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Abstmct: Two stereocontrolled approaches towards a precursor of 1 f3 -methyl- 
thlenamycm, have been accomphshed by mvolvmg stereospeclflc hydro- 
genatlon of 13 and stereoselectlve hydroboratlon oxldatlon of 9. The 
latter compounds were obtamed from the easily accessible choral 
bulldmg block 7. The hydroboratlon-oxldatlon approach was extended 
to 18 m which the optlcally active IR- !l-hydroxy ethyl) side-cham 
was Incorporated. The highly stereoselectlve hydroboratlon-oxldatlon 
reactlon of 9 IS explamed by consldermg Houk’s models. 

Smce the discovery’ of pemclllm, no class of antlblotlcs has received such overwhelmmg 

attention, on so many fronts. Over the years, several new classes of B-lactam antlblotlcs 

have been Isolated*, however, the most slgruflcant dlscovery In recent years IS, perhaps, 

the Isolatlon3 of thlenamycm (1) belongmg to the carbapenem group of antlblotlcs. The pro- 

found Interest m thlenamycm (I) arose because of Its unusual structural and functional frame- 

work. In spite of these quahtles, thlenamycm could not be regarded4 as a potential chmcal 

drug apparently due to chemical susceptlblllty and metabohc sensltlvlty towards renal dehydro- 

peptldase (DHP-I). The efforts to enhance the chemical and metabolic stablhtles of thlenamy- 

cm (1) by structural modlflcatlon were mtenslfled. The Merck group5 m 1984 Introduced a 

simple analogue of 1, namely 1-B methylthlenamycm (2). The stablhty of 2 at higher dose 

levels was quite pronounced and further It was not prone to metabohsm by DHP-I. The antlblo- 

tic actlvlty of 2 was compatible with 16. This dlscovery has encouraged several synthetic 

chemists to estabhsh a general and practical route to 2. The synthetic studies 
7 

made on carba- 

penem antlblotlcs, particularly durmg the synthesis of thlenamycm (I), could m prmclple 

be extended to 1-B-methylthlenamycm (2), the mam emphasls8, therefore, was dlrected on 

developmg a stereocontrolled route for mtroducmg the B-methyl group at posltlon 1 of 2. 

The stereochemlcal approaches reported for 2 mamly mvolved aldol condensatlons9 and cyclo- 

addltlon reactlons 
10 . However, the search IS on 

II 
to develop a simple and practical route 

which can be used for large-scale preparation. 

It IS noteworthy that the catalytic reduction of an unsaturated derlvatlve 4 occurs5 

with high degree of stereospeclflclty, leadmg to the advanced mtermedlate 3a with the desired 

stereochemlstry (Scheme I). The reduction was Indeed expected to take place from the less 

hmdered a face as revealed by the molecular model (A). In spite of this valuable observation 
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by the Merck group, the methods described by them as well as by others 12 
for the key mter- 

mediate 4 could not be apphed to large scale preparation and therefore we felt, the scope 

and need to develop alternate but simple protocols for compounds of the type 4 (or 13) still 

exlsted. Our studies directed towards the advanced Intermediate 3, based on the above observa- 

tion, are described. In addltlon, an alternatlve approach to the mtermedlates (5 and 3) useful 

for 2, that mvolves a stereoselectlve hydroboratlon-oxldatlon reactlon, IS also dealt with 

m this report. 
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RESULTS AND DIXUS.SIO~ 

The N-(tert-butyld~methyIs~lyl)4-benzyloxycar~nyl-2-azet~d~none (7), chosen for the 

present study, was prepared 
13 

from L-aspartlc acid In three high-yleldmg steps. Treatment 
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of 7 with excess methylmagneslum lodlde afforded the dlmethyl carbmol derlvatlve 8 (84%) 

(Scheme 2). The lH-NMR spectrum of 8 was compatible with its structure as the characteristic 

smglet due to the two methyl groups was located m the upfield region at 1.00 ppm. The ter- 

tiary carbmol derivatives undergo facile dehydration reaction and many reagents 
14 

have been 

reported for this transformation. We observed that the dehydration of 8 could be efficiently 

and neatly carried out by using 4 equivalents of mesyl chloride and 8 equivalents of trlethyl- 

amme m methylene chloride at room temperature for 5 h to afford 9 In 82% yield. The charac- 

terlstlc signals of the Isopropenyl, methyl group and termmal olefmlc protons m the ‘H-NMR 

spectrum of 9 indicated the assigned structure. 

