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Abstract: The asymmetric synthesis of a glueuronide conjugate of the 2-azetidinone cholesterol absorption 
inhibitor Seh 48461 was accomplished to eonfmn the structure of a metabolite isolated from in vivo sources. 
Key features of this article include the asymmetric synthesis of 2-azetidinones by Evan's ehiral oxazolidinone 
methodology and glueuronide formation by a Mitsunobu protocol. © 1997 Elsevier Science Ltd, All rights reserved. 

Metabolism studies identified the glueuronide 3 as a major metabolite of the potent 2-azetidinone 

cholesterol absorption inhibitor 1 (Sch 48461).1, 2 Glucuronide 3 presumably arises from demethylation of 1 to 

give the phenol 2 which undergoes subsequent glucurortidation, A sufficient quantity of 3 was required to 

eonfLrm the structure of the glueuronide isolated from in vivo sources and to further our studies in determining 

the roles of the metabolites of 1 in cholesterol absorption inhibition. 
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Chemistry 

The requisite phenol 2 was prepared as shown below. 5(S)-phenyloxazolidinone 4 was acylated with 5- 

phenylvaleryl chloride to provide S. Treatment of 5 with titanium tetrachloride generated the corresponding 

titanium enolate and subsequent addition of imine 6 provided a mixture of [}-amino amides as a 4:1 ratio of 

diastereomers. A single recrystallization of the mixture from ethyl ac~tate/hexanes gave 7"in enantiomerically 

pure form (33% yield, unoptimized). Silylation of 7 with bis(trimethylsilyl)acetamide followed by fluor/de 

catalyzed eyelizatinn gave the 2-azetidinone 8 in a one pot operation. HPLC analysis indicated that 8 was 

optically pure when compared with racemic 8. 3 The absolute stereoehemistry of 8 was assigned as 3R,4S by 

analogy to I by relative HPLC retention times and biological activity. 4 Hydrogenolysis of 8 provided phenol 2.5 
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Initial attempts to prepare the glucuronide 3 by coupling the phenol 2 and commercially available 

glucuronic acid derivatives 9-11 under a variety of conditions were unsuccessful. 6-9 

M eO2C~. C~.,,Br M eO~,,J3~.. OAc H O 2 ~ O ~ .  OH 

ACO," y " OAc ACO¢¢ y "SOAc HO,,"y~"OH 
OAc OAc OH 
9 10 11 

The key glycosidal linkage was ultimately forged by a modified Mitsunobu procedure.10,11 Treatment of 

a THF solution of 2 and benzyl-protected sugar derivatives 1210a or 1312 with 1,1"-(azodicarbonyl)dipiperdine 

and tfibutylphosphine provided 15 and 16 in good (60%) and excellent (~100%) yields, respectfully. However, 

with acetate-protected sugars such as 14,13 the presence of tributylphosphine resulted in rapid transacetylation 

of phenol 2. Transacetylation could be prevented by substituting triphenylphosphine for trihutylphosphine, 

although the yield of coupled product 17 was greatly reduced (20%). 

R = ~ O ~ .  OH R'O,, OR' 
12 - 14 ~ " ~ i '  

: . 2 ~ i  H R10~,"y"tOR 1 I ' l z ) 3 ~ N ~  'OR1 OR ~ 
Ph(CH2)3 ,,.. , Ph(C 1S = 17 

03- 2-© Me ~ "OMe R3P, THF 

Sugar Prod R ~ R = R~ o Yield 
12 1S Bn COaBn BU3P 60% 
13 16 Bn CH2OBn B~jP 100% 
14 17 Ac COtMe Ph3P 20% 
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Debenzylation of 15 was sluggish with 10% Pd/C under a hydrogen atmosphere (15-60 psi) in various 

solvent mixtures or under hydrogen transfer conditions. Compounds 15 and 16 were successfully debenzylated 

with Pearlman's catalyst (20% Pd(OH)2/C, H2(1 atm), 50% MeOH_/EtOAe) to give compounds 3 and 18.14 

