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The antlblotlc activity of penlclllln is believed to be 

due to the aoylatlon of an active slte In an enzyme oonoerned 

with muoopeptlde synthesis in the bacterial cell wall. (l) In 

turn, the acylatlng activity of penlclllln has been assoalated 

with the reactive oarbonyl group of the fused &lactaathlasol- 

ldine ring system;(2) thus, the less reaotlve r-laotam homo- 

logs of penlclllln completely lack activity. (3) the more 

stable monocyollc dethlopenlcllllns have little or no actl- 

v,t,(4) and aoycllc analogs have a low order of activity. (5) 

This oommunloatlon reports the synthesis, charaoterlu- 

tion and mlcroblologlaal assay of the dloyclohexylamlne salt 

of N-phenaoeturylazirldlne-2-carboxyllc acid (I), uhlch may 

be oonsldered as a structural analog (oontalnlng the correot 

Qaokbone") and perhaps also as a reactlvlty analog of peni- 
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olllln G (II) due to the preeenoe of an waotlvated" amide (6) 

nhloh oooupies a position comparable to that of the &laotam 

in the penlclllln nucleus. I-Aoylated azirldlnes are known 

to be good aoylatlng agents (7) and to undergo hydrolyala with 

base very readily.(8) 

C6H5CH2Co!iH-/T82 ,Cf2 C685C~,colra-~H-$s1;(mj), 

Treatment of benzyl aorylate (9) 

bromine in benzyl alcohol, following 

O-k-k-&I-COOH 

II 

with one equivalent of 

a procedure of Uarvel 

& &.,(1o) afforded benzylof,&dibromoproplonate (III) in 60s 

yield: b.p. 118O (0.025 mm), nZ2 1.6385, u,x 
P 

1745 cm-? 

w. Calod for CloJiloBr20 2~ C, 37.30; 8, 3.13; Br, 49.63. 

Founds C, 37.85; H, 3.30; Br. 49.08. 

Dropwire addition of compound III to a large exoese of 

llquld ammonia followed by ether extraotion of the ammonia 

solution gave a mixture of benzyl azlrldlne-2-carboxylate 

(IVW and benzyl aloohol; treatment with an ethereal solu- 

tion of oxallc acid afforded the colorlese monooxalate salt 

of benzpl azlridlne-2-oarboxylate; m.p. 75.5-77'. v",", 1749 

cm -I. &&. Calcd for C12E13N06r C, 53.93; H, 4.90; N, 5.24 

Foundt C, 54.24: H, 5.50; N, 5.50. The free base IV.(12) 

recovered by ether extraction of an aqueous solution of the 

oxalate salt made baelc rith sodium bicarbonate. was obtalned 

in 34$ overall yield from III; n25 1.5420. )J,, 
-9 

1730 cm-l. 

&&. Calcd for C10H11N02: C. 67.78; H. 6.26: N, 7.90. 

Found: C. 67.50; 8. 6.00; N. 7.61. 
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Coupling of phenaceturic acid (V) and IV with N,N'-di- 

cyclohexylcarbodIlmIde (DCC)(13) at -5' In methylens chloride 

gave cryetalllne VI In 50$ crude yield; several recrystalll- 

zatlons from benzene -Skellp B afforded M analytlcal maple 

of beneyl N-phenaceturylazlridlne-2-carboxyiate (VI)(12); 

I.P. 84-85°, uzx 1740. 1650 and 1540 cm". &&. Calcd for 

C20E20N204~ C, 68.17; H, 5.72; I, 7.95. Found: C, 68.11: 

H. 5.60; I, 8.06. The nmr spectrum (CDC13 solvent. T?lS Inter- 

nal standard) showed bands at r 2.68 (5Ha, singlet), 2.75 

(5Hh. singlet), 3.15 (18,. triplet). 4.87 (2Hg. singlet), 6.05 

(2Hd, doublet), 6.52 (2Hb, singlet). 6.80 (lHI. quartet) and 

7.57 (2H e, multiplet), aselgned as Indicated In structure VI. 

C H CH CONHCH2COOH 65 2 + IV DCC > 

C6H5aCH2bCON"c-CH2d 

.d-NiZii 
CH2e H2/Pd 1 

f-Cooa2gC6H5h 
> 

VI 

Hydrogenolysls of VI over 10% palladium on carbon catalyst 

proceeded in ethyl acetate nlth the uptake of one equivalent of 

hydrogen and, after filtration and addition of one equivalent 

of dlcyclohezylamine, yielded 72$ of the crystalline dicpclo- 

hezylamine salt of N-phenaceturylazlridlne-2-carboxylic aold 
(i);(12) m.p. 133.5-136.5'. l.JE; 1725. 1675. 1650, 1560 and 



1618 No.38 

1530 m-1. && Calcd for C25H3+t3C4: C, 67.69; 8. 8.41: 

N, 9.47. Found: C. 67.75: Ii, 8.67: W, 9.29. The dlayclo- 

hexylamlne aalt of I responded to the quantitative hydroxyl- 

amine assay for penlcllllns (14) and gave 150% of the color 

lntenelty exhibited by the sodium salt of penicillin G 

(molar basis). 

