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Reaction

of 1-(8-hydroxyethyl)-3-methoxy-2,6-dimethyl-4-nitro-3-indolecarboxaldehyde methanesulfonate

(XI) with KF and sodinm acetate (followed by ester hydrolysis) gave the 1-8-fluoroethyl and 1-8-hvdroxyethyl

derivatives:

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

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

ethyl, and 1-8-methylmercaptoethyl derivatives, respectively.

The varions products were converted into 1-

(B-substititted ethyl)-3-hydroxymethyl-5-methoxy-2,6-dimethylindole-4,7-dione methylcarbamates (XIV) using

established procedures.

In a previous paper from this laboratory we deseribed
the preparation of the mitomycin-related indoloquinone
I and noted the in vitro and in vivo antibacterial ac-
tivity of this substance.? Omte aspect of our analog pro-
gram was the synthesis and antibacterial evaluation of
certaint indoloquinones having substituents in the 3
position of the 1-ethyl group, which we now report.

The convenient preparation of a significant nuniber
of analogs obviously required that we be able to effect
nucleophilic substitution at the g-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 displacenients. In view of the kuown suscepti-
bility of Sx2 displacements to steric factors,® the
feasibility of the desired nucleophilic substitu-
tion was first tested with an appropriate model sys-
tem, the 1-3-mesyloxyethylindole V. This indole was
prepared by a Nenitzescu* condensation of ethyl 8-(2-
hydroxyethylamino)crotonate (available froin reaction
of aminoethanol with ethyl acetoacetate) with tolu-
quinone, methylation of the 53-hydroxyindole ester II,
and finally niesylation of the resulting 1-8-hydroxy-
ethyl-5>-methoxy derivative IV (see Scheme I). We
would note that in the condensation giving indole ester
II. the isomeric H5~hydroxy-7-methylindole ester IIT can
be isolated in minute quantity.® Although treatment
of mesylate V with potassiuni thiocyanate in boiling
acetonte (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 IT was also used for the synthesis of the
desired analogs. Thus, decarbethoxylation of II 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 themesylate IX and then to
the 3-carboxaldehyde derivative X®(see Scheme IT). Ni-
tration of this aldehyde with fuming nitric acid in glacial
acetic acid then furnished the 4-nitro-3-indolecarboxal-
dehyde XIin 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.?®

Initially, it was our intent to convert the nitroalde-
hyde XI to the fully elaborated 1-g-niesyloxyethyl-5-

(6) A. Vilsmeier and A, Haack, Ber., 60, 119 (1927).
léé)_)G.R.Allen. Jr.. L. J. Binovi, and M. J. Weiss, J. Med. Chem., 10, 7
( ‘(8)’ :X similar observation is recorded for the nitration of 1- (and/or 2-)
alkyl-3-indolealdehvdes: (a) G. Berti, A. Da Settimo, and O. Livi, Tetra.

hedron, 20, 1397 (1964); (b) W. E. Notand, L. R. $mith, and K. R. Rusbh,
J. Ovcg. Chem., 80, 3457 (1965).
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niethoxyquitione earbamate (XIV, X = OMs), aud
thett to effect the desired displacements o this Latter
substatice. Thus, veduction of XI with iron in acetie
acid gave the corresponding aminoaldehyde XII, which
ot oxidation with potassium nitrosodisulfonate? nf-
fordeld the p-quinone-3-aldehyde XVIa. However,
sodium borohydride reduction of this quinonenaldehyde
followed by regencrationt of the quinone systemn with
actdie ferrie chloride fatled to give the corresponding
qainontecarbinol.  Preliminary efforts to effect displace-
ment of methanesulfonate in quinonealdehyde XVIa by
acetate were unrewarding, 1mo reaction oceurring in
boiing methanol (16 hr) and only the formation of an
intrietable oil being noted in dimethyHormamide at
steam=buth temperature. Thus, the nitroaldehyde X1
attd the aminoaldehyde XIT represented the inter-
ntediates, wearest to the final analogs, with which we
coald effect the destred displacemenits,

Trestment of nitrosnldehyde ntesvlate XI with potas-
stuin fluoride aud sodium acetate gave the corresponding
1-(8-substituted ethyhaldehydes XITTn and XIIIe, re-
spectively. Reduction of the nitro group in the 1-3-
fluoroethyl XIIIa and 1-8-acetoxyethyl XIIIc deriva-
tives was accomplished with iron in acetic acid to give
the 4-nmino dertvatives XVIIa and XVIId, respectively.
However, when this reduction procedure was applied to
the I-g-nzidoethyl-4-nitroaldehyde XIIIb. obtaimed by
retetion of sodiunt azide with XII, concomtitant acetol-
ywix of the azido group occurred, :nd the 1-8-ucetoxy-
cthyl-t-iminoaldehyde XVIId wuas obtaitied it 549
vield.  Saponification of XVIId to the 1-8-hydroxy-
ethylaldehyde XVIle was accomplished with potassium
earbonate in agueous methanol.  Other 1-(8-substituted
ethyDaniiitonldehydes were obtained by displacements
on the mninontdehyde mesylate XIT with appropriate
reagents, thus, the preparation of the 1-8-chloroethyl.
|-g-nzidocthyl,  I-g-thiocyanocthyl, and  1-g-methyl-
thioethyl derivatives (XVIIb, ¢, f, aud ),
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The varioas  I-(g-sabstituted  ethyl)-3-nminoslde-
hyvdes NVIT were then converted into the corresponding
S-methoxy-4.7-indologuinone-3-nldehydes by oxidation
with Fremy's sabt:" these proditetsare hsted in Table 1
We would note the genernl excellence of these oxida-
tions. which procecded in yields superior to those ob-
served tn the parallel preparatioa of a series of 1.2.6-
triatky -4 7-indologuineune-3-aldehydes.”

