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interest has been focused on the possibility of inhibiting
this enzyme with analogs of N3 N!'%-methylenetetra-
hydrofolic acid (CHo-THFA).* This stems from studies
on the enzyme that demonstrate a sequential order in
binding; the initial complex formed between the cn-
zvime and the cofactor CHy-THFA is followed by forma-
tion of a ternary complex with dUMP. Stepwize dix-
soclation leads to the products TMP and 7.8-dihyvdro-
folie acid (DHFA).* The source of the methyl group
15 firmly established a=x coming from formaldehyvde
ria the cofactor. Reduction of the carbon transferred
to dUMP is accomplished by oxidation of tetvahydro-
folic acid to 7.8-dihvdrofolic acid.  Although there ix
a question of the position of label (tritium at Csor Cz) on
the izotopic reduction of DHFA to THI'A by enzyimatie
and chemical methods, it his been established that the
hvdrogen (tritiuin} introduced in reduction of DHIFA ix
tran=ferred to the methyl group of TMP.

Several folate analogs have been ~tudied a~ thymidyl-
ate synthetase inhibitors and found to be effeetive
agents.  IKisliuk  examined the relative inhibitory
effeet of reduced wminopterins on both dihvdrofolate
reduetase and  thymidylate ~ynthetase.®  Reduced
homofolate derivatives al=o have been shown to inhibit
thyvinidylate synthetase. ¥

The nature of the mtermediate in the transtfer of the
carbon unit from the enzvinaticallv bound cofactor
to the bound substrate necessitates the proper spatial
positioning of these units on the enzyvine.  Although
an intermediate has been proposed for the wethyl
trunsfer,*d several questions have arisen regarding the
linkage from N; of the cofactor to the substrate and
the position of logs »t the hvdrogen frow the cofactor
(Caor ) to the produet.”

In an effort to examine the possibility of combining
the binding sites for both cofactor and =ubstrate m one
inhibitor a seriex of analogs of the intermedinte were
svuthesized and tested (n ribo®  Although thesc
compounds were more effective inhibitrs of thymidvl-
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1. R = CH,COOH
2. R= p»-C.H,CO0C.H.
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1063).

15) 8, F. Zakrzewski, 1hid., 241, 20962 (1966>.

Val, 10

ate synthetase than dihydrofolate reduetase, the an-
ticipated “bridgiug of the binding sitex” was 1ot real-
1zed. Two additional compounds in this series were
svithesized and tested: N-thymidylglveine (1: and
ethyvl p-(N-thymidyl)aminobenzoate (2},

Cline and co-workers® reported the detection of n
product giving a positive ninhydrin test by treating 5-
hydroxyvinethyhuracil with glveine.  Kxainples of nra-
cil undergoing the Mannieh reaction at C-5 have heen
reported.t Under these conditions the condensation
of 3-hydroxymethyluracil with glyeine gave 1 and with
ethyl p-aminnbenzoate gave 2.

The in vitea testing wax caried out aceording to re-
ported procedures on thyvmidylate syvnthetase and di-
hydrofolate reductaze.®  Compounds 1 and 2 failed
to inhibit the former enzyme in a concentration ratio
of (inhibitor) - (deoxyuridine 5'-monophosphate) of 30.

\gainst dihydrofolate reductase 1 an (inhibitor)
tdihy drofolic acid) ratio of 10 compound 1 xhowed 209,
ithibition and 2 was lesz than 106 inhibitory.

Experimental Section

Melting poinis were obtained on a calibrared Thonws-Hoover
Unimelt and are corverted. Ultraviolet specira were recorded
on a Cary 14 spectrophotonmeter.  Microanalyses were carried
by Drs. G, Weller and F. B. Strauss, Oxford, England. and nsing
an Fand M Model 185 CHN chromatograpb.

N-Thymidylglycine (1).~-5-Hydroxymethyluraail® 2.0 g,
A,015 mole) and 3.1 g of glyeine bydrochloride 10.03 moled iy
25 ml of water were heated at 00° for 24 hr.  After cooling. »
precipitate wax collected which was pirified by repeated precipi-
1ation from baxe by titration to pH 6.8-7.1 and reerystallized
from water 1o give 0.2 g (7%) of produet that did not melt below
340°, AOIMHES 969 1y (¢ 12,000), 2% M NOH 986 mp (e 920(h.

