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AMINOAMIDE DERIVATIVES OF J=ANDRORTEN-33-01,

Vield.

Compd Formula Y Mp, 7O
IT1a Car TN O A7 194- 196
Illl) (TgsIIrmNz(;):g Uv; 2HN-260
1Tle Clag N0y 50 204-206
T11d Car HiaN 0. 56 255254
II [(’ (‘-_v:gI‘I;g','N;;( ):; r’)T 259—25”
[Tt Cpp Hi3eN4 Oy 30 257260
v Caa T3 N0 40 1OY-2002

recrystallized to obtain the product as indicated in Table I1.
N-Hydroxysuceinimidyl Glycolate.—Dicyclohexylearbodiimide
(1.237 g, 0.006 mole) wax added to a cold (0°) solution of N-hy-
droxysuceinimide (0.691 g, 0.006 mole) and glyeolie acid (0.436 g,
0.006 mole) in 12 ml of dioxane. After stirring 2 hr at 0° and
20 hr at 23°, the =olution was filtered to remove dicyclohexylurea.
The combined filtrate and washings (dioxane) were evaporated
in vacuo; the residue was recrystallized (EtOH-hexane) to vield
0.85 g, mp 135-136°.  Anal. (CsHNO;).
173-Glycolamido-5-androsten-33-o0l.--The hvdroxysucein-
imidyvl glycolate (173 mg, 0.001 mole) was added to a =olution
of the amine T (289 mg, 0.001 mole) in 3 ml of dioxane. A pre-
cipitate which formed almost immediately was rediszolved by

laclan ep

—34 e 1, ol

— 37 (e 0095, FE1O1T

— 117 (e 1, DN

= 1075 (e (L92, EtOl)
—T8.6 w1, DN

— 120 (e 1, AcOIH:
—17.6 te 1, FK1OH;

Recrysin aoivents
O “hex
FtOH-CHCL ~hex
MeOAc
FLOH-hies
IO -hex
MeOH-THE
THEF IOH- EtO-hes

warming.  After 16 hr the crvstalline product was separated
(vield 317 mg, mp 266-270°) and recry=tallized (E1O11-CICly
60) 10 give 258 mg, mp 270-273°, [«]%p = 100° (¢ 1.0, AcO1l
Anal (CoyHgNOG
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The finding that the mitomyein-related indolo-
quinone 1 possessed interesting in witro and in vivo
antibacterial activity? prompted the preparation of a
variety of congeners. In the present paper we report
the synthesis and antibaeterial properties of compounds
wherein the earbamoyl moiety present in 1is variously

1, R = CONIL
2R =1
= COOC I

substituted on the nitrogen atom or replaced by other
acyl groups.  Variations of the group attached to the
3-methylenc carbon arve of special interest in the delin-

(1) Paper NIN: J. I. Poletto, G. R. Alen, Jr., and M. J. Welss, J. Meod,
Chem., 10, 95 (1967).
2y G, R Alen, Jrooand M. J. Welss, (hid., 10, 1 (1067,

eation of the structure-activity relationships, inasmueh
s this earbon iz one of the sites for biologieal alkylation,
which may be implicated in the mechanisms by which
the mitomyecins exert their effect.?

Acylation of the indoloquinone-3-carbinol 2* with
certain acid anhydrides or acyl halides in pyridine gave
the ester derivatives deseribed in Table I. For the

Tasre |
CARBONYLIC EstERs OF [=ETHY L-3-HYDROXYMETHY L~
S=METHOXY=2,0-DIMETHY L4, V- INDOLOQUINONE"