Elnboration of the hyvdroxynrethylearbamate ester
side chan front the quinonealdehvdes was achieved by
sodium horohydride reduction of the katter compounds
atd regeneration of the quinone systenr with actdic
ferrie chlocide.  For the preparation of the 1-g-hy-
droxyethyl member of this series, (he precursor lde-
hyde XVIe was blocked as the tetrahvdropyrinyl
ether XVI prior to reduction.  Most of the quinotie-
carbitiols were obtatned as otls which were ased witho
purification.  These materials were then converted
into the destred N-methyvlenrbamate™ qunlogs hy trent-
ment with methyl socynuate ('l'lbh Il It <hould
be noted that, o the reduction of the I-3-thioeyano-
ethyl dertvative XVig, at least pml al vleavage of the
S-CN bound ocenrred™ and none of the desired thio-
evano dertvative was obtatied, Inasinuch as this re-
ductiotnt prodicet was treated with ferrie chloride foe the
regeneration of the (lnin()uv svstenn, the finad prodhit

was the disillide analog XVIIT (poor vield).  Neud
0
CHO ‘ . o
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G Gavlont, “Rebnedpn with Complexs Medal Hydrides,” Tyraseicire Pro
lisbers, Toe., New York, NoYL 1036, p 8831 recently R. K. Olsen aml IH B
Snyvler L. ooy .. 30, 181 110G53 ] have wlso noledC rhis yransformaden
with Nalhll
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TasrLe 1
1-(8-SUBSTITUTED ETHYL)-0-METHOXY-2,6-DIMETHYL-4,7-DIOX0-3-INDOLECARBOXALDEHYDES
0O
CH,0 CHO
CHs N CH;
O CHCHX
Yield,* Reerystn Carbon, 9/, [lydrogen, . Nitrogen, i, Solfor alogen,
Compil X Y solvent My, °C* Torinola Caled Found Caled Toond Caled TFoond Caled Found
XVia S0sCH; 71 Me:CO-petr 143-144 CisHirNO:S 50.71 51.07 4,82 5.18 3.94 +.09 9.03 8.90
ether
XVIb F 49 Me:CO—petr 114-117 CuHuFNO; 60.21 60.04 5.06 5.37 5.02 5.43 6.81 6.96
ether
XVie Ct 58 CH:Cl—petr 113-114 CisHyCINO4 56.86 56.79 4.77 5.14 +.74 4.81 11.49 11.91
ether
XVId Nz 69 CHaCle-petr 78-79 CiiHisN4Os 355.62 55.94 4.67 4.88 18.54 18.71
ether
NVle Oon 76 C HaCle—petr 12Y-1351 CisHisNOs 60. 64 60.39 3.45 5.131 5.00 5.46
ether
XVIg SCN 30 CH.Cle—petr 137-138 CisHiaN:043 56.60 56.28 4.43 4.83 8.80 8.75% 10.07 Y.75
ether
XVIb SCH; 58 CH:Cle—petr 85-86 CisHirNO& 58.63 58.71 5.58 5.80 4.56 +.71 10.43 10.25
ether

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

® These products had A 213-218, 24(0-248, 268-

271, 280-282 (sh), 330-339, 430-435 mu (e 19,200-24,800, 11,800-13,100, 11,900-13,500, 11,100-12,100), 4280-5180, 890-1060): X 3.51-
3.52, 5.94-6.00, 6.02-6.04, 6.09-6.14, 6.18-6.23, 6.51-6.53, 6.60-6.64, 9.03-9.06 u; pmr, 115.5-118 (3s, 6-CH;), 156.5-160 (3s, 2-CHj3),
237-240 (3s, OCH3), 615-631 cps (CHO), in addition to the expected NCH,CH,X resonances.

TasLe 11
I-(B-SUBSTITUTED ETHYL)-5-HYDROXYMETHY L-D-METHOXY-2,6-DIMETHYLINDOLE-4,7-DIONE METHYLCARBAMATES
0O
CH;O CH,OCONHCH,
CHs N CHs
O CHCHX
Yield, @ Recrystn Carbon, % Hydrogen, % Nitrogen, Y% Sotfor*Hatogen, ¢

Compd X A solvent Mp, °C? Formula Caled Found Caled Found Caled Found Caled Foond
X1Va 1y 62 CH.Clo-petr 162-163 CisHisFN205 56.79 56.53 5.66 5.69 8.28 8.11 5.62 5.81

ether
XIvb Cl 49¢ CH:«Cl—petr 157.5-159.5% CisHisCIN.Os 54.16 b4.25 5.39 5.92 7.89 T.29 10.00 10.64

ether
Nive N3 16°¢ CH:Ch~-petr 139-140 CisHisNs0s 53.18 53.30 5.30 5.45 10,38 19.u8

ether
X1vd Olbp 27 CH.Ch-petr  133.5-135.0" CuHasN+Ox 59.99 60.14 6.71 6.78 6. 66 6. 40

ether
X1Ve OH 27 CH,Cl—petr 153-154 CisH oN.Os H7.13 56.90 5.949 6.24 8.33 §.32

ether
X1VE 2CH; 60 CHsClepetr 151-152 CiiHuN20s8 535.73 55.58 6.05 6.10 T.63 TAT 8.72 8.76

ether
X1vg FR(CHaI - 71 Methanol- 128.0-129.57 CisHuIN:OsS 42,52 42.63 4.96 5.58 5.51 S5.24 6.31 7.07

ether dee ) ) 24.97 24.00
XVII a8 o Me.CO- 112-115* CaHpNi0wSd 54,69 54.64 5.45 5.77 7.97 7.60 B.12 8.87

hexane

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

5 Compounds XIVa-f had Amx 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 »; pmr,'d 111-116 (35, 6-CH3), 137-143 (35, 2-CHy), 154-166 (3d, J = 4.5 cps NHCH,), 234-241 (3%, OCHy),

305-315 (23, CH-0), 410415 ¢ps (1, broad, NHCH;).
(alline intermediate.