Anal. Caled for C;HoN,O,: €0 4221 H 4055 N 2L
Found: C, 42.48: M, 4.39; N, 21.1%

Ethy! p-(N-thymidy!)aminobenzoate (2) wus prepared by 1he
procedure used for 1 from 2.8 g (0.02 mole) of 3-hydroxymethyl-
nracil and 4.0 g (0.2 mole) of ethyl p-aminebenzoate in a =olution
af 16 HClin 85 ml of 309, aqueons vthanol.  After refluxing for
HE hr the hot snspension was filtered and the solid was recrystal-
lized several times from ethanol to give 2.1 g (369) of produc
melting at 261-262°; A" NTD6T wmp e 1DOOM. 303 mu

e 7200): AL 9LT mg (e 20,0001,

Anal. Cualed for CHEN,Op C) 3800120 H. 5250 N,
Found: C, H7.88: 11, 50140 N 14.20.

The anthors are indebred to M=, William Riggs for the enzyvine
mhibition studiex.
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Chemistry of Cephalosporin Antibioties, X.*
Synthesis of Methyl 3-Formyl-7-(thiophene-2-
acetamido)-3-cephem-4-carboxylate.

a New Cephalosporin Derivative
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The 3-acetoxymethyl side chain of the cephalusparin
uueleus has been subjected to modification in the search

1) Paper 1X: J. L. speucer, F. Y. 8iu, B. G. Jackson., H. M Hiesens,
wnd W, H. Flynn, .J. Org. Mem., 82, 500 (1967).
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for new and useful analogs. Displacement of the
acetoxy group by nucleophiles? has led to the prepara-
tion of a large number of new compounds. Hydro-
genolysis of the acetoxy group to vield the correspond-
ing deacetoxycephalosporins has been accomplished i
several instances.®* Removal of the acetyl group of
cephalosporin C by means of citrus acetylesterase! to
give the corresponding 3-hydroxymethyl compound
was reported by Jeffery, et al’ This method has beer
used to prepare other deacetyl cephalosporing.® Acvla-
tion of deacetylcephalosporins with aroyl halides has
been reported by Vaun Hevniugen.” The purpose
of the present report is to deseribe the transformation
of the 3-acetoxymethyl =ide chain to the 3-formyl
group.

The sodium salt of 7-(thiophene-2-acetamido)cephalo-
sporanic acid® (I) was deacetylated by the use of citrus
acetylesterase,* and the prodnet was isolated in the
manner described by Van Heyningen’ as the potas-
sium salt of 7-(thiophene-2-uacetamido)cephalosporade-
sic weid (II).°  Acidification of an aqueous solution of
[T, followed by extraction of the free acid into organic
solvent and treatment of the solution with diazo-
methane, furnished the methyl ester (ITT) (Scheme I).
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A likely contaminant of the methyl ester was the
lactone (IV)? since it is known that the cephalospora-
desic acids undergo lactonization with faecility.™ The
lactone IV may be formed also by cyelization of HI.
[ the oxidation of IIL.' after IS hr the nitraviolet
absorption maximum at 265 mu had =hifted to 275 my.

(2) (a) C. W. Hale, G. G. . Newion, and k. . Abrahain, Biockem. /.. T9,
403 (1961); ¢b) K. Van Heyningen and ('. N. Brown, J. Med. Chem., 8,
174 (1965); i) J. D. Cocker, B. R. Cowley. J. 8. G. Cox, 3. Eardley, G. |.
Gregory, J. K. Lazenby, A\. GG, Long, 1. (. P. Sy, and 3, 7. Somerfield, /.
Chem, Soc., 5015 (1965).
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(7) E. Van Heyningen, J. Wed. Chem., 8, 22 (1965).
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(9) Deacetylcephalosporing lave been assigned tle )rivial name of
cephalosporadesic acids.?
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and after 24 I to 280 mu.  Na appreciable change
occurred in the spectrum during an additional 16 hr of
reaction time. Chromatography of the product on
silicic acid vielded a crystalline compound which wasx
assigned structure V on the basix of spectral data (see
FExperimental Section and Scheme IT). The aldehyvde
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V was converted to the ethylene acetal derivative (VD).
Attempts to hydrolyze V to the free acid were unsuceess-
ful.

The aldehyde V' inhibited the growth of Staphylococ-
cus aureus 3055 at a concentration of 25 ug/ml (agar
dilution test). Aga'nst Escherichia coli (N-26), the
MIC was 30 ug/ml (gradient plate sssay). Inthe mouse
protection test against Streplococcus pyogenes (1000
LD;), the EDj, was greater than 41.5 mg/kg X 2
(oral and subcutaneous).!?

Experimental Section'?

