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Summary: (3R,4S)-3-(protected hydroxy)+substitutd j3-lactams bearing N-alkoxycarbonyl, N- 
aryloxycarbonyl, and N-carbamoyl groups are found to be useful for the syntheses of taxotere and 
its analogs through coupling with baccatin IlI. 

The “j?-Luctam Synthon Method” has proven to be useful for the asymmetric synthesis of various non- 

protein amino acids and peptides containing non-protein amino acid residues,1 which are potential enzyme 

inhibitors,2 fragments of peptide hormone analogues,* components of naturally occurring glycosphingolipids and 

antibiotics,* and a potent taxane anti-cancer agent, taxol ,314 . We have found that new B-lactams bearing 

carbamate and urea moieties involving the p-lactam nitrogen serve as key intermediates for the asymmetric 

syntheses of taxot&e and its analogs. taxotere is a taxane bearing a very strong anticancer activity reportedly even 

better than taxol in certain cell line assay as well as in pmclinical experiments and also better pharmacological 

properties such as improved water solubility. 5 Taxotere is currently in phase II clinical trials in the U.S. and 

Europe. We describe here versatile and efficient routes to a variety of enantiomerically pure N-alkoxycarbonyl-, 

N-aryloxycarbonyl-, and N-carbamoyl-3-hydroxy-g-lactams which give taxotere and its analogs upon coupling 

with a protected baccatin III. 

The lithium chiral ester enolate - imine cyclocondensation strategy has successfully been applied to the 

asymmetric synthesis of the C-13 side chain of taxol, i.e., (2R,3S)-N-benzoyl-3-phenylisoserine which is crucial 

for the strong anticancer activity, as well as the semisynthesis of taxol via enantiomerically pure (3R,4S)-3- 

hydroxy-4-phenylazedin-2-one (1) as the key intermediate in our laboratory.f~4 We have found that the p-lactam 

1 and its 4-substituted congeners serve not only as the key intermediate to taxol, but also as versatile common 

intermediates to a variety of tax01 and taxotere analogs. 

N-Alkoxycarbonyl- and N-aryloxycarbonyl-3-(O-protected hydroxy)-4-(substituted)axetidin-2-ones (3) 

were synthesized in high yields through protection of the 3-hydroxy moiety of p-la&m 1 with l-ethoxyetbyl (EE) 

or triethylsilyl (TES), forming 3-O-protected p-lactams (2) (~95% yield), followed by carbamate formation with 

chlorofotmates in the presence of dimethylaminopyridine (DMAP) and triethylamine (TEA) in dichloromethane at 

room temperature (Scheme 1). In a similar manner, N-(monosubstituted)carbamoyl-3-(EE-oxy)4-phenylazetidin- 

2-ones (4) were obtained in good yields either by treating the 3-0-EE$lactam 2a with n-butyllithium, followed 

by reaction with isocyanates in THP at -78 Oc (Scheme 1). Alternatively, 4 was obtained by reacting the 3-0- 

EE-P-lactam 2a with isocyanates in the presence of DMAP and triethylamine in dichloromethane at 0 “C - room 

temperature when phenyl- and ethyl isocyanates were employed. N-(N,N-(Disubstituted)carbamoyl)-3-(EE-oxy)- 

4-phenylazetidin-2-ones (5) were synthesized in good yields by reacting the 3-0-EE-p-lactam 2a with carbamoyl 
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chlorides in the presence of DMAP and triethylamine in dichloromethane at 0 “C - room temperature (Scheme 1). 

For the P-lactams 2 in which the O-protecting group is reti-butyldimethylsilyl (TBS), the chiral ester enolate - 

imine cyclocondensation using a chiral TBS-oxyacetate directly gives 3-(TBS-oxy)+phenylazetidin-2-one (2c) in 

76% yield with 94.5% ee, from which N-alkoxy- or N-aryloxycarbonylation and N-carbamoylation can readily be 

carried out. The results on the syntheses of p-lactams 3 - 5 are summarized in Table 1.6 
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Table 1. Syntheses of p-lactams 3,4, and 5 from p-lactam 2 