CH,O CH,OCOR
|
CH; N CH,
o |
C.H;
Yield. Mp,
Clompd i vk e Irormuli
0 C'H; 41 |RETR ST CitluNO,
6 (SRR XD 127128 il NO),
N (T =2 L13 1147 Ci NGO,
N Cylly; 0 127128 Co LN O
0 el Tl BU-141 Co Hy NO:»
L0 2-CLI1LO 01 156-157 ChHl NGO,
1 CelL;CH=C11 66 123-125 Cy N O,
12 CelLCHOAC 20 100-101 CogHasNO;
13 CHL0 K0 137138 CielleN Oy
4 L I0 R0 H2- 143 CiyHy NOy

v Prepured by method A 7 Material of analytical purity.
< Unless noted otherwise, all compounds were recrystallized from
CHyClo-petroleum ether (bp 30-60°). ¢ Analyses for C, H, and
N were within =0.47, of the theoretical values except where
noted.  * Reervstallized from Me,CO-hexane.  / Recrystallized
from F1OAc-hexane. 7 No caled, 3,810 found, 4032,

3y ) W Szybalskioand VoONC Lver, Pl Proc., 28, 916 01u6 i by A
Weisshach and A, Lislo, Biochemistra, &, 136 (1965,



(CH2);N(CHy),

¢ Material of analytical purity.

retical values. ¢ Recrystallized from ether.
ether. / C: caled, 62.96; found, 62.47.

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), cyeclo-
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 alecohol 2 with
the appropriately substituted carbamoyl halide, proved
to be of limited value. Thus, despite the successful
preparation of the diphenylecarbamate ester 38, at-
tempts to prepare the dimethyl- and diethylearbamate
esters with the corresponding dialkylearbamoyl halides
were unsuccessful.

With respect to the second procedure, 7.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 5-methyl-
aminoquinone carbamate 4;* but the more basic di-
alkylamines gave only the 35-methoxy carbamates.
Of the cyclic amines, pyrrolidine reacted at both sites,
whereas piperidine and 1l-methylpiperazine reacted
preferentially with the carbonate function. Am-
monia! and those amines having a pKy of the same

() W. A Remers and M. J. Weiss, J. Med. Chem., 11, 737 (1968).
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CarBaMATE E$TERS OF 1-ETHYL-3-HYDROX YMETHYL-3-METHOXY-2,6-DIMETHYL-4,7-INDOLOQUINONE
ocoN”
CH;0 CHy &,
CH; N CH,
0]
CH

Compd Ry R» Method Yield, &4 Mp, °C Formula?
15 CH, H B 40 170-171¢ Ci16H3N205
16 C:H; H B 64 159-160¢ 17H»N20s
17 C;H; H B 64 129-130 15 H24 N2 05
18 i-CyH; H B 65 151-153¢ 1sH2uN,0;
19 CiH, H B 57 116-117¢ C19H36N205
20 C:,Hu H B 6“) 124—125d ConzsNan
21 CHQCH2=CII_) H B 70 124—1259 ClanNan
22 CeHu H B 67 159-1604 CaHysNoOs
23 ¢H; H B 73 156-1584 CyHxuN,0;
24 O-CH30C5H4 H B :-)4 170—1719 C22H22N205
25 7)’L-CICGH4 H B 48 148-149¢ ClemClNzO,‘)
26 CH3 CHJ C 53 119_120e CnszNan
27 CzHa CLH.') C 3:) 103—1062 CmHQsNgO,ﬁf
28 CH,CH,OH H C 22 110-113¢ Ci7H3NOs
29 (CH,),OH H C 42 125-126¢ CisH2N206
30 CHZCHAOC2HJ H C 43 109—1104 ClgHzeNzos
31 CH,CH,CN H C 33 147-149¢ 1 Ha N3 O;
32 (CH,);:SCH;, H C 48 116-1184¢ 10H26N20:9
33 (CH;)sN(CHjs)s CH; C 62 60-61¢ 21 Hai N3 O5
34 H-ZCGH:) H C 5-”) 117—118d 22H24N205
35 ~(CHy)s~ C 6Y 163-164¢ C20H2eN:05
36 -CH:CH,N(CH,;)CH,CH,- C 51 134-1364 CaHaN;0;
37 -CH,CH,NCH,CH,- C 23 126-128¢ C24H;36N 05

® Except where noted otherwise, analyses for C, H, Cl, N, and S were within =0.4%, of the theo-
¢ Recrystallized from CH,Cly—petroleum ether.
7 Recrystallized from petroleum ether.

¢ Recrystallized from ether—petroleum

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-methylaniline.