Methy! 7-(Thiophene-2-acetamido)cephalosporadesate (III),
—To asolution of 1.50 g of the potassium salt (1I) prepared from
1 as described by Van Heyningen,” in 75 ml of H.O was added
30 ml of ethyl acetate. The mixtine wax cooled in ice, stirred
vigoronsly, and the pH wax adjusted (o 2.0 by the dropwise
addition of 1 ¥ HCL  ‘The ethyl acetute laver was separated
and treated av once with ethereal CH,N,. After standing for
<everal minntes, the solntion was evaporated to dryness nuder
reduced pressure. The =olid residue amonnted to 1.07 g As
estimated from the nmr spectrum of this material, it contained
65-75% of 11I. The lactone (IV) appeared to be an impurity
fsee nmy data below). Attempts to purify II1 by recrystalliza-
1ion or chromatography were not snceessful, and therefore the
erude product was used for the next step. The crnde produet
exhibited Ngax 235 mu (e 13,500) and 260 mu (¢ 7180); wpoux
2,75 (OH), 3.00 (NH), 5.60 (8-lactam C=0), 5.82 (ester C==0),
6.00 (amide 1), and 6.51 u (amide II); nmr (DMF-d;) peaks at &
370, 3.82, 3.92 (C-2 CH,, ester methyl, and side-chain CH,),
4.38 (doublet, J = 5.0 ¢ps, C-3’ CH,), 5.17 (doublet, J = 4.5
ops, H-6: superimposed on this doublet were peaks assigned to
H-6 and the CH; of the lactone ring of 1V), 5.81 (quartet. J =
4.5 and K8.) ¢ps, H-7), and 6.95, 7.37 (aramatic protons).

Attempts to purify the methyl ester (II1) by recrystallization
from aqueons acetone yielded a crystalline prodnet which was
identified a~ the lactone IV: mp 235-238° dec (lit.?° 230-232°):
ANmax 236 mu (e 12,800) and 260 mu (¢ 7020); wmax 3.10, 3.2)
(NH), 5.56 (B-lactam C==0), 5.69 (lactone C=0), 6.00 (amide I
and 6.35 u (amide I1): umr (DMF-d;) peaks at 8 3.88 (partially
resolved donblet, C-2 CH, and side-chain CHa,), 3.12 (singlet,

#11) 0. Mancera, G. Rosenkranz, and F. Sondheimer, J. C)enc. Soc., 2189
(1953).

712) W. W. Wick, "Antimicrobial Agents and Cliemotbherapy—1465,"
American Society for Microbiology, Ann Arbor, Mich., 1966, p 870.

(13) Melting points were determined on a Fisher-Johns apparatus and
are ancorrected. The altraviclet spectra were obtained in ethanol solution
nn a Cary Model 14 recording spectrometer, The nmr spectra were 1aken
»n a Varian Associates Model HR-60 spectrometer. The chemical shifis are
reported as 6 values in parts per million relative to TM& = 0. Tl infrared
specira were determined in Nujol.
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lactone CHbz), 5.22 (doublet, J = 5.0 eps, H-6), 6.00 (quartet,
J = 5.0 and 9.0 eps, H-7), and 7.00, 7.40 (aromatic protons).
Methy! 3-Formy!-7-(thiophene-2-acetamido)-3-cephem-4-

carboxylate (V),—A mixture of 0.300 g of impure II, 0.900 g of
activated MnQ,,’t and CHCL; (30 ml) was stirred at room tem-
perature for 20 hr. An additional 0.450 g of Mn(), was added
and the =tirring was continned for another 20 hr. Aliquot
samples were taken after 18, 24, and 40 hr. The samples ex-
hibited nv absorption (i CHCl;) at 275, 280, and 280 myg,
respectively, dne to the cephalosporin nuclens, and ar 241 my
dute to the thiophene xide chain. The mixture was filtered and the
filtrate was evaporated to dryness. The residne was dissolved
i CHCl; and chromatographed on 810, (Mallinckrodt, 15 gl
Flntion with EtOA¢-CHCL, (1:3) afforded 0.050 g of V, mp
165-170° dec. Recrystallization from 2-propanol gave material
with mp 167-170° dec: Npux 233 mu (e 10,H50), 206 (10,750),
and 340 (shonlder);'* peux 3.06 (NH), 5.39 (s-lactam C==0),
1.81 (ester C=0), 6.00 (amide I), 6.25 (donble bond}, and 6.53
u (amide II); nmr (DMF-d:) peaks at § 3.95, 4.05 (C-2 CHs,,
i=ter CHj, side-chain CH.), 5.44 (doublet, J = 6.0 ¢ps, H-6},
0.15 (quartet, J = 6.0 and 9.0 cps, H-7), T.07, 7.47 (aromatic
protons), $.20 (doublet, J = 9.0 c¢ps, NH), und 9.88 (singlet,
CHO proton). A satisfactory mass spectrnm wa= vot obtained
far thiz componnd dune to thermal decomposition of the sample
1 the mass spectrometer.

