
iiieth)-lu[!etLtiiiidt: becaiiie coiiiplele d t e r  Ltdditioii uf 0.5 g. (5 
inmoles) of acetic anhydride. The mixture was allowed to stand 
for 3 days and was poured into 400 rnl. of et,her. Filtratioi~ and 
:iir drying gave 1.68 g. of ye lhv  material which :issayeti 220 
units/rng. A sa.mple of vancomycin t,reated iri  the same f:tshioii 
a ' : ~  devoid of antibiotic activity. 

Reaction of Vancomycin with Diethylaminopropylene  oxide.-^- 
.4 solution of 1.6 8.  (0.5 mmole) of variconiyrin 0.r. was prepared 
in 25 nil. of water acidified to pII 2 wit11 2 drops of c.oricent,ratetl 

The addition of 1.29 g. (10 Inmoles) of diet111 1- 
: i i i i i ~ i o ~ ~ ~ o ~ ~ ~ I ~ ~ n ~  oxide raised tlic p F T  to  about, 9 h i t  solution rc>- 
rn:iiried coniplete. After 20 hr . ,  SOIIIC htiriunr (:ii~bon:it~ w:is 
atitled; the niixturr w:is filtered, :inti the tiltr:tt,c, w:m talien 1 0  

residue w:is triturateti with :zi~etonc t o  Iwlp 
Aficr  :lit, dryiiig, the producat neigliid 

Ttw ar~iihiot~ic. :tc.tivity W:IS alnicisl. entittly tlcstriiycstl. 
epoxide. 

I .!i g. 

The Chemistry of Cephalosporin -intibiotics. 111. 
Acylation of Cephalosporadesates 

I)cxc*rtylutetl ccpfialcisporitis \vert prepared by enzymatic cleavage of tlie Ltcetoxyl gruup. Although riiaiiy 
itsrial iiietlicids of acylntioii failed, aroylation of t,he cephalosporadesic acids was possible in hasic aqueous acetone. 
Tl,e t)iologic~:tl activities of several derivatives are repi)rt8ed. 

Ab iiidicatcd iii otliei rcports, T-acylamidoceplialo- 
bporaiiic acids prepared from 7-amiiiocephalosporaiiic. 
acid aiid acylatiiig agents have shon 1 1  improved ariti- 
biotic activity when compared \r it11 riaturally produccd 
cephalosporin-@ (I) ,  n-he1e thc 7-acyl fuiictioii is ail 

amllioadipyl group. 1 Cephalobporiris have scvcral 
polits where modification of substituents might pio- 
duce improvcd 1)iological activity : oiic is the acetoxyl 
wbstituting the 3-methyl This papcr report. 
the chemistry irivolved h i  attempted variation of tlw 
acetoxyl and biological activity of some new derivativc 
Ccplialosporjlis in which thc 7-acylamido group 14 

either the 2-thiopheIicacetaniido group (11)3 or tlic. 
pheiiylIncrcaptoacetarriido group (111) scrvcd as start- 
iiig Inaterials for this investigation. 

Scveral routes to iiew 3-acyloxyniethyl derivativcla 
i v c w  explored. Sucleophilio displaccrneiit of tliv 
acetoiyl group of ccphalosporiii C has been 
'ittempts to  replacc the acetoql  group by nuclcophilic. 
displacemelit with a11 acid salt, iii this case sodiuni 

. ... 

( I )  (a) R. R.  Ghauvette, E. II. I'lsnn. 13. G .  Jackson, E. I t .  Lavapniuo, 
R .  B. hlorin, R. A. AIuelIer, R. P. Piocli, H .  W. Roeske, C. W. Ryan, J. 1,. 
Spencer, and E. Van Heyuingen, J .  A m .  Chem. Sac., 84, 3101 (1962): (bJ 
I3. Loder, G. G.  F. Newton, and E. P. Ahraham. Biochem. J. ,  79, 408 (1961'). 

(2) For the  convention adopted for nainina and numbering the cephalo- 
spurin nucleus, set: R. 13. Morin, R. G. .Jackson. E. H. Flynn, w r l  R \i'. 
I<w*ke, J .  Am. Chern. So?., 84, 3400 (l!$li2J. 

