
14" snCl, (0.05) PhCHO 14 90
15° BFyOEt, (0.05) PhCHO 4 3

4 Unless otherwise noted, the reaction was carried out using catalyst
(0.05 ~ 0.001 equiv), allyltributyltin (2, 1 equiv), and aldehyde (1
equiv) in a 1:1 mixture of 2 N HCI (1 equiv) and THF at 20 °C. ?
Isolated yield. € The reaction was performed in a 1:8 mixture of 2 N
HCI (1 equiv) and THF. ¢ The reaction was performed in a 3:5
mixture of 2 N HCl (1 equiv) and THF. ¢ The reaction was
performed in a 1:5 mixture of 2 N HCI (1 equiv) and THF.  The
reaction was performed in a 1:2 mixture of 2 N HCI (1 equiv) and
THF

The present catalytic allylation exhibited a high chemoselectivity
towards aldehydes and some examples are shown in Table 2. For
instance, in the reaction of benzaldehyde (1 equiv) and acetophenone (1
equiv) with allyltributyltin (1 equiv) in the presence of tetraallyltin (1,
0.05 equiv) in a mixture of 2 N HCI (1 equiv) and THF, only the
aldehyde adduct was obtained in 97% yield (entry 3). Use of SnCl as a
catalyst resulted in a similar chemoselectivity and satisfactory yield
(entry 4). Exclusive aldehyde selectivities were also observed for the
competitive reaction of aliphatic aldehydes and ketones (entries 1, 2, 5,
and 6).

Figure 1 provides a proposed mechanism of the catalytic reaction
pathway of allyltributyltin (2) with aldehydes in the presence of a
catalytic amount of tetraallyltin (1) or diallyldibutyltin (3). First, the tin
catalyst reacts with 2 equiv of HCI to generate a tin dichloride A.
Subsequent allyl group transfer from allyltributyltin (2) to A gives a
diorganoallyltin chloride B which would have a moderate Lewis acidity.
Coordination of aldehyde to B followed by allyl group migration of the
resulting pentacoordinated tin compound C via a six-membered cyclic
transition structure D produces a tin alkoxide of homoallylic alcohol E.
Finally, the reaction of E with HCl regenerates the tin dichloride A. The
allyitin chloride B is regarded as a key intermediate for catalytic and
stoichiometric carbonyl addition reactions with allyltin reagents in
acidic aqueous media. !
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Table 2. Catalytic chemoselective allylation of aldehydes with
allyltributyltin (2)*

Entry Sn catalyst Carbonyl compounds Yield (%)® Ratio®
14 1 m-C7H;sCHO + n-CgH(COCHy 57 >99:1
24 SnCly  n-C;H;sCHO + n-CsHsCOCHs 73 >99:1
3¢ 1 PhCHO + PhCOCH,4 97 >99:1
4 SnCly PhCHO + PhCOCH,4 77 >99:1
5 SnCly +BuCHO + n-CsH;,COCH3 40 >99:1
o)

6? SnCl,  n-C;H;sCHO + é 87 98:2
o)

7 SnCI4

PhCHO + ij 85 >99:1

¢ Unless otherwise specified, the reaction was carried out using
tetraallyltin (1, 0.05 equiv) or SnCly (0.05 equiv), allyltributyltin (2,
1 equiv), and two carbonyl compounds (1 equiv, respectively) in a
1:5 mixture of 2 N HCI (1 equiv) and THF at 20 °C for 4 h. ?
Combined isolated yields of the allylation products. € Determined
by 'H NMR or GLC analysis. ¢ The reaction was performed at 20 °C
for 23 h. ¢ The reaction was performed in a 1:3 mixture of 2 N HCI
(1 equiv) and THF

With this mechanistic guidance it became of interest to evaluate
appropriate chiral allyltin reagents which might deliver the allyl group
enantioselectively to one face of an aldehyde, both as a test of the
mechanistic hypothesis and a step toward more powerful synthetic
methodology. Thus, (-)-diallylbis(2-phenylbutyDtin (5, 98% ee, 0.05
equiv)12 was employed as a catalyst for the condensation of nonanal (1
equiv) with allyltributyltin (2, 1 equiv) in a 1:1 mixture of 2 N HCI (1
equiv) and THF at 20 °C, and the (S)-enriched alcohol 6 was obtained in
83% yield with 11% ee.!? In the reaction with cinnamaldehyde, the (R)-
enriched alcohol 7 formed in 75% yield also indicated the same optical
purity (11% ee).l4 Noteworthy was the fact that when these aldehydes
were treated with an equimolar amount of the optically active diallyltin
compound 5 under the influence of 4 equiv of 2 N HCI, similar levels of
enantioselectivity (12 ~ 15% ee) were observed. These results imply
that a common intermediate might participate in both the catalytic and
stoichiometric allylations.

