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reeryvstallized to obain the product as indieated i Fable [1.
N-Hydroxysuccinimidyl Glycolate.--- Dicyclohexylearbodiimide
(1.237 g, 0.006 mole) wax added to 2 cold (0°) =olution of N-hiv-
droxys=uceinimide (0.691 g, 0.006 mole) and glveolic acid (0456 g,
0.006 mole) in 12 ml of dioxane.  Alter stirring 2 hr a1t 0° and
20 hir nt 25°) the xolution wns filtered to remove dicyelohexyvhuren.
The combined filtrate and washings (dioxanc) were evaporated
inovacno; the residiue was recrystallized (EtOll-lexane) (o vield
0.85 g, mp 135-136°.  _1nal. (Cil1sNO;).
173-Glycolamide-5-androesten-33-ol.-~The lLvdroxy=suecin-
hnidyl glyeolate (173 mig, 0.001 mole) was added (o a <olntini
ol the wnine I (289 mg, 0.001 mole) in 3 ml of dioxane. A pre-
cipitate which formed alniost immediately was redissolved by

lackein (o
=39 w1, KO 1T
=37 1e 045, 11011
=117 (e 1, DA
- 1075 i 0,92, 1011
— 78, Goe [ DM
—12000¢ 1, AcOl]s
—17.6 ¢ 1, 10l

vy v sulvenis
IO -lex
PO H-CHCL-liex
MeOAe
IO --liex
12tO 1] -hex
MeOTL-TIY
THEF 12O 1060 diex

wariing.  Alter 16 I the cryvsealline product wiax sepirnted
(vield 317 mg, mp 2066-270°) and recry=tallized (IO -CHCL,
I26:,0) to give 258 g, i 270-273°, [a]Zp —109° 1 1.0, AcO114
ral, (CoHNO)
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The Mitomycin Antibiotics. Synthetic Studies.
XX.!' N-Substituted Carbamoyl
and Acyl Esters of a Related
3-Hydroxymethyl-4,7-indoloquinone

Joux I, Porerro, Grorck R, ALLEN, Jk.,
axo Manmix J. WEiss

Ocywnie Choviical Resecech Section, Lalecle Laboewlocics Division,
American Cyanamid Company, Pourl River, New York

Revelved Mavceh 1) 1568

The finding that the mitomyein-related indolo-
quinone 1 possessed interesting in wifre and in vivo
antibacterial activity? prompted the preparation of
variety of congeners. In the present paper we report
the synthesis and antibacterial properties of compounds
wherein the carbammoyl moiety present in 1 is variously

O CH,
1, R = CONIIL
2, =1
3, I = COOCIL-

substituted on the nitrogeu atom or replaced by other
acyl groups.  Variations of the group attached to the
3-methylene earbon ave of special interest in the delin-

(1) Paper XIX: J. 17 Poletto, G R Alleo, Jeo, wnl M0 Wesss, L 3 s,
Chem., 10, U5 (1067).
V2Y UL R Aler, Jeowod M0 Weiss, doid, 10, 11067

eation of the structure-netivity relationships, inasmuels
as this earbon is one of the sites for biological allevlation,
which may be implicated in the mechanisms by which
the mitomycins exert their effect.?

Acylation of the indologuinone-3-earbinol 22 with
certain neid anhydrides or neyl halides i pyridine gave
the ester derivatives deseribed in Tuble 1. Tor the

Tapne |
CARDONYLIC IZRTERS OF =1y L-3-1YDROX Y MNP Y 1~
D METHOX Y~2,0-DIMETHY =4, T-INDOLOQUINON B

CH,O CH.,OCOR
l
CH; N CH,
o |
C,Hs
Yiell Mp,
Comnl 1R [ 7 Iormeda
0 1l 91 | 1415 Cral TN O,
4 a1l S0 1271258 Oy llN O,
h ~Cl s N2 1131147 CullaNO,
~ Cally 70 127128 CulleNO-
0 Cylls 71 30141 CollyNO:
10 2-CL11L0 91 156--107 CollaNO,
11 ColLLCH =11 606 1283125 Cud N0,
12 ColL:CHOAC 20 100-101 CagllaNO;
13 CIT0 80 1571538 (el LN O
14 110 R0 112-113 Crl g N Oy

@ Prepared by metlnd A0 ¢ NMaterial o sualyGeal purity.
< Unless noted otherwige, all componnds were vecrystallized trow
CH.Cli-petrolenin ether (hp 30-60°1 ¢ Aualyses for (0, 1T, aud
N were within =0.4C; of the theoretieal valies except where
noted. lecrvstallized from Me.CO-hexaune. 7 Reerystallized
I E1OAe-hexame, N aled, 3811 found, 452,