CH;NH CH,OCONHCH,

CH, N

Biology.—The compounds prepared in this investiga-
tion were tested for their ¢n vitro antibacterial activity
ultilizing the standard agar-dilution technique.® 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., B-hemolytic 80, and Strep-
tococcus sp., nonhemolytic, y11). Among the most
interesting carboxylate esters were 5-10 and 14 (Table
III); 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 ¢n vitro, one of this latter
class, the hvdroxyethylearbamate 28, proved superior

(5) For a description of this assay as conducted in these laboratories by
Mr. A. C. Dornbush see G. R. Allen, Jr., B. R. Baker, A. C. Dornbusi, J. P.
Joseph, H. M. Kissman, and M. J. Weiss, tbid., 2, 391 (1960).
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[ Vilro ANTIBACTERIAL ACTIVITY OF THE L=19PHY L-3=-HYDRONYMIETHY L=D=METHON Y=2,6-DIMETHY L~4, T-INDOLOQUINONE CARBONY LU 1S

S T 4 S SR i e s s e e N iR DD conien (po Ll grainst
Myco. Ntaph, Ntaph. Ntrep, Stre i Nt Pt
Compd 607 83381 Rose N it S S, 020038 381 S 30 sndid. [ B, orevens Sl
Bl D12 .23 06.20 [ 3 .25 1.56 2.5 <{).2 ¢
6 312 .25 25 6,25 125 PG a0 <O.TH 3
N 3012 12,5 12.5 25 6,25 (7=
h 1.56 yo2
4 3012 25 20 25 . A 205 25 07N
107 ot 100 .20
14 25 D0 25 12,5 A

© Ilighest test level 50 pg/ml unless noted otherwise.  All data are from concirent assays.  Abbreviations for microorganisms:
Myco. 607 = M yeobacterium smegmatis, ATCC 607; Staph. 6538P = Staphylococeus aureus ATCC 6338P; Staph. Rose = Staphylococeus
aureus strain Rose; 8. lutea = Sarcina lutea, ATCC 9341; Strep. faec. = Sireplococcus faecalis, ATCC 8043 Strep. C203 = Sireplococcus
pyogenes, C203: Strep. 880 = Streplococcus sp., g-hemolytic, 80; Sirep. 511 = Streplococcus sp., nonhemolytic, 11; B. subt. = Bueillus
subtilis, ATCC 6633: C. xerose = Corynebacterinum xerosis, NRRL BL397; B. cereus = Baeillus cerens, ATCC 10702; Past, 310 = Pus-
lewrella mullocida, 310, * Highest test level = 12.5 pg/ml. ¢ Not determined. ¢ Iighest test level = 100 pg/ml.,

Taprey IV
I Vilro ANTIBACTERIAL ACTIVITY OF THE L-lSTHYL=3=-HYDROXYMETHY L=3=-METHONY =2, 6-DIMETHY L~4, T-INDOLOQUINONI, CARBAMATES

oo Min inhib conen (ug /i) against-——— e e
Staph. Stph. Strep. Strep. Strep. Ntrep.
Compd 6538P Rose S, lutea faec. 203 380 11 B. subt. (1 rerose B cereus
1 1.56 1.56 6.25 12.5 0.78 B 302 156 6.25 0,39