Treatment of compound 17 with KCN/MeOH provided the methyl ester 19,15 Synthetic 3 was found to be 

identical to 3 isolated from in vivo sources by HPLC, MS, and NMR. 2 The stereochemistry of 3 at the anomeric 

center was assigned as beta by NMR studies (Janomede a = 7.5 Hz). 16 

H 0 " / ~  OH R 2 Yield 

15 or 16 • 3 C02H 91% 
H2, MeOWEIOAc Ph(CH2 ' , ~ . l ~ L ' , ~  Ft 2 is c~oN 66% 

i i 

K~ o ~-" 
17 19 ~ 2 N e  48% 

MeOH OMe 

In a similar fashion connection of the C-6 position of sugar 20 and phenol 2 was achieved to afford 21. 

Q M o  
HCH 2 C ~ . .  O~-"OM e 20 " .,,OH 

'. . 

.'' 
BuzP, THF 

2. 20% Pd(OH)2/C, H 2 

Biological Results 

Both the phenol 2 and the giucuronide 3 are less active than 1 when given orally in the seven day 

cholesterol-fed hamster assay (Table). 17 Variation of the C-6 substitutent of the sugar was found to modulate 

cholesterol absoroption activity. The alcohol 18 and ester 19 have similar potencies whereas the acid 3 is less 

potent. Attachment of the phenol 2 need not be limited to the 2-position of the sugar as demonstrated by 

compound 21, wherein attachment is made at the 6-position of the sugar and cholesterol absorption inhibition 

activity is retained. 

Conclusions 

The synthetic 13-glucuronide 3 was found to be identical with 3 isolated from in vivo sourcesfl Although 

metabolism studies have shown that I is rapidly converted to 3 in vivo, both 3 and the postulated intermediate, 

phenol 2 were found to be less potent than I when given orally in the cholesterol fed hamster assay. Cholesterol 

absorption inhibition activity approaching that of I can be restored by variation of the C-6 position of the sugar. 
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The alcohol 18 and ester 19 are more potent than the acid 3 in the cholesterol fed hamster assay. Additionally, 

cholesterol absorption inhibition appears to be tolerant of position of attachment as well as substitution of the 

sugar moiety. Since we are limited to using an in vivo assay, interpertation of the cholesterol absorption 

inhibition of the compounds presented in the table may be clouded. The observed cholesterol absorption 

inhibition may be a reflection of a compound's bioavailability and/or ease of conversion to active metabolites, 

and not its intz'insic cholesterol absorption inhibition activity. The methods described for the synthesis of 2- 

azetidinones and their sugar substituted analogs allow for ready variation of both the 2-azetidinone and sugar 

moieties. 

Table. Cholesterol Absorption Inhibition Activity of Sugar-Substituted 2-Azetidinones in Orally Dosed Seven 
Day Cholesterol-fed Hamsters.* 

os,. 

OMe 

Compound R Dose  Serum Cholesterol  Liver Cholesterol Esters 
( m ~ g / d a y )  (% reduction) (% reduction) 

1 Me I0 -43 -93 

2 H I0 -25 -70 
HO,/~OH 

3 - - - - ~ , , ,  OH 10 -10 -9 
u--~ 

CO=H 

BnO,. - ,.,,,,.......]OBn 

16 - - - (  ~ . , ,  OBn 10 --9 --2 l 

C82OBn 

HO,.~._~O8 

18 -.-£ _~.,, OH 10 --29 --86 

CH~H 

HO OH 

19 .., oH 8 -23 -62  

CO=Me 

,OMe t 3 . . . _ . "  
21 N~. - ( -  ).,, OH l 0 --10 -48 

HO OH 

*Compounds were evaluated in the cholesterol-fed hamster model at the indicated dose (n = 6/group).l~All 
compounds were statistically different from the cholesterol-fed control group (n = 6/group). The compounds 
were evaluated in separate studies hence, direct statistical comparisons am¢~ the compounds was not 
performed. 
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