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the cephalexin in these fractions was also calculated 
from the slope7 of a s tandard curve of concentration of 
cephalexin vs. absorbance at the 262-m,u peak. From 
columns 8 and 10 in Table II , it is apparent that, the 
assay value and the calculated value do adequately 
represent the level of cephalexin in urine and cephalexin 
was truly excreted unchanged. 

Experimental Section 

Preparation of the Ion-Exchange Co lumn . -The anionic resin, 
Bio-Had AG2-X8 (100-200 mesh, 10 g.) was transferred from 
the C I - form to the "OH form by treating with 200 ml of 1 A" 
XaOH. It was then washed free of alkali with deionized H-O 
to about pH 6.7 and poured into a 1.0 X 30 cm column. The 
resin was back washed to arrange the particles according to sizes 
and the flow rate was adjusted to 2 ml/min (0.14 ml,'ml of wet 
resin per min). AcOH (1 A") was then run through the column 
until the effluent was pH 2.5 or less. It was then washed free 
of AcOH with H 2 0 and then with 0.1 Ar XaOAc until the effluent 
was pH 8.2. The column was ready for the experiments de
scribed below. 

Separation and Identification of Cephalexin Excreted from 
Urine.— A human volunteer's urine sample (450 ml, micro
biological assay1 1140 /jg ml, total content 513 mg) collected in 
the first 6 hr after oral administration of two 250-mg capsules of 
cephalexin was chilled and centrifuged. To an aliquot of 50 ml 
of the supernatant was added 20 mg of urease and the solution 
was stirred vigorously. The p l l of the solution was raised after 
stirring for a few minutes and brought back continuously to the 
isoelectric point of cephalexin at p l l 4.5 with the dropwise addi
tion of concentrated HCl until the pll no longer was altered. 
The solution was centrifuged and the supernatant was poured 
into the ion-exchange column prepared above. It was then 
elated with 1 A" AcOH and the various fractions were collected 
as shown in Table II . 

The fractions were evaluated by the following tests: uv 
maxima at 262 mju, paper chromatography -bioautography,* 
and tic.9 The results of uv absorptions and microbiological 
assays are shown in Table I I . The tic (Hi 0.67) and bioautog-
raphy {lit 0.60) of fractions II AT showed only one active spot 
against S. hitea. 

Fractions III and IV were combined and evaporated to dryness 
under vacuum at room temperature. The solid residue was 
crystallized in dilute HCl-MeCN to give 13 mg of crystalline 
cephalexin anhydrate (MeCN solvated). 

In a separate experiment, the S. hitea active eluents from the 
column were evaporated to dryness and crystallized in n-PrOH-
concent rated HCl to give cephalexin hydrochloride in crystalline 
form. Both the cephalexin anhydrate and cephalexin hydro
chloride were identified by ir, uv, and nmr spectra and by direct 

(7) T h e slope of t h e s t a n d a r d curve was 17.4 (,t (ml) , m g ] . 
(8) T h e sample (2 -5 mg) was spo t t ed on a s t r ip of W h a t m a n No . 1 paper 

(46.4 X 19 cm) a n d was e lu ted by a descending solvent sy s t em composed of 
B u O H - A c O H - H i O ( 3 : 1 : 1 ) . After t he solvent front had reached abou t 
2.54 cm from the o the r end of t h e pape r it was air dr ied a n d laid on t o p of a n 
aga r p l a t e seeded wi th su i tab le mic roorgan i sm for 10 min before t h e p l a t e 
was i n c u b a t e d ove rn igh t . T h e Bi va lues of t h e an t ib io t i c s u-ere ca lcu la ted 
from, t he clear zone shov-n on the p la te . Both cephalexin s t a n d a r d a n d the 
ur ine s a m p l e before a n d af ter t h e column c h r o m a t o g r a p h y showed a n iden
t ical spo t wi th Bf 0.60. 

(9) T h e tic ut i l ized t h e B r i n k m a n n p reeoa ted silica gel p la tes (plast ic 
sheets were used when a b i o a u t o g r a p h was needed) with fluorescent i nd ica to r 
and t he so lven t s y s t e m was M e C N - H s O ( 3 : 1 ) . T h e cephalexin s t a n d a r d 
and Ihe ur ine f ract ions showed one spot with Rf 0.67 in t ic . 

comparison of X-ray diffraction patterns with respective au
thentic samples. 
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We have reported several diimides of cyclobutane-
l.l-dicarboxylic acid to be inactive either as general 
CXS depressants or potentiators of barbiturate seda
tion.1 Of the compounds studied only cyclobutane-
1,r)-spiro-2.()-diketo-4-thiohexahydropyrimidine was ac
tive. I ts effect was that of barbiturate potentiation. 
This compound has prompted consideration of various 
other eyclobutane-l. l-dicnrboxylate derivatives and at 
this time we wish to report studies on some of its 
simple diamides. 

With the exception of compounds 6-8 all members of 
the series are di-X-alkylamides. 

