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Reaction of 1-(8-hydroxyethyl)-3-methoxy-2,6-dimethyl-4-nitro-3-indolecarboxaldehyde methanesulfonate
(XI) with KF and sodium acetate (followed by ester hydrolysis) gave the 1-8-fluoroethyl and 1-8-hydroxyethyl

derivatives;

similar treatment of 4-amino-1-(8-hydroxyethyl)-3-methoxy-2,6-dimethyl-3-indolecarboxaldehyde

methanesulfonate (XII) with NaXN;, LiCl, and sodium methylmercaptide gave the 1-3-azidoethyl, 1-8-chloro-

ethyl, and 1-3-methylmercaptoethyl derivatives, respectively.

The various products were converted into 1-

{B-substituted ethyl)-3-hydroxymethyl-53-methoxy-2,6-dimethylindole-4,7-dione methylcarbamates (XIV) using

established procedures.

1n a previous paper from this laboratory we described
the preparation of the mitomycin-related indoloquinone
I and noted the #n vitro and in vive antibacterial ac-
tivity of this substance.? One aspect of our analog pro-
gram was the synthesis and antibacterial evaluation of
certain indoloquinones having substituents in the 8
position of the 1-ethyl group, which we now report.

The convenient preparation of a significant number
of analogs obviously required that we be able to effect
nucleophilic substitution at the 8-carbon atom of a 1-
ethylindole possessing as many features of a methoxy-
indoloquinone carbamate (see I) as possible. However,
we were cognizant of the fact that C-5 and the car-
bamoyloxy C-3 methyl group in a fully elaborated
derivative represented potential competitive sites for
such displacements. In view of the known suscepti-
bility of Sx2 displacements to sterie factors?® the
feasibility of the desired nucleophilic substitu-
tion was first tested with an appropriate model sys-
tem, the 1-8-mesyloxvethylindole V. This indole was
prepared by a Nenitzescu* condensation of ethyl 8-(2-
hydroxyethylamino)erotonate (available from reaction
of aminoethanol with ethyl acetoacetate) with tolu-
quinone, methylation of the 3-hydroxyindole ester II,
and finally mesylation of the resulting 1-g-hydroxy-
ethyl-3>-methoxy derivative IV (see Scheme I). We
would note that in the condensation giving indole ester
I, the isomeric 5-hydroxy-7-methylindole ester III can
be isolated in minute quantity.> Although treatment
of mesylate V with potassium thiocyanate in boiling
acetone (2.5 hr) gave nearly quantitative recovery of
V, sodium azide in dimethylformamide gave the 1-8-
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azidoethyl derivative VI in excellent yield, thus dem-
onstrating at least limited applicability of the pro-
jected approach.

Indole ester II was also used for the synthesis of the
desired analogs. Thus, decarbethoxylation of 1I was
effected by saponification followed by heating of the
resulting crude indole acid in methanol. (Mineral acid
from acidification of the hydrolysis solution was prob-
ably present at this stage.) The resulting 1-3-hydroxy-
ethyl-5-hydroxyindole VII was converted via the 5-me-
thoxy derivative VIII into the mesylate IX and then to
the 3-carboxaldehyde derivative X® (see Scheme II). Ni-
tration of this aldehyde with fuming nitric acid in glacial
acetic acid then furnished the 4-nitro-3-indolecarboxal-
dehyde X1 in 719, yield. It may be noted that in this
preparation of XI no appreciable formation of the cor-
responding 3-nitro product was observed; in contrast,
similar nitrations of other 1,2 ,6-trialkyl-3-methoxy-3-
indolecarboxaldehydes have been found to give 3,4-
dinitroindoles as well as 4-nitro-3-indolecarboxalde-
hydes.”8

Initially, it was our intent to convert the nitroalde-
hyde XI to the fully elaborated 1-8-mesyloxyethyl-3-

(6) A. Vilsmeier and A. Haack, Ber., 60, 119 (1927).

(7) G. R. Allen, Jr., L. J. Binovi, and M. J, Weiss, J. Med. Chem., 10, 7
1967).

( (g)I)A similar observation is recorded for the nitration of 1- (and/or 2-)
alkyl-3-indolealdehydes: (a) G. Berti, A. Da Settimo, and O. Livi, Tetra-

hedron, 20, 1397 (1964); (b) W. E. Noland, L. R. Smith, and K. R. Rusl,
J. Org. Cliem., 80, 3457 (1965).
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SCHEME 1
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methoxyquinone carbamate (XIV, X = 0OMs), and

then to effect the desired displacements on this latter
substance.  Thus, reduction of XI with iron in acetic
acid gave the corresponding aminoaldehyde XII, which
on oxidation with pom«ium nitrosodisulfonate? af-
forded the p-quinone-3-aldehyde XVIa. However,
sodium borohydride reduction of this quinonenldehyde
followed by regencration of the quinone system with
acidie ferrie chloride failed to give the corresponding
quinonecarbinol.  Preliminary efforts to effect displace-
ment of methanesulfonate in quinonealdehyde XVIa by
acetate were unrewarding, no reaction oceurring in
hoiling methanol (16 hr) and only the formation of an
intractable oil being noted in dimethylformamide at
teani-bath temperature.  Thus, the nitroaldehyde X1
and the aminoaldehyde XII represented the inter-
nmediates, nearest to the final analogs, with which we
could effect the desired displacements,

Treatment of nitroaldehyde mesvlate XI with potas-
=tum fluoride and sodium acetate gave the corresponding
[-(B-substituted cthyljaldehydes XI1Ia and XIITe, re-
spectively.  Reduction of the nitro group in the 1-8-
fluoroethyl XIIIa and 1-8-acetoxyethyl XIIIe deriva-
tives wax accomplished with iron in acetie acid to give
the 4-amino derivatives XVIIa and XV1Id, respectively.
However, when this reduction procedure was applied to
the 1 ,d—d/l( oethyl-4-nitroaldehyde XIIIb, obtained by
reaction of sodium azide with XII, concomitant acetol-
vsix of the azido group occurred, and the 1-B-acetoxy-
cthyl-4-aminoaldehyde XVIId was obtained in 549
vield.  Saponification of XVIId to the 1-8-hydroxy-
cthylaldehyde XVITe was accomplished with potassium
carbonate in aqueous methanol.  Other 1-(8-substituted
ethyhaminoaldehydes were obtained by displacements
on the aminoaldehyde mesylate XIT with appropriate
reagents, thus, the preparation of the 1-8-chloroethyl.
I-g-azidoethyl, I-g-thioeyanocethyl, and  1-g-methyl-
thioethyl derivatives (XVIIb, e, f, and g).
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The various  I-(@-substituted  ethyl)-d-nminoalde-

hwdes NVIT were then converted into the corresponding
S-methoxy-4,7-indologuinone-3-uldehydes by oxidation
with Fremy s salt:* these products ave li<1(*<l in Table [
We would note the general excellence of these 0\1(11—
tions. which proceeded in yields =uperior 1o those ob-
served in the parallel preparation of a series of 1.2.6-
trinlkyl-4.7-indoloquinone-3-atdehydes.”