At this stage we had two choices to mltlate our synthetic plan: either to introduce 

the I-hydroxyethyl side chain at position 3 of 9 by adopting the well estabhshed procedure 15 , 

or to manipulate the lsopropenyl substltuent present at posItIon 4 to the corresponding I-me- 

thyl-2-hydroxyethyl derlvatlve. We considered the first choice and accordingly, 9 was made 

to react with LDA (1.5 equivalents) at -78” C followed by addltlon of acetaldehyde to give 

10 as the major product. The ‘H-NMR spectrum of 10 was not amenable to firs order analysis 

due to the presence of a dlastereomerlc mixture. However, in the upfield region the conspl- 

CIOUS absence of the methyl singlet of lsopropenyl group was noted. In addition, multlplets 

due to methyls of two hydroxyethyl substltuents were observed at 1.1-1.3 ppm. The rest of 

the spectrum revealed resonances at 6 5.35 (m, 2H, =CH2), 4.9 (m, lH), 4.75 (m, lH), 4.1 

(m, IH), 3.7 (m, lH), 1.6-1.7 (m, 2H). Although the aldol condensation IS known to occur 

at a carbon a to the carbonyl function of the B -1actam derivative, it appears that m the 

present case metallation 
16 

also took place at the remote y posltlon. This undesired course 

of reaction implied that with the lsopropenyl group present at posItIon 4 m 9, the introduction 

of 1-hydroxyethyl group at C-3 was not advisable. This led us to consider the second choice 

of modlfymg the lsopropenyl group in a stereocontrolled fashion to reahse the I-methyl-2-hy- 

droxyethyl group. Consequently, we examined two 
Scheme -3 

approaches as delineated m scheme 3. 

Me 
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The allyhc oxldatlon of olefms in the presence of TBHP and a catalytic amount of 

Se02 IS one of the most relrable approaches 
17 

for the direct insertion of the OH group at 
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the allyhc carbon. We felt this reaction could be explolted to introduce the required OH group 

at posltlon 5 of 9. Treatment of 9 with 2 equivalents of TBHP and 0.5 equivalents of Se02 

m CH2C12 at room temperature for 48 h gave 11 m 83% yield (based on recovered unreacted 

startmg material) (Scheme 4). Structure of the product 11 was clearly suggested by Its ‘H- 

NMR spectrum m which the signals due to the hydroxymethyl group were located at 4.1 ppm 

while the vmyhc methyl smglet of 9 was conspicuously absent m the upfleld region. Our 

next concern was to prepare the lsopropyhdene derlvatlve 13 from 11. 

Scheme -k 

‘2 I 
Treatment of 11 with IN HCI m methanol successfully deprotected the 183 group 

to give the ammo alcohol 12 which was not characterlsed but subjected to a treatment of 

dlmethoxypropane m the presence of BF3:Et20 at room temperature to give 13. 

The catalytic hydrogenatlon5 of an exocychc double bond as present m 4 has been 

systematically studled by the Merck Group with variable catalyst and solvents. The best stereo- 

selectlvlty of reduction was observed with Ra-NI (EtOAc) m MeOH at normal temperature 

and pressure. We employed the same condltlon for the reduction of 13 and obtamed 5 as 

exclusive product as Judged by 
I 
H-NMR spectrum. The structure of 5 was unambiguously 

asslgned by Its ‘H-NMR spectrum m whtch the characterlsttc couplmg constants: J4a 5e=2.5, 

J4e 5e=2.2 and J4a 4e :12.2 Hz between the protons located at C-4 and C-5 were m ag:eement 

witi the reported vHlues 
18 . 

