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An advanced stage has been reached in the elucldatlon of the lnter- 

mediates involved in the pathway of penicillin biosynthesis (1,2), but the 

place in the sequence where oxldative cotieosation between the S-position 

of the cyst(e)ine moiety and the peptide nitrogen atan occurs has not been 

determined. We consider that the earlier suggestions of the transanmh 

formation of the C-N bmd across a substituted 1,4-thlazeplne derivative 

(I -f II) (3-5) have not as yet received a definitive test. 
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The requirement that the configurations at c-6 a C-3 of II be fixed be- 

fore creation of the bicyclic ring system is implicit in the findings of 

Arnstein snd his co-workers (1,6). Therefore, 3g-carboxy-2,24imethyl-5- 

oxo-62phenylacetamldoperhydro-1,4-thiasepine (I, R = C&,CHH2) would be a 

desired stereaner to test for biosynthetic conversion to benzylpenlcill+ 

Ey the steps shown below Arnstein and Clubb (5) synthesised 3-csrboxy-2,2- 

dimethyl-5-oxo-6-phenylacetamidopezhydro-1,4-thiazepine (III) franc 
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lU66 Synthesis and transformation of 1,rthiazepine No.23 

penicilJamlne . This material, presumed by the authors to be a mixture of 

all four isaners, gave no indication of utilization for penicillin bio- 

synthesis In 2. chrysogenum. 

Aside @Hac0hN 

Coupling* 

III 

We have found that syntheses of the 1,4-thiazepine VI from p-penicil- 

lamine methyl ester (IV) and CX-phenylacetamidoacrylic acid (V) are stereo- 

specific. In acetonitrile solution at ambient temperature, with N,N'-di- 

cyclohexylcarbcdiimide to form the peptide bond ati triethylsmine to 

catalyze the addition of the thiol to the double bond, 3I$carbomethow- 

2,2_dimethyl-5-oxo-6~-~enylacetadoperhydro-1,4-thiazepine (VI) was 

obtained in 71% yield., m.p. 174-176'(reported for 2 (7,8), 167'); LalDrj 

-36.5' (2$ in CHCla); Vz 3380 (N-H), 1742 (ester C=O) and 1660 cm.-l 

(amide C=O); AZ 252 (E 215) , 258 (6 218) , 264 (E 167) and 268 w (E 102X 

hal. Calcd. for C17He$iaO4S: C, 58.26; H, 6.33; N, 7.99; mol. wt., 
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350.43. Fa.md: c, 58.03; H, 6.43; N, 7.98; mol. wt., 350 (mass spec- 

trum,molecular ion), 357 (osmcmetric inbenzene). The n.m.r. spectrum 

showed singlets at T 6.20, 8.a end 8.72 p.p.m. for the three methyl 

groups, snl nUltiplets at 'c 5.05 sod 7.14 p.p.m. assignable to the C-6 aad 

C-7 protons respectively. The amide protons exchanged inD~,whereulxx~ 

the doublet at 'c 5.37 p.p.m. (J = 8 c.p.s.) for the C-3 proton collapsed 

to a singlet. Arcanatic and benzylic signels were found at T 2.66 s& 

6.40 p.p.m. 

When Roodward's Reagent K (9) was substituted for dicyclohexylcsrbo- 

diimide or N-phenylacetyl-2-bromovaline (10) was used in place of V, the 

same prcduct was obtained but in lover yield. Innolnstance,however, 

could any of the 2-6~ diasterecmer (I, methyl ester, with R = @.a) be 

isolated. Models show that VI (3g-bd can assume both boat- sni chsir- 

like conformations in which both the amide aad the ester groups occupy 

pseudo-equatorial positions. !&us, it probably possesses a significantly 

lower ground state energy thsn the 2-62 diastereomer, arrd if reversibility 

of the Michael-type addition may be assumed, the stereochemical outccwne 

matches prediction. The dependency upon peptide bond formation for the 

final step as folJ_owed in the Arnsteln procedure (5), does not evade the 

likelihood of ring closure occurring readily only in the stereochemically- 

favored case (i.e., to give VI, as the acid) even though a n&ture of 

isaners may be present at the penultimate stage. 