Llaboration of the hyvdroxymethylearbamate ester
side chaim from the quinonealdehydes was achieved by
sodium horohydride reduction of the latter compounds
and regeneration of the quinonce system with acidic
fervic chloride.  1or thu preparation of the 1-g-hy-
droxycthyl member of this series, the precursor alde-
hyde XVIe was blocked ax the tetrahydropyranyl
ether XVIf prior to reduction.  Most of the quinone-
carbinols were obtained ax oil= which were used without
purification.  These materials were then converted
into the desired N-methylearh: s ite! aelogs by treat-
ment with methyl isocvanate (Table 1. 1t should
be noted that, 1 the reduction of the l—,ﬁ thioevano-
ethyl derivative NVIg, at lTeast partial cleavage of the
S-CN boud oceurred.!t and none of the desived thio-
evano derivative was obtained.  Inasmueh as this re-
duction produet was treated with ferrie chlovide for the
regeneration of the (lu'm)nv svstenn the final produet
wax the disulfide analog XVIIT (poor vieldy.  Aeid

NV

iCwas known that the merhylearbamuates

(10) Asa rvesult of earlier work,™
had an order of wetivity equivalent 1o the unsubstituted carbuamate [

(1) The hvdrogenolysix of the =-CON Dond with LiAITEL s well known [N,
G, Gavlord, “Reduction with Complex Metal Hydrides,” Interseience Pab
lishers, Ine.. New York, N. Y., 1036, p 883 recently R. K. Olsen and 1 1.
Snyvder [J. Org. Chem.. 30, 184 (196511 have ulso noted this transformation
with NaB
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TasLe I

1-(B-SUBSTITUTED ETHYL)-5-METHOXY-2,6-DIMETHYL-4,7-DIOX0-3-INDOLECARBOXALDEHYDES

0]
CHgO
CHs
0
Yield,” Recrystn

Compd N Y solvent My, °CP Formula

XVia 30:CHs 71 Me:CO-petr 143144 CusHiuNO;S
ether

XVIb F 49 Me:CO-petr 114-117 CuHiFNOs
ether

XVIe Cl 58 CH:Clr-petr 113-114 C1sHiCIN Oy
ether

XVId N3 69 CH:Clo—petr 78-79 C1eH1NOy
ether

XVle OH 76 CH:Cli-petr 129-131 Ci1sHisNOs
ether

XVIg SCN 30 CH:Clrpetr 137-138 CrsHiaN:204gS
ether

XVIh SCHs 58 CH.Cl—petr 85-86 Cis HisN 048
ether

o Represents yield of material with sufficient purity for further transformations.

CHO

N CH;
CH,CH,X

Carbon, 4 1lydrogen, G Nitrogen, Y4 sulfur, Halogen, 4
Caled Found Caled  Tound Caled LTound Caled Found
50.71 51.07 4.82 5.18 3.94 1.09 9.03 8.90
60.21 60.04 3.06 5.37 53.02 5.43 6.81 6.96
56.86 56.79 4.77 5.14 4.74 4.81 11.99 11.91

35.62 55.94 4.67 4.88 18.54 18.71

60.64 60.39

<)
i
T

5.31 5.05 5.46
56.60 56.28 4.43 1.83 8.80 8.75 10.07 .75

58.63 58.71 5.58 5.80 +.56 1.71 10.43 10.25

® These products had Amas 213-218, 240-248, 268~

271, 280-282 (sh), 330-339, 430-435 mp (e 19,200-24,800, 11,800-13,100, 11,900-13,500, 11,100-12,100, 4280-5180, 890-1060); A 3.51-
3.52, 5.94-6.00, 6.02-6.04, 6.09-6.14, 6.18-6.25, 6.51-6.53, 6.60-6.64, 9.03-9.06 »; pmr, 115.5-118 (3s, 6-CH3), 156.5-160 (3s, 2-CHy),
237-240 (3s, OCH3), 615—631 cps (CHO), in addition to the expected NCH,CH:X resonances.

TasLe 11
1-(B-SUBSTITUTED EPHYL)-3-HYDROXYMETHYL-3-METHOXY-2,6-DIMETHYLINDOLE-4,7-DIONE METHYLCARBAMATES
0
CH,0 CH,0CONHCH,
CHs N CH;
O CHCHX
Yield,® Recrystn Carbon, % Hydrogen, % Nitrogen, % Sulfur ‘Halogen, ¢

Compd X % solvent \Mp, °CP Formula Caled Found Caled Found Caled Found Caled Found
XIVa Iy 62 CHuClo-petr  162-163 CisHisFN20s 56.79 56.53 5.66 5.69 8.28 8.11 5.62 5.81

ether
XIVD Cl 49°¢ CH:Clr—petr  157.5-159.5% CieHipCIN:05 54.16 54.25 5.39 5.92 7.89 7.29 10.00 10.64

ether
NIVe Ns 16¢ CH:Clo—petr 139-140 C1s N3 05 53.18 53.30 5.30 5.45 19,38 19.28

ether
XIvd OThp 27° CH.Cl—petr  133.5-135.07  CuHaN:0; 59.99 60.14 6.71 6.78 6.66 6.40

ether
X1Ve OH 27 CH,Cly—petr  153-154 CisH oN20s 57.13 56.90 5.99 6.24 8.33 8§.32

ether
NXIVE BCUH; 60 CH,Clo—petr  151-152 CirH2uN»0s8 53.73 53.58 6.05 6.10 7.65 747 8.72 8.76

ether
X1Vg *S(CHgl- 71 Methanol- 128.0-129.59 CisHaIN.OsS 42,52 42.63 4.96 5.58 5.51 5.29 6.31 7.07

ether dec ) 24,97 24.00
XVIII S8 5 MexCO~ 112-115° CaHsNeOwS¥ 54,60 51.64  5.45  5.77 7.97 7.60 9.12 8.87

hexane

@ Represents yield of material with analytical melting point.
mu (e 17,000-18,900, 14,200-15,100, 3300-3740, 1210-1240);

» Compounds XIVa—f had Anax 230-231, 284-286, 341-346, 450-455
A 2.98-3.05, 5.90-5.95, 6.00-6.04, 6.08-6.12, 6.20-6.25, 6.48-6.51, 6.60—

6.63, 7.90-8.02, 8.95-9.06 x; pmr,® 111-116 (3s, 6-CHjs), 137-143 (3s, 2-CH;), 154-166 (3d, J = 4.5 cps NHCH;3), 234-241 (35, OCH,),

305-315 (2s, CH.0), 410415 cps (1, broad, NHCH;).
talline intermediate.

hold-back volume 4.1 (V,./V, = 3.0).

chromatography using a heptane-methanol solvent system; hold-back volume 2.7 (V,,/V. = 2.82),
» Yield based on XVIg, the last crystalline intermediate.
a heptane—ethyl acetate-methanol-water (70:30:17:4) system; hold-back volume 6.4 (V,,/V. =
Found:

34,600, 16,800, 3300, 1270).

