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g, the soln was made basie with 404 NaO1lL and the prodinet
was extracted with Ei). The extracts weve dried (MgSt))
and coned, and the restdue distd (short path) Ov racio; the dis-
tilkite solidified on standing.

(1-Diethylamino-4-pentylamino }-2,3-dihydro-2,2-dimethyl-
benzofurans (46-49).--A mixture uf amino-2,3-dihydro-2,2-
thmethylbenzofuran (8.1 g, 0.05 nole) and 4,4-diethoxy-1-diethy1-
aminopentane’ (11.5 g, 0.05 mole) was heated slowly to 190--200°.
Henting was stopped when EtOH no longer was evolved (ca. 2.5
b)), The resultani oil was dissulved in EtOH (50 ml) and hiy-
drogenated over PtOs at 65° and 3.87 kg/em® After filtering
and evaporativn of solvent, the produt was distd ot racwo.

(1-Amino-4-pentylamino )-2,3-dihydro-2,2-dimethylbenzofurans
(50-53).--A =olt of amino-2,3-dihydro-2,2-dimethylbenzofuran
(324 g, 0.2 mole) and 4-bromo-1-phthalimidopentanet (24.6 g,
0.1 mole) 11 E1OH (100 mb) was hented under reflux for 72 hr.
Solvent then was removed under reduced pressure, and the restdue
viturated with 12,0 to =eparate product frony amine- HBr.
The O was evapd aml the residue was lissolved in 12011
200 ml) containing hydrazine hyvibrate (7.00 gi. After heating
under reflux Tor 24 hr, the mixtnre was filtered ninl the filter eake
iritirated with 0. The combined fltrates were coned and
the restdues distd D recwo. Fumunte =salis were prepared by
allowing the amino produrt to react with a caled amount of
funarie actd in THIY. The lunarates were reerystd rom MEK.

Ethyl «-Carbethoxy-3-(2,3-dihydro-2,2-dimethylbenzofuran-
ylamino)acrylates.—-A mixture ol antino-2,3-dihvdro-2,2-di-
methytbenzofuran (100 g, 0.62 moley and diethyl vihoxymethyl-
enemalonate (143 g 0.66 mole) was lieatvd in an open beaker
until KO evolution ceazed (e 30 min).  Produets from the
4-amino and T-amino isomers solidified upon cooling, aml were
crystallized from 1:1 EGO-pelr ether (54 and 2. Produets from
the S-amino (18) and 6-amino (27) isomers could not be purified.

Ethyl Hydroxy-2,3-dihydro-2,2-dimethylfuroquinolinecarboxyl-
ate (3, 10, 19, 28).-~The amino ncrvhites (50 g, 0.15 mole) were
added inone porvon 1o boiling Pha(y (350 g). The =oln was
Lented mnler veflux for 30 min and then cooled wiml petr ether
added to ppt the produet. The ppt was washed thoroughly with
petr ether to remove Phat). Additional prodact conld be obtained
by reeveling the filtrate.

Hydroxy-2,3-dihydro-2,2-dimethylfuroquinolinecarboxylic
Acids (4, 11, 20, 29).--A <u=pension of the furoquinolinecnrboxyl-

Chemislry of Cephalosporin Antibiotics.

S e kona

ate ester (318 g, 011 ole) n 10450 NaOH 250 ml) was heated
nnder reflux for 2 hr. The clear soln was acidified with coned
1HCL and the resuttant slarry was boiled for 40 min to insure
complete conversion of Na =alt into ree acid.  After liltering nand
drying, the product was purified by trituration with hot ktOH.
Hydroxy-2,3-dihydro-2,2-dimethylfuroquinolines (5, 23, 31).

The furoquinolinecarboxylic actds (45 g, 0.17 mole) werr de-
carboxylated by heating to 290-300° ina beaker vutil elfervescence
censed (ca. 13 mint.  The produet solidified upon cooling.

Chloro-2,3-dihydro-2,2-dimethylfuroquinolines (6, 12, 24,
32).- A mixture of hyiroxyfuroquinoline (15.7 g, 0.073 mole s
and POCEL (33 ) was hented under reflux for Thr,  Alter vooling
the niixture was cavefully ponred over crished fer 1200 g), awd
the resubtant =oln made basic with 40¢. NaOll. 'The chloro-
quinolines were recovered as fine needles; 12 pptd a= an HCEHsah
which wax vonverted into the free buse by crvstallization from
1at),