330 0 W, Suyhydsk sl VoOONU Tvee, Fob foeme, 28, 015 s G b
WesshueD ol N Lises, Bowdewsstra, &, 186 (1967,


file:///-Substituted

\
(CH.);N(CHs),

o 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), 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 diphenylecarbamate ester 38, at-
tempts to prepare the dimethyl- and diethylcarbamate
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 5-methoxy carbamates.
Of the cyclic amines, pyrrolidine reacted at both sites,
whereas piperidine and 1-methyvlpiperazine reacted
preferentially  with the carbonate function. Am-
monia! and those amines having a pKj of the same

() W, AL Recaers and M. J. Weiss, J. Med. Clhem., 11, 737 (1068).
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TasLE 11
CarBAMATE Es$1ERs OF 1-ETHYL-3-HYDROXYMETHYL-O-METHOXY-2,6-DIMETHYL-4,7-INDOLOQUINONE
ocoN”
CH,0. CHy &,
CHjy N CH;
o |
CH,

Compd R, R: Method Yield, %* Mp, °C Formula?
1:) CH? H B 40 170—171C C15H20N205
16 C,H; H B 64 159-160¢ C17HN,0;
17 C,;H- H B 64 129-1304 C1sH N, 05
18 1-C3H, H B 65 151-163¢ CsHuN,0;
19 CyH, H B a7 116-117¢ CoH6N 05
20 C;Hy H B 69 124-125¢ 20H2s N 20
21 CH,CH,—=CH, H B 70 124-125¢ CisH2uN:0;
22 CsH1y H B 67 159-160¢ CauHgsNyOs
23 C¢H; H B 73 156-158¢ C,H.N0;
24 o-CH3006H4 H B 04 170—1719 szszNzOe
25 7)’L-CIC5H4 H B 48 148-149¢ ClemCH\sz:’
26 H3 CH& C :)3 119—120e CnszNan
27 C‘_’H.} CZH; C 3-) 103_106e ClgHngeO;,f
28 CH,CH,OH H C 22 110-113¢ C1H N0
29 (CH.);0OH H C 42 125-126¢ C1sH24N:06
30 CH,CH;0C,H; H C 43 109-110¢ CoHpeN 06
31 CH,CH,CN H C 53 147-1494 Ci3Hg N;30;
32 (CH.);SCH; H C 48 116-1184 C19HsN20:S
33 (CH,);N(CHjs)s CH; C 62 60-61¢ CuHu N30,
34 CHzCsHa H C 55 117—1 18d C22H24N205
35 —(CH,)s— C 64 163-1644 20H26IN2O5
36 -CH,CH,N(CH;)CH,CH,~ C 51 134-1364 CHuN;O5
37 -CH,CH,NCH,CH,- C 23 126-128¢ CpH3N,O5

> Except where noted otherwise, analyses for C, H, C}, N, aud 8 were within +0.4% of the theo-
@ Recrystallized from CH,Cl—petroleam ether.
¢ 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,

f
CH; 1?1 CH,
0 C.H;

4

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., nonhemolytie, 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 wvitro 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 hydroxyethylecarbamate 28, proved superior

(3) For a description of this assay as conducted in these lahoratories by
Mr. A. C. Dornbusk see G. R. Allen, Jr., B. R. Baker, A. C. Dornbusb, J. P,
Joseph, H. M. Kissman, and M. J. Weiss, tbid., 2, 391 (1960).
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i Vilro ANTIIACTERIAL ACTIVITY OF THE L=-15THY L=3=-HYDROX Y METHY L=0=METHOX V=2, 6-DIMETIY L4, T-1NDOLOQUINONT CARINDN Y Ly TS

Myvo.

o= N0 0l vonen ¢un il it

Stot pibs Ntaph. SNteep, Nt st
Congnl 607 132381 Rose N Db N faee, 200 BN S Bosuht, O reros B.overns SRV
iy 312 0.20 12.5 625 1.56 12.5 <y.2 ¢
0 512 25 20 12.5 312 S0 <0.7% v
7 3012 12.5 20 25 6,20 07N
h 1.506 25 512
9 312 25 25 25 156 25 25 20 (T
|8k o0 100 6,25
14 25 H0 25 12.5 0

« lighest test level 50 wgnl unless noted otherwise.  All data
M yeo. 607
awrens strain Rose; 8. lidea = Swreina lutea, ATCC 9341; Strep. faec.

pyogenes, C200: Sirep. 880 = Streplococcus sp., g-henmolytie, S0; Stee
subtilis, ATCC 6633: C. xerose = Corynebacterium rerosis, NRIIL 131
lenedla mullociia, 310, * Highest test level = 12,5 pg/ml.