33,800, 28,200, 6820, 2390). 7 Anal. Caled: mol wt, 703.

hydrolysis of the tetrahydropyranyl ether carbamate
XIVd afforded the 1-8-hydroxyethyl derivative XIVe,
and reaction of the thioether carbamate XIVf with
methyl iodide gave the sulfonium analog XIVg.

Biology.—The in viiro antibacterial activity of the
rarious analogs XIVa—f is given in Table III. All
compounds approach the lead indoloquinone I in
effectiveness, but no distinet advantage is observed for
any.

¢ Yield based on the corresponding quinone-3-aldehyde X VI, the previous erys-
¢ Purified by partition chromatography using a heptane-ethyl acetate—methanol-water (85:15:17:4) system;
¢ Yield based on XVIe, the last previous crystalline intermediate.

/ Purified by partition
7 Amex 222, 287, 340, 450 mp (e
! Purified by partition chromatography using
2.54); Apax 232, 286, 345, 455 (e
mol wt, 767.

Experimental Section

Melting points were determined in open capillary tubes and
are corrected. Ultraviolet spectra were determined in methanol
solution using a Cary recording spectrophotometer, and the in-
frared spectra were determined in KBr disks with a Perkin-
Elmer Model 21 spectrophotometer. The pmr spectra were
measured with a Varian A-60 spectrometer using tetramethyl-
silane as an internal standard; in the description of these spectra,
the signals are expressed as s (singlet), zd (doublet), zt (triplet),
zq (quartet), or zm (multiplet), where x is the number of protons
indicated by integration. The petroleum ether used was that
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Tanre 111
I Vitro ANTIBACTERIAL ACTIVIYY OV ThHE
T-(B-NUBSTITUTED BETUYL)=3-HYDROXYMETHY L=-0=-METHONY-2,6-DIMETHYLINDOLE-4,T-DIONE M ETHY LCARRAM AT ES
0]
CHO_ CH,OCONHCH,
[
CH. T T C'H
0 CH.CH.X
=Ainimum inhib conen tug/mly” for—- R R
NIVa NIVh, Nive, NIV, XIVe, AVASH
Organism N o= i1 No= N o= N = N3 N o= OThp N = QI N = ®Cls
Myeobaclerium smegmalis, ATCC 607 6.25 62 625 625 6.25 25 312
Staphylococeus aurews, ATCC 65381 156 Bo12 6.25 12.5 2.5 312 625
Staphylococcus aurens, var. Rose 1.56 B2 12.5 6 25 25 312 6 25H
Sarcing lutea, ATCC 9341 6.25 6205 12.5 125 20 6.25 625
Streplococens faecalis, ATCC 8043 125 S0 12.5
Streplococeus pyogenes, C203 07N 0o F.56 0,78 12 07N 1.TR
Sireplococcus <p., g-hemolytic, S0 Jo12 12.5 6.25 25 6.25 12,5
Sireplococeus <p., nonhemolyviice, 11 Soi2 .20 25 25 6,25 [ R
Bacillus sublilis, ATCC 6653 1.6 [ TN 6.2 12 1.56 156
Corynebacterium rerose, NIRL B1397T 6,25 12.5 25 25 6.25 12.5
Bacillus cereus, ATCC 10702 .34 (3¢ 0,78 0,78 12 0.78 (30
Pasteurella multocida ATCC 510 6.25 0.7x 1.56 1.56 6.25 0.7% 3.2

+ Highest test level: 50 ug/ml.

fraction boiling at 30--60°.  All evaporations were ecarvied out
at reduced pressure.  Nitrogen analvses were determined by
the Dumas technique using & combustion temperature of H50°
for 10 min.

Ethyl 5-Hydroxy-1-hydroxyethyl-2,6-dimethyl-3-indolecar-
boxylate (II}.-—2-Aminoethanol (46.7 g, .75 mole) was added
dropwise to 98.5 g (0.746 mole, 100 ml) of ethyl acetoacetate with
stirring at such a rate that the reaction temperature remained at
40--45°: 90 min wax required for the addition. The resulting
solution was then stirred at 35-45° for 3 hr.  Volatile material
was removed by heating the reaction solution slightly ar water-
pump pressure; this gave 1281 g (100¢:) of crude ethyl 8-(2-
hydroxyethylamino)crotonate. In an earlier experiment at-
tempted distillation of thix material at water-pump pressure
caused decomposition,

The crotonate was treated with a solution of 90.5 g (0.74 mole)
of toluquinone in 300 ml of acetone.  An exothermic reaction
which caused boiling for 30 min ensued.  The resulting dark =olu-
tion was heated on the steam bath for 90 min and then concen-
trated by distillation, 300 ml of distillate being collected. The
concentrate was chilled in an ice bath and filtered to give 33.1 ¢
(1540) of gray =olid, mp 190-193°,  This material was used for
turther transformations,

Anal. Caled for CilIsNOg € 64.96:
Found: €, 65.09: M, 7.04; N, 5.00.

A L1000 g-aliquot of this material was purified by partition
chromatography on Celite (diatomaceous silica) using a heptane-
ethyl acetate-methanol-water (60:40:15:6) system.'2 The
fraction with peak hold-back volume 2.4 (V,./V. = 3.0) wasx
evaporated, and the residue was recrystallized from acetone
hexane to give 790 mg of pure ester as white crystals: mp 195
196°; Apux 218, 244, 291-300 mpu (e 34,900, 15,800, 13,300): A
2,07, 3.08, 6.04, 6.13, 8.41, 8.60, S.88 & pmr, 383 (3t,.J = 7 cps,
CH3CHy), 139 (3s, 6-CHy), 163 (3s, 2-CHy), 224 (ill-defined m,
CH,OH), 249 (t, J = 5.5 cps, NCH3), 209 (g, J = 7 ¢ps, OCH,-
ClHy), 296 (11, / = 5 cps, CHLOH), 431 (s, 7-H), 452 (15, 4-13),
0535 ¢ps (1s, aryl OH).

Anal. Found: C, 64.89: H, 6.79: N, 5.10.

The fraction with peak hold-back volume 3.4 was evaporated,
and the residue was recrystallized from acetone-hexane to give
78 mg of ethyl 5-hydroxy-1-hydroxyethyl-2,7-dimethyl-3-indole-
carboxylate (IIT) as white crystals: mp 155-157°: Anax 220, 243,
201 mu (e 30,200, 16,200, 10,800): A 3.00, 6.04, 6.21, 8.55, 8.86,
.10 wr opmr,® 81 (3t, J = 7 cps, CH,ClL), 154 (3s, 7-CH,),
161 (35, 2-CHy), 220 (34, J = 5.5 eps, CHOH), 255 (4m, CHo-

H, 6.91; N, 3.0

¢12) For a complete description of ihis technique as developed Ly
Pidacks see M. J. Weiss, R. F. Schaub, G, R. Allen, Jr., J. ¥. Poletto, O
Pidacks, R. 3. Conrow, aud C. J. Coscia, Tetrahedron, 20, 357 (1464).