1D L 1.56 312 6.25 1.96 (.25 6,20 1.56 12.5 1.6
16 6.25 6.2) 25 1.56 12.5 12,5 B2 25 0.39
17 o 6.25 12.5 12.5 312 1205 12.5 312 12.5 0.75
15 L2 6.25 .25 53 0.78 25 12.5 So12 A0 0.39
14 L2 12.5 12.5 12.5 3.12 12,5 12.5 1.56 2.5 0.39
20) 2 25 S S0 312 25 25 .25 1.56
21 L2 12.5 6.25 12.5 312 12.5 2.5 3.12 12,0 0.349 6.25
22 D 312 it 6,25 0.7%
23 6.25 12.5 12,5 25 12.5 12.5 6.25 25 o2
25 12.5 25 25 12.5 3012 25 25 12.5 .56
26 6.25 6.25 6.25 25 312 25 6.25 25 .78
27 6.25 6.25 6.25 12.5 L.a6 12.5 3,12 12.5 0.3 25
25 25 3,12 312 12.5 25 039 6.25 0.78 12.5 0.39 3.12
249 25 1.56 312 12,5 25 0.78 6,25 2 0,78 125 0,39 25
30 6.25 6.25 6.25 25 A0 0.75 12.5 D 106 25 0.3Y 6.25
31 2.5 312 312 12.5 25 .78 t.25 6.25 0.75 12.5 <0.2 6.25
32 6.25 6.20 312 12.5 .78 12.5 12.5 156 12.5 0.7% 6.25
3 25 6.25 6.25 12,5 S 1,06 2.5 12.5 a2 6,25 0.78 )
34 6.25 6.25 12.5 25 1.6 6.25 2.5 o2 25 078
30 25 1,56 1,56
36 2.5 6.25 25 .39 12.5 12.5 1,56 12.5 0.7% 6,25
37 30 6.25 S0 50 0.7% 12.5 2.5 1,06 12.5 0.78 12.5
« Highest test level = 50 g 'ml.  For definition of abbreviations see footnote ¢, Tuable T11.

to 1in its ability to protect mice infected with Staphy- Method A.---A =tirred solution of 200 mg of I-ethyl-3-hydroxy-

methyvl-5-methoxy-2,6-dimethyl-4,7-indoloquinone (23 in 4-5
ml of pyridine was treated with 0.2-0.5 ml of the appropriate
acid halide or anhydride for 16-20 hr. The esters were precipi-

lococcus auwreus strain Smith.® However, 28 failed to
proteet mice against Streplococcus pyogenes C203 in-

fections.  With the exception of Pasteurella multocida, tated by addition of T1L,O and purified ax indicated in Table 1.

v310, only marginal activity against gram-negative Method B.—-In a typical preparation a solution of 200 myg of
species was noted with the compounds of Table T and  !-ethyl-3-hydroxymethyl-3-methoxy-2,6-dimethyl-4,7-indolo-
I quinone (2)2 in 0.6 ml of butyl isocvanate was heated on the

steam bath for 3 hr. The cooled solution was diluted with petro-~
leunt ether and chilled to give the bury] cartbamate 19 as orange
crvstals.  The characterization of this substance and other com-

Experimental Section A - o R
pounds prepared in a similar manner is given in Table I1.

General.—\lelting pointz were determined in an open capillary Method C.—Thix general procedure is illustrated by the follow-
{ube and are corrected. The petroleum ether used was that g preparation.  Me;NIH was introduced into a cold (acetone -
fraction boiling at 30-60° unless specified otherwise. All evapora- Dry Tee bath) =olution of 200 mg of 1-ethyl-3-hydroxymethyl-3-
tions were carried out at reduced pressure. The uv spectra of methoxy-2,6-dimethyvl-4,7-indoloquinone  phenyl carbonate (3)*
5-38 were characterized by the anticipated maxima at 230, 285, in 13 mi of CH2Cl; until the volume of the solution was about 30
345, and 455 mu in MeOH using a Cary recording spectro- ml.  The orange solution was stirred at room temperature for
photometer. The ir spectra of 5-14 showed a carbonyl stretching 75 min.  The excess< amine was swept from the solution in a
frequency at 5.70-5.78 u, whereas the carbonyl stretching fre- stream of Ny, and the resulting solution was washed with saline,
quency for 15-38 appears at 5.80-3.95 u (in KBr disks with a dried (MgR0s), and evaporated.  The vesidue was pivified as
Perkin-Iilmer specirophotometer, Maodel 210, indiented in Table 11,

1-Ethyl-3-hydroxymethyl-5-methoxy-2,6-dimethyl-4,7-indolo-

(63 M. J. Weiss, R. 15 Schaul, Go Re Allen, Jr., J. I Polette, quinone Diphenylearbamate (38).--A solution of 200 mg (0.76

Pidacks, R, I Conrow, and (. J. Coscig, submitted for publication. mmole) of l-m}1‘\'1—:;_}1‘\'(11‘1}xl\'methyl-.')—methuxy—‘.ﬂ,(}—dimethyl«’:.T«
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indoloquinone (2) and 180 mg (0.78 mmole) of diphenylcar-
bamoyl chloride in 4 ml of pyridine was heated on the steam bath
for about 16 hr. H,O was added, and the mixture was extracted
with CH:Cls; the combined extracts were washed with saline,
dried (NasS0,), 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
57 mg of erystals, mp 159-161°. Anal. (CyHaeIN20;) N, Elution
of the column with CHCl; gave 65 mg of 2.

