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Abstract—Catalytic asymmetric synthesis of some new chiral building blocks useful for natural product synthesis is described. The
intramolecular cyclopropanation (IMCP) reaction of a-diazo-B-keto sulfones affording bicyclo[4.1.0]heptanes such as 9a-d is
found to proceed with high enantioselectivity (93-98% ee). The yield is moderate due to the competing intramolecular C-H
insertion reaction. As intramolecular C-H insertion reaction is not observed in the reaction of the substrates possessing a
quaternary carbon at the allylic position, the reactions of 19a and 19b proceed with high enantioselectivity (95% ee) and yield. It
was also found that the substrates possessing an ether group, such as 19a and 19b, could be used in this enantioselective IMCP

reaction.
© 2003 Elsevier Ltd. All rights reserved.

The preparation of new chiral building blocks is impor-
tant for the synthesis of many bioactive natural prod-
ucts because such new compounds enable easier and
more efficient natural product synthesis. We have
recently reported a highly enantioselective intramolecu-
lar cyclopropanation (IMCP) reaction of o-diazo-p-
keto sulfones (Scheme 1).! This catalytic enantio-
selective reaction easily affords products, bicyclo-
[3.1.0]hexanes 3, tricyclo[4.3.0.0]lnonenes 6, and tri-
cyclo[4.4.0.0]decenes 7. Since these products are highly
crystalline and purified easily by a single recrystalliza-
tion to be enantiomerically pure compounds, this cata-
lytic enantioselective IMCP reaction would be
advantageous for the preparation of new chiral building
blocks.

We have reported extensive studies on enantioselective
IMCP reactions of the substrates 2 and 4 to generate
cyclopentanone derivatives.! However, enantioselective
IMCP reactions to generate cyclohexanone derivatives
other than the reaction of 5 have not been examined
(Scheme 1). Since cyclohexanone derivatives are useful
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building blocks for the synthesis of many natural prod-
ucts, asymmetric synthesis of such compounds is very
important. Accordingly, we decided to carry out studies
on the enantioselective IMCP reactions to prepare chi-
ral building blocks possessing six-membered-ring sys-
tems, and herein we report enantioselective preparation
of new chiral bicyclo[4.1.0]hexanes and tricyclo[4.4.0.0]-
decenes.
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Scheme 1. Enantioselective intramolecular cyclopropanation
(IMCP) of a-diazo-B-keto sulfones.
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First, the most simple substrate, 8a, was prepared,’
and its enantioselective IMCP reaction was investi-
gated. The reaction of 8a was carried out in toluene
with the asymmetric catalyst prepared in situ by
(CuOTf),~CcHy and bisoxazoline ligand 1a.

The reaction of 8a with 1a completed at room temper-
ature within 2 h to provide 9a with high enantioselec-
tivity (92% ee,® 58%, entry 1, Table 1). However, some
by-products formed. The structure of the major by-
product was elucidated as 10a by 'H, 'C NMR,
HRMS, and IR.* Thus, the reaction of 8a accompa-
nied C-H insertion reaction, forming 10a. Another
by-product, 11a, which is a denitrogen product of 8a,

was also obtained as an inseparable mixture with 10a
(10a:11a=20:1). The mechanism for the formation of
11a has not yet been clarified.

To improve the yield of 9a, the reaction condition for
8a was examined. First, other copper catalysts, that is,
(CuOTf),~toluene (entry 2) and CuSbF, (entry 3),
were examined. However, neither the enantioselectivity
nor yield increased, and by-products 10a and 1la
formed again.’ Then, the reaction of 8a was examined
in other solvents. THF, CH,Cl,, (CH,Cl),, and ben-
zene (entry 4, 5, 6, 7) were found to be applicable for
this reaction, but the yield was somewhat lowered in
all cases.b

Table 1. Enantioselective IMCP reaction of a-diazo-B-keto sulfones 8a-d

CuOTf
R Ny (10 mol %) /<
SOLAr  ligand 1 SOLAr ¥ SOAr  + SOLAr

e} (15 mol %)
toluene
8a: R=H, Ar=Ph
8b: R=Me, Ar=Ph
8c: R=H, Ar=Mes
8d: R=Me, Ar=Mes