The ccmplete stereochemistry of our product was readily established as 

that sham in VI. Raney nickeldesulfurization afforded methyl N-(N'- 

phenylacetyl-g-alauyl)-g-valinate, m.p. 1~.7.5-~.8~, (~~17 77.8' (3% in 

RtOH), in 97$ yield, identical with a sample prepsred from phenylacetyl-D- = 

alanine snd z-valine by azide coupling and diazcmethane esteriflcation. 

&&. Calcd. for C1vHaNa04: Cg 63.72; H, 7.55; R, 8.75. Fauna: C, 

63.43; H, 7.43; NJ 8.56. 



l%l3 Synthesis and transformation of l,*-thiszepine 1468 

Reversal. of the stereochemistry at c-6 is being attempted to achieve 

the correct configuration. To this eti, chlorination (11) of VI at -60' 

in methylene chloride-carbon tetrachloride solution followed by dehydro- 

chlorination of the metastable chlorosulfonium salt Intermediate at 60' 

afforded 3I$carbomethoyy-2,2-dimethyl-5-oxo-6-phenylacetamido-2,3,4,5- 

tetrahydro-1,4-thiazepine (VII), m.p. 142.8-143' (X?)(reported for 2 (7), 

l&O); E 1745 (ester C=O) end 1660 cm.-' (amide C=O); Lz 235 (a 9650), 

305 w (E 525O)j [CL]? 135' (3.5% in CHC13). e Calcd. for c17H2&$4s: 

C, 58.60; H, 5.79; N, 8.dtj moli wt., 348.41. Found: C, 58.66; H, 

5.89; N, 7.88; mol. wt., 348 (mass spectrum, molecular Ion). The n.m.r. 

spectrum of VII showed singlets at 'E 6.~, 8.48 end 8.72 p.p.m. for the 

three methyl groups, singlets for eranatic end benzylic protons at T 2.72 

and 6.37 p.p.m., and a dcublet for the tertiary proton, J = 7 c.p.s., which 

collapsed upon addition of D$l to the deuterlochloroform solution, T 5.82 

p.p.m. The sharp singlet, non-exchangeable with D20, at T 2.34 p.p.m., was 

i&icative of the C-7 proton. 

Catalytic hydrogenation of VII has been unsuccessful to date under a 

variety of ccmditions, but It was a photoreduction of VII in ethylmercap- 

tan solution at 55' which regenerated ~-carbcmethoxy-2,2-dimethyl-5-oxo- 

~-~enylacetamidcrperhydro-1,4-thiazepi (VI) in 6% yield, thereby adding 

chemical proofto the spectroscopic aasl~ntof structure VII esri provi- 

ding enother example of stereospecificity in the generation of an optIcally 

active center at c-6. The 32-62 diasterecener (I, methyl ester, with 
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R = @'lid ccdd not be isolated franthe @tmee.otlon,butaphotceddwt 

VIII (20$ yield) was obl&ned as aby-product, Prcmuhich VII was regener- 

ated qWZntit8tiWZly 8t 210°. 

At this stage, we have preSented 8 case encouraging exger5mentalre- 

investigation of the hypothesis that 8 trsns8nuule.r route is opsr8tive In 

the biosynthesis of penlcillln. ItlthiS IebOl%tOryVe 8ZW -8ttha 

synthesis of the 6232 isomer and 8 study of its OXid8tiVe tr8nsfonmticms. 

This workwas supported lnpextby8reSeerch gmnt (USPHS-RG 5829, 

currently GM-05829~06) frcm the N8tloxml Institutes of Health, U. S. 

Public Health Service. cm? of us (GEW, Jr.) h8S been 8 National Science 

Found8tiCn &,.lCW, 1$&l-l%. 
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