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llaterial of aiialytical purity. * Except where rioted otherwise, analyses for C, H, C1, N, and S were within +0.4c;1 of the theo- 
retical values. e Iiecrystallized from ether. Recrystallized from CHZClp-petroleum ether. e Recrystallized from et,her-petroleum 
ether. / C: calcd, 62.96; found, 62.47. 0 Recryst,alliaed from petroleum ether. 

preparation of the more pertinent substituted carba- 
moyl esters (Table 11) either of two procedures was 
used. Treatment of carbinol 2 with the appropriate 
isocyanate gave the alkyl- (15-20), alkenyl- (21), cyclo- 
alkyl- (22), and aryl-substituted (23-25) carbamate 
esters. Unexpectedly, carbinol 2 proved inert to 
several representative alkyl and aryl isothiocyanates. 
The second procedure, involving treatment of the 
phenyl carbonate 32 with the appropriate amine, 
furnished the dialkyl- (26, 27) and monofunctional 
alkyl- and dialkyl-substituted (28-34) carbamate 
esters, as well as the piperidine (35) and &substituted 
(36, 37) derived carbamates. h potentially useful 
procedure for the preparation of the substituted 
carbamate esters, namely acylation of alcohol 2 with 
the appropriately substituted carbamoyl halide, proved 
to be of limited value. Thus, despite the successful 
preparation of the diphenylcarbamate ester 38, at- 
tempts to prepare the dimethyl- and diethylcarbamate 
esters with the corresponding dialkylcarbamoyl halides 
were unsuccessful. 

With respect to the second procedure, ie., treatment 
of phenyl carbonate 3 with the appropriate amine, we 
would note that concomitant displacement of the 
quirioid methoxyl group was sometimes observed, and 
in these cases could not be avoided. Thus, methyl- 
amine reacted cleanly with 3 to give only the ;-methyl- 
aminoquinorie carbmiate 4;4 but the more basic di- 
alkylamines gave only the 5-methoxy carbamates. 
Of the cyclic amines, pyrrolidine reacted at  both sites, 
whereas piperidine and 1-methylpiperaaine reacted 
preferentially with the carbonate function. Am- 
monia' and those amines having a pKb of the same 

magnitude, e .g . ,  benzylamine arid ethanolamine, gave 
only the 5-methoxycarbamates. Finally, no reaction 
with 3 was noted with the weakly basic aniline and 
S-methylaniline. 

Biology.-The compounds prepared in this investiga- 
tion were t'ested for their i n  vitro antibacterial activity 
ultilizing the standard agar-dilution technique.5 In- 
cluded in t'he spectrum of microorganisms are a t'et'ra- 
cycline-resistant species (Staphylococcus aureus strain 
Rose) and tetracycline- as well as penicillin-resistant 
species (StTeptococcus sp., @-hemolytic SO, and Strep- 
tococcus sp., nonhemolytic, 711). Among the most 
interesting carboxylate est,ers were 5-10 and 14 (Table 
111) ; however, none of these compounds were equiv- 
alent to the unsubstituted carbamate ester 1 in activity. 
Of the various subst'ituted carbamate esters prepared 
in this study, few possessed an in vitro potency ap- 
proaching that of the unsubstituted carbamate est,er 1. 
Those most nearly approxiniat'irig the activity of 1 
were the N-methyl (15) and the monofunctional-sub- 
stitut.ed alkyl (28-32) carbamates (Table 117). Al- 
though apparently less active in vitro, one of this latter 
class, the hydroxyethylcarban7ate 28, proved superior 

( 5 )  For  a description of this assay as conducted in these laboratories 11)- 
Mr .  A .  C. Dornhush see G .  R. .illen, J r . ,  B. R .  Baker, A .  C .  Dornbusll, J. P. 
Joseph, H. AI. Iiissman, and  M. J. IVeiss, i b i d . ,  2 ,  391 (1960). (-I) \\'. .I. lleiriers and AI. .J. \\-eisa, .I. .Lfe,L. Cliem., 11, 737 (1LJ68). 
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t o  1 in it5 ability t u  protwt inice infected with Stapliy- 
locwrus auwus strain Smith.h Hoivcver, 28 failed to 
prot cct inicc. ;gainst Sfreptococrus /)yogenes CZO3 iri- 
f'ocatiotis. With the exceptioii of Pasteurella r~iulfocit lu,  
y:<10, o i i l j  margiticil wtivity against grain-iiegntivcl 
spccics IWS noted with the compounds of Tahlc I :iiitl 
11. 