The reaction reported herein is a new class of highly chemoselective
allylation of aldehydes with allyltributyltin using a catalytic amount of
tin catalyst in acidic aqueous media.
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Figure 1. Proposed mechanism of the catalytic allylation
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min with a syringe pump and the mixture was stirred for another 4
h at this temperature. The reaction mixture was treated with a
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758,700 cm™; 'H NMR (300 MHz, CDCl3) §2.01 (d, 1 H, J=2.5
Hz, OH), 2.52 (m, 2 H, CHy), 4.75 (dt, 1 H, J = 6.9, 2.5 Hz, CH),
5.14-5.20 (m, 2 H, 2 vinyls), 5.82 (m, 1 H, vinyl), 7.25-7.37 (m, 5
H, aromatic).

Concerning the reactivity of allyltin chlorides, see: (a) Boaretto,
A.; Marton, D.; Tagliavini, G.; Ganis, P. J. Organomet. Chem.
1987, 321, 199. See also ref.8. (b) Marshall, R. L.; Young, D. J.
Tetrahedron Lett. 1992, 33, 2369. (c) Miyake, H.; Yamamura, K.
Chem. Lett. 1992, 1369. (d) Miyake, H.; Yamamura, K. Chem.
Lert. 1992, 2221. (e) Fouquet, E.; Gabriel, A.; Maillard, B.;
Pereyre, M. Bull. Soc. Chim. Fr. 1995, 132, 590.

Bp 198 °C (0.1 Torr); TLC Rf0.59 (1:5 ethyl acetate/hexane); g
NMR (300 MHz, CDCl3) 8 0.73 (t, 6 H, J = 7.3 Hz, 2 CHy), 1.01-
1.17 (m, 4 H, 2 CH,), 1.28-1.43 (m, 4 H, 2 CH,), 1.49-1.59 (m, 4
H, 2 CH,), 2.47-2.57 (m, 2 H, 2 CH), 4.60 (d, 2 H, J = 10.0 Hz, 2
vinyls), 4.66 (d, 2 H, J = 16.9 Hz, 2 vinyls), 5.58-5.72 (m, 2 H, 2
vinyls), 7.08-7.30 (m, 10 H, aromatic); [oJ?%p -33.2° (¢ 1.0,
benzene). (a) Otera, J.; Kawasaki, Y.; Mizuno, H.; Shimizu, Y.
Chem. Lett. 1983, 1529. (b) Otera, J.; Yoshinaga, Y.; Yamaji, T.;
Yoshioka, T.; Kawasaki, Y. Organometallics 1985, 4, 1213.

TLC Rf 0.30 (1:5 ethyl acetate/hexane); Iy NMR (300 MHz,
CDCl3) 8 0.88 (t, 3 H, J = 7.2 Hz, CHj3), 1.19-1.58 (m, 15 H, 7
CH, and OH), 2.07-2.19 (m, 1 H, one proton of CH,), 2.26-2.37
(m, 1 H, one proton of CH,), 3.65 (m, 1 H, CH), 5.10-5.19 (m, 2
H, 2 vinyls), 5.83 (m, 1 H, vinyl); [0]?'p -1.4° (¢ 2.5, CCl,). The
enantioselectivity was determined by 'H NMR analysis of the
MTPA ester.

TLC Ry 0.28 (1:3 ethyl acetate/hexane); 'H NMR (300 MHz,
CDCl3) 6 1.78 (br, 1 H, OH), 2.39 (m, 2 H, CH,), 437 (dd, 1 H, J
=12.3, 6.1 Hz, CH,), 5.16-5.22 (m, 2 H, 2 vinyls), 5.87 (m, 1 H,
vinyl), 6.25 (dd, 1 H, J = 15.9, 6.3 Hz, vinyl), 6.62 (d, 1 H, J =
15.7 Hz, vinyl), 7.22-7.40 (m, 5 H, aromatic); [o]*p -1.5° (¢
10.1, Et,0). The enantioselectivity was determined by HPLC
analysis (Chiralcel OD, Daicel Chemical Industries, Ltd.).
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