Acknowledgment.—Spectra data were furnished by
Mr. W. Fulmor and his associates. Microanalyses were
determined by Mr. L. Brancone and his group. The
in vitro antibacterial assays were furnished by Mr. A. C.
Dornbush and his associates.

Adamantane Derivatives of p-Aminobenzamide
and Sulfanilamide!

S. F. ZaxrzEwskl, A. Brocs, anp C. A, NicHoL

Department of Experimental Therapeutics,
Roswell Park Memorial Institute, Buffalo, New York

Received December 7, 1967

A new antagonist of p-aminobenzoic acid was found
to differ from sulfonamides in its mode of action.
Inhibition of the growth of sensitive microorganisms by
Ni-adamantyl-p-aminobenzamide was prevented com-
petitively by p-aminobenzoic acid. When combined
with sulfanilamide, synergistic inhibition oceurred 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.?—* Some of
these compounds had remarkable pharmacological
activity. In the course of the synthesis of folate
antagonists, Nl-adamantyl-p-aminobenzamide (3a) and
Ni-adamantylsulfanilamide (6) were synthesized. For
comparison, the Nl-cyelohexyl-p-aminobenzamide (3b)¢
and Nl-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-aminoben-
zamide derivatives is presented in Chart I. The
synthetic sequence for the preparation of Nl-ada-
mantylsulfanilamide is shown in Chart IT.

The biological activity of 3a was tested in three
organisms: Streptococeus faecalis, Escherichia col? K12,
and Saccharomyces carlsbergensis. The details con-
cerning these tests will be published elsewhere. The
concentration of 3a required for 509, inhibition of
growth of E. coli was 2 X 10~* M and of S. caris-
bergensts, 3 X 1075 M. The concentration of sul-
fanilamide required for 509 inhibition of growth was

(1) This investigation was supported in part by a grant (CA-02906) {rom
the National Cancer Institute of the U. S. Public Health Service.

(2) K. Gerzon, E. V. Krumkalus, R. L. Brindle, F. J. Marshall, and M. A.
Root, J. Med. Chem., 6, 760 (1963).

(3) R. T. Rapala, R. J. Kraay, and K. Gerzon, bid., 8, 580 (1965).

(4) K. Gerzon and D. Kau, ib7d., 10, 189 (1967).

(5) J. R. Geigg, Belgian Patent 629,371 (1963);
1964).

(6) Kuhlman, French Patent 820,736 (Nov. 17, 1937); Chem. Absir., 32,
3628 (1938).

(7) G. Lockemann, Ber., 75, 1911 (1942).

Chem. Abstr., 60, 9284b
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4 X10~*and 5 X 1074 M, respectively. S.faecalis was
insensitiveto 3a. E. col¢ was not inhibited by 3b, 3¢, and
6. The growth inhibition caused by 3a was reversed
competitively by p-aminobenzoic acid and noncom-
petitively by dihydrofolic aeid 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 K. 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 p-aminobenzoic acid. The metabolic
pathway for the utilization of p-aminobenzoic acid in
L. coli®* 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 — N3-formyl-
tetrahydrofolic acid.

Sulfonamides inhibit the first step in the metabolic
sequence by competing with p-aminobenzoic acid.
Ifurther, there is strong evidence that sulfanilic acid is
coupled with the pteridine to form an analog of dihydro-
pteroate.® 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

(8) G. M. Brown, R, A. Weisman, and D. A. Molnar, J. Biol. Chem., 236,
2534 (1961).
©) G. M. Brown, ibid., 237, 536 (1962).



