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couree of their elegant elucidation of the rtructure of 

Abraham aud Newton' obtained two sulfur-containing lactones, 

to which the a-tetrodc acid &ructures I aud II were assigned on the basis 

of their chemical and spectral properties. Because of the siguiflcance of 

the atmu?ture of theoe lactone6 for the total structural argument rod of 

the relevance of a-tetrouio acid8 of this type for the chamirtxy of the 

cephalosporiua in general, wa wirh to describe au unmbiguoun synthesis of 

I and of related mbstanoer. 

p-Dimet~lamin~ethyl-a-tetronic acid hydrochloride, readily ob- 

tainable2 fraa pruvic acid, dimetiwlaeine bydrvchloride and fonaaldehyde, 

was treated in cold aqueous solution dth silver carbonate to give quanti- 

tatively the auitterion III: r.p. 115-118. (dec.),3 AZ 267 gr (E= 9COO), 

E 5.80, 6.15, 7.60, 8.95, 9.80, 10.60, 12.75 n, found: C, 53.h6; II, 7.11; 

N, 8.96. Treatment of III with one mole of potassium thioacetate In MF for 

15 minute8 at 75' mder nitrogen and evaporation of the nixture in high 

vat- resulted in an almost quantitative yield of the dipotaseirrm salt of I 

1 IL P. Abraham and 0. 0. F. Newton, Biocheua. J. 79, 377 (1961). 

2 C. Xmm.iah and II. Sauroth, Bar. 57 llC8 (1%). -=' 
3 All melting pointa in capillaries. 

Varlan A-60 instrument. 
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xgether mlth N,N-dimethylacetamide (detected by vapor phase chromatography) 

and hydrogen sulfide. Cm stirring the dipotassiua salt with aqueous 1 HCl, 

the free dienol I crystallised in an overall yield of 8w.h One reorgstal- 

lisation from methanol furnished the pure compound: m.p. h’l-1128*, I= 

236 w (E= 13,700), +$lN Naai 281 w (E=13,600), A= 3.03, 5.75, 5.90, 

8.77 and 1:?,83 p. Mobility toward the anode in pH 7.0 buffer (colW3ine 

acetate, 0.05 H in acetate, lk V/cm, 3 houra): 4.9 Q. Found: C, 16.42; 

H, h.02; S, 12.31. The above constants as well as those for the dimet@l 

ether prepared with diazomethane: m.p. 74s7S', e 229 w (E=19,750), 

12 5.65, 6.00, 6.99, 7.08-7.93, 8.80, 9.67, 9.93, ll.42, 12.88 and 13.15 )I. 

NMR: 6 protons at 6.02~ (methyl groups), 4 at 6.50~ (bridge methylenes), 

L at 5.22T(ring methylenes),5 found: C, 9.06; H, h.72; S, l.l.OO$ ocA3, 

21.96, are in good agreement with published data for the degradation prod- 

uct fraa Cephalosporin C. Identity was kindly confirmed by Lk. E. P. 

Abraham by direct comparison of the two products. 

-CH&ON(CHh 

A B C 

h The sulfide I could also be prepared, albeit in lower yield, by using 
sodiun hrdrosulfide In place of potassiua thioacetate or by ting tettr 
aethylenesulfone as the solvent. In aqueous systans, reverse l4anniCh 
reactlam rather than replacement of the dimethylamino group takes place. 

5 Long range coupling of JPl c.p.8. between ring and bridge nethylene 
protons is a characteristic feature of all spectra. 
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The fomation oi I ie tiaalised as proceeding fxwm III via the 

thioacetylenolate A,whichis a&mlysedbythe liberated dlmethylamineto 

yield B and &lmthylacetamlde. The anion Blsin equilibrimwith C and 

attack of the latter on B remlta In the dienolate of I with loos of A2S. 

Topmparethe p-morcaptwsthyl-a-tetrordc acidVI1 and its disul- 

flde VI, it was neaerrary to arofd the formation of the anions B and C by 

apdnolyai~ of the enolate A. This was achieved by flirst converting the 

< ,CHa 

HO..CHz- S - CHZ~OOH C;;I;: 

I X=0 III m 
II x=s 

CH3COSCH2 =OH “O..CHrS-S-CHz_OH 

P Yl 

HSCH2 

m 
0 0 

OH HOwCb_OH 
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zwitterion III into the unstable quaternary salt Iv6 by treating an acetone 

suspension with tan moles of methyl bromide for 18 hours at 5' (found: 