The stereoselectlve hydroboratlon-oxldatlon of a prochlral lsopropenyl group contammg 

an adlacent choral center 1s currently being mvestlgated 
19 . The stereochemlcal outco-e of 

this study IS profoundly Influenced by sterlc and electromc factors and also by nature of 

the hydroboratmg agent. Therefore we perceived that It could be mterestmg to study the 

hydroboratlon reactlon of 9 m which the lsopropenyl group IS flanked by the choral 8-lactam 

rmg system. So far studies on stereoselectlve hydroboratlons of CI -choral allyhc ammes have 

not been fully 
20 estimated although their potential as viable routes to choral ammo alcohols 

could be promlsmg. We also vlewed that m case this reactlon IS successful It would form 

an alternate and short approach to the key mtermedlate 5. Thus compound 9 when treated 

with 2M solutlon of borane-methylsulflde complex m THF, followed by oxldatlon with H202- 

NaOAc ylelded 61% of 14 (Scheme 5). With IM borane THF complex, compound 9 furrushed 

only 30% of 14. Slmllarly the hydroboratlon-oxldatlon reactlon of 9 with 9-BBN was also 
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attempted but this reactlon was found to be extraordmarlly sluggish and after several hours 

only traces of 14 were formed. The sterlc Interference of the TBS group and the bulky nature 

of the hydroboratmg reagent could perhaps be responsible for the lack of any reactlvlty. 

In order to estabhsh the stereochemlstry at the newly generated centre of 14, Its conversion 

Into 5 was sought. Thus the removal of the TBS group m the presence of 1N HCI followed 

by lsopropyhdmatlon as reported above gave 5 whose I 
H-NMR and optlcal rotation were m 

agreement with the data for the sample prepared above. 

To provide a ratlonale for the highly stereoselectlve hydroboratlon reactlon described 

above, Houk’s perpendicular model was consldered 21 
(Scheme 6). Houk’s conformer model 

‘B’ perhaps explams the dlrectlon of the borane attack on the double bond of 9 and leads 

to the transition state ‘C’. The mtermedlate ‘D’ arlsmg from the transItion state ‘C’ on oxlda- 

tlon provides the product 14 stereoselectlvely. 

Scheme.6 

The next aim was to mcorporate the choral side-cham and although several modlflcatlons 

have been suggested, the mtrmslc chemistry In all these modlflcatlos essentially follows the 

work of the Merck group5. This approach was adopted to prepare the key mtermedlate 3b 

(Scheme 7). 

Scheme- 7 

a) LDA,THF,-78*C, CH$HO,Smm , b) TFAA -DMSO, O’C, 16h , c) K-Selectride, 

Et 0, 0 5h , d) TBS-CI,DMF, Imu, e) Jones reagent 
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Inspired by the success of mtroducmg the e-methyl group at posItIon 1 of 3b using 

the hydroboratlon-oxldatlon reactlon of the lsopropenyl derlvatlve 9, we formulated an extension 

of this approach to an another B-lactam mtermedlate I5 In which the I-hydroxy ethyl side 

cham has already been mcorporated (Scheme 8). Thus compound 15 was prepared by the htera- 

ture procedure 
22 . Subsequent Grlgnard reactlon of 15 with excess methylmagneslum lodlde 

m ether gave a number of compounds as judged by TLC. Although, we could not offer any 

explanation for the failure but predlcted that the substltuents such as t-butyl ester and E-2,4- 

dlmethoxybenzyl groups, may perhaps be the factors responsible. Therefore, replacmg the 

tert-butyl ester with methyl ester and N-2,4-dlmethoxybenzyl with N-TBS groups were envl- 

Scheme - 8 
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3 

saged. Compound 15 was hydrolysed In the presence of 1N aqueous NaOH for 16 h and then 

the correspondmg acid was treated with dlazomethane In ether to obtam the methyl ester. 

Consequently, the methyl ester was treated with K2S20g m KH2P04 buffer tn I:1 mixture 

of water acetonltrlle at reflux temperature to give 16 after bemg protected as TBS derlvatlve. 

