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recrystallized to obtain the product as indicated in Table II . 
N-Hydroxysuccinimidyl Glyeolate.— Dicyclohexylcarbodiimide 

( 1.2:57 g, 0.006 mole) was added to a cold (0°) solution of X-hy-
droxysiiccinimide (0.691 g, 0.006 mole) and glycolic acid (0.456 g. 
0.006 mole) in 12 ml of dioxane. After stirring 2 hr at 0° and 
20 hr at 25°, the solution was filtered to remove dicyclohexylureu. 
The combined filtrate and washings (dioxane) were evaporated 
in vacuo; the residue was recrystallized (RtOH-hexane) to yield 
O.S5g, mp 135-136°. Anal. (CoII-XO,). 

17/3-Glycolamido-5-androsten-3(3-ol. -The hydroxy sue cin-
imidyl glyeolate (173 mg, 0.001 mole) was added to a solution 
of the amine I (289 mg, 0.001 mole) in 3 ml of dioxane. A pre
cipitate which formed almost immediately was redissolved by 

warming. Afler Hi hi the crystalline product was separated 
(yield 317 tug, mp 266-270°) and recrystallized (KtOII CUCf, 
Kt20) to give 25S mg. mp 270-273°. («'j'2Bi> - 100° ir 1.0. AcOH i. 
Anal. 'C-2iII3:lXO,!. 
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The finding that the mitomycin-related indolo-
quinone 1 possessed interesting in vitro and in vivo 
antibacterial activity- prompted the preparation of a 
variety of congeners. In the present paper we report 
the synthesis and antibacterial properties of compounds 
wherein the carbamoyl moiety present in 1 is variously 

CH;lO. CH,OR 

1, H = COX It. 
2, H = II 
3, 1! = COOCcIl-. 

substi tuted on the nitrogen atom or replaced by other 
acyl groups. Variations of the group at tached to the 
^-methylene carbon are of special interest in the delin

eation of the structure-act ivi ty relationships, inasmuch 
;ts this carbon is one of the sites for biological alleviation, 
which may be implicated in the mechanisms by which 
the mitomycins exert their effect.3 

Acylation of the indoloquinone-3-carbinol 22 with 
certain acid anhydrides or acyl halides in pyridine gave 
the ester derivatives described in Table I. For the 
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(1) P a p e r X I X : J . 1-'. INiletlo. Ci. R. Allen, J r . . anil -M. J. Weiss, ./. .1/,. 
Chem., 10, U.5 (1007). 

(2) ( i . R. Allen, Jr . . a n d XI. J. Weiss. /'„',/., 10, 1 illHiTi. 
and V. N. I 
» » r » n » ' . l ' . 
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TABLE II 
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Formula/1 

CieH2oN2Oo 
C n H ^ ^ O s 
ClsH24N205 
Ci§H24N20j 
C19H26N205 
C20H28N2O5 
C i g H ^ ^ ^ 
C21H2SN2O5 
C21H22N2O0 
C22H22N2O6 
C2iH21ClN20; 
CiyH^^^Oo 
C,9H26N2(V 
CnH22N20e 
Ci8H24N206 
Ci9H2eN206 
Ci8H2iN30j 
CI9H26N205S 
C2IH31N305 
C22H24N20i 
C20H26N2Os 

CSOHJTNJOS 
C24H36N405 

(CH2)3N(CH3)2 

" Material of analytical purity. b Except where noted otherwise, analyses for C, H, CI, N, and S were within ±0.4% of the theo
retical values. ' Recrystallized from ether. d Recrystallized from CH2Cl2-petroleum ether. " Recrystallized from ether-petroleum 
ether. / C: calcd, 62.96; found, 62.47. " Recrystallized from petroleum ether. 

preparation of the more pertinent substituted carba
moyl esters (Table II) 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 4-substituted 
(36, 37) derived carbamates. A 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, i.e., treatment 
of phenyl carbonate 3 with the appropriate amine, we 
would note that concomitant displacement of the 
quinoid methoxyl group was sometimes observed, and 
in these cases could not be avoided. Thus, methyl-
amine reacted cleanly with 3 to give only the o-methyl-
aminoquinone carbamate 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-methylpiperazine reacted 
preferentially with the carbonate function. Am
monia1 and those amines having a p-K"b of the same 

(-1) \Y. A. Remers and M. J. Weiss, ./. Med. Chew.., 11, 737 (1068). 