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

chromatography nsing a heptane-methanol solvent system; hold-back volume 2.7 (V,,/V. =
h Yield based on XVIg, the last erystalline intermediate.
a heptane-ethyl acetate-methanol-water (70:30:17:4) system; hold-back volume 6.4 (V,,/V. = 2.54);
Found:

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

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

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

Biology.—The in witro antibacterial activity of the
various analogs XIVa—f is givenr in Table III. All
compounds approach the lead indologuinone I in
effectiveness, but no distincet advantage s observed for
any.

¢ Yield based on the corresponding quinone-3-aldehyde X VI, the previons crys-
¢ Purified by partition chromatography using a heptane-ethyl acetate-methanol-waler (83:15:17:4) sy=ten;
¢ Yield based on XVle, the last previous crystalline intermediate.

/ Purified by partilion
DARD). 0 Aye 222, 287, 340, 450 mig (e
" Purified by partition chromatography nsing
Mo 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
measnred with a Varian A-60 spectrometer nsing tetramethyl-
silane as nn internal standard: in the description of these spectra,
the signals are expressed ns xs (singlet), zd (donblet), zt (triplet),
zq (quartet), or zm (nmltiplet), where = is the nmmber of protons
indicated by integration. The petroleum ether used was that
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Foo Uétvee ANTLBACTELL AL ACTIVITY OF THE
1-(3-S1UBS1TTUTED ETHYL - YDEOX Y METHY L=O=METID N Y -2 6D ETNY LINDOLE-4, 7=DIoNE My s asivi s
Q0
CHO_ A CH,0CONHCH,
1‘11m1‘11
O CHCH.X
=Ntinmuom inhib “onea m-_:/'nll}” for--- R
NTIva. NIV, N1ve, N1Vt NTVe,
Organisin N o= 1t N = N = ¢ N = Nu N = OThy X = 0On
Myrobarieeivue suegmalis, ATCC 607 G20 G20 6,25 G20 6.2 25
Staphylovoreus uureus, ATCC G538 1.56 yo12 6.2) 12.5 125 512
Staphylococews qurens, var. Rose 1.56 512 125 625 25 512
Saceina {ulea, ATCC Y341 .25 6.2 125 125 25 6.2
Steeplocorcus fuecalis, ATCC 8043 2.5 S0 . 125 .
Steeplocorrus pyogenes, (UM} (S 0 5 1.om 17N Bob2 7 0.7R
Steeplocorcus <p., g-hemolytic, S0 31z 12.5 625 25 25 125
Streplococeus sp., nonhemolvtic, 11 B b 520 29 20 2h 12.5
Bacidlus sablilis, A'TCC 60653 156 17N 07N 625 RN 1.5
Corynebacterivwe xecose, N1RL B13o7 [FIRLE) 2.5 25 25 25 125
Bactllus cerens, ATCC 10702 030 (1,30 0,78 0,78 Do (134
Pasteueclla waldtocida ATCC 310 (6.25 7= 1.6 136 .25 312

“ Iighest st level: 50 ug/ml

lnetion boiling at 30-60°.  All cvaporations were cavied oat
at rednced pressirve.  Nitrogen analvses were determined by
che Damas technique nsing a combnstione temperatnre of 4H0°
for 1O min.

Ethyl 5-Hydroxy-1-hydroxyethyl-2,6-dimethyl-3-indolecar-
boxylate (II).-—2-Aminoethanol (46.7 g, 0.75 mole) was added
dropwize (0 98.5 g (0.746 mole, 100 mb) of echyl aceloacetate with
=lrring at sich a rate That (he renction (emperature remained at
40--45°; 90 mie wax requiired for the addition. The resulting
solution wax ther <tirred at 35-45° for 3 hr.  Voelatite malerial
wis removed by heating che reactione zolution slightly at water-
pimp pressnre; (hix gave 1281 g (100¢7) of cxude ethyl 8-(2-
hydroxyethylamino)erotonate. Tic mu carlier experiment -
tempted distilaiion of (hix material a6 water-pimp  pressine
cansed decomposition,

The eratonate was treated with a solntion of 90.5 g (0.74 moles
of ohigninone in 500 ml of acetone.  An exothermic reaction
which cansed bolling for 30 min exsned.  The resalting dark =ola-
tion was healed on the steam bath for 90 min and then conce-
trated by distillation, 300 ml of distillate being collected.  T'he
concentrate was chilled in an ice balh nnd filtered to give 33.1 ¢
(1570) of gray =olid, mp 190-193°,  This material was nzed T
further transformations,

Anal. Caled for GyIligNOg Q) 64,96
Fonnd: €, 65.00: J1, 7.04: N, 5.00.

A 1000 g-aliqaot of this material was parified by partiaom
chromatography o Celite (diatomaceous silica) using a heptane-
ethyl acetate-methanol-wuter (60:40:15:6) system.’? The
fractione with peak hold-back volnme 2.4 (V,./V. 3.0) was
evaporated, and the residite was recrvstallized rom acetone
hexane 1o give 760 mg of pnre ester as white erystals: mp 105
196°: Amex 218, 244, 201-300 mu (e 34,900, 15,800, 13,3007 A
2.97, 108, G.04, .13, 8.41, 8.69, .88 »; pour,13 &3 (34, J = 7 eps,
CH,CHy), 135 (3s, 6-CHy), 163 (3s, 2-CHy), 224 (ill-defined m,
CHOH), 249 (6. ./ = 5.5 ¢ps, NCHy), 209 (q, J = 7 ¢ps, OCH.-
ClIly), 296 (11, ./ = 5 eps, CLLOH), 431 (1s, 7-11), 452 (1s, 4-113,
535 eps (s, aryl OH).

Awal Found: €, 64.89; HL 6.790 N, 5.10.

