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TABLE I I 

Penicillin 

Penicillin G 
Oxacillin 
Compound 1 

Acute single sc dosea EDso, mg/kg 
5. aureus S. aureus 

TJC-76 H-2286 

1 80 
16 25 
20 110 

Resistance 
index0 

80 
1.6 
5.5 

" Standard mouse protection tests, involving single-dose therapy 
concurrent with lethal intraperitoneal challenges. Groups of ten 
mice were used. For details, see ref 5. b S. aureus H-228 refers 
to a penicillinase-producing strain. c In vivo resistance index was 
obtained by comparing data from the two S. aureus strains. 

3-Azido-la,2,3,7b-tetrahydro-2-hydroxy-lH-cyclopropa[a]-
naphthalene-1-carboxylic Acid (14).—A solution of 2,3-epoxy-
la,2,3,7b-tetrahydro-lH-cyclopropa[a]naphthalene-l-carboxyl 
ethyl ester6 (2.3 g, 0.01 mole) in 40 ml of methyl Cellosolve con­
taining 1.3 g of NaN8, 0.5 g of NHiCl, and 2 drops of H2O was 
refluxed for 4 hr. After cooling and evaporating to dryness, the 
residue was extracted (Et 2 0) to give 0.9 g of a pale yellow liquid, 
exhibiting strong N3 and OH absorption bands in the ir spectrum. 
A portion of the ester (0.18 g) was dissolved in MeOH containing 
10% X'aOH and the solution was allowed to stir at 0° for 1 hr. 
The MeOH was removed under reduced pressure without heating, 
the residue was dissolved in H2O and acidified, and the solution 
was extracted (Et 20). Processing the extracts in the usual way 
afforded the product as an amorphous white powder, mp 115-
120°. Anal. (CisHnXjO.) C, H, N. 

3-Azido-la,2,3,7b-tetrahydro-2-methoxy-lH-cyclopropa[a]-
naphthalene-1-carboxylic Acid (15).-—To a refluxing solution of 
the preceding compound (2.73 g, 0.01 mole) in 30 ml of Mel 
was added 15 g (0.06 mole) of Ag20, in portions. The mixture 
was stirred under reflux overnight and filtered, and the filtrate 
was evaporated to dryness (yield 2.5 g). A portion of the oily 
residue (2.1 g) in 15 ml of MeOH was added for 20 ml of cold 
MeOH containing 0.56 g of XaOH. After stirring for 30 min 
at 0°, the solution was concentrated at low temperature, the 
residue was acidified with dilute HC1, and the solution was 
extracted (Et 20) . Processing the E t 2 0 extracts afforded the 
product as a pale yellow oil which was used as such in further 
steps; ir (liquid film), 2100 cm - 1 (azide). 

General Procedure for the Preparation of Penicillins.—The 
particular acid was converted to the acid chloride by refluxing 
in C6H6 containing a slight excess of SOCI2 during 2-3 hr. The 
acid chlorides obtained by removing the solvent and drying the 
residue over KOH pellets in vacuo had the expected spectral 
properties and were used as such. A typical preparation is 
described in detail in the case of 1. 

A solution of la,7b-dihydro-lH-cyclopropa[o]naphthalene-l-
carbonyl chloride4 (0.4 g, 0.2 mmole) in 15 ml of CH2CI2 was added 
dropwise to a stirring solution of 6-aminopenicillanic acid7 

(0.42 g, 2 mmoles) and Et3X (0.7 ml, 0.46 mmole) in CHC12 

(7 ml) at 0°. The mixture was stirred at 0° for 2 hr and warmed 
to room temperature, and the solvent was removed under reduced 
pressure. Me2CO (20 ml) was added, the insoluble material was 
filtered, the filtrate was concentrated, and the residue was dis­
solved in H 2 0 (15 ml). The solution was covered with 20 ml of 
EtOAc and cooled and the pH was adjusted to 2.2 with cold 
aqueous H2S04. The organic layer was separated, washed quickly 
(H2O), dried (X^SOO, and heated with 1 ml of a 50% solution 
of potassium 2-ethylhexanoate in BuOH. The solution was 
concentrated at low temperature to about 5 ml and heated with 
E t 2 0 until precipitation was complete. After standing at 5° for 
several hours, the precipitate was filtered, washed well (Et20), 
and dried; yield 0.2 g of an off-white solid. The product exhibited 
a single spot on tic. 

