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A SYNTHESIS OF ETHYL ~ - ( ~ - ~ - ~ - T H I A - ~ - A Z ~ ~ S I C Y C W [ ~ . ~ . ~ ~ N O N R N Y L ) A C E T A T E  

Paul D. Woodgate,* David Chambers, Peter S .  Rutl,edge, and Richard C. Cambie 

Department of Chemistry, University of Auckland, Auckland, New Zealand -- A diastereomeric mixture of ethyl 2-(8-cis-7-thia-9- - 

azabicyclo[4.3.01nonanyl)acetate (3), a useful model for cepham synthesis, 

is read~ly prepared from 2-methyl-2-thiazal~ne "1.3 the tautomeric mlxture of 

ethyl 2-(2-~-3a,4,5,6.7,7a,-hexahydrobenzothiazolyl)acetate (21 and 8- 

(ethoxycarbonylmethylene)-&-7-th~a-9-azab~cyclo[4.3.0]nonane (6). 

Recently we ~ e p ~ r t e d  the formatmn of 2-alkyl-2-thlazolines in high yield by the reaction of -- 
iodoisothiocyanates with carbon nucleophiles.l We now report a util~zation of the method to form 

the diastereomer~c ethyl thia-azabicyclononanyl acetate (31, which can be envisaged (Scheme) as a 

potentla1 precursor to a cepham-related nucleus. 

Scheme 

An obvious route to the compound ( 2 )  involves the addition of the carbanion derived from ethyl 

acetate, to the +-iodolsothlocyanate (1) .2   ow ever, treatment of (11 with l~thioethyl acetate, 

3 generated from ethyl acetate with lithium hexamerhyldisilylamlde or wrth the alternative non- 

nucleophilic base llth~um 2.2.6.6-tetramethylpiperid& at -78 'C (at hlgher temperature the 

3 carbanian undergoes self-condensation I gave no reactmn. ~lkewise, the attempted addition of 

4 5 
ethoxyethyne (a synthon for ethyl acetate) as ethoxyethynylmagneslum bromide in benzene-ether 

at 20' for 22 hr, or as ethoxyethynyl-lithium in tetrahydrofuran at -78' for 4 hr (or at 0' for 20 

mi") was also unsuccessful. Moreover, when the mdoisothlocyanate was treated with dillthio- 

acetate (LiCH2C02Lil ,6 the latter acted simply as a strong base, resulting in the formation of 

volat~le 3-isoth~ocyanatocyclohexexe (4). 



The compound (2) was ultimately prepared by treatment of the lithio- derivative of 2-methyl-2- 

1 thlazoline (5) [prepared from (1) and methylmagnesium bromlde 1 with ethyl chlorofamate. since 

the product was more acidic than the starting material, provlsLon was made in its preparation far 

proton transfer from the product to the unreacted ~arbanlon.~ Thus, in order to utilize the start- 

ing material effectively, 2-methyl-2-thlazoline was treated with 1 mal. equiv. of butyl-lithium 

followed by the sequential addition of 0.5 mol. equiv. of acylating agent, 0.5 mol. equ~v. of 

butyl-llth~um. 0.25 mol. equiv. of acylating agent, and so on. Four repetitions of this cycle 

resulted ln the formatmn in 80% yleld of the desired product ethyl 2-(2-cis-3a,4,5,6,7,7a-hexahy- - 

drobenzothiaeoly1)acetate (21, which existed as a 1:6 mixture with its tautomer, 8-(ethoxycarbonyl- 

methylene!-~-7-thia-9-azablcyclo[4.3.0lnonane (6) (cf. ref. 8). C H NO Sr9b.p. 10@ at0.5 d g .  11 17 2 

Reduction of the tautomeric mixture of (2) and (6) wlth aluminium amalgamlo in refluxing ether for 

2 hr gave ethyl 2-(8-+-7-thia-9-azabicyclo[4.3.01nonanyl!acetate (3) in 97% y ~ l d  as an insepar- 

able rnlxture (ca. 1:ll of d~astereorners (7) and 181, b.p. 130- at 0.8 mHg. The presence of both 

1 
isomers was indicated by the H n.m.r. spectrum which showed two sets of signals for the C 2 pro- 

tons. A doublet of doublets at 6 2.76 attributable to the C 2 protons of (7) arose fram m 
coupllng IJ 6.5 HZ) wlth the adjacent thiazolidme methme proton and a smaller (J 2.5 Hz! five- - 

bond coupling with the cyclohexyl methlne proton -to nitrogen. 1n contrast, the c 2 protons 

of the rsarnei8)appeared as a smple doublet (5 5.5 H ~ I  at s 2.91. Moreover, two sets of triplets at h 
6 4.84 (J 5.5 HZ) and 6 5.20 ( J  6.5 HZ) were observed for the C 8 protons. 

Attempts to effect B-lactam formatlan fram the dlastereamers (7) and (8) with methylmagnesium 

iodide.'' butyl-lithium, or trlbutylalminiurn,12 resulted in recovery of startlng material and/or 

formation of ring-opened tautomeric products. The predominant tautomer was ethyl Z-3-E-l~-2- 

thlolocyclohexyl!amino-2-propenoate (9) and the minor isomer was ethyl 3-E-I&-thiolocyclohexy1)- 

irninopropanoate Ill); the mixture reverted to (7) and (8) on Kugelrohr dist~llation. Addltlon of 

iodomethane during the rmg-opening reaction trapped the predominant tautamer as its S-methylated 

derivat~ve (10). In order to ascertain if the preference for r m g  opening of (7) and (8) was a 

consequence of unfavourable stran that would result from formation of a tr~cycllc system, the 

manqclic fhiazidine analogue (l2jl3 of (2) was also treated with butyl-llthlum and ethyl chlora- 

farmate. Reductmn of the resalting tautomeric (1:2) mixture of (131 and 114). C8H13N02.9 b.p. 

120' at 0.8 mmHg, wlth aluminium amalgam gave racemlc ethyl 2-[2-(1.3-thlaz~dinyl!]acetate (151. 

C H NO s,' b.p. 116O at 0.8 mHg, I" 99% yield. Attempted cycllzatlon of 115) wlth ethylmagnesium 8 15 2 

bromide, potassium t-butoxlde, butyl-lithium, or tributylalum~nlum all gave starting material, 

ethyl Z-3-N-(3-thiolopropyl)amino-2-propenoate (16!, and varying amounts of polymeric material. 
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