9a: R=H, Ar=Ph
9b: R=Me, Ar=Ph
9c: R=H, Ar=Mes
9d: R=Me, Ar=Mes

10a: R=H, Ar=Ph
10b: R=Me, Ar=Ph
10c: R=H, Ar=Mes
10d: R=Me, Ar=Mes

11a: R=H, Ar=Ph
11b: R=Me, Ar=Ph
11c: R=H, Ar=Mes
11d: R=Me, Ar=Mes

Entry Product Ligand Solvent Temp. (°C)* Time (h)* Ee (%)® 9 Yield (%)°
9 10+11 (10/11)¢

1 9a la Toluene rt 2 92 (1R)® 58 19 (20/1)
2f 9a 1a Toluene rt 1.5 88 (1R)® 43 8 (8/1)
3e 9a la Toluene rt, 50 2, 96 86 (1R)" 50 26 (>99/1)
4 9a la THF rt 2 92 (1R)® 33 9 (2/1)
5 9a la CH,Cl, rt 12 92 (1R)® 52 11 (11/1)
6 9a la (CH,C)), rt 72 93 (1R)® 44 6 (3/1)
7 9a la Benzene rt 2 91 (1R)* 50 13 (20/1)
8 9a 1b Toluene rt 4 91 (IR)" 53 16 (9/1)
9 9a 1c Toluene rt 17 88 (1R)® 28 14 (30/1)
10 9a 1d Toluene rt 14 89 (1R)® 41 14 (14/1)
11 9a le Toluene rt 11 0 34 5@3/1)
12 9a None Toluene rt, 50 3,5 0 26 9 (1/1)
13 9b la Toluene rt 17 87 (1R)® 44 14 (8/1)
14 9b 1b Toluene rt 12 68 (1R)° 42 14 (14/1)
15 9b 1c Toluene rt 7 84 (1R)" 35 10 (8/1)
16 9b 1d Toluene rt 2 93 (1R)* 62 15 (18/1)
17 9b le Toluene rt 3 0 31 4 (2/1)
18 9¢ la Toluene 50 1.5 90 (1R)® 36 19 (4/1)
19 9¢ 1b Toluene 50 3.5 67 (1R)° 16 14 (2/1)
20 9¢ 1c Toluene 50 2 94 (1R)® 23 8 (4/1)
21 9c 1d Toluene 50 16 98 (1R)® 31 17 (4/1)
22 9¢ 1le Toluene 50 6 0 33 14 (1/1)
23 9d la Toluene 50 1.5 90 (1R)" 41 12 (4/1)
24 9d 1b Toluene 50 1.5 84 (1R)° 32 29 (2/1)
25 9d 1c Toluene 50 3.5 94 (1R)® 26 10 (3/1)
26 9d 1d Toluene 50 4 98 (1R)* 43 15 (3/1)
27 9d le Toluene 50 3 0 32 26 (1/1)

4 Reaction was carried out at the indicated temperatures for the indicated times, respectively.

® Ee determined by HPLC. For HPLC conditions, see Ref. 3.
¢ Isolated yields.
d Ratios determined by 'H NMR.

¢ Absolute configuration of 9a-9d was determined by X-ray crystallographic analysis.

T (CuOTf), toluene was used.
& CuSbF, was used.
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The reactions of 8a with other ligands, 1b, 1c, and 1d
were examined. As shown in entries 8—10, enantioselec-
tivity and yield was not improved in all cases. Though
ligand 1d was the most effective for the enantioselective
IMCP reactions of 2 and 4 (Scheme 1),! ligand 1a was
found to be the best in the reaction of 8a. The reaction
of 8a with the achiral ligand le was carried out to
prepare the racemic standard sample for HPLC analy-
sis (entry 11), because the reaction of 8a with no ligand
was slow and required heating (entry 12). As a result,
formation of 10a and 11a decreased, but the yield of 9a
did not increase.” It was found that by-products (10
and 11) always form (entries 1-12); therefore, the for-
mation of 10 and 11 is not related to the type of copper
salt or solvent, or the structure of the ligand.