Anal. Calcd for C20H19O4X2SK'H2O: C, 55.00; H, 4.35; 
N, 6.37; S, 7.26. Found: C, 55.58; H, 4.54; X, 6.90; S, 7.31. 

Acknowledgment.—The authors wish to thank Dr. 
C. L. Heifetz of these laboratories for carrying out the 
biological tests. 
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The synthesis of some 2,4-dioxo-3-hydroxyimino-
chromane derivatives showing good antiviral activity 
has been dealt with in a previous note;2 these compounds, 
however, developed a high degree of cytotoxicity. In 
order to lower their toxicity we have started synthetic 
work with the aim of modifying the active molecule 
while preserving the cyclic a-dicarbonyl structure. 

The present note deals with the preparation of several 
4-N,N-dialkylaminomethyl-3-hydroxycoumarins 
obtained through the Mannich reaction. 3-Hydroxy­
coumarin was treated with formaldehyde and various 
primary and secondary amines so that products con­
taining an a-dicarbonyl as well as a basic group were 
obtained; the latter is reported to be present in many 
antiviral compounds.3 

The synthetic steps leading to these compounds are 
described in the Experimental Section; the synthesized 
compounds are listed in Table I. 

Compounds 3, 4, 7, and 8 are quite unstable Mannich 
bases and give, when boiled in EtOH, 4,4'-methylenebis-
(3-hydroxycoumarin)4 thus showing that the amino­
methyl group replaces position 4. 

All the bases react with Ac20 as reported in the litera­
ture for analogous Mannich bases;5 in fact 12 is obtained 
by substitution of the aminomethyl group by an 
acetoxymethyl group and simultaneous acetylation of 
the 3-hydroxyl group. A by-product [4,4'-methylenebis-
(3-acetoxycoumarin) (13)] precipitates, its amount de­
pending on the relative instability to heat of the starting 
base. 

(7) F. R. Batchelor, F. P. Doyle, J. 
Nature, 183, 257 (1959). 

H. C. Nayler, and G. N. Robinson, 

In order to confirm its structure, 13 was also syn­
thesized by reaction of 4,4'-methylenebis(3-hydroxy-
coumarin) with Ac20. The structure of 12 has been 
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TABLE I 
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Formula'' 

C i H i l X O ; ; 

CH^xtvcaux^O; 
C,2H,;,XO;, 
C,2H,,.,\0;.-HC1 
CMHIVNO;, 

C,.,H1TX03-HC1 
C,jH17X();;C«H:;X;,t)v 
CjHnXO.-, 
C,.iH,;XO:.-HCl 
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C,..,H,7XO:, 
C,:,H,7XOa-HCI 
C H H ^ X O J 

C M H K . X O J H C I 

C,.1HuX04.C(;H;iX;>07 
derivalives were made because 

this compound is not stable in acidic medium. 

confirmed by its umr spectrum (see Experimental 
Section). 

Ir spectra show that the free bases exist, at least in 
part, as intramolecular dipolar ions, and this precludes 
the preparation of derivatives at the 3-carbonyl group. 
Even under more severe conditions, as prolonged boil­
ing, these compounds, as well as their hydrochlorides, 
give 4.4'-methylenebis(3-hydroxycoumarm) only. 

Preliminary tests on some of the synthesized com­
pounds (6-9) did not show appreciable antiviral activity.'1 

All compounds showed some activity against bacteria at 
100-150 Mg,ml, and against fungi at 50-100 /ug/ml.7 

Experimental Section 

.Melting points were determined in capillary tubes on a Eiichi 
apparatus and are uncorrected. The ir spectra were recorded 
with a Unicam SP 200 spectrometer and the uv spectra (EtOH) 
with a Unicam SP <S00 spectrometer: the nmr spectrum of 12 
was recorded by a Yarian 60 spectrometer. Where analyses are 
indicated only by symbols of the elements, analytical results 
obtained for these elements were within =0.4 ' , of the theoretical 
values. 