It was gratlfymg to note that the Grlgnard reactlon of 16 occurred smoothly glvmg rise to 

Scheme-g 
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found 210.1319 (M+-15). 

(4.WN_(tert-Butyldlmethyls~lyl)-4$1 -(hydroxymethyl)vmyl]-azettdm-2-one (11) : A mixture 

of .Se02 (0.49 g, 4.44 mmol), t-butylhydroperoxlde (1.60 g, 17.76 mmol) and dlchloromethane 

(15 mL) was stlrred for 30 mm. at room temperature and then cooled to 0 VI. Compound 

9 (2.0 g, 8.88 mmol) was then added and stlrrmg contmued for 48 h at room temperature. 

The sohd material was flltered and the flltrate washed with 5% aqueous sodium bicarbonate, 

brme, dried (Na2S04) and concentrated to give a residue which was purlfled by column chroma- 

tography on slhca gel with ethyl acetate-hght petroleum (3:7) to give 11 (1.18 g, 55%), 83% 

based on recovered 9) as an 011. 11: [a$., -88” (c 0.8, CHC13), ‘H-NMR (300 MHz):6 0.02 (s, 

3 H, CH3S& 0.18 (s, 3 H, CH3S& 0.90 (s 9 H, (CH3)3CS~), 2.80 (dd, I H, J = 2.5 Hz, J = 

15.5 Hz, H-3B), 3.20 (dd, I H, J = 5.5 Hz, J = 15.5 Hz, H-3a), 4.1 (m, 3 H, H-4, CIk20H), 

5.2 (m, 2 H, CH2=); IR (Neat): 3450, 1720 cm 
-1 

; MS (m/e): 184 (M+-57). Analysis calcd. for -- 

C12H23N02S~: C, 59.75; H, 9.60. Found: C, 59.61; H, 9.49. 

(6S)-1-Aza-3-oxa-2,2~~methyl-4-methyleneb~cyclo~4.2.O~octan~-one (13) : A mixture 

of 11 (1.0 g, 4.14 mmol), IN HCI (1 mL) m methanol (7 mL) was stlrred at room temperature 

for I h. The reactlon mixture was baslfled with solld sodkum bicarbonate, filtered and concen- 

trated. The crude product was purlfled on slhca gel column with ethyl acetate-hght petroleum 

(I:I) as solvent to give 12 (0.48 g). 

To 12 (0.48 g, 3.77 mmol), 2,2-dlmethoxypropane (1 mL) m dry dlchloromethane (8 

mL) was added BF3:OEt2 (0.05 ml) at room temperature. After stlrrmg for 30 mm, the solu- 

tlon was neutrahsed with trlethylamme. It was concentrated and chromatographed on slhca 

gel with dlchloromethane to afford 13 (0.57 g, 82.3%) as an 011, 13: EPI, -112” (c 0.9, CHC13). 

‘H-NMR (80 MHz): 61.41, 1.68 (2s, 6 H, (CH3)2C), 2.82 (dd, I H, J = 1.5 Hz, J = 14 Hz, H-7 

B), 3.21 (dd, I H, J = 5.5 Hz, J = 14 Hz, H-7a), 4.0 (m, 3 H, H-Ba, 4b, H-6), 4.90, 5.05 (2xbr.s, 

2 H, CH2=), MS (E/C): 167 (M+). 

(6S,5R)-l-Aza-3-o~ra-2,2,5-tnmethylb~cycl~4~2.O~ctan~~ne (5) (by hydrogenation of 
13) : A solution of 13 (0.50 g, 2.99 mmol) and Raney NI (0.6 g, washed with ethyl acetate) 

m methanol (20 ml) was hydrogenated at normal pressure and temperature for 4 h. The cata- 

lyst was filtered and concentrated to get 5 (0.45 g, 90%) as an 011. 5: [a$., +34.6’ (c 0.5, 

CHC13). ‘H-NMR (300 MHz): 6 1.1 (d, 3 H, J = 7 HZ, 5-CH3), 1.4, 1.7 (2s, 6 H, (CH3)2C-2)~ 

1.9 (m, I H, H-5), 2.83 (dd, I H, J = 2.2 HZ, J = 15 HZ, H-7B), 2.90 (dd, 2 H, J = 4.5 Hz, 

J = 15 HZ, H-itr), 3.61 (dd, I H, J q 2.5 Hz, J = 12.2 Hz, H-4a), 3.8 (m, I H, H-6), 3.93 (dd, 

I H, J = 2.2 Hz, J = 12.2 Hz, H-4b), MS (m/&i 154 (M+-15). 