Examined next was the reaction of 8b (entries 13-17).2
The reaction of 8b with 1d afforded 9b highly enan-
tioselectively (93% ee, 62%, entry 16)*. This result dif-
fers from that given in 8a. Thus, ligand 1d was best,
showing relationships between the ligand and the enan-
tioselectivity similar to those seen in the reactions of 2
and 4.!

In the reactions of 2 and 4, the mesitylsulfones had
showed higher enantioselectivity compared with the
corresponding phenylsulfones.! Therefore, the enan-
tioselective IMCP reactions of mesitylsulfones 8¢ and
8d* were investigated next. The products, 9¢ and 9d,
were obtained with high enantioselectivity (98% ee,’
entries 21 and 26) with ligand 1d. The same trend in
increment of enantioselectivity in the order of 1d, 1c,
1a, and 1b, that had been observed in the reaction of 2
and 4, was found (entries 18-21, 23-26). Unfortunately,
the yields of 9¢ and 9d were low, and formation of
by-products, 10c, 10d, 11¢, and 11d, could not be
avoided.

As products 9a—-d were highly crystalline, the absolute
structure of each was determined successfully by X-ray
crystallographic analysis. These results and the [o]p
values of the products® indicate that all products in
Table 1 possess 1R configuration, and the outcome of
the enantioselectivity of 9 is well explained by model A
(Fig. 1). Thus, the cyclopropanation reactions are
thought to occur preferentially at the re-face (defined
by the Cu=C-C arrangement) of the chiral catalyst—car-
bene complexes.

We also investigated other enantioselective IMCP reac-
tions to prepare new tricyclic cyclopropanes, that is, the
reactions of the substrates providing new tricy-
clo[4.4.0.0]decenes. We are interested in the IMCP reac-
tions of 19a and 19b, because the corresponding
products 20a and 20b would be good chiral building
blocks for the synthesis of bioactive polycyclic natural
products.® However, an ether group in the substrate
could react with the carbene complex to form oxonium
ylide, reducing the yield of the desired product.” There-
fore, we prepared phenylsulfones 19a and 19b, possess-
ing a bulky TBS ether and a less bulky benzyl ether,
respectively, to examine the possibility of forming 20a

re-face attack

model A (for entry 16, Table 1)

Figure 1. Proposed model A.

and 20b by this catalytic enantioselective IMCP reac-
tion.'® The preparation of 19a is shown in Scheme 2.

The known alcohol 12!! was converted to TBS ether 13
(97%), followed by debenzylation to afford 14 (94%).
Dess—Martin oxidation!? of 14 gave 15 in 90% yield,
and the following Horner—Wadsworth-Emmons reac-
tion generated 16 (99%). Alkene 16 was reduced by
magnesium (88%), and the resultant 17 was reacted
with methylsulfone to afford 18 (92%). Keto sulfone 18
was easily converted to diazo compound 19a by TsNj,
and triethylamine (90%). The same operations
described above provided 19b as well.

As shown in Table 2, the IMCP reaction of 19a with
ligand 1a proceeded smoothly at room temperature,
and 20a was obtained with high enantioselectivity (95%
ee, 89%, entry 1). The reaction of 19a with ligand 1d
resulted in slightly reduced enantioselectivity (93% ee,
86% yield, entry 2). The reaction of 19b with ligand 1a
also formed 20b with high enantioselectivity (95% ee),
but the yield was somewhat lowered (73%, entry 3). In

R'0 TBSO

OHC
Rzo/b -__(;—> b d
15

1_ 2.

a E 12 (R1—OH, R ?Bn)

b 13 (R'=0TBS, R?=0Bn)
14 (R'=0TBS, R?=0OH)