(3) (cephalothin, Lillyj. 
. Halo, G .  G. Ir'. Newtoil. n,nd 1,;. 1'. A h r a h ~ i i ~ ,  I h o u h u m ,  J . ,  79. 

butyrate, in \\ atel solution yielded t i0  1 i w  product otlicbr 
than those of hydrolysis. Bioautographs of papcr 
chromatograms of thc product showed 110 new biologi- 
cally active materials of expected mobility. This 
result is iiot surprising since aliphatic acid salts do not 
diffci greatly in nucleophilicity. 

Aiiother approach to the des i id  products would be to 
i ~ m o v ( ~  the acetoxyl group of a cephalosporiii arid 
ttcylatc t h c  imultaiit hydroxymethyl group. L4bra- 
1ia111~~ has shon-11 that desacetylcephalosporins can bc 
prepared 1)y acid hydrolysis, but the coiicomitaiit hy- 
drolysis of tlw ij-lactani ring disqualified this method 
us otic of  practical value. Jenseii, et aI.,5 have deinoii- 
5tratcd that cwymatic hydrolysis of aii acetoxyl ea11 

) ) e  performed with thc orangc pcel enzyme, citrus acetyl- 
cGbtei.ase. K i n g  this tcchiiique desacetylcephalosporiris 
u-crc prepa id  i i i  good yield. The latter have 1teci1 
ii.higri(d t l i c b  trivial iianic of ccphalosporadcsic. acids 
tor c o ~ i v ~ ~ i i e i i c ~ ~ .  

?'lie anticipated siiriple acybtioii of  the Iiydro.iy- 
inetliyl group was riot realized iii practice. Oiie k~ariier 
to acylation \vas the easy formation of ccplialo- 
sporadesolactoiies. The lactorie was quite readily 
formed in avid solution although it was possible to iso- 
late the free acid in an analytically pure state. It \vat. 
found that acylation with an acidic reagent such as 
:icetic aiihydride is also precluded by the more facilc 
Iactonc. foririation ; iii tlic: case of 7-phenylniercapto- 
~cctamidocephalosporadesic acid, treatment of thc ,  
wid with acetic anhydridc is a good method for tlw 
preparation of t hc c.orresponding lactone. Ketene 
: ~ t  rooin tenipcratuw, I ike~ise ,  did not acylate the hy- 
(11 oxy1 group ; lacat oiiv and cephalosporadcsic acid wr(8 

f l i t '  oiily mateiials i.ol:ttc(l 
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TABLE I 

N / CH,OK 
0 

COO- Na’ 
Penicillin- He~iiolytic 
resistantb 

Penicillin G, S. aurcus,n S .  aureus, EDso, Shzoella 
streptococcic 7--- Grain negat i rqd  ~/inl.-- 

RcoNHpJ 
Klebsiella 

R R’ iinits/iiig. y/1111. y / n1l. 111g./kg. x 2 SP. E. coli  SP. 

Q C H ,  COCHI 300 0.02 0.8-1.0 41.2 i 7 6 

a - C H :  COC& 470 0.025 0.1-9.0 >41.2 18 37 25 S 

163 0 . 2  6-13 24.4 53 63 49 

C&,SCH2 C~$:CH 266 0 1  0.3-3.0 >41.2 192 110 160 

OCH 

CeH8CHz (‘0 P r C H  860-990 0 006 < O .  1->8 >41.2 49 54 20 

M.I.C. value obtained in a serial dilution test. Gradient-plate M.I.C. value; the first value is without serum, the second, ni th  
human serum; C. W. Godzeski, G. Brier, and D. E. Pavey, A p p l .  Mllicrobiol., 11, 122 (1963). Drug administered orally to mice, 
1 and 5 hr. post infection with 2500-6000 X LDjo of inoculum; W. S. Boniece, W. E. Wick, D. H. Holmes, and C. E. Redman, J .  
Bacterzol., 84, 1292 (1962). Gradient-plate 1I.I.C. test; see ref. 7 

Because lactone formation is preferred to 0-acylation, 
it mas thought feasible to protect the carboxyl group as 
an ester and then acylate the hydroxyl and finally cleave 
the ester. The p-lactam ring in cephalosporins is quite 
stable to acid but labile in base above pH 9.5; conse- 
quently, base saponification mould not be practicable. 
An attempt to cleave methyl T-phenylmercaptocephalo- 
sporariate with lithium iodide in the usual fashion in 
collidine or pyridine gave black tars. The preparation 
of the acid hydrolyzable methoxymethyl ester of 
cephalosporadesic acid (111) was not successful, only 
lactoiie being isolated. The method employed, how- 
ever, would not have produced much ester since the 
cephalosporanic acid, itself, gave only a trace of its 
methoxymethyl ester under similar conditions. 