TanLg
D Vilro ANTIBACTERIAL ACTIVITY OF TUE 1-15THYL-3-HYDROXYMET

Mipo.

ALn inhib eon

Staph. Stuph. Steep. Stieey.

Coopd 607 65387 Rose S lutea Juec. 2193
1 1.56 1.506 6.25 12.5 0.78
15 1.56 . 6,25 1.56
16 6.25 25 1.56
17 6.25 12.5 a.12
1N 6.25 S0 07X
14 12.5 2. 12.5 3012
20 235 o0 00 312
2] 12.5 6G.25 12.5 g2
22 B2
R 12.5 125 20 12.5
25 25 25 12.5 G012
206 ) .25 25 512
27 (.25 12.5 1.50
2% 312 12.5 25 039
29 3012 12.5 20 0.7%
30 6.25 25 20 0.78
3 312 12.5 25 0,78
32 . B2 12.5 0.75
39 0. 6.2 12, 0 1.56
BE) .25 12.5 25 1.50
30 25 1.506
36 12.5 20 0.5
kN S0 a0 50 0.78

« Highest test level = 50 yg 'ml.  For definition of abbreviations s

to 1 in its ability to protect mice infected with Staphy-
lococcus aureus strain Smith.® However, 28 failed to
protect mice against Streptococcus pyogenes C203 in-
fections.  With the exception of Pasteurella multocida,
310, only marginal activity against gram-negative
species was noted with the compounds of Table I and
I1.

Experimental Section

General,--Melting point= were deterniined in an open capillary
tabe mud arve corrected. The petrolenm ether nsed was that
fraction boiling at 30-60° unless specified otherwise.  All evapora-
tions were carried ont at reduced pressure. The nv spectra of
5-38 were characlerized by the anticipated maxima at 230, 285,
345, and 455 mu in MeOll using a Cary recording spectro-
photometer. The ir spectra of 5-14 showed 1 carbouyl stretching
frequency at 5.70-5.78 u, whereas the carbonyl stretching Ive-
quency for 15-38 appears at 5.80-5.95 u (in KBr disks with a
Perkin=Fhner spectrophototacter, Model 210

Gy ML
Pidanvks, R

Weiss, R. 1L . R. Nibea, e, L P Poletts,
1L Cooeow, and U Cozeia, sidynitted for publieatioo.

Sebauh, [QX

M yeobaclerium smegmatis, ATCC 607 ; Slaph. 6538P = Staphylococens aaceus ATCC 6338P 1 Stuph. Rose

3975 . cecens
e Not determined.

e Trom conenrrent assays.  Abbreviations Tor wicroorgmdsins:
Staphylococeas
Streeplococcus favcalis, ATCC R043; Sirep, C203 = Streplococcis
p. 11 Streptocoreus sp., nonhemolytie, 115 B s«hl, = Bacilhes
Bacillus ceceas, ATCC 10702 Past, 310 = Pox-
4 1lighest test level = 100 ug il

IV

FLY L=D=METHGN V2, 0-DIMETHY L=, T-INDOLOQUINONE ("ARBAMATES

e (ux Aoh? dzainsd

Stvep.,

380 “ R, st ' revase B eerews

312 B2 1.56 06.25 0.39

6,25 15,25 1.50 12.5 1.50

12.5 12.5 D12 25 0.59

12.5 12.5 B.o12 12,5 0.78
25 12.5 512 0 0.59

12,5 12.5 1.36 12.5 0.39 25
25 20 6.25 1.06

12.5 125 3012 12.0 0.59 G.25
0 6,25 0.7%

12.5 12.5 G.25 25 S
25 20 25 12.5 1.506
25 25 (.25 25 0.78
12,5 6. 312 12.5 0.9

(.25 0. 0.78 12.5 0.9

06.25 6.2 0.78 12.5 V.30

12.5 12 1.506 25 0.59

0.25 G.: 0.7~ 12.5 <0.2

12.5 12 1.56 12.5 0.78

12.5 12 2 6,25 0.78

.25 12.5 D12 20 07N

1,506
12.5 12,5 1.56 12.5 0.7% 0.25
12.5 12.5 1.56 12.5 0.78 12.5
e Tootnote o, Table 111

Method A.- -\ =tirred =olution o 200 g ol l-ethyl-3-hydroxy-
methyvl-S-inethoxy-2,6-dimethyl-4, 7-indoloquinone (22 in 4-5
wl ol pyridine was treated with 0.2-0.5 ml of e appropriate
acid halide or aunhydride Tor 16-20 e, The esters were precipi-
tated by addition of 11O and parified ax indieated in Table 1.