13 Determined in DMSO-/: sohition.

All data are from conewrrent assays.

" Data for unsubstitued carbamate ester.

CHy, NCHy), 207 (14 J = 5.0 eps, CHOH), 385 (Id, J = 2.5
eps, 6-H), 439 (1d, J = 2.5 epx, 4-H), 522 eps (1, aryl OH ).
Anal. Found: ), 65.29; H, 7.18; N, 5.06.

Ethy! 1-Hydroxyethyl-5-methoxy-2,6-dimethyl-3-indolecar-
boxylate (IV).—To a stirred solution of 2.91 g (10.5 mmoles) of 1T
in 20 ml of ethanol and 35 ml of 2 & NaOH solution was added
dropwize at reflux temperature 6.0 g (48 mmoles, 4.45 ml) of
of methylsulfate.  The solution was heated at reflux temperature
for 90 min after completion of the addition. The cooled solution
was distributed between CH.Cls and water; the organie phase
was washed with saline, dried, and evaporated. The residue
was recrvstallized from CHoCly-petroleum ether and then from
acetone-hexane to give 1.44 g (4707) of white needles, mp 120-
122°, An additional reervstallization from the latter solvent
pair gave white needles: mp 127-129°; Apax 218, 243, 205 mu
Ce 36,700, 18,700, 12,8001 A 2.93, 5.95, 6.00, 8.30, 8.45, 8.85 u:
pmuts 815 (3, = 7 ops, CH3CHe), 136 (3s, 6-CHy), 161
(3=, 6-CHyi, 161 (3=, 2-CHy), 224 (obscured, CH,OH), 229 (35,
OCHy), 249 (obscured, NCHY), 256 (g, OCH-CHy), 295 (1t, . =
cps, CHOH ), 434 (1s, 7-H), 449 cps ( 1s, 4-H ).

Anal. Caled for CiHaNO:: €, 65.95; I, 7.27; N\,
Found: ¢, 65.80: H, 7.13; N, 4.87.

Ethyl 1-Hydroxyethyl-5-methoxy-2,6-dimethyl-3-indolecar-
boxylate Methanesulfonate (V). -A solution of 434 mg (1.48
mmoles) of IV in 5 ml of pyridine was treated with 0.2 ml of
methanesulfonyl chloride and allowed to stand at 5° for 21 he
The olution was diluted with water to give 515 mg (9457) of
white needles, mp 134-137°.  One recrystallization from ace-
tone-hexane gave white crystals: mp 143-144°; Angx 218, 242,
288203 mu (e 38,000, 19,200, 13,6007; X 5.95, 7.40, 7.48, 8.33,
8.50, 8.80, 9.12 p.

dnal. Caled for CpHaNOeS: C, 55.28; H, 6.28;
N, 868 Found: ) 55.65: H, 6.28: N, 3.92; 8, 8.32.

Ethyl 1-Azidoethyl-5-methoxy-2,6-dimethyl-3-indolecarboxyl-
ate (VI).-~ A mixture of 312 mg (0.85 mmole) of V and 350 mg of
NaN; in 25 ml of DMF was heated on the steam bath for 15 hr.
Sullicient wuter to inerease the volume to 100 ml was added and
the solid was collected to give 247 mg (929¢) of white needles,
mp 122-124°,  One recrystallization from acetone-hexane gave
white needles: mp 121-122°%: N\x 216, 240, 288 mu (e 35,400,
18,330, 12,500); X 4.70, 4.76, 4.86, 5.94, 8.89, 9.21 x; pmr,!?
R5 (3t, J = 7.5 cps, CH;CHy), 140 (3s, 6-CHs), 161 (35, 2-CHs),
214 (21, J = 7 eps, CH2NG), 233 (3s, OCH3), 244 (2t, J = 7 cps,
NCH,), 263.5 (2q, J = 7.5 cps, OCH,CHy), 415 (1s, 7-11), 456
eps {1s, 4-110.

Anol, Caled for CpellaNgOs O, 60.74;
Found: €, 60.42; H, 6.41; N, 17.76.

481,

N, 3.79;

I, 6.37; N, 17.7L.

11 Determined in CHCh solution,
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5-Hydroxy-1-hydroxyethyl-2,6-dimethylindole (VII).—A solu-
tion of 183.1 g (0.66 mole) of IT in 2000 ml of 2 N NaOH solution
was heated at reflux temperature under nitrogen with stirring
for 2 hr. The cooled solution was made acid to litmus with
HCl. The moist precipitated solid, which had mvo 155-159°
(gas) and Amax 3.00, 3.80, 4.20, 6.08 u, was suspended in 1500 ml
of methanol. This solution was warmed on the steam bath.
Before the solution reached boiling, copious evolution of gas
bubbles was noted. Once boiling temperature was attained all
solid had dissolved; this solution was heated at its boiling point
for 1 hr and then concentrated to 700 ml. Water (1300 mb
was added, and the solution was chilled overnight, Filtration
gave 108.7 g (819) of crvstals, mp 118-120°. A sample was
obtained from acetone-hexane as white needles: mp 121-123°;
Amax 208, 278, 294, 308 mpu (e 26,300, 8840, 6980, 4930); A
2.98 u; pmr,'® 135 (3s, 2-CHa), 140 (35, 6-CH,), 220 (2m, CH.OH),
241 (2t, J = 5 cps), 287 (1t, J = 5 cps, CHO0H), 355 (1s, 3-H),
408 (1s, 4-H), 419 cps (1s, 7-H).

Anal. Caled for C:HisNO: C, 70.22; H, 7.37; N, 6.82;
Found: C, 70.57; H, 7.538; N, 6.83.

1-(8-Hydroxyethyl)-5-methoxy-2,6-dimethylindole  (VIII).—
Methyl sulfate (204 g, 1.63 moles, 155 ml) was added dropwise
under nitrogen over 4.5 hr to a stirred, boiling solution of 100 g
(0.49 mole) of VII in 1.251. of 2 N NaOH. Heating was continued
for 0.5 hr after completion of the addition. The crude product
was isolated with ethvl acetate and adsorbed from CH.Cl; onto
a Florisil (magnesia-silica gel) column. The column was washed
with CH.Cly; evaporation of the initial 1 1. of elute gave 98.5 g
(929%) of a pale vellow oil that crystallized on standing. This
material was of sufficient purity for further use. A sample was
recrystallized from CH,Cl-petroleum ether to give white crvs-
tals: mp 78-80°; Amax 210, 278, 294, 308 mu (e 28,000, 9100,
7480, 4820): X 3.05 u: pmr,!4 133 (3s), 138 (33, 2-CH; and 6-
CH;), 214 (m, CH,OH), 226 (3s, OCH;), 230 (m, NCH.), 359
(1s, 3-H), 408 (1s, 4-H), 413 cps (1s, 7-H).