Aminoalkylamino-2,3-dihydro-2,2-dimethylfuroquinelines
(79, 13-17, 25-26, 32--36).--Tu mos{ cases the ehloroquinolines
1.0 g, 0.017 mole) mnl dinlkyvlaminoalkylamine (0.038 mole)
were heated mitil solid appearal or nnder veflux Tor 5 hr. - Witk
3-diethylantinopropylantine the reaction was carried ant
sealed tube «i 160° for 15 hr. With 1 4-bis(2-aminopropyh-
pipernzine 1 equiv of IGCO was ground together with the veae-
tantx, and the paste was heated in o =ealed tube at 1602 Tor 15
hir. 'The rencGon mixtires wert partitioned between 200 AeOl
and CHCLe; the AcO!1] soln= were made alkaline with 40%7 NaOll
and extracted with CHCL. The extracts were dried (MgRo), i
and coned. Solid products were receevsuds oils were converted to

TICT =alt=.
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Synthesis and Biological

Properties of 3-Acyloxymelthyl-7-[2-(thienyl)acetamido]-3-cephem-4-carboxylic

Acid and Related Derivatives'

STIEPAN NUKOLJA
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The title comupounds (VID) luve been synthesized and evaluated as antinticrobial agents.
sportis have shown a broad-spectrum antibiotic activity.

Cephindothin (I),* o broad-speetrum antibiotic, is hy-
drolyzed after admiuistration to experimental animals
and to man to the less active deacetyleephalothin (I1).

It wax of interest to determine whether replacement
of the acetate by a sterieally hindered ester group would
reuder a compound more resistant to hydrolysis. There-

1) Paper NIX: (. V., Kaiser, R. D. G, Cooper, R. i, Koehler, C. F.
Marply, J. A Webber, I, G. Wright, and E. M. Van Heyningen, J. Org.
Chem., 88, 2430 (1970,

(2) Cephalothin is tle generic name gpiven (o 3-acetoxymetliyl-7-(2-
(thienyl)acetainido |-3-cepliem-4-carboxylic acid (KEFLIN, is sodium
ceplalothin).

i)ty O CL Lee, 12003, Herr, and R. €L Andersyn, Clin, Med., 70, 1123
(1963); (Ly W, 19, Wiek, ntineicrob, Ay Chenother., 1968, 870 (1966).

These new cephale-

fore, the synthesis of these compounds with more bulky
ester groups in the 3 position was undertaken.

Several attempts to acylate the 3-hydroxymethyl
group i A’-cephalosporins have been reported,* but
these were not too suceessful because the molecule is
prone to rearrange to the A% compound or to form the
lactone. Since A? cephalosporins do not lactonize as
easily and are more stable to alkaline conditions, A*-
deacetyl cephalothin (III), prepared by alkaline hy-
drolysis of A%-cephalothin (IV),? was used as starting
material.

P41 I, M. Van Heyningen, Advun. Drug Res., 4, 28 (10675

25) ). DL Cocker, 8. Eardley, G, 1. Gregory, M, LI, Hall, arrl A G Long,
S Chem Soe. C, 1142 (19660,
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Esterification of the 3-CH,OH in III was carried out
by treatment with the appropriate aliphatic acid anhy-
dride in pyridine according to the reported procedure,?-
and the esters V were isolated in good yield.

(6) R. B. Woodward, K. Heusler, J. Gosteli, P. Naegeli, W. Oppolzer,
R. Ramage, R. Ranganthan, and H, Vorbruggen. J. Amer. Chem. Soc., 88,
852 (1966).

Journal of Mcdicinal Chemistry, 1970, Vol. 13, No. 6 1115

The conversion of these A? esters, which are biologi-
cally less active, to the more potent A% compounds VII
was accomplished by utilizing the oxidative-reductive
process for isomerization of the double bond discovered
recently in these laboratories,!” The isomerization
was accomplished by oxidation of V with 1 equiv of m-
chloroperbenzoic acid in CHCl,. In this process the
heterocyclic sulfide group is oxidized to the sulfoxide,
and the double bond isomerizes to the A position.

The final problem was the removal of O from 8. Al-
though some difficulties in this type of reduction had
been reported,® an elegant method for the reduction of
cephalosporin sulfoxides was discovered by Kaiser,
et al.! Applying this method, we readily reduced the
sulfoxides VI with SnCl, and AeClin DMI® and isolated
the desired A? derivatives VII in good yields.

All compounds were identified and characterized by
clemental analyses, uv, ir, nmr speetroscopy, tle, and by
bioautography where applicable (see Tables I and II).

Preliminary 7 vitro antibiotic activities of these com-
pounds against a variety of Gram-positive and Gram-
negative bacteria are reported in Table III. For com-
parison, the activities of sodium cephalothin are in-
cluded. These new esters VII have essentially
broad-spectrum antibiotic activity and they are
slightly more active than sodium cephalothin. The
butyrate (VII, b) and isobutyrate (VII, ¢) displayed
the highest activities, Compounds V and VI were
markedly less active.

