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Reaction of l-(/3-hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indolecarboxaldehyde methanesulfonate 
(XI) with KF and sodium acetate (followed by ester hydrolysis) gave the 1-0-fluoroethyl and 1-0-hydroxyethyl 
derivatives; similar treatment of 4-amino-l-(/3-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indolecarboxaldehyde 
methanesnlfonate (XII) with NaN3, LiCl, and sodium methylmercaptide gave the l-/3-azidoethyl, 1-0-chloro-
ethyl, and l-/3-methylmercaptoethyl derivatives, respectively. The various products were converted into 1-
f/3-substituted ethyl)-3-hydroxymethyl-5-methoxy-2,6-dimethylindole-4,7-dione methylcarbamates (XIV) using 
established procedures. 

In a previous paper from this laboratory we described 
the preparation of the mitomycin-related indoloquinone 
I and noted the in vitro and in vivo antibacterial ac
tivity of this substance.2 One aspect of our analog pro
gram "was the synthesis and antibacterial evaluation of 
certain indoloquinones having substituents in the /3 
position of the 1-ethyl group, which we now report. 

CH;;0 
CH.OCONK, 

The convenient preparation of a significant number 
of analogs obviously required that we be able to effect 
nucleophilic substitution at the 0-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 steric factors,3 the 
feasibility of the desired nucleophilic substitu
tion was first tested with an appropriate model sys
tem, the l-/3-mesyloxyethylindole V. This indole was 
prepared by a Xenitzescu4 condensation of ethyl /3-(2-
hydroxyethylamino)crotonate (available from reaction 
of aminoethanol with ethyl acetoacetate) with tolu-
quinone, methylation of the o-hydroxyindole ester II, 
and finally mesylation of the resulting l-/3-hydroxy-
ethyl-o-methoxy derivative IV (see Scheme I). We 
would note that in the condensation giving indole ester 
II, the isomeric o-hydroxy-7-methylindole ester III can 
be isolated in minute quantity.5 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-/3-

(1) Paper XVII: G. R. Allen, Jr., J. F. Poletto, and M. J. Weiss, J. 
Med, Chem., 10, 14 (1967). 

(2) (a) G. R. Allen, Jr., J. F. Poletto, and M. J. Weiss. ./. Am. Chem. Soc, 
86, 3877 (1964); (b) G. R. Allen, Jr., and M. J. Weiss, J. Med. Chem., 10, 
1 (1967). 

(3) J. Hine, "Physical Organic Chemistry," McGraw-Hill Book Co., Inc., 
New York, N. Y., 1956, pp 154-160. 

(4) C. D. Xenitzescu, Bui. Soc. Chim. Romania, 11, 37 (1929); Chem. 
Ahstr., 24, 110« (1930). 

(5) G. R. Allen, Jr., C. Pidacks, and M. J. Weiss, ./. Am. Chem. Soc, 88, 
2536 (1966). 
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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 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 l-/3-hydroxy-
ethyl-5-hydroxyindole VII was converted via the o-me-
thoxy derivative VIII into the mesylate IX and then to 
the 3-carboxaldehyde derivative X6 (see Scheme II). Ni
tration of this aldehyde with fuming nitric acid in glacial 
acetic acid then furnished the 4-nitro-3-indolecarboxaI-
dehyde XI in 7 1 % yield. I t 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 l,2,6-trialkyl-5-methoxy-3-
indolecarboxaldehydes have been found to give 3,4-
dinitroindoles as well as 4-nitro-3-indolecarboxalde-
hydes.7,8 

Initially, it was our intent to convert the nitroalde-
hyde XI to the fully elaborated l-/3-mesyloxyethyl-5-

(6) A. Vilsmeier and A. Haack, Ber., 60, 119 (1927). 
(7) G. R. Allen, Jr., L. J. Binovi, and .M. J. W:eiss, J . Med. Chem., 10, 7 