(4S)-N-(t-Butyld~methyls~lyl)-l-E(1 RI-Il-hydroxymethyl)ethyl+azetldm-2-one (14) : To 

compound 9 (5.81 g, 25.8 mmol) m dry THF (60 mL) at 0 “C was added 2M BMS solution 

m THF (9.0 mL). After stirring for 2 h at room temperature, a saturated solution of sodium 

acetate (2 mL) followed by 30% H202 (4.4 mL) were added. The stming was contmued for 

1.5 h and extracted with ethyl acetate. The ethyl acetate layer was washed with Water, dried 

(Na2S04), concentrated and the residue was subjected to chromatographlc separation on slhca 

gel with ethyl acetate-light petroleum (2:3) as eluent to give 14 (3.85 g, 61%) as an 011. 14: 

[a], -13” (C 1, CHC13). ‘H-NMR (300 MHz): 60.02 (s, 3 H, CH3S& 0.18 (s, 3 H, CH3S1), 0.67 
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(3S,4 R)-~-)-3~l(R)-1-~tert-Bbctyldimethylsflyloxy)ethyl~~~1[R~-l-~hydroxymethyl)ethyI~ze- 

tldm-2-one (80) : To 18 (0.45 g, 1.17 mmol) m dry THF (5 mL) at 0 “C, was added 2M borane- 

methylsulflde complex m THF (0.5 mL). The reactlon mixture was stlrred at room temperature 

for 2 h. Saturated solution of sodium acetate (2 mL) and 30% Hydrogen peroxlde solution 

(1.4 mL) was added at OOC. Stlrrmg was contmued for I h at room temperature and then 

the reactlon mixture was partItIoned between ethyl acetate and water. The ethyl acetate 

layer was dried (Na2S04) and concentrated. The residue was chromatography on slhca gel 

column with ethyl acetate-light petroleum (1:3) to give 19 (0.30 g, 64%) as an 011. 19: [a], 

-27.8” (c 0.4, CHC13). ‘H-NMR (200 MHz): 6 0.06, 0.09 (as, 12 H, ~x(CH~)~SI), 0.84, 0.90 (Zs, 

18 H, 2x(CH3)3CS1), 1.02 (d, 3 H, 3 = 8 Hz, CH3), 1.24 (d, 3 H, J = 6 Hz, CK3CH-OTBS), 

1.91 (m, 1 H, CH_-CH3), 2.98 (dd, 1 H, J = 2.5 Hz, J = 7.5 Hz, H-3), 3.38 (dd, I H, J = 2.5 

Hz, J = 5 Hz, H-41, 3.45 (dd, I H, J = 5.5 Hz, J = II Hz, one of Cli20H), 3.65 (dd, I H, 

J = 4.5 Hz, J = 11 Hz, one of CH20H), 3.91 (m, I H, CH_OTBS). MS (&c): 344 (M+ - 57). 

IR (Neat): 3370, 1740 cm-‘. 

To a solution of 19 (0.10 g, 0.2 mmol) m methanol (5 mL) was added 0.5 mL of IN 

HCI. The reaction mixture was stlrred for 0.5 h, neutrahsed with sold bicarbonate and concen- 

trated. The residue was extracted with ethyl acetate (30 mL), concentrated to give an orly 

residue which was purlfled on slhca gel column with ethyl acetate-petroleum ether (I:I) to 

give pure 20 (0,022 g, 31%) as an 011. 201 [al, - 20.9“ (c 0.55, CHC13), IIt.” [al,, -21.7” (c 

0.46, CHC13). 
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