Anal. Caled for C3sHNO,: C, 71.20; H, 7.82; N, 6.30.
Found: C, 70.87: H, 8.00: N, 6.33.

1-(3-Hydroxyethyl)-5-methoxy-2,6-dimethylindole Methane-
sulfonate (IX).—With ice cooling, 69.0 g (0.6 mole) of methane-
sulfonvl chloride was added dropwise over 1 hr to a stirred solu-
tion of 92.0 g (0.42 mole) of VIII in 400 ml of pyridine. A solid
separated during the addition; this mixture was stored at 0-5°
for 16 hr, whereafter it was poured with stirring onto cracked ice.
The amorphous material was extracted into CH,Cl,, and this
solution was washed with saline and evaporated. The residual
solution, pyridine being present, was diluted with methanol to
give 77.0 g of pale vellow crystals, mp 112-113° dec. The
filtrate was evaporated, and the pyridine was azeotropically
distilled with toluene. Chromatography on Florisil gave start-
ing material which was recycled to give an additional 17.7 g
(769 total) of crystals, mp 110-113° deec.

Material from a similar experiment was recrystallized from
CH,Clo-petroleum ether to give white crystals: mp 118-120°
dec; Amax 210, 276, 295, 306 mu (e 29,300, 9380, 6850, 4760);
A 7.45, 855 u; pmr,4 140 (6s), 146 (3s, CH;380,, 2-CH;, and 6-
CHjy), 228 (38, OCH,), 254, 256 (41, J =~ 5 cps, NCH,CH;0Ms),
368 (1s, 3-H), 414.5 (1s, 4-H), 419 cps (1s, 7-H).

Anal. Caled for CiyH sNO,S: C, 56.56; H, 6.44;: N, 4.71; 8,
10.78. Found: C, 56.66; H, 6.79: N, 5.06; S, 10.61.

1-(3-Hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indolecarbox-
aldehyde Methanesulfonate (X).—With ice cooling, 21.8 g
(0.143 mole, 13.0 ml) of POCl; was added dropwise with stirring
to 75 ml of DMF at such a rate that the temperature remained
at 0-3°. A solution of 42.2 g (0.142 mole) of IX in 225 ml of
DMF was then added at 5° or less; this addition required ap-
proximatelv 3 hr, The resulting dark solution was then stirred
at room temperature for 1 hr. With ice cooling, a solution of
50 g of Na,CO; in 500 ml of water was added dropwise until ap-
proximately one-half of the solution was added, the remainder
being added rapidly. Water (500 ml) was added, and the mix-
ture was stirred at room temperature for 1 hr and filtered to give
38.9 g (84%,) of solid, mp 185-187° dec, of sufficient purity for
further transformations.

Material from a similar experiment was recrystallized from
acetone and then from methanol to give white needles: mp
187.5-189° dec; Amax 214, 254, 282, 305 mu (e 30,700, 19,200,
15,600, 13,800); A 3.55, 3.67, 6.08, 7.40, 8.50 u; pmr (80°),13
140 (3s, 6-CH;), 164 (3s, 2-CH;), 181 (3s CH380,), 232 (3s,
OCH3), 273 (4s, NCH.CH,080,), 441 (1 s, 7-H), 459 (1s, 4-H),
504 cps (1s, CHO).
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Anal. Caled for CisHiyNO:S: C, 55.38; H, 5.89; N, 4.15; 8,
9.84, Found: C, 55.38; H, 5.93; N, 4.22; 8, 9.85.
1-(3-Hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indole-
carboxaldehyde Methanesulfonate (XI).—Yellow fuming nitric
acid (34 ml) was added dropwise to a stirred mixture of 34.1 g
(0.105 mole) of X in 500 ml of glacial acetic acid; the reaction
temperature was maintained at 16-20° by ice cooling as it was
required. Stirring was continued for 30 min at room tempera-
ture after completion of the addition: the reaction was never
free of undissolved solid. The mixture was filtered, and the
solid was washed with water. The combined filtrate and wash-
ings were extracted with CH,Cl,, and the organic solution
was evaporated. All material was combined and recrvstal-
lized from acetone-petroleum ether (bp 60-70°) to give 23.6 g
of crystals, mp 181.5-183.0° dec. Concentration of the mother
liquor gave an additional 4.00 g (7167 total), mp 175-177°.
Material from a similar experiment was recrystallized from
acetone-hexane to give crystals: mp 182.5-184.0° dec: Amax
214, 243, 290 myu (e 32,900, 15,500, 12,300); A 3.52, 6.04, 6.51,
7.42, 854 u: pmr,'® 147 (3, 6-CHy), 165 (35, 2-CH,), 190 (3x,
CH380,), 230 (35, OCH;), 278 (4s, broad, NCH.CH,080,),
465 (1s, 7-H), 515 eps (1s, CHO),
Anal. Caled for CisHisNsS: C, 48.65; H, 4.90; N, 7.57; &,
8.64. Found: C, 48.80; H, 4.85; N, 7.91; S, 8.61.
1-(3-Fluoroethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indole-
carboxaldehyde (XIIIa).—A mixture of 5.00 g (13.5 mmoles) of
XTI and 5.00 g of KF:2H;0 in 160 ml of methanol was heated in a
stainless steel bomb at 150° for 18 hr. The contents of the bomb
were distributed between CH,Cl; and water. The material in
the organic phase was recrystallized from acetone—petroleum
ether (bp 60-70°) to give 2.58 g (65%) of vellow crystals, mp
175-178°, Material from a similar experiment was obtained
from acetone-hexane as yellow crystals: mp 183.0-184.5°:
Amax 214, 246, 290 mu (e 31,500, 14,500, 11,600); X 3.67, 6.03,
6.51 u; pmr,!8 147 (3s, 6-CHy), 165 (3s, 6-CH;), 230 (3s, OCH,),
265 (2s, low-order coupling with CH,F), 302 (2, pair of triplets,
Ja-r = 20 ¢ps, Ju-u = 5 cps, CH.F), 465 (1s, 7-H), 595 cps
(1s, CHO).
Anal. Caled for CiH:FN.Qy: C, 57.14; H, 5.14; F, 6.45;
N, 9.52. Found: C, 57.30; H, 5.21; F, 6.24: N, 9.79.
1-(B8-Azidoethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indolecar-
boxaldehyde (XIIIb).—A mixture of 370 mg (1.0 mmole) of XI
and 350 mg of NaNj; in 25 ml of DMF was heated on the steam
bath for 18 hr. The solution was diluted with water, cooled,
and filtered to give 262 mg (839%) of crystals, mp 133-135°.
Recrystallization from acetone-petroleum ether (bp 60-70°)
gave crystals: mp 136-137°; Amax 218, 246, 293 mgu (e 30,800,
14,600, 11,700); A 3.52, 4.68, 4.76, 6.04, 6.50 u; pmr,!3 146
(3s, 6-CHj), 165 (3s, 2-CH,), 229 (overlapping signals, OCH,,
CH;, CH;Ns), 266 (2t, J = 7.5 cps, NCH,), 464 (1s, 7-H), 595 cps
(1s, CHO).
Anal. Caled for CLHisN;04: C, 52.99; H, 4.77;
Found: C, 52.81; H, 4.92; N, 22.19.
1-(B-Hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indole-
carboxaldehyde Acetate (XIIlc).—A mixture of 5.00 g (13.5
mmoles) of XI and 10.0 g of sodium acetate in 150 ml of DMF was
heated on the steam bath for 15.5 hr. The solution was diluted
with water and filtered to give 4.03 g (899,) of crystals, mp 172-
176°. Material from a similar experiment was recrystallized
from acetone-petroleum ether (bp 60-70°) to give crystals:
mp 179-180°; Amax 217, 248, 295 mu (¢ 42,500, 19,100, 15,400);
X 3.54, 3.65, 5.78, 6.00, 6.51, 8.00 u.
Anal. Caled for CieHisN:Os: C, 57.48; H, 5.43; N, 8.38.
Found: C, 57.09; H, 5.52; N, 8.57.
5-Methoxy-2,6-dimethyl-4-nitro-1-(3-thiocyanoethyl)-3-in-
dolecarboxaldehyde (XIIId).—A solution of 200 mg of 1-(g-
hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indolecarbox-
aldehyde methanesulfonate (XI) and 200 mg of potassium thio-
cyanate in 5 ml of DMF was heated on the steam bath for 20 hr.
The product, obtained by precipitation with water, was recrystal-
lized from acetone—petroleum ether (bp 60-70°) to give 114 mg
(639) of crystals: mp 185-187°; Amax 218, 246, 292 mu (e
31,600, 15,500, 12,300); X 3.52, 3.65, 4.65, 6.04, 6.51 u.
Anal.  Caled for C:Hi;N308: C, 54.05; H, 4.54; N, 12.61;
S,9.60. Found: C, 54.14; H, 4.86; N, 12.56; S, 9.38.
4-Amino-1-(3-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde Methanesulfenate (XII).—A stirred solution of
15.00 g (40.5 mmoles) XTI in 450 ml of glacial acetic acid and 45 ml
of water was heated to steam-bath temperature, and 20.0 g of
iron filings were added in 13 approximately equal portions over