Professor Michael J. Pelczar. Jr., and Samlr & Badr El- 

Din of the Department of Hlcroblology have assayed the dlcyclo- 

herylamlne salt of I for antlblotlc activity. By a twofold 

serial dilution test using ~lococcus weus this salt 

showed an &m mlnlmum Inhibitory concentration at a level 

of 1000-2000 /&/ml. The antlbiotlc activity is of a very low 

order compared to the penicillin.8 but approaches the bioactlvlty 

of the sulfonamides. 

The present work demonstrates that specific structural re- 

qulrements beyond that of an “activated” amide (and the cor- 

rect backbone) are essential to attain the unusual antibiotic 

activity of the penicillins. Within a given series of molecules 

the relationship of biological activity and chemical structure 

has been summarized by the observation that “increase in flexl- 

bIlIty usually decreases bIologIca potency.” (15) One Impor- 

tant factor here may therefore be the aeater number of conforma- 

tions In the partial open-chain analog I compared with the rigid 

fused-ring system of penlclllln (II). The requirements for bio- 

activity are being Investigated by the synthesis of other 

penicillin analogs. 

Acknowlednments, This Investigation was supported in part 



No.38 4619 

by Public Health Service Research Grant CA-07193 from the 

National Cancer Institute. Ue gratefully acknowledge asslst- 

ante from an NSF Grant (GP-3756) for the PUI'ChaSe of a VarIan 

A-60A nmr spectrometer. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

REFERENCES 

F. P. Doyle and J.H.C. Nayler. Advances in DrUn Research. 
N. J. Harper and A. B. Slmmonds. eds.. Vol. 1, p-62. 
Academic Press, New York and London (1964). 

J. R. Johnson, R. B. Woodward and R. Robinson. The Chemls- 
try of Penicillin, H. T. Clarke, J. R. Johnson and R. 
Robinson, eds., p. 440. Princeton Unlverslty Press, Prlnce- 
ton, N.J. (1949). 

V. du Vigneaud and F. H. Carpenter, The Chemistry of Pen+ 
cl11in, II. T. Clarke. J. R. Johnson and R. Robinson. eds., 
p. 1007. Princeton University Press, Princeton. N.J. (1949). 

E. Kaczka and K. Folkers. The Chemistry of Penlclllln, 
A. T. Clarke, J. R. Johnson and R. Robinson, eds. p* 256. 
Princeton University Press, Princeton, N.J. (19493, 

Fe w. Holly. E. W. Peel. E. L. Luz and K. Folders, J.0 
Chem. Sot.. 2 4539 (1952). - 
The designation "activated" amide Is suggested by analogy 
to the widely used term "activated" ester. For a recent 
review of activated esters. see E. Schriider and F. Liibke. 
z &;;;~~i9~~: I, pp- 76. 97. Academic Press. New York 

Ii. W. AeIne, PI. E. Fetter and E. Ma Nicholson. J. Amer. 
Chem. Sot., & 2202 (1959). 

The reaction at room temperature of methyl N-hlppuryl- 
azlrldlne-2-carboxylate with one equivalent of llthlum 
hydroxide gave an 80% yield of lithium hlppurate. R. A. 
Clark. Ph.D. Thesis, Unlverslty of Maryland, 1966. 

C. Moureu, M. Murat and L. Tampler, Ann. Chlm., u, 221 (1921) - 
C. 3. Marvel. J. Dec. H. G. Cooke, Jr., and J. C. Cowan, 
J. Amer. Chem. Sot., 62, 3495 (1940). 

- 
Based on the procedure for the preparation of methyl 
;z$IdIne-2-carboxylate described by F. Hoffmann-Id% Roche 

Brlt Pat. 847,205. Sept. 7. 1960 (Chem. 
7433'iim modified by R. A. Clark, Ph.D. %%ii: a* 
University of Maryland, 1966. See also E. Kyburz. H. Rls, 



St. Majnonl, G. wart, C. von Planta. A. met and Pl. 
A. Plattner, wchim. 2. 359 (19661.' 

No.58 

12. !ChIe compound gave an Intense purple color when teated 
by the prooedure deecrlbed In the article entitled "Use 
of 4-(4~RItrobenzyl)pJrrIdIne as Analytical Reagent for 
EthylenImInes and Alkylatlng Agents," by J. Rpsteln, R. 
Y. Rosenthal and R. J. EBB, && Cherp., 2, 1435 (1955). 

13. J. C. Sheehan and G. P. Hess. J.W. Chem. Soo., 2, 
1067 (1955). 

14. J. H. Ford, &&. Chelp., g, 1004 (1947). 

15. L. 8. Sarett, 147th National Heetlng of the American 
Chemical Society, Philadelphia, Penna.. April 1964, 
Abstracts of Papers, p. 3-N. 


