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Abstract

The Diels—Alder reaction of 1,3-dienes with a,B-unsaturated ketones adjacent to planar chiral (n*-1,3-diene)Fe(CO); complexes in
the presence of Lewis acid proceeded diastereoselectively. The dienophiles reacted with cyclopentadiene to give the endo adducts
stereoselectively. The Lewis acid affected remarkably the diastereoselectivity in the reaction.
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Planar chiral (n*-1,3-diene)Fe(CO), complexes have
received considerable attention as useful reagents for
organic synthesis [1]. They can serve as chiral auxil-
iaries for asymmetric induction, and also as reagents
introducing 1,3-diene groups into organic compounds.
One of the attractive applications of the (n*1,3-
diene)Fe(CO), complexes is the asymmetric Diels—Al-
der reaction owing to their planar chirality [2,3]. Al-
though a variety of asymmetric syntheses has been
reported by use of the planar chiral (n*13-
diene)Fe(CO); complexes, most of them have been
confined to 1,2-asymmetric induction and little is known
about more remote asymmetric induction. The only
exceptional case is 1,4-asymmetric induction in the
aldol condensation reaction by chiral (n*-1,3-diene)-
Fe(CO), complexes [4], however, its diastereoselectivity
is poor. In this paper, we wish to report an example of
1,3-asymmetric induction based on the planar chiral
(n*-1,3-diene)Fe(CO); complexes in the Diels—Alder
reaction of @, B-unsaturated ketones adjacent to planar
chiral (n*-1,3-diene)Fe(CO), complexes.

a, B-Unsaturated ketones (1) were prepared by reac-
tion of (n*-1,3-dienecarboxylic acid chloride)Fe(CO),
and vinyltrimethylsilane [5]. The Diels—Alder reaction
of 1 with cyclopentadiene was carried out in
dichloromethane in the presence of boron trifluoride
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etherate to give only endo norbornene derivatives, which
consist of a mixture of the diastereomers (2 and 3) [6] in
good yields. The diastereomers were separated by col-
umn chromatography on silica gel. The ratio of the
diastereomers was determined by HPLC. The results are
shown in Table 1. Regardless of the presence or ab-
sence of the Lewis acid, the reaction proceeded stereos-
electively to give the endo adducts. However, the Lewis
acid not only accelerated the reaction rate but also
enhanced the diastereoselectivity. Furthermore, the di-
asteremeric ratio of the products increased with decreas-
ing temperature. The best selectivity was attained when
the reaction was carried out at —78°C in the presence
of the Lewis acid, while a reversed ratio of diastere-
omers was observed when' the reaction took place at
room temperature in the absence of the Lewis acid

To further investigate the stereochemistry the reac-
tion of enantiomerically pure (2R,55)-1a [7] with cy-
clopentadiene was carried out, giving 4a as a major
product (4a:5a 92:8). The structure of 4a was unam-
biguously determined by X-ray analysis [8] and is illus-
trated in Fig. 1. 4a has the (2S)-configuration of the
norbornene fragment. The above results suggest that a
probable transition state is depicted by assembly 6, as
shown in Fig. 2. Cyclopentadiene approaches the
dienophile from the opposite side of the Fe(CO), frag-
ment. BF; coordinates to the carbonyl oxygen from the
opposite side of the Fe(CO), fragment and stabilizes the
s-trans conformation of the «,B-unsaturated ketones.



100 S. Nakanishi et al. / Journal of Organometallic Chemistry 515 (1996) 99-101

c=0 c=0

Fe(CO)y > CHiCla 24 é—mco), é—mcm;
2 W™
la-c R R
8: R=CHj, b: R=Ph, c: R=CH,CH,CH, 2a-¢ 3ac
Scheme 1.

Table 1
Diels—Alder reaction of «,B-unsaturated ketones adjacent to (n*-di-
ene)Fe(CO); complexes with Cyclopentadiene ?

Complex R Temperature Lewis Yield® 2/3(de (%)
°C) acid (%)

2a,3a CH, —-78 BF; 95 92/8(84)
CH, roomtemp. BF; 92 65,35 (30)
CH, -78 none 24 70 /30 (40)
CH, -78 none 90 ° 71/29(42)
CH, roomtemp. none 96 40 /60 (20)

25,3 Ph —78 BF, 95 89/11 (78)

2,3 C,H, —-T8 BF, 94 86,/14(72)

* A mixture of 1 (2.0 mmol), cyclopentadiene (3.0 mmol) and Lewis
acid (2.0 mmol) in dichloromethane (10 ml) stirred for 24 h.

® Isolated yields based on 1.

¢ Reaction time 60 h.

Fig. 1. Molecular structure of 4a. Selected bond lengths (/°\) and
angles (°): Fe—C2 2.160(5), Fe—C3 2.058(4), Fe-C4 2.035(4), Fe-C5
2.138(4), Fe-C14 1.763(5), Fe-C15 1.795(5), Fe—C16 1.798(5),
C5-C6 1.482(6), O1-C6 1.216(5), C6-C7 1.495(6); Fe-C2-C3
66.6(2), C1-C2-C3 120.7(4), C2-C3-C4 119.3(4), C3-C4-C5
119.7(4), C4-C5-C6 119.4(4), 01-C6-C5 121.0(4), C6-C7-C8
116.5(4).

0 \A> 4&' }(zm
Y/ BF; Et,0O 28
CH3—//_\—C, + @ ._3;. Cc=0 + =0

C
l > CHyCla J J
F 0
o(CO) 8°C2n [ ——eFe(CO), (—Fe(CO);
1a
CH; 4 CH; 5a
major minor
Scheme 2.

RZ
0 o o
RSN X oc.om R‘jl—\—c" N R‘-IT\—C”\
_
Fe(CO) \= " gF, B1,0 Fe(CO),Q Fe(CO) Q
1ab CH,Cl, R? R?
Ta-c 8a<

Scheme 3.

Table 2
Diels—Alder reaction of «, B-unsaturated ketones adjacent to (n*-di-
ene)Fe(CO), complexes with 1,3-dienes *

Complex R! R?

Yield ® (%) de (%)

7a,8a  CH, CH, 73 86
7b,85  CH, CH,CH,CH=C(CH,), 53 81
7c,8c  Ph  CH, 61 83

? A mixture of 1 (2.0 mmol), cyclopentadiene (3.0 mmol) and boron
trifluoride etherate (2.0 mmol) in dichloromethane (10 ml) stirred for
24 h at 0°C.

® Isolated yields based on 1.

The high degree of 1,3-asymmetric induction is prov-
ably due to such a stereochemical assembly between the
Fe(CO), fragment, Lewis acid, dienophile and 1,3-di-
ene.

Other 1,3-dienes reacted with la,b to give the cy-
cloadducts with good diastereoselectivity as shown in
Scheme 3 and Table 2; but the reaction rate of 1a,b
with the dienes was slow compared with cyclopentadi-
ene.
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