N, 22.07.
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2 hr. An additional 45 ml of water was added after 45 min, and
the reaction was heated 30 min after the last addition of iron
filings, The mixture was diluted with water and extracted with
CILCL.  The washed and dried ovganic solution was evaporated,
and the residue was recrvstallized from CHyClo-petroleum ether
to give 9.55 g (694¢) of tan ervstals, mp 133--135°.  Material
from a similar experiment was obtained as tan ervstals: mp 134.5
136.0°: Ax 228, 250, 280, 345 mp (« 30,600, 15,700, 4200, 47(3()»-
N 365, 6.14, 6.25, 745, 851 u; pmr,'? 136 (35, 6-CHy), 107 (3=,
2-CHy), 183 (35, CHSOy), 218 (3%, OCHy), 266 (45, NCHJ 1{_~
OR0s), 366 (2, broad, NH.), 390 ( I, 7-11), 584 cps (1s, CHO L
Anal. Caled for CuHaoN2O0sS: O, 52,930 I1, 592 N, 8.23:
=, 942, Found: C, 52.87; H, )\4 N, 853 12, 0.1,
4-Amino-1- ﬁ-ﬂuoroethyl)-S-methoxy -2,6- (llmethyl 3-indole-
carboxaldehyde (XVIIa).—Compound XIIIa (2,065 g, 7.05
mmoles) was reduced with iron filings (2.67 g) in acetic acid ax
as deseribed above,  Recryvstallization of the cerude product
from CHCly-petroleum ether gave 1.716 g (9290) of ervstals,
nmp 134-139°. An additinlml recrystallization gave crvstals:
mp 130 14170 N 224, 251, 270, 345 mu e 27,200, 15,100,
9250, 44803 A )')4, 3.05 ').v).'J, 6.13, 6.25 p; pmr, b LEN (38,
6-C'Hy), 145 (3=, 2-CHy), 222 (3x, OCH), 230-260 (3m), 298 (1,
apparent iriplet); 353 (2] broad, NH.1, 370 (15, T-11), 577 eps
(s, CHO).
Anal. Caled for CulTpFNQer C, 63.62: H, 6.49: F, 7.16;
N, 10.60. Found: () 63.70: H, 6.65: F, 6.99: N, 10.40.
4-Amino-1-( 8-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde Acetate (XVIId). A. --In the manner described
above NIITe (4.03 g, 12 mmoles) was reduced with ivon filings
(6.0 g) in acetic acid.  Recrystallization of the crude product
from CH.Cly-petroleum ether gave 2.48 g (6875 of tan erystals,
mp 172--176° Two additional recrystallizations from the same
solvents gave crvstals: mp 178-1807: A, 228, 253, 280, 347 mu
Le 27,900, 14,750, 8700, 4730); X 2.90, 3.05, 3.55, 5. :4 6.12, 6.2
woopmy, 16 (Bx, CH,COO, 136 3%, 6-CH;), 159 ( 2-C H
2185 (3%, OC 114). 260 (4, f\(/H_v(,‘Hg():\('), 36T (2 l)lmul, NH_N,
391 (s, 7-H), 486 (1s, CHO ).
Anal. Cualed for CiHaNoO ) 63,140 H, 6.62: N, 9.21.
Found: C, 6247; 11, 6.32; N, 9.02,
B.-~Reduction of XIIIh (5 300 mg, 1.58 mmoles) with (it')T lng ut'
ivon filing< in 50 ml of glacial acetic acid gave 260 mg (54¢7
the acetate ester as tan crvstals, mp 175- 1799 the infrared >pe\< -
trum of this material had a weak band at 4.75 u indicating con-
tamination by the corresponding 1-(g-azidoethyl) derivative.
4-Amino-1-(3-azidoethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde (XVIIe).-~A solution of 1.522 g (4.48 mmoles) of
NIT and 1,80 g of NaNyin 45 ml of DMF was heated on the steam
bath for 161 The resulting solution was poured into 500 ml
of water, .md Ihc resulting turbid solution was chilled for 4 hr
Lo give 794 mg (6297) of crvstals, mp 117-120° Material from
o <imilar experiment was reervstallized from CH,Cly-petroleum
ether to give e ervetalss mp 123-124°: N0 226, 252, 280,
SN m (e 34800, 18,100, 10,300, 5160): A ").2, 3.05, 3.55, .75,
6.12, 6.23 p; pm,'t 137 (3s, 6-CHyy, 148 {3y, 2-C H h, 2189 (2,
partially hidden, CH2Ny), (")’\ ()(‘H ), 240 (2t, J = 5 ¢p=
NCHy), n., (2, hm.id NH. B -1 ,o\] cp~ l~ CHO).
Anal, Caled for CyHy; 3.0 I, N, 24.38.
Found: ) 58.33: 11, 5.06;
4-Amino-1-( 3-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde (XVIIe).-—A solution of 2.466 g (8.12 mmolesx) of
XVIId in 100 ml of methanol was treated with 6 ml of 109
KoC'Oy andd stirred at room temperature under nitrogen for 1 hr.
Glaeial aen e acld (0,45 ml) was added and approximately one-
hall the <o vent was removed.  Water (200 ml) was added, and
after 16 hr filtration gave 1,668 g (79°7) of tan needles, mp 157
150° A wample wax reervstallized twice from CHRCL to give
needles: mp 160216171 Apas 228, 254, 280, 348 mpu (e 50,200,
16,200, 9600, 539017 A 2.03, 3.04, 3.55, .25 w: pmr,?® 138 (35,
6-C"Hy), 158 (3%, 2-CH;) 0 (3=, OCHy), 226 (2m, CH.OH ), 246
020, = 5 eps, \( H), 207 (1, = 5 eps, CHOH), 368 (broad
NHL), 389 (1, T-H), ,»‘44.5 eps (1s, CHO).
Anal, Caled for CpllisNaOg: O 64100 T, 6,92,
Found: ¢, 64.47; 11, 7.13: N, 10.50.
4-Amino-5-methoxy-2 6-dimethyl-1-( 3-thiocyanoethyl)-3-
indolecarboxaldehyde (XVIIf). A solution of 500 myg (147
mmoles) of XTI and 500 mg of potassinm thioevanade in 10 mi
of DMEF was heated on the <team hath for 15 hree The resulting
gel was poured into d0 ml of water to give 369 mg (783 of erys-
tals, mp 190 103° Combnostion analysis of thix material indi-
eated 1t to be impure, but it was uxed for further tansformations,

