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Highly enantioselective preparation of tricyclo[4.4.0.05,7]decene
derivatives via catalytic asymmetric intramolecular
cyclopropanation reactions of a-diazo-b-keto esters
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Abstract—The enantioselective preparation of the tricyclo[4.4.0.05,7]dec-2-ene derivatives via the catalytic asymmetric intramole-
cular cyclopropanation (CAIMCP) reactions of a-diazo-b-keto esters with excellent ee (95–98% ee) is described. The chiral building
blocks reported herein would be versatile intermediates for enantioselective natural products synthesis.
� 2007 Elsevier Ltd. All rights reserved.
H
O

OAc

O

OAcO

(+)-busidarasin C

9

H
CO2R1

O

R2

Catalytic
Asymmetric

Intramolecular
Cyclopropanation

(CAIMCP)

1

H

R1O2C
O

N2

H
OAc

4

Convergent total synthesis of bioactive natural products
would be facilitated by having suitable chiral precursors
and, hence, preparation of new chiral building blocks is
important in synthetic organic chemistry. Since the
number of commercially available chiral compounds is
limited, chiral building blocks prepared via asymmetric
synthesis are important, and catalytic asymmetric syn-
thesis would be ideal for this purpose because of its effi-
ciency. We have prepared new chiral building blocks via
biocatalysts1 as well as artificial catalysts,2,3 and have
disclosed their applications to the enantioselective total
synthesis of bioactive natural products.3d,f,4 We herein
report the highly enantioselective preparation of tricy-
clo[4.4.0.05,7]decene derivatives via the catalytic asym-
metric intramolecular cyclopropanation (CAIMCP)
reactions of a-diazo-b-keto esters.

Many polycyclic natural products incorporate a cis-
dehydrodecalin skeleton and, thus, preparation of a chi-
ral cis-dehydrodecalin derivative or its precursor would
accelerate their enantioselective total syntheses. Indeed,
we have reported the highly enantioselective CAIMCP
reactions of a-diazo-b-keto sulfones3a,b providing tri-
cyclo[4.4.0.05,7]decene derivatives, one of which was
successfully converted to a cis-dehydrodecalin deriva-
tive, leading to the enantioselective total synthesis of
(+)-digitoxigenin.4c However, other natural products,
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exemplified by (+)-busidarasin C5 and acetoxytubipo-
furan6 (Scheme 1), possess a cis-dehydrodecalin core
including substituents at C9 of (+)-busidarasin C and
at C4 of acetoxytubipofuran, prompting us to prepare
new chiral tricyclo[4.4.0.05,7]decene derivatives 1 includ-
ing an ester group as the one-carbon unit.7 Compound 1
would not only be a potential synthetic intermediate for
the natural products in Scheme 1, but would also be for
other natural products because the functional groups
incorporated in 1, alkene, cyclopropane, and b-keto
ester would allow further transformations.
2 R2

O

acetoxytubipofuran

Scheme 1.
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Table 1. The CAIMCP reactions of 5 and 6

5 (R1=Et)
6 (R1=t-Bu)

CuOTf
(10 mol %)

ligand
(15 mol %)

toluene, rt
H

R1O2C
O

HR1O2C
O

N2

8 (R1=Et)
9 (R1=t-Bu)

N N

O O
R2 R2

R3 R3

7a: R2=Me, R3=H
7b: R2=Me, R3=i-Pr
7c: R2=Bn, R3=i-Pr

Entry R1 Ligand Time (h) Yielda (%) ee (%)

1 Et 7b 8 66 60c

2 Et 7c 18.5 34b 69c

3 t-Bu 7b 4.5 78 95d

4 t-Bu 7c 26.5 64 98d

a Isolated yields.
b Some structurally unidentified products decreased the yield.
c ee determined by HPLC of the p-bromobenzoate corresponding to

9 0.11 DAICEL CHIRALPAK AS-H (0.46 cm u · 25 cm; hexane/2-
propanol = 29:1; flow rate = 0.4 mL/min); retention time: 17.5 min
for the minor product, 20.6 min for the major product.

d ee determined by HPLC of 90. DAICEL CHIRALPAK AS-H
(0.46 cm u · 25 cm; hexane/2-propanol = 49:1; flow rate = 0.4 mL/
min); retention time: 13.3 min for the minor product, 15.5 min for the
major product.
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As reported earlier by us3a and others,8 the enantioselec-
tivity in the CAIMCP reactions of a-diazo-b-keto esters
which generate carbocycle-fused cyclopropanes has been
unsatisfactory (up to 56% ee3a) for synthetic purposes.
However, our recent studies revealed that the enantio-
selectivity of these CAIMCP reactions depends on ester
structure.3h Consequently, we reexamined the CAIMCP
reactions of a-diazo-b-keto esters, starting with the stud-
ies of the CAIMCP reactions of 5 and 6 (Scheme 2)
which were readily prepared from the reported 3.3e

