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UNUSUAL [2+2]CYCLOADDITION REACTION OF ALLYLSILANES WITH 2,3-O-ISOPROPYLIDENE
DERIVATIVES OF ALDEHYDE-ALDOSE CATALYZED BY BORON TRIFLUORIDE ETHERATE

Hideyuki Sugimura* and Minako Uematsu
The Noguchi Institute, 1-8-1, Kaga, Itabashi-ku, Tokyo 173, Japan

Summary: In the reaction of allylsilanes with 2,3-O-isopropylidene derivatives
of aldehyde-aldose, [2+2]cycloaddition occurred predominantly rather than
allylation in the presence of boron trifluoride etherate to give oxetane
derivatives as major products together with small amounts of homoallyl alcohols.

The Lewis acid mediated reaction of allylsilanes with carbonyl compounds
is well known as a useful method for the preparation of homoallyl alcoholsﬂ)
However, when the reaction of allyltrimethylsilane(2) with 2,3:4,5-di-0O-
isopropylidene—aldehyde—g—arabinose(l) was attempted in the presence of boron
trifluoride etherate, we found that the desired homoallyl alcohol 4 was
obtained in only 16% yield and an unexpected oxetane 3 was produced in 72%
yield as a single isomer with a trans configuration revealed by 1H-NMR

analysisz)

(Egq. 1). We were interested in the unusual behavior of this
reaction and undertook a detailed investigation. In this communication, we
wish to present the first example of [2+2]cycloaddition reaction between

allylsilanes and aldehydes catalyzed by a Lewis acid.

SiMej 5 OH
*OEt o,
x OX + WSIMQ3 ——CI;-E—'Z% x “O +XO “OX (1)
2 -78°C, 10 min 3 72% A caG%

The following description of the experimental procedure for the above
reaction is typical. To a solution of aldehyde 13) (2.732 g, 11.9 mmol) and
allylsilane 2 (1.62 g, 14.2 mmol) in dry CH2012 (100 ml) was slowly added boron
trifluoride etherate (1.85 g, 13.0 mmol) in CH,Cl, (10 ml) at -78 °C under an
argon atmosphere. After 10 min, Et3N (3 ml) was added at the same temperature.
The reaction mixture was warmed to room temperature and a saturated agqueous
solution of NaHCO3 was added. The organic layer was separated and washed with
water. After drying and evaporation of the solvent, flush column
chromatography gave the oxetane gﬂ) (2.946 g, 72%) and the homoallyl alcohol 4
(0.522 g, 16%).

First, we attempted the reaction of 1 and 2 in the presence of other Lewis
acids such as TiC14, SnCly, A1C13, MgBr,, and ZnC12. TiCl4 and SnCl,
complicated the reaction, and MgBr, and ZnC12 gave only the homoallyl alcohol
4. Though AlCl3 essentially catalyzed the [2+2]cycloaddition reaction, another
allylation of the isopropylidene ketal moiety of 3 took place.S)
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Table 1. Reaction of allylsilane with 2,3—Q—isopropylidene—aldehyde—aldosesa)

Run Aldehyde Reaction time Oxetaneb) Yield/%c) Alcoholb) Yield/%c)

CHO SiM o
1 ng/ 15 min ng,(b/\ o 30 )(O:I)\& 3

(3:2:1)%) 7 (-)e)

YO CHO SiMe3
2 90BN 1 h 77 9
8 (5:4)4) (5:4)d)
)(O"—- CHO
3 O'%‘OB” 2 h 59 15
1 OBn () (.yE)
)p HO
4 00, 1 h 72 15
H3C o (4:1)9) (4:1)9)
14
5 )P*“ HO 1h 67 10
0O g) g)
BnO ,O)( (2:1) (2:1)
17

a) All the reactions were carried out at -78 °C in CH,Cl, using 1.2-1.5
equiv. of the silane and 1.1-1.2 equiv. of BF3-0Et, to aldehyde.
TH-NMR and '3C-NMR spectra.
c) Isolated yield. Ratio in parentheses is that of stereoisomers. The

b) All new compounds were characterized by

oxetane 6 was produced as stereoisomeric mixtures of two trans-isomers and
a cis-one (trans:cis=5:1). The oxetanes 9, 15, and 18 were obtained as
mixtures of two trans-isomers.

d) Determined by the isolation of each isomer.

e) Not determined.

f) Obtained as a single isomer with a trans configuration.

g) Determined by 13c_NMR.