It was found possible, however, to obtain aroyl deriva- 
tives of the cephalosporadesates by a Schotten-Baumann 
reaction using aroyl chlorides and sodium hydroxide in 
aqueous acetone. Under the same conditions ali- 
phatic acid chlorides reacted with mater preferentially 
arid 110 acylation took place. Even with aroyl 
halides, a large excess of aroyl halide TTas necessary to 
obtain even moderate yields. Some variation was 
made in the pH of the acylating mixture, but best yields 
seemed to result by maintaining the pH relatively high. 
Evidently, the acid halides are much more readily 
attacked than the p-lactam ring of the cephalospora- 
desates and they consume any local excess alkali 
before it can destroy the p-lactam ring, at least to a 
large degree. Much aroyl anhydride is formed in the 
reaction, but it is readily soluble in ethyl acetate and 
can be extracted from the water solution or precipitated 
salt of the new cephalosporin. 

The acylation with aroyl halides seems to be fairly 
general, and two examples with two different 7-acyl- 
amidocephalosporadesic acids have been included. 
Analyses and titrations are of greater utility for char- 
acterization of products than melting points which were 
over rather long ranges and varied somewhat with the 
temperature at which the sample mas placed on the 
melting point block. 

The biological activities of the aroyl derivatives are 
listed in Table I. It is quite apparent that in this 
limited series there has been little or no improvement, 
on the average, over the activity shown by cephalo- 
thin. The most serious problem may be the strong 
serum-binding effect which causes “skip-zoiies”6 in 
the gradient-plate test7 against penicillin-resistant 
Staphylococcus aureus.  The in vivo activity of the 
thenoyl derivative is against the admittedly sensitive 
Streptococcus pyogenes, but the result does question the 
practical significance of the serum-binding effect. 

Experimental* 
Potassium 7-PhenyImercaptoacetamidocephalosporanate 

(III).--A solution of 3.89 g. (0.0143 mole) of 7-aminocephalo- 
sporanic acidZ (i-ACB) and 3.89 g. of sodium bicarbonate in 
200 ml. of water and 160 ml. of acetone was cooled in an ice bath 
and stirred as 2.54 g.  (0.0136 mole) of phenylmercaptoacetyl 
chloride in 25 ml. of acetone wax added dropwise over 1 hr. 
I t  was then stirred an additional 1.5 hr. The acetone was re- 
moved by evaporation and the chilled water solution, layered 
with a small amount of et’hyl acetat,e, was adjusted to pH 2. 
?\lore ethyl acetate was used to extract the cephalosporanic acid. 
The acid was back-extracted into 150 ml. of water by adjusting 
the mixture to pH 5.75 with 1 A‘ KOH solution. This extrac- 
tion was repeated with two 25-ml. portions of water. The 
combined water layers were evaporated to dryness and the resi- 
due was dried in a vacuum desiccator. The yellow solid was 
recrystallized by solution in I50 ml. of hot methanol, filtration 
and dilution to cloudiness with 2-propanol, and refrigeration. 
The near white, dry product weighed 3.83 g. (0.0083 mole), 
58% yield, m.p. 162-166’ dec. The ultraviolet spectrum showed 
a maximum a t  250 mp ( E  12,100). 

A n d  Calcd. for CnH1,KN20&: C, 46.94; H, 3.72;  N, 
6.08. Found: C, 46.65; H, 3.70; N, 5.97. 

(6) C .  W. Godzeski, R.  M. Hisker, and G .  Brier. “Antiniicrobial Agents 
and Chemotherapy,” American Society for Microbiology, Detroit, Mic h . ,  
1963, p. b07. 