The more potent compounds VII in the in vitro tests
were chosen for ¢n vivo assay. Groups of 8 white mice
were inoculated with Streptococcus pyogenes C203 and
then given oral doses of antibiotic 1 and 3 hr after in-
oculation with the bacterium. Table III also shows
that ED; values of the new derivatives are slightly
better than that of sodium cephalothin.

Thus, the results of ¢n vitro and <n vivo tests showed
that introduction of a sterically more hindered ester
funetion in the 3 position retains good antibiotic activ-
ity. A study of enzymatic hydrolysis is in progress
and will be reported later.

Experimental Section

Melting points were determimed on a Mel-Temp apparatud
and were uncorrected. Nmr spectra were obtained on a Varian
Associates Model HA-60 spectrometer. Uy spectra were deter-
mined on a Cary Model 14 recording spectrometer. Tlc behavior
was followed using silica gel plastic sheets with fluorescent indi-
cator (Eastman). The solvent system was AcOH-CHCl;
(15:85). Bioautographs were performed according to tech-
niques described by Jeffery, ef al.?

3-Hydroxymethyl-7-[2-(thienyl)acetamido] -2-cephem-4-car-
boxylic Acid (III),—Following the procedure of Cocker, et al.)?
3-acetoxymethyl-7-[2-(thienyl)acetamido]-2-cephem-4-carboxy lic
acid’ (30 g, 0.075 mole) was hydrolyzed in a mixture of 25 ml of
Me,CO and 250 ml of H,O with 1 ¥ NaOH (150 ml). The
soln was kept at 39° overnight. After cooling and acidification
to pH 2 with 2 N HCI, it was extracted with EtOAc. After the
extract was washed and dried (MgS0,), the solvent was cored
to a small vol (ca. 100 ml). The pptd hydroxy acid was filtered
and dried to give 14.5 g (55%); mp 145-146° dec; Ry 0.1453;
Amax 232 myu (e 15, 700) in HoO; ymax 5.67 (lactam C=0), 5.76
(COOH), 6.05, and 6.56 u (CONH.); apparent molecular weight
of 360 (caled 354.4); nmr (D:0-NaHCO;) peaks at 7 6.18 (side-

(7 J. A. Webber, E. M. Van Heyningen, and R. T, Vasileff, ibid., 91,
5674 (1969).

(8) J. D'A. Jeffery, E. P, Abraham, and G. G. F. Newton, Biochem. J.
81, 591 (1961).
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e C. W. Godzeski, G. Brier, and D. E. Pavey, Appl. Microbiol., 11, 122 (1963).
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‘The interpretation of these results should be doru

4 W. S, Boniece, W. E. Wick, D. H. Holmes, and C. E. Redman, J. Bacteriol., 84, 1242 (1962).
and 5 hr post injection.

chain CH,), 5.8 (CH:OH), 5.12 (H-4), 4.3 (d) and 4.70 (d),
J = 4.5 (H-6 and H-7), 3.7 (H-2), and 3.0 and 2.63 (aromatic
Anal. (CHH“NzOsSg) C, H, N, S,
3-Acyloxymethyl-7-{2-(thienyl)acetamido] -2-cephem-4-car-

protons).

® The minimum inhibitory concentrations in ug/ml; the first
¢ The results are reported as ug/ml of Na cephalothin activity against Bacillus subtilis.
Drug administered orally to mice, 1

boxylic Acids (V).—To a soln of 2,12 g (6 mmoles) of 3-
hydroxymethyl - 7 - [2 - (thienyl)acetamido] - 2 - cephem - 4 - car-

boxylic acid in 81 ml (1 mole) of pyridine was added 0.01%

mole of the appropriate aliphatic acid anhydride.

The mixture
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was stirred for 40 min at roont temp. The soln was then poured
slowly into 500 ml of ice-cold 2 ¥ HCI (pH 1.0). The mixture
was extracted with EtOAc and the acids were extracted from the
EtOAc with a soln of NaHCO; to pH 7.8.  The alkaline soln was
reacidified with 2 N HCI to pH 2.0 and reextracted with EtOAc;
this extract was washed with H:O and dried (MgS80,). The
solvent was evapd and the residue was triturated with petr
ether to give a powdered product which crystallized from 509
EtOH. The physical data and yields are summarized in Tables
Tand II. Irspectra were consistent with the required striictures.