TBSO TBSO
EtO,C._~# e f
M802C
16 17
TBSO TBSO
2.
PhO,S o 2 (6]
SO,Ph
18
19a

Scheme 2. Reagents and conditions: (a) TBSCI, imidazole,
DMAP, DMF, CH,CL,, rt, 10 h, 97%; (b) Li, lig. NH;, THF,
-20°C, 20 min, 94%; (c) Dess—Martin reagent, NaHCO,,
CH,Cl,, rt, 2 h, 90%; (d) (EtO),P(O)CH,CO,Et, -BuOK,
THF, -78°C to 0°C, 99%; (¢) Mg, MeOH, 0°C, 88%; (f)
CH,SO,Ph, n-BuLi, THF, 0°C, 92%; (g) TsN;, TEA,
CH,CN, 0°C to rt, 6 h, 90%.
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Table 2. Enantioselective IMCP reaction of a-diazo-B-keto sulfones 19a and 19b

RO CuOTf (10 mol%) RO
ligand (15 mol%) NN
N2 o toluene, rt S Yl

SO,Ph PhO,S H

19a (R=TBS) 20a (R=TBS)

19b (R=Bn) 20b (R=Bn)
Entry Product Ligand Time (h) Ee (%)* Yield (%)°
1 20a la 0.5 95 (7R)® 89
2 20a 1d 3 93 (7R)® 86
3 20b la 1 95 (7R)¢ 73
4 20b 1d 1 89 (7R)¢ 31

4 Ee determined by HPLC. For HPLC conditions, see Ref. 13.
b Isolated yields.

¢ Absolute configuration determined by X-ray crystallographic analysis.

4 Absolute configuration determined by the comparison of optical rotation.

the reaction of 19b, the result obtained with 1a (95% ee,
73%, entry 3) was superior to that obtained with 1d
(89% ee, 31%, entry 4). This reduced yield of 20b may
be explained by the oxonium ylide formation;'* how-
ever, no product corresponding to the oxonium ylide
formation was isolated.

X-Ray crystallographic analysis of the crystalline p-
bromobenzoate!® derived from 20a was successfully
carried out (Fig. 2). This analysis unambiguously eluci-
dated the absolute structure of 20a. The absolute struc-
ture of 20b was determined as shown in Table 2
through comparison of the [«]p value of 20b with that
of the same compound derived from 20a.'® That is, 20a
was desilylated with TBAF (quant.), and the resultant
alcohol was treated with benzyl trichloroacetimidate
and TMSOTT to afford 20b (52%).

Based on the structure determination described above,
the C-7 configuration of both compounds, 20a and 20b,
is confirmed as R; hence, the outcome of the enantio-
selectivity of 20a and 20b is found to be well explained
by model A" shown in Figure 3. In the reactions of 20a
and 20b, the steric repulsion between the 1,4-cyclohexa-
diene moiety and the isopropyl group of the ligand is so
large that the less bulky ligand 1a and phenyl sulfone
would be effective enough to achieve high enantioselec-
tivity.

In summary, highly enantioselective preparation of
some new chiral building blocks has been developed.
The enantioselective IMCP reaction of a-diazo-B-keto
sulfones affording bicyclo[4.1.0]heptanes such as 9a-d is
found to proceed with high enantioselectivity (93-98%
ee) and moderate yield. As C—H insertion reaction is
not observed in the reaction of the substrates possessing
a quaternary carbon at the allylic position, the reac-
tions of 19a and 19b proceed with high enantioselectiv-
ity (95% ee) and yield. It was also found that the
substrates possessing an ether group, such as 19a and
19b, could be used in this enantioselective IMCP reac-

\

Figure 2. X-Ray crystal structure of the p-bromobenzoate
derived from 20a.

re-face attack

model A’ (for entry 1, Table 2)

Figure 3. Proposed model A'.

tion. Work on natural product synthesis using the new
enantiomerically pure compounds described herein is
now in progress, and the details will be reported in due
course.
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. TBS ether 20a was desilylated by TBAF (quant.), and the

resultant alcohol was converted with p-bromobenzoyl
chloride and pyridine to the crystalline p-bromobenzoate
(93%).
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0.77, CHCl;, 95% ee).
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