HrO, 31.62;) followed by treatment of the latter with excess thioacetic 

acid in DHI' at 65" for 7 hours to yield after vacmsz fractionation 2h% of 

B-acety~ercaptaaethgl-~-tetronic acid V: m.p. 70-71r', AFt 2ko WCI, 

(E=lL,!SO!, At: 3.03, 5.80, 5.92, 7.95, 8.70 IL HHH: 3 Protons at 7.60-Y 

(acetyl), 2 at 5.3Or(ring CH2), 2 at 6.16'~ (exocyclic CH2), 1 at 2.63% 

(enol). Found: c, hh.51; 8, h.21; s, 17.3h; CHICO, 22.66. Treatment of 

a tetramettylenesulfone solution of V with dry ammonia in the presence of 

sir resulted in separation of the crystalline diammoniuz salt of the di- 

sulfide VIan7 The latter was oonrerted to the free dienol VI by acidiflca- 

tion of its ice-cold aqueous solution, extraction with ethyl acetate and 

recrystal_lj.zation of the extracted solid fraa z-butanol, overall yield ira 

II 27.68, m.p. 131-132*, 1z 2b lplr (2=22,600), AE 3.10, 5.80, 5.90, 

8.00, 8.77 and 12.90 PO Mobility toward the anode in pH 7.0 buffer (colli- 

dine acetate, 0.05 M in acetate, lb V/cm, Ll ,.ours): 1.6 cm. Found: C, 

w.17; H, 3.97; s, 22.02. Its dimethyl ether melted at 59'; HMH: 6 protons 

at 5.95r(nethyls), h at 6.36?'(bridge methylenes), 4 at 5.23'Z'(ring 

The quasernary salt IV when dissolved in water soon deposits CrPtals 
&wing a violet FeC13 reaction, m.p. after sublimation (170*/0+~1 m) 

*, HtOH 2U w (E= 20,4co), qr 3.04, 5.80 (d), 8.75, 10.06, 10.16 
k and 12. P (spectrum very similar?0 that of g-metbyl-a-tetronic acid). 

Found: C, 50.60; H, 3.73. This compound is identicsl dth the by- 
product of the condensation of pyruvic acid with dimethylamine hydrocNo- 
ride ani formsldehyde, which had been characterized by Mannich and Bauroth 

Acid s2 We have now found, on the basis of analytical 
~&::'L&h~othe ?& spectm of its reaction product with diazcsnethane: 
m.p. 98.5-99.5', HMH: 6 protons at 6.038(methyls), h at 5.33?(ring 
methylenes), 2 at 6.60Y(bridge met&lene); found: C, 5h.77; H, 5.04; 
CH30, 26.00, that the acid has the composition CgH@j (dimethyl ether 
CllHl2Qj) and the structure of a g-methylene-his-o-tetronic acid VIII. 

The diammonium salt of VI was most efficiently prepared by performing 
the reaction of Iv with thioacetic acid in tetramethylenesulfone solu- 
tion, r~smoving excess reagent in vacua and other impurities by precipi- 
tation ,vith methylenedichlorid~priorto treatment with ammonia. 
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methylenes); Xz 233 w (519,3CQ), ez13: 5.68, 5.97, 6.90, 7.37, 

7.95, 8.03, 8.25, 8.50, 9.06, 9.65, 9.92, 11.66 p. Found: C, 46.13; 

A, 5.75; S, 17.71. 

The disulfide VI had antMcr&ial activity against a variety of 

organiars.8 Thus it inhibited the growth of S. aureus (P 209) at a concen- _- 

tration of 0.4 yg/ml, that of penicillin resistant 2. aurfw isolates at 

1.6-1.8 w/ml and that of triohophyton mentagrophytes at 0.7 pg/mJ..9 

The p-mercaptometml-a-tetronic acid (VII) could be obtained only 

in poor yield, due to the tendency of its monoanlon for oxidation or sclf- 

condensation to yield I. aall quantities of VII could be isolated from the 

reaction of III with NaSH or from the reaction of IV with H2S in IMF by 

paper chromatographylo or by high vacuum distillation (log" bath temp. at 

o.ooo5 Id. A”” 242 g( (E=8,300), Azt 2.92, 3.86, 5.67, 5.97, 8.87 ~9 

positive FeC13 and nitroprusside reactions. 

8 The authors wish to thank Dr. P. Actor and Mr. F. Beech for the enti- 
microbial acreaye. 

? The dime-1 ether of VI wae active against S. aureue at 19 ccg/nl. 
Coapaunds I, III aid VIII showed no activity-at-g/ml. 

lo The mobility of VII in a n-butanol:acetic acidwater, 4:1:4, eyotem was 
about 1.11 tires that of 'I and 1.05 times that of VI. 