Method B.—-In u typical preparation n solution of 200 mg ol
I -ethyl-3-hydroxymethyl-5-methoxy-2,6 - dimethyl-4,7-indolo-
quitone r2)2 in 0.6 ml of butyl isocvanate was heated o the
stesrn bath Tor 3 hiee The cooled solndion wag dilured with petro-
et ether aud chitled 10 give the buryl carbamate 19 as orange
crysinls. The charneterization of this substance nud other com-
pounds preparved in a similar manner is given in Tuble I1.

Method C.—-Thix general procedure is illustrated by the lollow-
ing preparation.  Me N1 was introduced into a cold (acetoue -
Dry Tee bath) =olition of 200 mg of l-ethyl-3-hydroxymethyl-5-
methoxy-2,6-dimethyl-4, 7-indoloquinone  phenyl carbouate (3)*
in 15 ml of CH.ClL nntil the volinie of the solution was about 30
wl. The orange solution was strred at room temperature lTor
©5omin. The exeess uine was swept Trom the solution in a
streant ol Ny and the resuliing solnfion wax washed with saline,
dried (Mgs0,), wand evaporated.  The vesidiue wax purilied s
tdicwred i Table 11

1-Ethyl-3-hydroxymethyl-5-methoxy-2,6-dimethyl-4,7-incolo-
quinone Diphenylcarbamate (38).-—A solution of 200 mg (0.76
role) ol T-ethyl=s-livdroxyimethyl-3-mnethoxy-2,6-dinet hyl-4,7-
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indoloquinone (2) and 180 mg (0.78 mmole) of diphenylear-
bamoyl chloride in 4 ml of pyridine was heated on the steam bath
for about 16 hr. H,0 was added, and the mixture was extracted
with CH,Cly; the combined extracts were washed with saline,
dried (NasSO,), 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 crystals, mp 159-161°, Anal. (CyyH2N:0;) N. Elution
of the column with CHCl; gave 65 mg of 2.

Acknowledgment.—Spectra data were furnished by
Ar. W. I'ulmor 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. Zagrzewskl, A. BrocH, axp C. A. N1cHOL

Depariment of Experimenlal Therapeulics,
Roswell Park Memorial Instilute, 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
Nl-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—® Some of
these compounds had remarkable pharmacological
activity, In the course of the synthesis of folate
antagonists, N '-adamantyl-p-aminobenzamide (3a) and
N'l-adamantylsulfanilamide (6) were synthesized. For
comparison, the N!-cyclohexyl-p-aminobenzamide (3b)¢
and Nlphenyl-p-aminobenzamide (3¢)? were also
prepared. The svnthesis 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-
muantylsulfanilamide is shown in Chart I1.

The biological activity of 3a wuas 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 509 inhibition of
growth of E. coli was 2 X 10~* M and of S. carls-
bergensis, 3 X 1073 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, tbid., 8, 580 (1965),

(4) K. Gerzon and D. Kaq, tbid., 10, 189 (1967).

(5) J. R. Geiggz, Belgian I'atent 629,371 (1963);
(1464).

(6) Kithlman, Frencl¢ Patent 820,736 (Nov. 17, 1037); Chem. Albsir., 32,
3628 (1938).

(") G. Lockemann, Ber., 75, 1011 (1942),

Chem. Abstr., 60, 9284b
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OZN‘O—COQ

1

Cuarr I

H,NR
— OzN——Q—CONHR

HCl-ethanol
Zn

HzN—O—CONHR

e
LT

e R=¢ Y

a,R=

b,R=

CHanr 1T

H,NR
FBCCOHN—O—SQm —
4
HCl
FBCCOHN—Q—SOZHNR —
ethanol
5

4 X10~*and 5 X 10~* M, respectively. 8. faecalis was
insensitiveto3a. E.coli wasnot inhibited by 3b, 3¢, 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 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
I, coli* may be represented by the following steps:
2-amino-4-hydroxy-6-hydroxymethyl-7,8 -dihydropteri-
dine 4+ p-aminobenzoic acid — dihydropteroic acid —
dihvdrofolic acid — tetrahydrofolic acid — N3-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.® 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. Chen., 236,
2534 (1961).
(49) G. 3. Brown, ibid., 287, 336 (1962).