The carboxylic acid obtained from 3 was reacted with
CDI to form the corresponding acylimidazolide, which
was reacted in a ‘one-pot’ procedure with the magne-
sium salt of mono-ethyl malonate to provide 4 (96%, 3
steps),9 followed by a diazo transfer reaction with p-tol-
uenesulfonylazide to afford 5 (78%). Preparation of 6
was initiated with the hydrolysis of 4, and the resultant
carboxylic acid was condensed with tert-butyl alcohol by
DCC, followed by a diazotransfer reaction to afford 6
(37%, 3 steps).

The CAIMCP reaction of 5 was carried out under the
conditions optimized for the reactions of a-diazo-b-keto
sulfones (Table 1),3a providing 8 in 66% yield with 60%
ee using ligand 7b and in 34% yield with 69% ee using
ligand 7c. Hence, we expected that the enantioselectivity
of the CAIMCP reaction of 6 would be higher because 6
possessed a bulky t-butyl ester group which would
increase the enantioselectivity by the analogy of the
CAIMCP reaction of a-diazo-b-keto sulfones.3a As
predicted, the CAIMCP reaction of 6 with ligand 7b
produced 9 in 78% with 95% ee, although the reaction
with 7c proceeded more slowly, affording 9 in 64% yield
with excellent ee (98% ee).10

The absolute configuration of 9 was determined as
shown in Table 1 by X-ray crystallographic analysis of
its derivative,11 and the chemical correlation between 8
and 912 elucidated the absolute configuration of 8 as
shown in Table 1. Compound 9 would be a potential
intermediate for the synthesis of acetoxytubipofuran.
3

EtO2C

1)  KOH, MeOH, H2O, reflux, 1.5 h
2) CDI, THF, rt, 4 h;

     then, (EtO2CCH2CO2)2Mg, THF
     rt, 6 h

96% (2 steps)

4EtO2C
O

TsN3, TEA

CH3CN, rt, 3.5 h

5EtO2C
O

N2

78%

t-BuO2C
O

N2

6

1) 1M KOH, MeOH, 0 oC to rt, 12 h
2) DCC, t-BuOH, CH2Cl2
     0 oC to rt, 2.5 h

3) TsN3, TEA, CH3CN
     rt, 12 h

37% (3 steps)

Scheme 2.
We then carried out the diastereoselective IMCP reac-
tion of 10 to further investigate the relationship between
the ester part in the substrate and the diastereoselectivity
(Scheme 3). The a-diazo-b-keto ester 10 was prepared
starting from 4. Thus, DMAP catalyzed transesterifica-
tion of 4 with d-menthol,13 followed by the diazotransfer
reaction to afford the d-menthyl ester 10 (97%, 2 steps).

The IMCP reaction of 10 was carried out under the
same conditions as those listed in Table 1 (Table 2).
The IMCP reaction of 10 with achiral ligand 7a showed
no diastereoselectivity (entry 1). Hence, we next exam-
ined the IMCP reaction of 10 with chiral ligand 7b,
producing 11 in 67% with 60% de (entry 2), but use
of ligand 7c slightly decreased the diastereoselectivity
(entry 3, 35%, 50% de).

Entries 1–3 in Table 2 clearly indicate that the IMCP
reactions of 10 with ligand 7b or ligand 7c were the chi-
ral ligand-controlled reactions. Consequently, the IMCP
reactions of 10 with ligands ent-7b or ent-7c were also
carried out, resulting in formation of ent-11 as the major
product in either 74% yield (�89% de) or 34% yield
(�85% de), respectively. As expected, the diastereoselec-
tivities of the IMCP reactions using ligand ent-7b or
ligand ent-7c (entries 4 and 5) were reversed. Interest-
ingly, either ligand ent-7b or ent-7c was more effective
4

EtO2C
O

1) d-menthol
    DMAP
    toluene
    reflux, 12 h

2) TsN3
    TEA
    CH3CN
    rt, 4.5 h

10

d-ment-O2C
O

N2

97% (2 steps)

Scheme 3.