Bioassay of 2 and 4 for general sedative effects was 
carried out using intraperitoneal injection of the drugs.-
At 1000 mg kg no decrease in spontaneous activity nor 
any signs of toxicity were seen. However, when given 
orally as 1% suspensions in gum tragacanth3 both caused 
decreases in spontaneous activity and responsiveness 1o 
irritant stimuli. Consequently, all testing on remaining 
members was done using oral administration of the 
drugs. Compounds 1, 3, and 5 showed noticeable 
depressant activity (Table I) . Thus, all of the simple 
alkyl amides were shown to have a sedative effect. 
However, the alicyclic and aromatic amides were in
active. 

When analyzed for pentobarbital-potentiating ac
t ivity8"5 at a dose of ">00 mg/kg , 2-5 were clearly 
active. A sleep prolongation factor, R' (Table I) , was 
used as the criterion for effect. For compounds not 
causing loss of the righting reflex, R' is a measure of 

1) K. A. Ztrvi a n d ( ' . II. J a r b o e . ./. Men. Chem.. 11 , 183 (1968). 
(2) H. T . Buckle r and C. H. J a r b o e . ibid.. 9, 768 (19 66). 
Cii K. A. Zirvi an,! C. 11. J a r b o e . ibid., 12, 923 (1969). 
(4) C. A. Winter . ./. I'harmucol. Kxpll. Themp., 94, 7 (1948). 
i5) I,', fl. Bol te r and V. Lassen, Ada Vharmucrt. Toxicol.. 12, 346 (I'.inci. 
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TABLE I: 

Yield, 

% 
50 
56 
50 
40 
45 

70 

DIAMIDES o r CYCLOBUTANK-1,1-DICARBOXYLIC ACTD 

CONHR 

o 
CONHR 

M p , 

°C° 
204 
145 
79 

195 
195 

Crystn 
solvent'' 

A 
A 
p 
A 
P 

Formula 

Q H n N A 
Ci2H22N202 

C18H3„X,0.> 
Ci2H22N20, 
C14H26N,0, 

Analyses 

N 
X 
X 
N 
X 

Gross 
effect' 

s 
^ 
s 
8 
S 

Rli 
1 .1 
8.8 
1.9 
2.3 
2.3 

- ^ y - c 75 

212 

232 

258 

C,8H30N2O2 

C2oH34N202 

C18H,6C12N202 

N 

X 

X 

X 

0.9 

1.2 

a Corrected. b A, acetone; P, pentane. c Drug dose was 1000 mg/kg orally. X = no effect, S = slight reduction in spontaneous 
motor activity, subjectively graded and compared with control animals receiving medium only. d Drug dose was 500 mg/kg orally. 
R' = (drug -j- pentobarbital sleep time)/(pentobarbital sleep time). Pentobarbital dose, 50 mg/kg ip administered 30 min after test 
drug. 

true potentiation and becomes significant when greater 
than 1.5. The fact that 1 is active as a depressant but 
inactive as a barbiturate potentiator lends some support 
to the suggestion that there is functional independence 
of sites for the two types of activity.3 

Two of the compounds, 1 and 2, were also tested for 
anticonvulsant6 (pentylenetetrazole antagonism), anti-
strychnine lethality,7 and antitremorine8 effects.3 

Neither showed antagonism to pentylenetetrazole- or 
strychnine-induced convulsions. However, they com
pletely protected 40-60% of the test animals from 
tremorine-induced tremors at an oral dose of 1000 
mg/kg. 

Experimental Section 

Microanalyses were performed by Midwest Microlab Inc., 
Indianapolis, Ind. Where analyses are indicated only by ele
mental symbols, analytical results for those elements were within 
± 0 . 4 % of theoretical values. 

Preparation of Diamides.—The methods used in synthesizing 
diamides of cyclobutane-l,l-dicarboxylic acid were essentially 
the same as those reported for producing diimides of that acid.1 

Crystallization solvents and yields are reported in Table I. 
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Khellin or 2-methyl-5,8-dimethoxyfuranochromone 
(I) and some of its analogs are known to be coronary 

OCH3 

OCH3 

I 

vasodilators.1_3 This paper describes the synthesis and 
pharmacological properties of a number of new sub
stituted chromones (III-XII) which were prepared as 
potential coronary vasodilators (Table I). In addition 
to the fact that III-XII share the characteristic features 
of active chromones,2'3 these compounds could also be 
considered khellin analogs in which the furane ring of 
the khellin molecule (I) is not a part of the rigid 
furanochromone structure, but instead is attached to 
the chromone molecule through an ether linkage as in 
VI, VII, and XI. 

Chemistry.—2-Furyl-7-hydroxychromone (II, R = 
2-furyl) was synthesized from 2,4-dihydroxyaceto-
phenone and 2-furoyl chloride by a standard three-step 
procedure.4 The synthesis of 2-aryl-7-hydroxychro-
mones (II, R = C6H5 and C6H4OCH3-4) is already 
described in the literature.6 

II 

T h e c h r o m o n e s II ( R = C 6 H 5 , C 6 H 4 O C H 3 - 4 , a n d 
2-furyl) w e r e t r e a t e d w i t h v a r i o u s c h l o r o m e t h y l i n t e r 
m e d i a t e s a n d ac id ch lo r ides t o g ive t h e des i red c o m 
p o u n d s I I I - X I I . 
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