T'he fraction with peak hold-back volume 3.4 was evaporated,
and the residue was reevystallized from acetone-hexane o give
78 mg of ethyl 5-hydroxy-1-hydroxyethyl-2,7-dimethyl-3-indole-
carboxylate (II1) as white erystals: mp 155-157°: Nyax 220, 243,
291 mu (e 30,200, 16,200, 10,800): X 3.00, 6.04, 6.21, 8.55, 8.86,
010wy opmr® 81 (3t, J = 7 cps, CHCUHY), 154 (3s, 7-CHy),
61 (s, 2=CHLE 220 (36 = 5.5 ops, CHOH), 255 (4m, CHe

I, 6.1 N, 505,

y12) For g epmplece deseripann of This techinique as Jdevelnped Ly O
Pidacks see M. J. Weiss, R. F. Scbaub, (00 R, Atten, Jr., J. I, Polecws, ¢
Pidacks, R, 15, Conrow, und ., J. Cosviu, Tearidbedroa, 20, 357 $1064).

131 Derermined in DIRO-ds spndion,

Al data are Tmom ennenrrent assays.

“ Daca for nusabstitued carbamate ester.

CHyy, NCHa), 207 (LG S = 5.5 eps, CILOH), 385 (1d, J = 2.3
eps, 6-10), 4030 (1d, J = 2.5 epx, 4-H), 522 cps (Ls, aryl OH ).
Anal. Foond: €, 65.29; 11, T.18; N, 5.06.

Ethyl 1-Hydroxyethyl-5-methoxy-2,6-dimethyl-3-indolecar-
boxylate (IV).—To a stirred solution of 2.91 g (10.5 mmoles) of 11
1a 20 ml of ethanol and 85 mt of 2 ¥ NaOll solntion was added
dropwise at reflux (emperalure 6.0 g (48 mmoles, 4.45 ml) of
ol methylsalfate.  The solntion was heated ab refhix temperature
for H0 mircafter completion of the addition.  The cocled solntion
was distribated between C1.CL and water; the organic phase
was washed with saline, diied, and evaporated. The residne
was recrvstallized from ClClepetroleiun ether and then from
acerone-hexane to give 1.44 g (4797) of white needles, mp 120-
1227 A additioal reervstallization from the latter solveid
pair gave white needles: mp 127-129°; N 218, 243, 295 mu
Ce 30,700, 18,700, 12,8001 X 2.93, 5.95, 6.00, %.30, 8,45, 8.858 u:
pmrS® S1S G, S = 7 oepss CHRCHY), 1306 (Bs, 6-CHy), 1061
(3, 0-CHyy, 161 (35, 2-CHy), 224 (obscenred, CH.OH), 229 (3x,
OCH), 249 (obsenred, NCHy), 256 (g, OCH-CH), 295 (1t,J =5
eps, CHLOH ), 434 (s, 7-11), 449 eps (1s, 4-H).

dnel. Caled for CelaNO C, 63.95; 1, 7.27:
Fond: O, 65.89: H, 7.13; N, 4.87.

Ethyl 1-Hydroxyethyl-5-methoxy-2,6-dimethyl-3-indolecar-
boxylate Methanesulfonate (V). -A sohition of 434 mg (1.45
mmoles; of 1V in 5 ml of pyridine was treated with 0.2 ml of
methanesaltnayl chloride and altowed to stand a6 3° Tor 21 hr,
Thy salutivo was dilited with water 1o give 515 mg (9447 of
white weedles, mp 134-137°. Owe recrystallization from ace-
{one-hexame gave white crystals: mp 143-144°; Npae 218, 242,
DE8-203 mp Le 38,000, 19,200, 13,600); X 5.95, 7.40, 7.48, 8.33,
KO0, R0, 912 .

dnal. Cuded for CallaNOg: C, 5650.28; T, 6.2%8;
28080 Ponnd: ) 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 mig of
NaN; in 25 mb of DAE was heated on the steam bath for 15 hr.
Sntficieat water to imerease the volnme to 100 ml was added aad
the solid wis eollected (o give 247 mg (9267) of white needles,
myp 122-124°, One recrystallization from acetone-hexane gave
white needles: mp 121-122°0 N« 216, 240, 288 mp (e 35,400,
18,350, 12,500); X 4.70, 4.76, 4.86, 5.94, 8.89, 0.21 wu: pmr*
S5 (3%, S = 7.5 eps, CH,CH), 140 (3s, 6-CHs), 161 (35, 2-CHs),
21412(, J = 7 ¢ps, CHuNY), 233 (3s, OCHy), 244 (2t, J = 7 ¢ps,
NCH,), 263.5 (2q, J = 7.5 cps, OCH,CHy), 415 (1s, 7-11), 476
eps s 4=

dnal, Caled Tor CallaNaOQg U, 60.74;
Fonnd: € 60.42; H, 6.41; N, 17.76.

N.BTY:

I, 6.57: N, 17.71.

11 Decermine] in CHOCL solntion,
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5-Hydroxy-1-hydroxyethyl-2,6-dimethylindole (VII).—A solu-
lion of 183.1 g (0.66 mole) of II in 2000 ml of 2 ¥ NaOH solution
was heated at reflux temperature under nitrogen with stirring
for 2 hr. The cooled solution was made acid to litmns with
HCl. The moist precipitated solid, which had mv 135-159°
(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 ml)
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°;
Aeae 208, 278, 204, 308 mpu (e 26,300, 8840, 6080, 4930): A
2.98 u: pmr,? 135 (3s, 2-CH), 140 (3%, 6-CHy), 220 (2m, CH,OH),
241 (2t, J = 5 eps), 287 (1t, J = 5 cps, CH0H), 355 (1s, 3-H),
408 (1s, 4-H), 419 cps (1s, 7-H).