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

CH3NH CH,,OCONHCH3 

Biology.—The compounds prepared in this investiga
tion were tested for their in vitro antibacterial activity 
ultilizing the standard agar-dilution technique.5 In
cluded in the spectrum of microorganisms are a tetra-
cycline-resistant species (Staphylococcus aureus strain 
Rose) and tetracycline- as well as penicillin-resistant 
species (Streptococcus sp., /3-hemolytic 80, and Strep
tococcus sp., nonhemolytic, 7II) . Among the most 
interesting carboxylate esters were 5-10 and 14 (Table 
II I ) ; however, none of these compounds were equiv
alent to the unsubstituted carbamate ester 1 in activity. 
Of the various substituted carbamate esters prepared 
in this study, few possessed an in vitro potency ap
proaching that of the unsubstituted carbamate ester 1. 
Those most nearly approximating the activity of 1 
were the N-methyl (15) and the monofunctional-sub-
stituted alkyl (28-32) carbamates (Table IV). Al
though apparently less active in vitro, one of this latter 
class, the hydroxyethylcarbamate 28, proved superior 

(o) For a description of this assay as conducted in these laboratories by 
Mr. A. C. Dornbush see G. R. Alien, Jr., B. R. Baker, A. C. Dornbush, J. P. 
Joseph, H. M. Kissman, and M. J. Weiss, ibid., 2, 391 (1960). 
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to 1 in its ability to protect mice infected with Staphy
lococcus aureus strain Smith.6 However, 28 failed to 
protect mice against Streptococcus pyogenes C203 in
fections. With the exception of Pasteuretla multocida, 
7^10, only marginal activity against gram-negative 
species was noted with the compounds of Table I and 
II. 

Experimental Section 

General . -.Melting po in t s were d e t e r m i n e d in an open capi l lary 
t ube and are cor rec ted . T h e p e t r o l e u m e the r used was t h a t 
fract ion boi l ing at 30 -60° unless specified o therwise . All e v a p o r a -
t ions were car r ied out at r educed p ressu re . T h e u v spec t r a of 
5 - 3 8 were cha rac t e r i zed b y t h e a n t i c i p a t e d m a x i m a at 230, 285, 
345, a n d 455 mji in M e O l l using a G a r y record ing spec t ro 
p h o t o m e t e r . T h e ir spec t r a of 5 -14 showed a ca rbony l s t r e t c h i n g 
f requency at 5.70-.5.78 p., whereas the ca rbony l s t r e t c h i n g fre
q u e n c y for 15 -38 appeal ' s at 5 .80-5.95 p. (in K B r disks wi th a. 
Pe rk in -E ln i e r spec! ropho lo ine te r , Model 21) . 

f(i) M . .1. Weiss, H. J-:. Set) 

Pi.lai ks . U. 11. C .mnjw, anil ( ' . 

ill). (.(. H. Allen, ,lr., .1. 1-'. Pole t to 
Cosciu. s u b m i t t e d for pub l ica t ion . 

M e t h o d A.- - A s t i r red so lu t ion of 200 nig of l -e ihyl -3-hydro .xy-
me thy l -5 -me thoxy-2 ,6 -d i rne thy l -4 ,7 -mdo loqu inone (2)2 in 4- 5 
ml of py r id ine was t r e a t e d w i t h 0 .2-0 .5 ml of the a p p r o p r i a t e 
acid hal ide or a n h y d r i d e for 16-20 hr. T h e es ters were precipi 
t a t ed by add i t ion of I I 2 0 a n d purified as ind ica ted in T a b l e I. 

M e t h o d B.—-In a typ ica l p r e p a r a t i o n a so lu t ion of 200 nig of 
I -et h y l - 3 - h y d i ' o x y m e t h y l - 5 - m e t h o x y - 2 , 6 - d i m e t h y l - 4 , 7 - i n d o l n -
q u i n o n e (2)2 in 0.6 ml of b u t y l i socyana t e was hea ted on the 
s t e am b a t h for 3 hr. T h e cooled solut ion was d i lu t ed wi th p e t r o 
leum e t h e r anil chilled to give the b u t y l c a r b a m a t e 19 as o range 
c rys ta l s . T h e cha rac te r i za t ion of th is s u b s t a n c e and o the r com
p o u n d s p r e p a r e d in a s imilar m a n n e r is given in T a b l e I I . 