Anat. Caled for Crill,aN2Ox80: €, 49.16; H, 3.80; N, 7.65:
=, 17.00. Found: C, 49.15; H, 4.03: N, 7.18: 3, 18.03.

Ethylene Acetal of V (VI).-—A mixture of 0.090 g of V, (.20 g of
cthylene carbonate, 0.5 ml of ethylene glycol, 0.002 g of p-toluene-
sulfonic acid manohydrate, and 2.5 ml of tetrahydrofuran was
sllowed to stand at room temperature for 19.5 hr.**  The mix-
ture was then ponred into water and extracted twice (Et,0-
15t0A¢). The combined extracts were washed (1 M/ NaHCO;,
twice with IO, once with satnrated NaCl), and then dried
(Na.804). Evaporation of the solveni gave 0.071 g of solid
residne which was cerystallized from 2-propanocl to give 0.036 g
of the ethylene acetal (VI): mp 200-205° dec¢: Auux 236 mp
ye 12,600) and 260 my (e 737000 wwx 2,07 (NH), 5,60 (g-lactam
C===0), 5.77 (ester C==0), 6.04 {amide D), 6.20 (donble bandy,
ond 6.50 g (amide IT): unn (CDCL) peak= at § 3.4H (C-2 CH.,
385, 3.97 {acetal Cl1, ester CH, and side-chain CH., 4.95 (doub-
let, J = 3.0 epx, 1H-6), 5.74 (inglet, 11-37), 580 (gquartet, J
= 5.0 and K0 ¢ps, H-7), 6.41 (donble(, J = .0 ¢px, NH), and
6.5, T 22 (aromatic protons). The moleenlar weight and formnla
«f V1 were determined by high-resobition mass spectrometry.

Anal. Caled for C;H,NO6S mal wr, 410006220, Found:
Jue, 410,06064.1¢
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In recent years a-methylamino acids have proven
to be of considerable interest in the study of enzyme
mechanisms' and in medicinal chemistry.2* However,
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to our knowledge these derivatives have not heen in-
troduced into the sequence of a biologically active
peptide. We have carried out such an alteration
the glutamic acid residue of glutathione.
a-Methyl-pL.-glutathione (VI) was prepared by the
route outlined in Scheme . S-Benzvl-t-cysteinvl-

SCHEME |

CHSCH.CH.

H o a. pH 0
H—N +  NHCHCO, 2.
(7 i
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COH

V1

glyceine (1) was prepared by the N-carboxyanhydride
procedure.” In our initial preparations, I1I was iso-
lated and purified. It was then allowed to react with
CBZ-vL-a-niethylglutamic anhydride’ in agueous di-
oxane at pH S0 However, the purification was later
found to be unnecessary.,  Onadjusting the pH to 2 and
extracting with ethyl acetate, CBZ-a-methyl-ni-glu-
tamy -8-benzyl-i-evsteinyviglveine (V) was obtained as o
nonerystalline sohd having a trace of CBZ-a-methylglu-
tamic acld a= hmpurity as shown by thin layer chroma-
tography.  The blocking groups= of V were removed by
sodiun in liquid ammonia and the resulting thiol VI was
purified thraugh the copper(I) =alt.  The gross structure
of VI was established by its elemental analysis and iodo-
metric and base titration. The N-ethylmaleimide deri-
vative moved as a single component by eleetrophoresis
(pH 7.5 and 4.2) and by paper chromatographyv in
several solvent systems.

The nature of the glutainyl peptide link (a »s. ¥)
is an important one. The use of glutamic anhydride
generally leads to the formation of an a-peptide as the

(1) P. Faseha, A, Giariosio, and G. G. Hamines, Biochemistry, §, 107
(1966).

(2) J. A, Oates. L. Gillespie, 8. Udenfriend, and A. Sjoerdsma, Scieqce.
181, 1890 (1960); L. Gillespie, Jr., Ann. N. Y. Acad. Sci., 88, 1011 (1960).

(3) B. Blank, E. G. Rice, F. R. Pfeiffer, and C. M. Greenherg, .J, Med.
Chem., 9, 10 (1666),

(4) R. G. Denkewalier, H. Schwam, R. G. Strachan, T. E. Beesiey, D. I'.
Veber, E. F. Schoenewaldt, H. Barkemeyer, W, J, Paleveda, Jr., T. A.
Jacob, and R. Hirschmann, J. Am. Chem. Soc., 88, 3163 (1966).

(6) CBZ = carhobenzoxy.