Anal. Caled for C;HisNOz: C, 70.22; H, 7.37; N, 6.82;
Found: C, 70.57: H, 7.58; 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 ¥ NaOH. Heating was continned
for 0.5 hr after completion of the addition. The crude produet
was isolated with ethvl acetate and adsorbed from CH,Cl; onto
a Florisil (magnesia-silica gel) column. The colomn was washed
with CH.Cly; evaporation of the initial 1 1. of elute gave 98.5 g
(92¢7) of a pale yellow oil that crvstallized on standing. This
material was of suffieient purity for further use. A sample was
recrystallized from CH,Cly-petroleum ether to give white crvs-
tals: mp 78-80°: Amaex 210, 278, 294, 308 my (e 28,000, 9100,
7480, 4820):; A 3.05 u: pmr,' 135 (3s), 138 (35, 2-CH; and 6-
CH;), 214 (m, CH,OH), 226 (3s, OCHj), 230 (m, NCH,), 359
(1s, 3-H), 408 (1s, 4-H), 413 cps (1s, 7-H).

Anal. Caled for CiHNOg: C, 71.20; H, 7.82; N, 6.39.
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 pvridine. 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.Cly,, 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 crvstals, mp 110-113° dec.

Material from a similar experiment was recrystallized from
CH,Cly-petrolenm ether to give white crystals: mp 118-120°
dec: Amax 210, 276, 295, 306 mu (e 29,300, 9380, 6830, 4760):
N 7.45, 8.55 w; pmr,}¢ 140 (68), 146 (3s, CH:80s, 2-CH,, and 6-
CH;), 228 (35, OCH3), 254, 256 (4t, J ~ 5 cps, NCH.CH,0Ms),
368 (15, 3-1T), 414.5 (1s, 4-1), 419 cps (1s, 7-H).

Anal. Caled for CiH\,NOLS: C, 56.56; H, 6.44; N, 4.71; S,
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 solntion 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-
proximately 3 hr, The resnlting dark solution was then stirred
at room temperature for 1 hr. With ice cooling, a solution of
50 g of NasCOj; 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 temperatitre for 1 hr and filtered to give
38.9 g (849%) 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 3.35, 3.67, 6.0%, 7.40, 8.50 u; pmr (80°),!3
140 (3s, 6-CH;), 164 (3s, 2-CH3), 181 (3s CHs80,), 232 (3s,
OCHy), 273 (45, NCH:CH,080y), 441 (1 s, 7-H), 459 (1s, 4-H),
504 eps (1s, CHO).
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Anal. Caled for CiyH1eNO:S: C, 35.38; H, 5.89; N, 4.15; S,
0.84, Found: C, 55.38; H, 5.93; N, 4.22: 8, 9.85.

1.(3-Hydroxyethy!)-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 continned 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-petrolenm ether (bp 60-70°) to give 23.6 g
of crystals, mp 181.5-183.0° dec. Concentration of the mother
lignor gave an additional 4.00 g (719, total), mp 175-177°,

Material from a similar experiment was recryvstallized from
acetone-hexane to give crystals: mp 182.5-184.0° dec: Am,«
214, 243, 200 mu (e 32,900, 15,500, 12,300); A 3.52, 6.04, 6.51,
7.42, 8.54 pu: pmr,1t 147 (3s, 6-CHy), 165 (35, 2-CH,), 190 (3x,
CHﬁSO'j), 230 (33, OCH;;), 278 (45, bI‘OB,d, NCHQCH;OSOQ),
465 (1s, 7-H), 515 cps (1s, CHO).

Anal. Caled for CisHisN.S: 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-(8-Fluoroethy!l)-5-methoxy-2,6-dimethyl-4-nitro-3-indole-
carboxaldehyde (XIIla)—A mixture of 5.00 g (13.5 mmoles) of
X1 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-petrolenm
ether (bp 60-70°) to give 2.58 g (65%) of vellow crystals, mp
175-178°. Mlaterial from a similar experiment was obtained
from acetone-hexane as vellow crystals: mp 183.0-184.5°:
Amax 214, 246, 290 myu (e 31,500, 14,500, 11,600); X 3.67, 6.03,
6.51 u; pmr,!3 147 (35, 6-CHy), 165 (3s, 6-CHj), 230 (3s, OCH,;),
265 (2s, low-order coupling with CH,F), 302 (2, pair of triplets,
Ja-r = 20 cps, Ja—u = 5 cps, CH.F), 465 (1s, 7-H), 595 cps
(1s, CHO).

Anal. Caled for CH:FN:Os: 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-( 8-Azidoethy!l)-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 NaN; 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 mpu (e 30,800,
14,600, 11,700); N 3.52, 4.68, 4.76, 6.04, 6.50 u; pmr,’? 146
(3s, 6-CH3), 165 (3s, 2-CH;), 229 (overlapping signals, OCH,,
CH,, CH.N3), 266 (2t, J = 7.5 cps, NCH,), 464 (1s, 7-H), 595 cps
(1s, CHO).

Angl. Caled for CisHisN;04: C, 52.99; H, 4.77;
Found: C, 52.81; H, 4.92; N, 22.19.

1-(g-Hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indole-
carboxaldehyde Acetate (XIIle).—A mixture of 5.00 g (13.5
mmoles) of X1 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 dilited
with water and filtered to give 4.03 g (899;) of crystals, mp 172-
176°. Mlaterial from a similar experiment was recrystallized
from acetone-petrolenm 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 4.

Anal. Caled for CieHisN2Os: 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-thiocyanoethy!)-3-in-
dolecarboxaldehyde (XIIId).—A solution of 200 mg of 18-
hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indolecarbox-
aldehyde methanesulfonate (XI) and 200 mg of potassium thio-
cvanate 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-petrolenm ether (bp 60-70°) to give 114 mg
(63%) of crystals: mp 185-187°; Amax 218, 246, 2902 mu (e
31,600, 15,500, 12,300); A 3.32, 3.65, 4.65, 6.04, 6.51 u.