indoloquinone (2) and 180 mg (0.78 mniole) of dipheiiylcar- 
bamoyl chloride in 4 ml of pyridine wab heated on the steam bath 
for about 16 hr. H20 was added, and the mixture wab extracted 
with CHSC12; the combined extracts were washed with saline, 
dried (KazSO,), and evaporated. The residue was chromato- 
graphed on a magnesia-silica gel absorbent. The material eluted 
by ether was recrystallized from ether-petroleum ether to give 
. ) i  mg of crystals, mp 159-161". Anal. (C2,Hz6N205) N. Elution 
of the column with CHCl, gave 65 mg of 2. 

-* 
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,4 new antagonist of p-aminobenzoic acid was fourid 
to differ from sulfonamides in its mode of action. 
Inhibition of the growth of sensitive microorganisms by 
I\''-adaniantyl-p-aminobenzamide was prevented coni- 
petitively by p-aminobenzoic acid. R7hen combined 
with sulfanilamide, synergistic inhibition occurred and 
this compound inhibited the growth of a strain of 
Escherichia coli resistant to sulfanilamide. Adamantyl 
derivatives of various drugs and antimetabolites have 
been synthesized in other laboratories.*-5 Some of 
these compounds had remarkable pharmacological 
activity. In  the course of the synthesis of folate 
antagonists, XI-adamantyl-p-aminobenzamide (3a) and 
Si-adamantylsulfanilaniide (6) were synthesized. For 
comparison, the S1-cyclohexyl-p-aniiiiobenzamide (3b)e 
and SI-phenyl-p-aminobenzamide ( 3 ~ ) '  were also 
prepared. The synthesis of these compounds and 
preliminary evaluation of their biological activity are 
reported in this paper. 

The general route of the synthesis of p-aniinoben- 
zamide derivatives is presented in Chart I. The 
synthetic sequence for the preparation of I\"-ada- 
mantylsulfsnilsniide is shown in Chart 11. 

The biological activity of 3a was tested in three 
orgaiiisms : Streptococcus faecalis,  EschericAia coli K12, 
and Saccharomyces carlsberqensis. The details con- 
cerning these tests will be published elsewhere. The 
concentration of 3a required for 50% inhibition of 
growth of E. coli was 2 x JI  and of S. carls- 
Derqensis, 3 X 10-6 d l .  The concentration of sul- 
faiiilaniide required for 50% inhibition of growth n-as 
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4 X and 5 X ill, respectively. X.faecalis was 
insensitive to 3a. E. coli was not inhibited by 3b, 3c, and 
6. The growth inhibition caused b y  3a was reversed 
competitively by p-aminobenzoic acid and nonconi- 
petitively by dihydrofolic acid and folinic acid. The 
growth inhibitioii caused by sulfanilamide wa5 reversed 
only by p-aminobenzoic acid. There \TILS a strongly 
synergistic inhibition of the growth of E. coli when 
sulfanilamide and 3a were used in combination. h 
strain of E .  coli made resistant to sulfanilamide was a5 
sensitive to 3a as was the parent strain. I t  is evident 
from these results that 3a, like sulfanilamide, is an 
antagonist of p-aminobenzoic acid. The metabolic 
pathn a). for the utilization of p-aminobenzoic acid in 
E.  coliR may be represented by the following steps: 
2-amiii0-4-hydroxy-6-hydroxymet hyl- 7,s - dihydropteri- 
dine + p-aminobenzoic acid - dihydropteroic acid +- 

dihydrofolic acid + tetrahydrofolic acid + n'j-formyl- 
tetrahydrofolic acid. 

Sulfonamides inhibit the first step in the metabolic 
sequence by competing with p-aminobenzoic acid. 
I:urther, there is strong evidence that sulfanilic acid is 
coupled xi th  the pteridine to form an aiialog of dihydro- 
11teroate.~ This compound seems to inhibit the syn- 
thesis of dihydropteroate irreversibly. The growth 
inhibitioii caused by 3a arid by sulfanilamide is com- 
petitively reversed by p-aminobeiizoate. This indi- 
cates that both compourids iiiterfcrc with the utilixatioti 

(8 )  G .  11. Brovn,  It. A .  JVeisman, and 1). .I. 1Iolnar. J .  B i d .  Clieni. ,  236, 

(9) G ,  11. Bronn,  ib id . ,  237, 538 (19G2). 
2534 (1961). 