N-acylating agent Base Conditions 
Isolated Yield 

(o/,j 

1 Ph 

2 Ph 

3 Ph 

4 Ph 

5 Ph 

6 Ph 

7 c-Hexyl 

8 PhCH=CH- 

9 Me$HCH2_ 

10 c-Hexylmethyl 

11 Ph 

12 Ph 

13 Ph 

14 Ph 

15 Ph 

16 Ph 

EE 

EE 

EE 

EE 

EE 

EE 

EE 

EE 

EE 

EE 

TBS 

EE 

EE 

EE 

BE 

EEZ 

ClCOOMe 

ClCOOEt 

ClCOOBu” 

ClCOOBu’ 

ClCOOCH2Ph 

ClCOOPh 

ClCOOBu’ 

ClCOOBu’ 

ClCOOBu’ 

ClCOOBut 

ClCOOBu’ 

EtNCO 

PhNCO 

‘BUNCO 

PhCH2NCO 

Me2NCOCl 

DMAP, TEA 0 - r.t. 3a 72 

DMAP, TEA 0 - r.t. 3b 82 

DMAP, TEA 0 - r.t. 3c 83 

DMAP, TEA 0 - r.t. 3d 93 

DMAP, TEA 0 - r.t. 3e 74 

DMAP, TEA 0 - r.t. 3f 80 

DMAP, TEA 0 - r.t. 3g 91 

DMAP, TEA 0 - r.t. 3h 86 

DMAP, TEA 0 - r.t. 3i 80 

DMAP, TEA 0 - r.t. 3j 93 

DMAP, TEA 0 - r.t. 3k 94 

DMAP, TEA 0 - r.t. 4a 66 

DMAP, TEA 0 - r.t. 4b 63 

n-BuLi -78’C 4C 74 

n-BuLi -78’C 4d 60 

DMAP, TEA 0 - r.t. 5a 63 

17 Ph TES O(CH$ZH&NCOCl DMAP, TEA 0 - r.t. 5b 91 
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For the semisynthesis of taxol, Holton has claimed in his patent application that l-benzoyl-(3R,45’)-3-(EE- 

oxy)-4-phenylazedin-2-one (6) can be coupled with ‘I-TES-baccatin III (7b) in the presence of DMAP and 

pyridine when the ~-la&am is used in a large excess (S-6 equivalents).7 

Although this procedure has been proven to work as shown by us4 and by others,8 the use of a large 

excess fi-lactam is obviously not efficient. Moreover, the Holton procedure did not work at all when l-tert- 

butoxy-carbonyl(3R,4S)-3-(EE-oxy)-4-phenylazetidin-2-one (3d) was used for our attempted syntheses of 

taxotere and its lo-ace@ analog. This is due to the lack of reactivity of the 1-tert-butoxycarbonyI_p-lactam (3d) 

toward the C-13 hydroxyl group of the protected baccatin III (7) under the Holton conditions. The lack of 

reactivity is ascribed to the substantially weaker electron-withdrawing ability of reti-butoxycarbonyl group than 

that of the benzoyl group.9 

We have overcome this difticulty by metallating protected baccatin III (7) using NaHMDS as the base.10 

For example, under our standard conditions, the coupling of 3d (1.5 eq.) with 7,10-diTroc-lo-deacetyl baccatin 

III (7a) (Trot = 2,2,2-trichloroethoxycarbonyl) proceeded very smoothly in THF at -30 “C in the presence of 

NaHMDS (1.2 eq.) to give 2’-EE-7,10-diTroc-taxottre in 91% isolated yield (97% conversion yield) within 10 

min; taxotere was obtained in 90% yield after deprotection using the Commercon conditions,11 i.e., Zn-AcOH- 

MeOH at 60 ‘C for 1 h (Scheme 2). Other N-alkoxycarbonyl- and N-aryloxycarbonyl-P-lactams 3 can readily be 

converted to the corresponding taxot&e analogs. 

N,N-(Disubstituted)carbamoyl-P-lactams 5 were successfully coupled with 7a to give the corresponding 

new taxottre analogs in good yields: 54% yield (77% for the coupling; 70% for deprotection under modified 

Commercon conditions) for N-morpholinocarbonyl analog (Scheme 3) and 50% yield for N,N-dimethylcarba- 

moyl analog.6 For N-(monsubstituted)carbamoyl-B-lactams 4, an extra protection was found to be necessary to 

promote the coupling with 7a; we are currently working on the optimization of conditions. The results will be 

discussed in the future publications from this laboratory, 
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Scheme 3 
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Further study on the design, syntheses and SAR of new analogs of taxol and taxotere is actively in 

progress. Antitumor activities of these new taxanes will be published elsewhere. 
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