4-N-Cyclohexylaminomethyl-3-hydroxycoumarin (1).- An 
i')tOH solution of cyclohexylamine (0.015 mole) with 1 ml (0.015 
mole) of 40r<-. HCHO was added to a solution of 2 g of 3-hydroxy-
coumarin4 (0.012 mole) with stirring and cooling between 0 and 5°. 
The reaction mixture was then left for 1 day at room temperature. 
The precipitate was collected and crystallized from EtOH remov­
ing the insoluble 4,4'-methylenebis(3-hydroxycoumarin). After 
I'ecrystallization, the yield was 1.75 g (53'",); mp 157-159° dec: 
ir absorption (Nujof) (cm"1), 1670 (CO), 3100 (OH), broad 

{()) ' t h e 1e>ts were ea rned out by the Bristol Co., Syracuse, N . Y., on various 
.-trains of viruses, an ions which were the influenza, vaccinia, and herpes s implex 
viruses. 

(7) ' t h e bacteria used were Salmonella typhi, Salmonella paratyplti A and B, 
Staphylococcus aureus, Bacillus subtilis, Proteus oxk. Escherichia coli, and Sarcina 
lutea. The fnnsti used were Fusarium oxysporum lycopersici, Fusarium 
lycopersici. Streplomyces griseus, and Perticilhim sp. 

salt-like band between 2000 and 2800; uv, X1,;',"" 32S.0 mu 
(log t 4.18). Anal. (C16H19X03) C, H, X. 

The hydrochloride, recrvstallized from absolute EtOH. melted 
at 204-205° dec. Anal. (C16H,9X03-HC1) C, H, X. 

The picrate (from EtOH), melted at 172-174° doc. Anal. 
(Ci6H19XO;i.C6H;1X507) C, H, X. 

All the compounds, listed in Table I. were obtained by a 
similar procedure and recrvstallized from the same solvents. 
Their ir and uv spect ra are consistent with the supposed structure. 

When the bases 3, 4, 7, and 8 were boiled for 2 hr in EtOH, 
4,4'-methylenebis(3-hydroxycoumarin) was obtained. Its proper­
ties were identical with that of an authentic sample prepared ac­
cording to Trivedi.4 

3-Acetoxy-4-acetoxymethyIcoumarin (12). A mixture of a 
base (1 g) and Ac20 (5 ml) was refluxed for about 3 hr. Then the 
solution was spin-evaporated in vacuo and the residue was washed 
(Ht.Ot. After drying the Et 2 0 solution (Xa2S04), removal of the 
solvent in vacuo gave a solid (12), mp 119-120° (from EtOH). 
The yields vary from 40 to 7 0 ' , according to the stability of the 
bases used: ir absorptions (Xujol) (cm""1), 1711 (broad) and 1716 
(sharp); uv, A',);;,'," 279.0 mM (log e 4.10), 315.0 mM (shoulder); 
nmr (D.MSO), 6 2.05 and 2.37 (s, CH3), 5.36 (s, CH,), and 7.30 
8.00 ppm (m, aromatic). Anal. (Cl4H,.>Oe), C, H. 

The residue from the ethereal washings was recrvstallized from 
DMF-HaO. Mixture melting point with 4,4'-methylenebis(3-
acetoxyeoumarin), obtained as described below, was not de­
pressed. 

4,4'-Methylenebis(3-acetoxycoumarin) (13).- A mixture of 
4,4'-methylenebis(3-hydroxycoumarin) (1 g)and Ac20 (5 mil was 
refluxed for about 2 hr. After cooling, a solid was obtained which 
recrvstallized from D11F-H.O; yield 8 5 ' , : mp 243-246° dec: 
ir absorption (Xujol) (cm"1), 1725 (broad) and 1760 (sharp): uv, 
X ' ^ 276.5 nui (log t 4.31), 315.0 mn (shoulder). Anal. 
(CMHUOS) C, H. 
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