Anal. Caled for CsH:N3O48: C, 54.05; H, 4.54; N, 12.61;

8,9.60. 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) X1 in 450 m! 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.  Avcadditional 45 mlb of water was added after 45 min, and
the renction was heated 30 min after the last addition of iron
filings. The mixture was dilnted with water and exiracted with
CILCL. The washed ard dried organic solntion was evapornted,
and the residue was recerystallized from CH,Cl-petraleam ether
to give .55 g (6947) of tan crvstals, mp 133--1353°. Materinl
from a similar experiment was oblained as tan ervstals: mp 134.5
136.0°; Ny 228, 250, 280, 345 mu (e 50,600, 15,700, 9200, 4760
N385, 0,14, 0.25, 743, 8.01 u; 1)1111 13436 (3=, 0-CH, 157 (3s,
D-CHzyy IS5 (s, CHASO), 208 3%, OCHy), 2060 (4x, NCHCHo-
OR0),), 866 (2, broad, NH.), 390 (1s, 7-11), 584 ¢ps i1y, CHOW
Anal. (.al((l for (1,,}13(u LA O, 82,030 1T 5020 N, K235
S 0420 Found: €, 52.87; H, 5.84: N, K55 X, 00158,
4-Amino-1-(3-fluoroethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde (XVIIa).--Compoand NIlTa 12.065 g 7.03
mmolest was redineed with iron filhigs (2.67 g) e neetie acid as
as desaribed above. Becrvstallization of  de crade prodact
from CH.Cl-petrolenm echer gave 1.716 g (929 ) ol crvstals,
mp 134-139°0 An additional recrystatlization gave crystals:
mp 139 14170 Ny 224, 251, 270, 345 nw (e 27200, 15,100,
0250, 4480y A 2.4 A5, 60130 G285 wr piy ' IS (35,
G-CHy), 145 (33, ¢ 2 (s, OCH, 230260 (3m), 208 (1,
apparent (viplet), 353 (2, broad, NHai, 370 (1s, 7-11), 577 »ps
(1s, CHO).
Aoal. Caled for CITFNQOyr €, 63.62: T 6490 F. 71
N, 10600 Fonnd: ) 63.70: H, 6.65: F, 6.99: N, 10.40.

4-Amino-1-(3-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde Acetate (XVIId). A. --In the manner deseribed
above XITle (4.03 g 12 mmoles) was reduced with iron filings
(6.0 g) m acetie acid.  Reerystallizadon ol the crude prodnet
from CH.Ch-pelrolemn echer gave 2.48 g (6373 of tan eryvstals,
mp 172--176° Two additional 1‘(}«1\'\(‘111i7 1(i011>' from the same
solvents gave ervstalss mp 17818070 Ny 228, 253, 280, 347 mu
Le 27,000, 14,750, 8700, 47307; A '_’.m), 300, 3,530, 5.74, 6.12, 6.23
o pmr2® 110 (s, CH,COO0), 136 cos, 6-CH) 19 (s, 2- ( Ha.
ZIND Gisy OCH,y), 200 (45, NCHL.CH.OAe), 307 (2 brand, NHat
301 (1s, 7-H 1, 586 (1s, CHO,

dwels Cuded Tor CgllaNaO: C) 6304 HL, 6620 N 921
Fomed: €, 62,475 H, 6320 N, 9,02,

B.Rednetion of X11D (500 mg, 1.58 mmoles) with 667 myg of
ron filings i 30 ml of glacial acede acid gave 260 mg (54¢7) of
The mrctate ester as taw ervstals, mp 175 179°: Lhe infrared spec-
(nm of this materinl had a weak bhavd at 4.75 & indieating con-
taminstion by the corresponding 1-(8-uzidoethyl) 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
N1 awd 1.50 g of NaNyin 45 ml of DM was heated on the steam
barke for 16 I ‘Phe resnldng somtione was ponred into H00 1l
ol water, and the resulting carbid sohition was chilled for 4 Lo
to give 704 mg (620,) of crvstals, mp 117-120%0 Material from
o =imilar experimad was recrvs@athzed Trina CHLCLe-petrolenm
cther (o give (are ervstalss mp 12512470 N0 226, 252, 28
SN Mg Ce 34,500, 18,100, 10,300, 51001 A 292, 3.05, 3.55, 4.7,
6.12, 620 wr po," 187 158, ()( Hao 148 13 '_’—(,'Hgl, RATVALS
paraally dden, CHyNg, 222 Gisg OCHz), 240 26, 0 = 5 eps.
NCH), 352 (2, 1)101«1 NH o, T=110, 381 eps (s, CHOLL

.ltml. Caled for Cidly; g0 N2 TH 506G N, 24088,
Found: ) 58.33; 11, 5,96, N, 2433,

4-Amino-1-(3-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde (XVIIe).-~A sohition of 2.466 g (R.12 mmoles) af
NVId in 100 ml of nethanel was treated with 6 ml of 109,
In.COy and <thmed at room temperatore nnder mibrogen for 1 hr.
Glacial necnie acid (045 mh was added avd approximately anes
bl the <0 vear wos removed. Wider (200 1al) was adeded, aal
aftec 16 Lo flonding gave 1,668 ¢ 1797 ol (an veedles, mp 157
120° A
ocedles: ap 1601617
l(i.‘_’ﬂn, QOB00, 5390); N 2