-

N, LO.GN,

canh Magrin g Weiss Vol 10

Amal. Caled for CpllNgO23: O 3934, 1, 5.65; N, LLR6:

210570 Found: (), 38,520 H, 5.63: N, 12.95; 8, 10.16.
4-Amino-1-{ 3-chloroethyl)-5-methoxy-2,6-dimethyl-3-indole-

carboxaldehyde ( XVIIb).-—A mixture of 2.000 g (5.90 mmoles) of
NII and 1,224 ¢ of LiCTin 40 ml of DMF was heated on the <teqam
bath tor 17 e, Precipitation with water gave 1.IS6 g (717, 1 of
tan ~olid, mp 120-122%0 A wample was reervstallized  from
CH.CLe |)(lmlulm ether to give tan ervstals: mp 125.0- 12657
Apn 22802500 2800 345 mp (e 28800, 15,5300, 9400, 50601 A
291, 3.04, 5550 6.2, 625w opnuy 't 140 (38, (3—(7!1 i
2-C' Hy, 224 coverlapping signals, CHLO, CH.CL, 2 24,
eps, NCHa 354 020 broad, NHa, 374 (15, T—Hi ') S oeps (s
CHO

Anal. Caled for O CINGD s O 5089 H, 60100 C 12,608
N, 098 Found: ¢, 60410 H, 6.35; Cl, 12,5830 N, 10,50,

4-Amino-5-methoxy-2,6-dimethyl-1-( 3-methylmercaptoethyl ;-
3-indolecarboxaldehyde (XVIIg).--A mixture of 1.000 g (2.94
mmoles) of NXTT and 700 mg of sodium methylmereaptide in 50 ml
of acetone was stirved st room temperature for 15 hee Water was
added ol the =olid dissolved and the acetone wus removed.
The resudiing solid wax collected and recrystallized from CH.Cl-
petroleum ether to give 367 mg (66° () of vellow erysials, mp
126.5 125.5° Two additional reervstallizations gave yvellow
crvstals:  mp  1285-130.0°; )x,,.‘\ Elh, 245, 268, 350 mp
28,500, 15,600, ‘.)2’»')(), ,')1‘)()'. 2094, 3.05 A, (H'.l. ('» "“) ,u
prie, 124 (3s, CHyS (3, (1 @ H;/, l)-l‘ 2
./ = 7.0 eps, CHoN ,_-) Se, QOCHy), 245 (2 ]7 p~ '.\'(‘H..,;‘

335 throad, NHyo, 876 (1=, 7-H), A84 ep= ,1.\, (H()\.

Aud. Caled tor (‘MngN-_»()g;\'t 61630 11, 6.90;
SO10.990 Found: O, 00270 L 6,61 NU 956 8, 10,85,

1-{ 3-Substituted ethyl)-5-methoxy-2,6-dimethyl-4,7-dioxo-3-
indolecarboxaldehydes. The f{ollowing preparation of 1-(3-
hydroxyvethybi-s-methoxyv-2,6-dimethyvl-4,7-dioxo-3-indolecarbox-
aldehyde methanesulforate (XVI9ay = dlustrative of the general
procedure. To w <tirved solution of 349 ¢ (13 mmoles) of po-
tassium nitroxodi=nlfonate in 60 ml of water and 30 ml of 0167 1/
KIHLPO, was added w solution of 1,000 g 3,24 mmoles) of XVIle
i 90 mb of acetoner The resulting deep rved solution was stined
al room temperatave for 17 hry, whereafter it was diluted with
witer and extracted with CIHLCL. The crnde produet, was
chromatographed on Florisil: the material eluted by 1250 mi
of chloroform acetone (901 wax reeryvetallized from acetone
petroleum ether thy 6(070%) to give 736 mg of red erystals,
mp b1 Further characterization of this substanes s
given in Tuable 1.

5-Methoxy-2,6-dimethyl-4,7-dioxo-1-|3-( 2- tetrah)dropyram I-
oxy Jethyl!-3-indolecarboxaldehyde (XVIf).- - To a =tivred =olution
ol 1048 g (350 mmoles) of 1-(3-hvdroxy (*I}l}l)-.)—[ll(dt}l()x) -2,6-
dimethyl-4,7-dioxo-3-indolecarboxaldehyvde (NVed and 16 mg
of p-toluenesulfonic weid monohydrate in 23 ml of ethyl acetate
was sdded 0067 ml of dibydropyran at 50°.0 The resulting solu-
tion wus =thred wl room temperature for 30 min, wherveafter it
was washed suecessively with NaHCOy solution and saline, dvied,
el evaporated to give an ol which was ntilized without puri-
fication.