Since it can be presumed that the presence of a cyclic ketal adjacent to

6) we next

carbonyl group is required for the formation of an oxetane ring,
carried out the reaction of the allylsilane 2 and other 2,3-O-isopropylidene
derivatives of aldehyde-aldose as shown in Table 1. All the aldehydes employed
in this examination, expectedly, underwent the [2+2]cycloaddition reaction in a
regiospecific manner to yield the oxetanes as major products. Low yields of
the products in the reaction of the aldehyde 5 probably resulted from its

lability under the boron trifluoride condition. The D-arabinose derivative 11
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gave the oxetane 12 as a single isomer again, but from the other aldehydes the

corresponding oxetanes were produced as mixtures of two or three stereoisomers.

The reactions of other allylsilanes with 1 were also examined as described

in Egs. 2 and 3. Although (E)-cinnamyltrimethylsilane(gg) exclusively
BF,-OEt, S|Me3

Phse~~SiMe3 —> >( (2)
CH,C1, 0] kK

+

20
-50~ -40°C

2 h

BF - OEt, SnMe3
1o PSiMes — T, o o~ S|Me3 (3)
CH,C1, o
22
23 16%

21 84% (as a single isomer)

-78°C,
24 56%

underwent the [2+2])cycloaddition reaction, 3-methyl-2-butenyltrimethylsilane
{22) was allowed to produce the two regicisomers of oxetanes, 23 and 24. The
production of 24 is thought to be caused by an electrophilic attack
predominantly occurring at the B-carbon of the silane on account of the steric
hindrance of the y-carbon as well as the stability of the carbonium cation in
its intermediate.

A possible reaction mechanism of the present [2+2]cycloaddition is

illustrated in Fig. 1. The process of allylation through an intermediate I
Sk FoBiF off >Me3
) 257 -BF
9 o 2SiMes | A7 >(O R
O~ CH 0 d {path a)
~SMe3 —>
XO §\\~/ 3 )b R (E?th b} OBF2
I —Me381F 0
07 R
Fig. 1. Mechanism of the [2+2]cycloaddition reaction

(path b) has been discussed in detail by other investigators.7) On the other
hand, when the ring closure proceeds in the intermediate I (path a), an oxetane
ring will be formed. A similar ring closure mechanism has been proposed by
Vieregge and his colleaguess) in the [2+2]cycloaddition reaction between 1-
alkynyl ethers and carbonyl compounds in the presence of Lewis acids. To
confirm the reaction mechanism (path a), we re-examined the reaction of 1 and 2
under a catalytic condition; 1 was treated with 2 (1.2 equiv.) in the presence
of BF3-0Et, (0.2 equiv.) at -78 °c for 3 h to yield the oxetane 3 and the
alcohol 4 in 62% and 10%, respectively. This result seems to well agree with
the above mechanism. The role of 1,3-dioxolane ring adjacent to carbonyl group
in the formation of an oxetane is not apparent at the present stage. Further
investigation of the mechanistic features as well as the application in organic
synthesis is currently under way.



4956
Acknowledgement: We wish to gratefully acknowledge Professors Teruaki

Mukaiyama and Hidefumi Hirai, Science University of Tokyo, for helpful
discussions, and also to thank Mr. Ichiro Nagoya, Asahi Chemical Ind. Co. Ltd.,
for the measurement of 400MHz 1H—NMR spectra.