)\m oo 228, 254, 280, 348 mp (e 30,200,
3, 304, 5.55, 628 ur pmy)® 138 (B,
B-C'Hz), 150 8, 2-CH ), 220 (B, 1)(,H,). 226 (2m, CH,OH), 240
(21,7 = 5 eps, NCHa, 207 (16 S = 5 eps, CHOH L 368 (broad
NH G, 980 (s, -1, 3845 eps (1s, CHO
Jdaul. Caled for CyulheNaOyx: O GHRTOD HL 6,092
Fomad: €, 64.47; 1, 72130 N, 1050,
4-Amino-5-methoxy-2 6-dimethyl-1-( 3-thiocyanoethyl)-3-
indolecarboxaldehyde (XVIIf). A solntion of 500 mg (147
amole) ol N1 ind 500 10 ol potassinm thioeyanate 1o 10 al
af DM was Leated v the steaa Tt for 15 e "The vesnlGag
aol was poared faco S0 mb ol waner 1o give 569 mg 1780 ol erys-
sy, np 100 -103°0 Combnstione aoalysis ol (his wederial indi-
ewted 1000 he itapare, hat i was nsed Tor farther trcosforma tins,

N, ULON,

ALLEN, Ji.,

conple wies 1((1\\t111i/ul twice from CH,CL to give
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Tl Caled for Cl:N08: G, 5034 11, 5.60; N, 15086
S AT Fomd: ) 58520 11, 5.63: N 12,950 8, 104106,

4-Amino-1-({ 3-chloroethyl)-5-methoxy-2,6- dimeth)l 3-indole-
carboxaldehyde (XVIIb).--A mixtnre of 2,000 g (5.90 nmmoles ! of
NI and 1224 gof LiCHn 40 ml of DM was 1101((11 e the <1ewda
batle tor 17 1o, Precipitation with water gave 1AN6 g 0717, 5 of
Lo salide wp 120002270 A aample was reervstathzed Do
CHLCL petroleam etheer 1give tine ervstals: aap 1250 12657
Npean 2280 20000 2800 540 1 (e 2NN, 15,800, 940, H060¢ A
'_.‘.Dl, 304, 5050 6,12, 625 wr pony ' L0 0350 6-CH g,
2-C Hai 224 coverlapping signals, CH.O, CHLCL, 2
eps, NCHa 354 020 broad, NHob 374 (1., -1,

155 105,

ONS eps (s

CHO .
dral, Caled l'nl‘ ('.411.—.(‘1\' U CO00.80: T 60100 1,
NCOOS Fond: O 004100 H, 6.35; CL12.53:0 N, 1050,

4-Amino-5- methoxy -2,6- dlmethyl 1-(3-methylmercaptoethy! -
3-indolecarboxaldehyde (XVIIg),--A mixuire of 1.000 g (294
mmntes) of NX1T arad 7000mg of sndinm methyhmereap tide e H0 10l
af aeelnce was stirval romn temperatare Tor 15 hre Wider was
sdded nuidl the sohd hssolved md the aecione was cemoved.
The resntiing salid wis enllected mad recryvstattized fromn CHaCL-
petrnlenm ether toogive H67 mg (66° 1 ol vellow rrvsids, np
126.5 125.5°%  Two addiiannl cecrvsiallizations gave  vellow
crvstalss mp 12805-130.0°0 Ay 218, 245, 2068 350 nw {«
‘_’.\'..-)(W. 15,600, 9350, 512035 N 204 305, 355, 612, 625 u;
1)1111 S1248s, CHS2 T 03, 6-C Hyg, 154 (35, 2-CHy), 169 (2,
J o= T eps, CHSL 225 (3, OCH;), 2452¢,.J = 7.5 cps, NCHo,
S)Mlnnnl NH 376 (s, 7=, 884 eps (Ix, CHOD.

Anel, Caled Tor CrlaeNLOSS L 61,630 1L 6.00; N, 'LAN.
So10090 Fomel: G0 61270 L6610 NUOGLG; N, TR,

1-{ 3-Substituted ethyl)-5-methoxy-2,6-dimethyl-4,7-dioxo-3-
indolecarboxaldehydes. The followhw preparalione of  1-03-
hydroxvel hybed-methaoxy-2,6-dimethy -4 7-dioxo=3-1adnlecabox-
sldehyde methwnentode (XV9y s ilhistrative of the geweral
provedire. To o anred solnton of 5481 ¢ (1 amolest of po-
Lassian atrosndisndfonate in 6O mb ol water mad 30 ml of Q167 M
KHLPO, wies wdded wosolntiane ol 1,000 g 03,24 mmnolesond XVle
90 ml of weetane. The resnbting deep red sohition wies stirredd
( racad teraperatsre foe 17 hry whereafter 1 was diluted with
wacee aal extended woh CTLCL Phe conde produet was
vlaamatographed on Fhudsik: the nudoriad ehited T 1250 14l
nl bdoralormecoetore (9011 was reervsialhized Trom acetoe
petroleara ether thp 60070%) (6 give 730 mg of red erystals,
mp 14114490 Fartheo elaraeraizoton of (his sabstnee i
giverc io Tubbe 1.

5-Methoxy-2,6-dimethyl-4,7-dioxo-1-{3-i 2-tetrahydropyranyl-
oX¥ lethvl1-3-indolecarboxaldehyde (XVIf).--To a stivred sohition
il LAMS g 380 nanoles ol 1-(3-hydroxyethyti=o-eethoxy-2,6-
dimethyl- 4,|-Ill(lxu--y-llullll((.lll)ux:ll(l('l(_\'(l(' (NVler ad 16 1ag
ol p-tatacenesalfide weid ramwohydrate 25 mb of ethyl aceruce
was aedded 0067 1l alblihvdropyrmar ar H0°0 Flee resnlting solv-
Gore was =tenal ol ranm Temperature D 30 ndn, wherea(ter 1
wies Wished saveessively with Nut1CO; salationecad salioe, el
o 1'\':11)(v¢':(1¢-11 Togive ate all whiclo wis alilized withong lnlt‘i-
e o,

