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In the course of our study on the exploration of the
â-lactam synthon method (â-LSM),1-6 we became interested
in the design and synthesis of novel isoserines bearing a
cyclopropane or an epoxide moiety in the molecule. Because
of their unique steric and electronic nature, these novel
isoserines may serve as new and useful building blocks for
peptides, peptidomimetics, protease inhibitors, and taxoid
antitumor agents. We describe here highly efficient asym-
metric syntheses of â-lactams bearing a cyclopropane or an
epoxide moiety at the C-4 position and their application to
the syntheses of novel methanoisoserine, oxaisoserines, and
taxoids bearing these unique isoserines at the C-13 position.
(3R,4S)-1-PMP-3-TIPSO-4-(2-methyl-1-propenyl) â-lactam

1 (PMP ) p-methoxyphenyl, TIPSO ) triisopropylsiloxy) and
(3R,4S)-1-t-Boc-3-TIPSO-4-(2-methyl-1-propenyl) â-lactam 2
(t-Boc ) tert-butoxycarbonyl) with high enantiomeric purity
(>96% ee) were prepared in excellent yields through a highly
efficient chiral ester enolate-imine cyclocondensation reac-
tion previously reported from these laboratories.7-10

Attempted cyclopropanation of â-lactam 1 through a
modified Simmons-Smith reaction using Et2Zn and CH2I211
resulted in the recovery of the starting material. This may
well be due to the bulkiness of the TIPS group at the C-3
position of â-lactam 1. Accordingly, the TIPS group was
removed using HF/pyridine to give 3-OH â-lactam 3 in high
yield. Reaction of â-lactam 3with Et2Zn (5 equiv) and CH2I2
(10 equiv) in 1,2-dichloroethane12 at room temperature
afforded 4-((S)-2,2-dimethylcyclopropyl) â-lactam 4 as the
sole product in 93% yield (Scheme 1). Protection of the C-3

hydroxyl group as the TIPS ether proceeded smoothly to give
â-lactam 5 in quantitative yield by reacting 4 with TIPSCl
(2 equiv) in the presence of Et3N and (dimethylamino)pyri-
dine (DMAP) at 35 °C. Treatment of â-lactam 5 with ceric
ammonium nitrate (CAN), removing N-PMP, followed by
protection withN-t-Boc gaveN-t-Boc â-lactam 6 in 92% yield
(Scheme 1). Ring opening of 4-cyclopropyl â-lactam 6 with
methanol in the presence of NEt3 (2 equiv) and DMAP (0.5
equiv) followed by deprotection of TIPS using HF/pyridine
gave N-t-Boc-methanonorstatine methyl ester (7) in 92%
yield for two steps (Scheme 1).
Reaction of â-lactam 2 with m-chloroperoxybenzoic acid

(m-CPBA) (3 equiv) in CH2Cl2 at room temperature resulted
in the formation of a 1:1 mixture of â-lactams, 8-R and 8-S,
in 90% yield; i.e., no diastereoselection took place. In
contrast, the reaction of 3-OH â-lactam 9 withm-CPBA (1.5
equiv) in CH2Cl2 at room temperature afforded 4-((R)-2-
methyl-1,2-epoxypropyl) â-lactam 10 as the sole product in
92% yield (Scheme 2). N-t-Boc-oxanorstatine methyl ester
(11) was obtained in 96% yield through ring opening of
4-epoxy â-lactam 10 with methanol in the presence of NEt3
(2 equiv) and DMAP (0.5 equiv) (Scheme 2).
The single-crystal X-ray structures of â-lactam 4 (Scheme

1) and a derivative of â-lactam 10, 3-[(4-nitrobenzoyl)oxy]
â-lactam 12 are shown in Figure 1. The extremely high
diastereoselectivity observed in these cyclopropanation and
epoxidation reactions can be explained by taking into
account the highly organized transition-state structures13
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Scheme 1a

a Key: (i) HF/Py; (ii) Et2Zn (5 equiv), CH2I2 (10 equiv), ClCH2CH2Cl,
rt, 2 h; (iii) TIPSCl, NEt3, DMAP; (iv) CAN; (v) (t-Boc)2O, NEt3, DMAP;
(vi) NEt3, DMAP, MeOH.

Scheme 2
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illustrated in Figure 2. The constrained â-lactam skeleton
maximizes the directing effect of C-3 hydroxyl group to
achieve the exclusive formation of cyclopropane 4 or epoxide
10.
As a part of our continuing SAR study of paclitaxel and

docetaxel analogues,7-10 we synthesized novel taxoids bear-
ing the methanonorstatine residue at the C-13 position using
baccatins and the coupling protocol developed in these
laboratories.5,7-10,14-19 The coupling of 7-TES-baccatin
(13a)14,20 or 7-TES-10-(cyclopropanecarbonyl)-10-deacetyl-
baccatin (13b)8 with â-lactam 6 was carried out under the
standard conditions using LiHMDS in THF at -40 °C,
followed by deprotection with HF/pyridine, to afford the
corresponding new taxoid 14a or 14b in good to excellent
yield (Scheme 3). In a similar manner, taxoids, 15-R and
15-S, bearing the oxanorstatine residue at the C-13 position,
were synthesized through coupling of â-lactams 8-R and 8-S
with baccatin 13b in good yields (Scheme 4).
The anti-tumor activity of these novel taxoids was evalu-

ated in vitro.21 Taxoids 14a and 14b exhibited extremely
high potency against a drug-resistant human breast cancer
cell line LCC6-MDR (IC50 ) 2.77 nM for 14a, 2.95 nM for
14b, while paclitaxel has a IC50 value of 346 nM), and the
activity ratio for (drug resistant cells)/(drug sensitive cells)

is 2.48 for 14b, which is the best ratio ever reported. It is
very intriguing that 15-R is highly active (IC50 ) 0.44-0.68
nM; 1 order of magnitude more potent than paclitaxel), while
15-S is 1-2 orders of magnitude less active (IC50 ) 6.50-
21.7 nM) against human cancer cell lines A121 (ovarian),
A549 (nonsmall lung), HT-29 (colon) and MCF-7 (breast).
In summary, the asymmetric syntheses of â-lactams

bearing a cyclopropane or an epoxide moiety has been
achieved with complete stereochemical control. These â-lac-
tams were further converted to the novel norstatine ana-
logues and taxoids, which showed extremely potent cyto-
toxicity. The strong directing effect of the C-3 hydroxy group
of â-lactams in both cyclopropanation and epoxidation is
particularly noteworthy. Further studies on the scope and
limitation of this methodology for preparation of a variety
of â-lactams bearing a cyclopropane or an epoxide moiety
as synthetic intermediates as well as the structure-activity
relationships (SAR) of the new taxoids bearing these unique
isoserine residues are actively underway.
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Figure 1. Chem 3D representation of the X-ray structues of
â-lactams 4 (a) and 12 (b).

Figure 2. Proposed transition state structures for the formation
of â-lactams 4 (a) and 10 (b).

Scheme 3a

a Key: (i) 13a and 13b, LiHMDS, THF, -40 °C, 30 min, 84-91%;
(iii) HF/Py, 0 °C f rt, 24 h, 88-96%.

Scheme 4a

a Key: (i) 13b, LiHMDS, THF, -40 °C, 30 min, 81-88%; (ii) HF/
Py, 0 °C f rt, 24 h, 66-78%.
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