Table 2. The intramolecular cyclopropanation of 10

10

CuOTf
(10 mol %)

ligand
(15 mol %)

toluene, rt
conditions

H
d-ment-O2C

O

11
Hd-ment-O2C

O
N2

Entry Ligand Temperature
(�C)

Time
(h)

Yielda

(%)
deb

(%)

1 7a rt, 50 2, 10c 74 (91% conv) 0
2 7b rt 15.5 67 60
3 7c rt 25 35 50
4 ent-7b rt 33 74 �89
5 ent-7c rt 10.5 34 �85

a Isolated yields.
b de determined by 600 MHz 1H NMR.
c Time at the corresponding reaction temperature.
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Figure 2.

12

14

1) DMSO, (COCl)2, TEA, CH2Cl2
     -78 oC to rt, 1 h

2) (EtO)2P(O)CH2CO2Et, t-BuOK, THF
     -78 oC to 0 oC, 1 h, then rt, 1 h

HO

TBDPSO

MeO2C

97% (2 steps)

TBDPSO

1)  KOH, MeOH, THF
     H2O, 50 oC, 8 h

TBDPSO
TsN3, TEA

13

EtO2C

TBDPSO
Mg, MeOH

0 oC to rt , 3 h

88%
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than ligand 7b or 7c. Although the quantitative analysis
of the difference between these results requires theoreti-
cal calculations, the results in entries 2-5 could be
explained by the diastereomeric matching or mis-
matching between the chiral auxiliary in 10 and the
chiral ligand in the transition state.14

The structure of ent-11 obtained in entry 4 was eluci-
dated by X-ray crystallographic analysis (Fig. 1).15 This
result indicated that the outcome of the enantioselectiv-
ity in the reactions of 5, 6, and 10 would be well
explained by the model shown in Figure 2. The model
was almost similar to that reported previously.3a The
cyclopropanation reactions of 5, 6, and 10 are thought
to occur preferentially at the re-face (defined by the
Cu@C–C arrangement) of the chiral catalyst–carbene
complexes, because steric hindrance will be encountered
during cyclopropanation reactions at the si-face. That is,
when the alkene approaches from the si-face, the resul-
tant pyramidal conformation of the carbene C atom in
the transition state means that the ester group will inter-
act unfavorably with the isopropyl group. By contrast,
the reaction at the re-face would be preferred because
the unfavorable interaction of the isopropyl group with
the ester group would be negligible in the transition state
model depicted in Figure 2. For the reason described
above, the excellent enantioselectivity would be ob-
served in the reaction of the bulky tert-butyl ester 6.

We finally examined the CAIMCP reaction of 16 to
prepare 17, which would be a potential chiral building
Figure 1.
block for (+)-busidarasin C. Preparation of 16 started
from 12 (Scheme 4). That is, Swern oxidation of 12,
Horner–Wadsworth–Emmons reaction with triethyl-
phosphonoacetate (97%, 2 steps), and reduction of
the resultant unsaturated ester with magnesium in
methanol afforded methyl ester 14 (88%). Conversion
of 14 to 15 was successfully carried out using the modi-
fied Masamune’s method (98%, 2 steps),16 followed by a
diazotransfer reaction of 15 to produce 16 in quantita-
tive yield.

An oxygen atom is known to react with a carbene–metal
complex to form an ylide, thereby resulting in the
decreased yield of cyclopropanes.17 However, the
CAIMCP reaction of 16 fortunately afforded 17 with
high yield and excellent ee (84%, 95% ee), proving that
this reaction was applicable to a substrate possessing a
TBDPS-protected hydroxyl group in 16. The structure
of 17 was fully characterized by 1H NMR, 13C NMR,
IR, and HRMS spectra, and its absolute configuration
was confirmed by converting it to the identical com-
pound which had been derived from 9.12
2) CDI, THF, rt, 2 h
     then, n-Bu2Mg
     t-BuO2CCH2CO2H
     THF, rt, 28 h

98% (2 steps)

15t-BuO2C
O

CH3CN, rt, 8 h

100%

16

t-BuO2C
O

TBDPSO

N2

17

t-BuO2C
O

TBDPSO

H
H

CuOTf
(10 mol %)
ligand 7b

(15 mol %)

toluene
rt, 4 h

84%, 95% ee

Scheme 4.
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In conclusion, the tricyclo[4.4.0.05,7]dec-2-ene deriva-
tives 9 and 17 have been synthesized with excellent ee
(95–98% ee). To the best of our knowledge, this is the
first example of preparing the tricyclo[4.4.0.05,7]dec-2-
ene system via the CAIMCP reaction of the a-diazo-b-
keto ester. The chiral cyclopropanes 9 and 17 would
be versatile intermediates for the enantioselective
natural product syntheses, including preparation of
(+)-busidarasin C and acetoxytubipofuran.
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