(7) V. Eryson and W. Szybalski, Science, 116, 15 (1952). 
( 8 )  811 melting points were taken on a Fisher-Johns melting point ap- 

paratus and are uncorrected. -411 evaporations have been performed a t  
temperatures only slightly aboye room temperature in a rotary evaporator 
in uucm?. T h e  analyses of the salts of the acids were obtained on samples 
dried for 1-2 min. on 5 Mock heated t o  1O0-I3O0. The paper chromato- 
grams were performed with ethyl methyl ketone saturated with water as  the 
eluting solvent. 
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mum was a t  240 mp ( e  25,400), the infrared spectrum was 
consistent, and the titration gave a pK, = 4.75 (apparent mol. 
wt., 535; calcd., 529). 

Sodium 0-2-Thenoy1-7-(2-thiopheneacetamido)cephaIo- 
sporadesate.-As described above, 1.0 g. (0.00255 mole) of potas- 
sium 7-(2-thiopheneacetamido)cephalosporadesate was treated 
with 2.93 g. (0.02 mole) of 2-thenoyl chloride. After evapora- 
tion of the acetone and extraction with ethyl acetate, a yellow 
precipitate of the sodium salt separated from the water solution. 
Additional salt was obtained by the addition of saturated NaCl 
solution. The combined precipitates when dried weighed 800 mg. 
Recrystallization of this solid from methanol-2-propanol gave 
400 mg. of the product (327,), m.p. 137-142" dec. 

Anal .  Calcd. for C19H16?J2Na0&:'1C, 46.90; H, 3.10; N, 
5.76. Found: C,47.11; H, 3.28; N, 5.55. 

The ultraviolet maximum was a t  240 mp ( e  18,400), the in- 
frared was consistent, and the tit,ration indicated a pK, = 4.7 
(apparent mol. wt., 482; calcd., 486). 
Sodium O-Benzoyl-7-(2-thiopheneacetamido)cephalosporade- 

sate.-In the usual fashion, 3.3 g. (0.00842 mole) of potassium 
desacetyl acid salt was treated with 8.0 g. (0.057 mole) of benzoyl 
chloride and NaOH. The sodium salt was precipitated from the 
water solution after acetone evaporation by the addition of 
saturated NaCl solution. The crude, dried solid weighed 2.54 
g. and an infrared spectrum indicated i t  was of fair quality. 
Purification, however, was quite difficult. The solid was dis- 
solved by suspension in water and addition of acetone until 

solution was effected except for a trace which was filtered off. 
Some acetone was then evaporated until the product just started 
to precipitate. The mixture was chilled and a gelatinous pre- 
cipitate separated which was filtered and dried (1 g.). It had 
darkened in color. It was then dissolved in hot methanol, a 
dark fraction was filtered off, and the solution was concentrated 
and then diluted with 2-propanol to cloudiness. The solution 
deposited a light cream solid on chilling which was centrifuged 
and vacuum dried, m.p. 148-150" dec., 220-mg. yield. The 
product, chromatographed on paper (70% 2-propanol-water), 
gave one spot by bioautography. The ultraviolet spectrum 
gave a maximum absorption at  233 mp ( E  22,100) and the ti- 
tration showed a pK, of 4.85 (apparent mol. wt., 526; calcd., 480). 

Anal .  Calcd. for Cz1H1,N2Na0&: C, 52.49; H, 3.56; N, 
5.83. 

Acknowledgments.-The contributions of the fol- 
lowing toward the experimental data are gratefully 
acknowledged: C. TV. Godzeski and W. E. Wick for 
the microbiological data; H.  L. Hunter, G. 11. JIaciak, 
D. Cline, and W. L. Brown for the microanalyses; 
L. A. Spangle, L. G. Howard, and D. 0. Woolf for 
the titrations and spectrometry; and 11. Iiory, C. P. 
Walters, and E. llingioli for the enzymic deacetyla- 
tions. 

Found: C, 52.36; H, 3.66; K, 5.84. 