M e t h o d C .—Thi s genera l p rocedure is i l lus t ra ted by t h e follow
ing p r e p a r a t i o n . MeaXII was i n t roduced in to a cold ( a c e t o n e -
Dry Ice b a t h ) solut ion of 200 m g of l - e t h y l - 3 - h y d r o x y m e t h y l - 5 -
me thoxy -2 ,6 -d ime thv l -4 ,7 -mdo loqu inone pheny l c a r b o n a t e (3)-' 
in 1.5 ml of CTIoCl; unt i l t h e v o l u m e of t h e so lu t ion was a b o u t 30 
ml. T h e o range solut ion was s t i r red at r o o m t e m p e r a t u r e to t 
75 min . T h e excess a m i n e was swep t from t h e solut ion in a 
s t r e a m of X2, and ihe resu l t ing solut ion was washed wi th sal ine, 
dried (MgS( ) 4 ) , and e v a p o r a t e d . T h e res idue was purified as 
indica ted in T a b l e 11. 

l -Ethyl -3-hydroxymethyl -5-methoxy-2 ,6-dimethyl -4 ,7- indolo-
quinone Diphenylcarbamate ( 3 8 ) . - - A solut ion of 200 mg (0.76 
mini ile) of l - e t h y l - 3 - h y d r o x y m e t h y l - 5 - m e t h o x y - 2 , 6 - d i m e l h \ T 4 , 7 -

xeru.se
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indoloquinone (2) and 180 mg (0.78 ramole) of diphenylcar-
bamoyl chloride in 4 ml of pyridine was heated on the steam bath 
for about 16 hr. H 2 0 was added, and the mixture was extracted 
with CH2CI2; the combined extracts were washed with saline, 
dried (Na2S04), and evaporated. The residue was ehromato-
graphed on a magnesia-silica gel absorbent. The material eluted 
by ether was recrystallized from ether-petroleum ether to give 
57 mg of crystals, mp 159-161°. Anal ( C s v H ^ O s ) N. Elution 
of the column with CHC13 gave 65 mg of 2. 
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A new antagonist of p-aminobenzoic acid wras found 
to differ from sulfonamides in its mode of action. 
Inhibition of the growth of sensitive microorganisms by 
N'-adamantyl-p-aminobenzamide was prevented com
petitively by p-aminobenzoic acid. When 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.2-6 Some of 
these compounds had remarkable pharmacological 
activity. In the course of the synthesis of folate 
antagonists, N'-adamantyl-p-aminobenzamide (3a) and 
N^adamantylsulfanilamide (6) were synthesized. For 
comparison, the N'-cyclohexyl-p-aminobenzamide (3b)6 

and N^phenyl-p-aminobenzamide (3c)7 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-aminoben-
zamide derivatives is presented in Chart I. The 
synthetic sequence for the preparation of N'-ada-
mantylsulfanilamide is shown in Chart II. 

The biological activity of 3a was tested in three 
organisms: Streptococcus faecalis, Escherichia coli K12, 
and Saccharomyces carlsbergensis. 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 10~4 M and of S. carls
bergensis, 3 X 10~6 M. The concentration of sul
fanilamide required for 50% inhibition of growth was 
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4 X10 - 4 and 5 X 10~4 M, respectively. S. faecalis was 
insensitive to 3a. E. coli was not inhibited by 3b, 3c, and 
6. The growth inhibition caused by 3a was reversed 
competitively by p-aminobenzoic acid and noncom-
petitively by dihydrofolic acid and folinic acid. The 
growth inhibition caused by sulfanilamide was reversed 
only by p-aminobenzoic acid. There was a strongly 
synergistic inhibition of the growth of E. coli when 
sulfanilamide and 3a were used in combination. A 
strain of E. coli made resistant to sulfanilamide was as 
sensitive to 3a as was the parent strain. It is evident 
from these results that 3a, like sulfanilamide, is an 
antagonist of /^-aminobenzoic acid. The metabolic 
pathway for the utilization of /;-aminobenzoic acid in 
E. coli8 may be represented by the following steps: 
2-amino-4-hydroxy-6-hydroxymethyl-7,8-dihydropteri-
dine + p-aminobenzoic acid -*• dihydropteroic acid —»• 
dihydrofolic acid —»• tetrahydrofolic acid -*• N5-formyl-
tetrahydrofolic acid. 

Sulfonamides inhibit the first step in the metabolic 
sequence by competing with p-aminobenzoic acid. 
Further, there is strong evidence that sulfanilic acid is 
coupled with the pteridine to form an analog of dihydro-
pteroate.9 This compound seems to inhibit the syn
thesis of dihydropteroate irreversibly. The growth 
inhibition caused by 3a and by sulfanilamide is com
petitively reversed by p-aminobenzoate. This indi
cates that both compounds interfere with the utilization 
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