3-Acyloxymethyl-7-[2-(thienyl)acetamido] -3-cephem-4-car-
boxylic Acid 1-Oxides (VI).—3-Acyloxymethyl-7-[2-(thienyl)-
acetamido]-2-cephem-4-carboxylic acid (1 mmole) was dissolved
in a minimal amount of CHCl; at room temp and 0.95 mmole of
859, m-chloroperbenzoic acid was added. The mixture was
warmed slightly and pptn commenced. After being stirred for
15 min at room temp, the solvent was concd to a small vol; the
pptd crystals were filtered and recrystd from EtOH. The phys-
ical constants, yields, and other pertiuent data are given in Tables
I and I1.
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3-Acyloxymethyl-7-{2-(thienyl)acetamido] -3-cephem-4-car-
boxylic Acids (VII).—The corresponding sulfoxide VI (1 mmole)
and SnCl,-2H,0 (2.5 mmoles) were dissolved in 18 ml of DMF,
This solution was cooled in an ice bath, and 2.5 ml of AcCl was
added. The mixture was stirred at 18° for 15 min, then poured
into 40 ml of cold HsO, and extracted with EtOAc. The ex-
tract was washed with H.O and then dried (MgS0O,). The solvent
was evapd, and the residue displayed one spot in tle. Com-
pound VII could be recrystd from EtOH-H,O. Isolated com-
pounds VII displayed a single biologically active spot on bio-
autograph. The physical data and yields are listed in Tables I
and II. Biological data are shown in Table 111,
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Carcinostatic Activity of Thiosemicarbazones of Formyl

Heteroaromatic Compounds. VI. 1-Formylisoquinoline Derivatives

Bearing Additional Ring Substituents, with
Notes on Mechanism of Action!

FrepERIC A. FRENCH,* ERWIN J. BrANnz, JR,,
JEFFERSON R. DOAMARAL, AND Douaras A. FRENCH

Mount Zion Hospital and Medical Center, Chemotherapy Research Laboratory, Palo Alto, California 94308
Recewed March 20, 1970

Twenty-two thiosemicarbazones of 1-formylisoquinolines bearing additional substituents in the pyrido or
benzo ring were synthesized and tested against a number of mouse tumor systems ¢n vio in an attempt to im-
prove on the parent compound. The major test tumors were L-1210 leukemia, sarcoma 180 (ascites), L-5178Y
lymphoma, C-1498 myelogenous leukemia, and the Lewis lung carcinoma. Occasional screening was performed
using B-16 melanoma, Ehrlich ascites carcinoma, and sarcoma 180 (solid). The additional substituents studied
were: 2-oxide, 3-methyl, 4-acetoxy, 4-hydroxy, 5-cyano, 3-sulfonic acid, 5-sulfonic acid ammonium salt, 5-
chloro, 5-fluoro, 5-nitro, 5-acetoxy, 5-hydroxy, 3-trifluoromethyl, 5-n-perfluoropropyl, 5-carboxy, 6-methoxy,
7-acetoxy, 7-fluoro, 7-chloro, 7-hydroxy, 7-methoxy, and 8-fluoro. No simple parametric rationale could be
found for the effect of additional substituents on activity against a given tumor system. The order of sub-
stituent effects changed markedly from one tumor system to another. This negates the validity of any gen-
eralized parametric statements. A complicating factor was that 17 of these 22 compounds were more or less poorly
absorbed. A number of active compounds in the isoquinoline series and in the corresponding pyridine series
have been studied in other laboratories as inhibitors of DNA synthesis in eell-free systems, in cellular systems,

and in vivo.

The powerful inhibition of DNA synthesis (~10-7 M for 509, inhibition) in all cases studied in-
volves a blockade of mammalian tumor derived ribonucleoside diphosphate reductase (RDR).
pounds are tridentate ligands for transition metals including iron.

These com-
As a consequence, a detailed model is pro-

posed for the functioning of RDR and for inhibition of this activity by these ligands.

Since the discovery that 1-formylisoquinoline thio-
semicarbazone (1) is very active against a variety of
mouse tumors,? there has been considerable interest in
this laboratory and in others to find more active deriv-
atives.?—¢

* To whom correspondence should be addressed.
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Ol
CH=NNHCSNII,
1

In this study 22 derivatives substituted in either the
pyrido or benzo ring have been synthesized and tested
on a variety of mouse tumor systems.

Chemistry.—Some of the 5-substituted 1-formyl-
isoquinoline thiosemicarbazones included in the present
study (Table IV) have been deseribed previously.?
The unreported 5- and 8-substituted 1-methylisoqui-
nolines (Table I) were prepared from 1-methyl-5-nitro-
isoquinoline (I, Scheme I).