1-: 3-Substituted ethyl)-3-hydroxymethyl-5-methoxy-2,6-di-
methylindole-4,7-diones. --The following preparation of NXVa ix
illustrative of the general procedure. A stirred solution of 336
mg (1.2 mmoles) of 1-{3-fluoroethyl)-3-methoxv-2,6-dimethy1-4.7-
dioxo-3-indolecarboxaldehyde (XVIB) in 100 ml of methanol was
=wept with nitrogew, heated to reflux temperature, and treated
with 400 mg of NaBI,.  Heating was discontinued afier approx-
imately 2 min, and the resuliing pale vellow =olution was stivred
under nitrogen at roorm temperature for L he. - Acetone (5 ml) wis
added, and after 5 min 3 ml of o solution of 1 N FeCl, in L1 A
CT wax added.  The resulting mixture was distributed between
CHoCly and water. The agueous phase was extracted further
with CIH.CL, and the combined, dried orgavic extracts were
evaporated.  The rvesidue wuas ]HI\\IdHi/é‘d from acetone
hexane to give 263 mg (750 of 1-(8-fluoroethyl)-3-hydroxy-
methyl-5-methoxy-2,6-dimethylindole-4,7-dione (XVa) ax red
ervstals, mp 114-116°. Recrystallization from the same solvent
pair gave red crvstalss mp TG TIS® Xy 230, 286, 345, 460 my
(e 1N,300, 140600, 3380, 13%0); X 2.92, 6.05, 6,14, 6.2%, 6.02 u:
P TG U, 2-C'HL, 156 (3, G- (‘11 3, 240 (e, CHLO), 260012,
low=order coupling, NCHyr, 276 025, CHs0), 206 eps (2, paiv of
triplets, Jy 200 ep~, Sy o= D ‘1).~ i

Aneds Culed Tor CHGENOg O S008I a7 1, 6.0
N BUS Found: Coavon H, 807 F, 6.050 N, A2

155 L.,
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3-Hydroxymethyl-5-methoxy-1-{ 3-methylmercaptoethyl)-2,6-
dimethylindole-4,7-dione (XVe) was obtained from ether—
petroleum ether as red crystals: mp 91-93°; Nnax 230, 286, 345,
460 mu (e 18,200, 14,500, 3160, 1300); A 2.90, 6.03, 6.12, 6.21,
6.65 u: pmr,1* 116 (3s, 6-CHjy), 131 (3%, SCHy), 137 (35, 2-CHj),
166 (2t, J = 7 cps, NCH.CHS), 239 (3s, OCH;), 265 (2t,J = 9
eps, NCH,CH,S), 270 cps (28, CH20).

Anal. Caled for CiH o NOSS: C, 58.24; H, 6.19; N, 4.53;
8,10.36. Found: C, 58.353: H, 6.89; N, 4.70; S, 10.11.

Reduction of 1-(g-azidoethyl)-3-methoxy-2,6-dimethy1-4,7-di-
oxo-3-indolecarboxaldehyvde (XVId), 1-(3-chloroethyl)-5-meth-
oxy-2,6-dimethyl-4,7-dioxo-3-indolecarboxaldehyde (XVIc), 5-
methoxy-2,6-dimethyl-4,7-dioxo-1- [8-(2-tetrahydropyvranyloxy)-
ethvl]-3-indolecarboxaldehyde (XVIf), and 5-methoxv-2,6-di-
methyl-4,7-dioxo-1-(8- thiocyanoethyl)-3-indolecarboxaldehyde
(XVIg) gave oils which were converted into the carbamate esters
without purification.

General Procedure for Conversion of the Indoloquinone Alco-
hols into the Carbamate Esters.—The following preparation
illustrates this procedure. 1-(g-Fluoroethyl)-3-hydroxvmethyl-
5-methoxy-2,6-dimethylindole-4,7-dione (XVa) (387 mg, 1.38
mmoles) and 15 m! of methyl isocvanate were heated at gentle
reflux for 20 hr. The excess isocvanate was removed and the
residue was recrystallized from CH.Cli-petroleum ether to give
290 mg (62¢%) of the methylearbamate XIVa as orange needles,
mp 162-163°. Complete characterization of this substance and
the other compounds (XIVb-d and g) prepared analogously is
given in Table II.

1-(3-Hydroxyethyl)-3-hydroxymethyl-5-methoxy-2,6-dimethyl-
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indole-4,7-dione 3-Methylcarbamate (XIVe).—A solution of 300
mg (0.72 mmole) of 3-hydroxymethyl-5-methoxy-2,6-dimethyl-1-
[8-(2-tetrahydropyranyloxy)ethyl]indole-4,7-dione  methylcar-
bamate (XIVd) in 60 ml of methanol and 15 m! of 0.1 N HCI
was stirred at room temperature for 23 hr. Thin layer chroma-
tography showed two spots, each being more polar than starting
quinone. The crude material was isolated with CH,Cl; and ad-
sorbed from benzene onto a column prepared from silica gel and
benzene. The column was washed with ether; upon eluting the
first orange band, 123-ml fractions were collected. After col-
lection of 12 fractions, the more polar band wax eluted with
acetone to furnish the product, the characterization of which is
given in Table I1.

3-Hydroxymethyl-5-methoxy-2,6-dimethyl-1-( 3-dimethyl-
sulfoniumethyl)indole-4,7-dione Methylcarbamate Iodide (XIVg).
—A solution of 50 mg (0.14 mmole) of XIVf in 5 ml of CH;I was
allowed to stand at ambient temperature in the dark for 6 days,
after which time the solvent was removed. Characterization of
the product is given in Table IT.
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The activity of pyrroles, 2,2’-dipyrrylmethenes, 2,2’,2"-tripyrrylmethenes, 2,2’-bipyrrole, and congeners
against representative bacteria, fungi, and yeast, and of prodigiosin against pathogenic fungi is described. The

activities of the pyrroles and methenes vary with substitution,

pyrroline interferes with glycine metabolism.

There have been a number of studies?—1° devoted to
an investigation of the bipyrrylpyrrylmethene prodigio-
sin (1), which occurs in the pigment produced by the
bacterium Serratia marcescens. Notable among these
is the claimed®® activity of this compound against
the pathogenic fungus Coccidiodes imimnitis, the causative
agent for coccidioidomycosis (San Joaquin Valley
fever). The potential application of the bacterial
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Reversal studies indicate that 2-pyrrol-2-yl-1-

metabolite has been hampered apparently by its
toxicity. In view of the activity that has been de-
scribed for this compound and the generally important
role of pyrrole derivatives in biological systems, it was
of interest to investigate the antibiotic properties of
simpler and more readily attainable pyrroles, dipyrryl-
methenes, and certain congeners.

Among a number of pyrroles investigated (alkyl
derivatives, aldehydes, ketones, esters), 2,4-dimethyl-3-
ethylpyrrole was found to be qualitatively active (agar
diffusion—filter paper disk method) against Bacillus sub-
tilis, Staphylococcus aureus, Mycobacterium smegmalis,
Candida albicans, Trichophyton mentagrophytes, Peni-
cillium sp., Aspergillus niger, and Saccharomyces cere-
vistee. An isomeric mixture of 2- and 3-heptylpyrrole
(5.4:1) showed activity against B. subtilis, S. qureus,
Pseudomonas aeruginosa, C. albicans, A. niger, and S.
cerevisiae. In contrast 2-methylpyrrole, 2,4-dimethyl-
pyrrole, and an isomeric mixture of 2- and 3-ethylpyr-
role (2- chiefly) were shown to be inactive against the
same microorganisms. However, all of the alkyl-