References and Notes

1) E. W. Colvin, "Silicon in Organic Synthesis', Butterworths, London (1980)
p. 97. A. Hosomi and H. Sakurai, Tetrahedron Lett., 1976, 1295, 1I. Ojima
and M. Kumagai, Chem. Lett., 1978, 575.

2) A trans relationship between the two substituents on the oxetane ring was
confirmed by the values of the coupling constants.4) The absolute
configuration, however, could not be assigned.

3) H. Zinner, E. Wittenburg, and G. Rembarz, Chem. Ber., 32, 1614 (1959).

4) Compound 3 : mp 42-44 °C (methanol-water); [a]28 -10.5°(c 1.0, cHCl3); IR
(KBr) 2980, 2945, 2875, 1380, 1370, 1245, 1200, 1155, 1085, 1070, 957, 855,
840 cm’1; TH-NMR (CDCl;3, 400MHz) 6= 0.00 (s, 9H, (CH3)3Si-), 1.01 (dd,
J1'1-=14.0, J1,2=8.7Hz, 14, 1-H), 1.23 (44, J1'1-=14.0, J1'12=6.0Hz, tH, 1'-
H), 1.33, 1.34, 1.39, 1.40 (4s, 12H, C(CH3),), 1.61 (dd, J2’3=4.4, J3’3-=
13.3Hz, 1H, 3-H), 2.23 (ddd, J2,3-=8.7, J3,3-=13.3, J3.,4=5.3Hz, 1H, 3'-H),
3.52 (t, J4,5=2.7, J5,6=2.7Hz, 1H, 5-H), 3.78 (44, J5,6=2'7' J6’7=8.3Hz, 1H,
6-H), 3.93 (44, J7,8=4'4' J8,8-=8.7Hz, 1H, 8-H), 4.03 (44, J7’8-=6.0, J8,8'
=8.7Hz, 1H, 8'-H), 4.18 (4444, J1'2=8.7, J1|,2=6.0, J2’3=4.4, J2’3o=8.7Hz,
1H, 2-H), 4.31 (dd4d, J6,7=8.3, Jy g=4.4, J7'8u=6.0Hz, 1H, 7-H), 4.32 (44,
J3',4=5.3, J4’5= 2.7Hz, 1H, 4-H); 1§C—NMR(CDC].3) §= -0.9 ((CH3)38i-), 20.2
(q), 26.0 (q), 26.7 (t), 27.7 (q), 30.4 (qg), 41.9 (t), 67.8 (t), 71.0 (d),
72.5 (d), 73.6 (d), 75.5 (d), 77.1 (d), 98.5 (s), 109.8 (s); Anal. Calcd for
C17H320581: C, 59.27; H, 9.36%. Found: C, 59.55; H, 9.45%.

5) The reaction was carried out as described in Eq. 4. Recently, a similar
ring opening of an isopropylidene ketal with allylation has been reported;
D. R. Williams and F. O. Klingler, Tetrahedron Lett., 28, 869 (1987).

AlCl, iMe3
1 + 2 —_— 3 + 4 + (4)
CH,Cl, Moo
-78 °C, 30 min 12% 10% 25 40%

6) In practice, according to our previous experiment, the reaction of the
allylsilane with 2—g—benzyl—3,4—g—isopropylidene—aldehyde~2-erythrose in the
presence of BF3-OEt, gave the corresponding homoallyl alcohol in 58% yield,
but no oxetane product.

7) T. Hayashi, M. Konishi, and M. Kumada, J. Am. Chem. Soc., 104, 4962 (1982).
I. Fleming and N. K, Terret, Tetrahedron Lett., 24, 4153 (1983). M. Hayashi
and T. Mukaiyama, Chem. Lett., 1987, 289. Ss. D. Kahn, C. F. Pau, A. R.
Chamberlin, and W. J. Hehre, J. Am. Chem. Soc., 109, 650 (1987).

8) H. Vieregge, H. M. Schmidt, J. Renema, H. J. T. Bos, and J. F. Arens, Rec.
Trav. Chim., 85, 929 (1966).

(Received in Japan 27 June 1988)