I-; 3-Substituted ethyl)-3-hydroxymethyl-3-methoxy-2,6-di-
methylindole-4,7-diones. --The following preparation of NVa is
llastrative of the gereral procedure. A stirred soltion of 336
mg (1.2 mmales) of 1« 3-fluoroethyl)-5-methoxy-2,6-dimethy-4.7-
dioxo-3-ndolecmrboxatdehyde (XVID) in 100 mi of methanol was
swept winth aitrogen, heated (o reflux temperaqive, e (rewdoed
with Hi0wag of NaB3th, 1leatog was diseorained alver approx-
naately 2 mirg el the eesubting pale vellow sohiione wis sticed
1aedee aiirngea acraam tenperatnre fTor T hes Avetone 05 mly wis
added, wnd adfter 5 mincd mbof wosohidan of TV FeCl e 001 A
HCTwas added, The resnbting mixtre was distributed between
CHACL nod warer, The agueons phase was extineted further
with C11.ChL. sad the mmlmlul dried orgade exanets were
evaporated.  The residne was rvecrvstallized from acetone
hexane (o give 253 wag (7800 ol 1-(8-fluoroethyl)-3-hydroxy-
methyl-5-methoxy-2,6-dimethylindole-4,7-dione (XVa) us rved
ervstals, mp 114-116° Reaystallization from the same solvend
pair gave red ervstals s ng THGTI8% Ny 230, 256, 545, 460 mu
Ce IN00, THU00, 3580, 1580); A 2,92, 6.05, G.14, 628, (.62 u
P TG (s, 2-CT0 136 3%, G=-CH, 240 Gis, CHyO), 260 52,
low-ordee ronplagg, NCH, 276 0250 CHLO), 296 ¢ps (2, prar of
teplets, S A eps Sowos= D epss,

Anal, Cobad Tor Col NG O a0Ts: 1L 2708 I 67T
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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°; Anax 230, 286, 345,
460 mpu (e 18,200, 14,500, 3160, 1300); A 2.90, 6.03, 6.12, 6.21,
6.65 u: pmr,'* 116 (3%, 6-CHjy), 131 (3%, SCHy), 137 (3%, 2-CH,),
166 (2t, J = 7 eps, NCH:CH.S), 239 (3s, OCHy), 265 (2t, J = 9
eps, NCH.CH,R), 270 eps (25, CH:0).

Adnal. Caled for Ci:HieNOSS: C, 58.24; H, 6.19; N, 4.53;
8,10.36. Found: C, 58.55: H, 6.89; N, 4.70; S, 10.11.

teduction of 1-(g-azidoethyl)-5-methoxy-2,6-dimethyl-4,7-di-
oxo-3-indotecarboxaldehyde (XVId), 1-(8-chloroethy!)-5-meth-
oxy-2,6-diniethyl-4,7-dioxo-3-indolecarboxaldehyde (XVIe), 5-
methoxy-2,6-dimethyl-4,7-dioxo-1-[8- (2-tetrahydropyranyloxy)-
ethyl]-3-indolecarboxaldehyde (XVIf), and 5-methoxy-26-di-
nmethyl-4,7-dioxo-1-(g8- thioeyanoethyl)-3-indolecarboxaldehyde
(XVIg) guve oils which were converted into the carbamate esters
without purification.

General Procedure for Conversion of the Indoloquinone Aleo-
hols into the Carbamate Esters.—The following preparation
thustrates this procednre.  1-(8-Fhioroethyl)-3-hydroxymethyl-
S5-methoxy-2,6-dimethylindole-4,7-dione (XVa) (387 1ing, 1.38
mmoles) and 15 ml of methyl isoevanate were heated at gentle
reflux for 20 Lir. The excess isocvanate was removed and the
residne was recrvstallized from CH.Cli-petroleum ether to give
200 mg (629%) of the methylearbamate XIVa as orange needles,
mp 162-163°. Complete characterization of this sitbstance and
the other componnds (XIVb-d and g) prepared analogously is
given in Table I1.

1-(B-Hydroxyethyl)-3-hydroxymethyl-5-methoxy-2,6-dimethyl-
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indole-4,7-dione 3-Methylearbamate (XIVe).—A solution of 300
mg (0.72 mmole) of 3-hydroxymethyl-5-methoxy-2,6-dimethyl-1-
[B-(2-tetrahydropyranyvloxy )ethyl]indole-4,7-dione  methylear-
bamate (XIVd) in 60 ml of methanol and 15 ml 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 crnde material was isolated with CH,Cl, and ad-
sorbed from benzene onto a column prepared from silica gel and
benzene. The colunin was washed with ether; npon eluting the
first orange band, 123-ml fractions were collected. After col-
lection of 12 fractions, the more polar band wax elnted with
acetone to fnrnish 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,l was
allowed to stand at ambient (emperature in the dark for 6 days,
after which (ime the solvent was removed. Characterization of
the product is given in Table I1.
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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?™!° devoted to
an investigation of the bipyrrylpyrrylmethene prodigio-
sin (1), which occurs in the pigment produced by the
bacteriunt Serratia marcescens. Notable among these
is the claimed®® activity of this compound against
the pathogenic fungus Coccidiodes iminitis, 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-
seribed for this conipound and the generally important
role of pyrrole derivatives in biological systems, it was
of interest to investigate the antibiotic properties of
stmpler and nmore 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, IMycobacterium smegmalis,
Candida albicans, Trichophyton wmentagrophytes, Peni-
cillium sp., Aspergillus niger, and Saccharomyces cere-
vistae. An isomeric mixture of 2- and 3-heptylpyrrole
(5.4:1) showed activity against B. subtilis, S. aureus,
Pseudomonas aeruginosa, C. albicans, A. niger, and S.
cerevisiae. In contrast 2-methylpyrrole, 2,4-dimethyl-
pvrrote, and an isonterie mixture of 2- and 3-ethylpyr-
role (2- chiefly) were shown to be inactive against the
same microorganisms. However, all of the alkyl-