Syntheses with 5-Nitro-2-furonitrile 
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5-Sitro-2-furonitrile has been prepared by the dehydration of 5-nitro-2-furamide with phosphorus oxychloride. 
Reaction of the nitrile with thioacetamide in dimethylformamide saturated with HC1 has provided 5-nitro-2- 
thiofuramide. The thiofuramide with a-bromo ketones has given 2-( 5-nitro-2-furyl)-4-methyl-, -phenyl-, and 
-(5-nitro-2-furyl)thiazoles. Oxidation with iodine has provided 3,5-bis(5-nitro-2-furyl)-l~2,4-thiadiazole, 5- 
9itro-2-furamidoxime is obtained by the addition of hydroxylamine to the nitrile. This amidoxime is 0-acylated 
by acetyl, benzoyl, and chloroacetyl chloride as well as phosgene and ethyl chloroformate. 0- as opposed to 
S-acylation is established by the infrared spectra of typical members of this group. Heating the acetyl, benzoyl, 
and chloroacetyl esters a t  their melting points has provided the corresponding 5-substituted 3-( 5-nitro-2-fury1)- 
1,2,4-oxadiazoles. Reaction of the amidoxime with acetaldehyde and benzaldehyde has given the corresponding 
5-substituted 3-(5-nitro-2-furyl)-Az-l,2,40xadiazolines. 5-Sitro-2-furamidine is obtained from the nitrile via 
the ethyl imidate ester by reacting the imidate with methanolic ammonium chloride. The amidine has been 
condensed with the appropriate @-diketones to give 2-( 5-nitro-2-fury1 )-4,6-dimethyl-, -4,6-di( trifluoro- 
methyl)-, -4-methyl-6-trifluoroniethyl-, -4-trifluoromethyl-6-(2-furyl)-, and -4-trifluoromethyl-6-(2-thienyl)- 
pyrimidines. The antibacterial properties of the most active members of this series of compounds are presented. 

As a means of extending our previous studies of 5- 
nitrofuran antibacterials2 we looked on 5-nitro-2-furo- 
nitrile (I) as a potentially versatile starting material. 
This simple compound presented the opportunity of de- 
veloping a variety of heteroaliphatic and heterocyclic 
systems a t  the 2-position of 5-nitrofuran. 

At the outset of this work two methods for the prep- 
aration of nitrile I had been described: the nitration of 
2-furonitrile3 and the dehydration of 5-nitro-2-fural- 
doxime by means of acet,ic a~ihydr ide .~  A more acces- 
sible starting material for us was  methyl 5-nitro-2-fu- 
roate. This remarkably reactive ester is converted in 
87Y0 yield to  5-nit,ro-2-furamide by dissolving it in 

(1) Department of Psychiatry, Washington University School of AIedi- 
cine. St. Louis, Rlo. 

(2) W. R. Sherman, J .  Ow. Chem., 26, 88 (1961); W. R. Sherman and D. 
E. Dickson, ibid., 27, 1351 (1962); W. R. Sherman and  A. -4. Alter, ibid.. 
27, 2237 (1962); 1%'. R. Sherman and A. Von Each, ibid., 27, 3472 (1962). 

(3) J. SI. Straley,IolcaStateJ.  Sei., 11, 115 (1936). 
(4) C. D. Nenitcescu and C. Bucur, Reu. chim., .4cad. r e p .  populaire 

Roumaine, 1, 155 (1956). 

liquid ammonia a t  -33". The amide may then be con- 
verted to the nitrile in 63y0 yield by the action of phos- 
phorus oxychloride. 

We have found that I undergoes many of the usual 
reactions of nitriles, its possibilities as a starting ma- 
terial being limited mainly by the base instability of the 
5-nitrofuran system. The three principal intermediates 
(111-V) which are used in this work are prepared from 
I. Thus, when I is treated with ethanolic HC1 in the 
manner of P i i ~ ~ r , ~  ethyl .i-nitro-2-furimidate hydro- 
chloride (11) is formed in 927, yield. After coriversioii 
to the free base by liquid ammonia a t  -33", with which 
it does not react further, the imido ester is heated with 
methanolic ammonium chloride, after Barber and 
Slack,6 to form 5-nitro-2-furamidine hydrochloride 
(V) in 737, yield. Another useful intermediate, 5- 
nitro-2-thiofuramide (111), is formed in 52% yield by 

(5) A. Pinner, Ber., 26, 1414 (1892). 
(6) H. J. Barber and R. Slack, J .  Am. Chrm. SOP.,  66, 1607 (1944). 