(1967). 
(8) 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. Xoland, L. R. Smith, and K. R. Rush, 
J. Org. Chem., 30, 3457 (1965). 
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SCHEME II 
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XVa, X 
XVb, X 
X\V. X 
XVd, X 
XVe. X 

yN'H 
CH CH X 

= F 
= CI 
= x3 
= OThp 
= SCH;, 

XlVii, X = F 
XI Vb, X = CI 
XIVo, X = X3 
XI Vd, X = OThp 
XlVe, X = OH 
XlVf, X = SCH, 
XlVg, X = +S(CH:,V.F-

methoxyquinone carbamate (XIY, X = OMs), and 
then, to effect the desired displacements on this latter 
substance. Thus, reduction of XI with iron in acetic-
acid gave the corresponding aminoaldehyde X I I , which 
on oxidation with potassium nitrosodisulfonate9 af
forded the jU-quinone-3-aldehyde XVIa. However, 
sodium borohydride reduction of this quinonealdehyde 
followed by regeneration of the quinone system with 
acidic ferric chloride failed to give the corresponding 
quinonecarbinol. Preliminary efforts to effect displace
ment of methanesulfonate in quinonealdehyde XVIa by 
acetate were unrewarding, no reaction occurring in 
boiling methanol (16 hr) and only the formation of an 
intractable oil being noted in dimethylformamide at 
steam-bath temperature. Thus, the nitroaldehyde XI 
and the aminoaldehyde X I I represented the inter
mediates, nearest to the final analogs, with which we 
could effect the desired displacements. 

Treatment of nitroaldehyde mesylate XI with potas
sium fluoride and sodium acetate gave the corresponding 
l-(,i3-substituted ethyl)aldehydes X H I a and X I I I c . re
spectively. Reduction of the nitro group in the 1-/J-
fluoroethyl X H I a and 1-3-acetoxyethyl X I I I c deriva
tives was accomplished with iron in acetic acid to give 
the4-amino derivatives XVIIa and XYHd, respectively. 
However, when this reduction procedure was applied to 
the l-/j-azidoethyl-4-nitroaIdehyde X H I b , obtained by 
reaction of sodium azide with XI I , concomitant acetol-
ysis of the azido group occurred, and the l-/3-aeetoxy-
ethyl-4-aminoaldehyde XVI Id was obtained in o4c/c 

yield. Saponification of XYIId to the l-/3-hydroxy-
ethylaldehyde XYIIe was accomplished with potassium 
carbonate in aqueous methanol. Other l-(/3-substituted 
ethyl)aminoaldehydes were obtained by displacements 
on the aminoaldehyde mesylate XII with appropriate 
reagents, thus, the preparation of the 1-3-chloroethyl. 
1-d-azidoethyl, 1-0-thiooyaiioethyl, and 1-0-inethyl-
ihioethyl derivatives (XYIIb, c, f, and g). 

•!ii I I . T c u l . i . r u n i l M . I l a s s e l l i a e h , lirr.. 9 2 , (>7I i l i l .V. I ' . 
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— CI 
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The various l-(0-substituted othyl)-4-aminoalde-
hydes X \ ' I I were then converted into the corresponding 
•">-methoxy-4,7-indoloquinonc-.''>-aldehydes by oxidation 
with Fremy's salt :'•' these products are listed in Table I. 
We would note the general excellence of these oxida
tions, which proceeded in yields superior to those ob
served in the parallel preparation of a series of 1.2.U-
trialkyI-4.7-indoIoquinone-.'i-aldehydes.7 

Elaboration of the hydroxymethylcarbamate ester 
side chain from the quinonealdehydes was achieved by 
sodium borohydride reduction of the latter compounds 
and regeneration of the quinone system with acidic 
ferric chloride. For the preparation of the 1-^-hy-
droxyethyl member of this series, the precursor alde
hyde XYIe was blocked as the tetrahydropyranyl 
ether XYIf prior to reduction. Most of the quinone-
carbinols were obtained as oils which were used wit hout 
purification. These materials were then converted 
into the desired X'-methylcarbamate1" analogs by treat
ment with methyl isocyanatc ("Fable II) . It should 
be noted that, in the reduction of the l-jj-thiocyano-
ethyl derivative XYIg. at least partial cleavage of the 
S-CX bond occurred.11 and none of the desired thio-
cyano derivative was obtained. Inasmuch as this re
duction product was treated with ferric chloride lor the 
regeneration of the quinone system, the final product 
was the disulfide analog XYII I (pool' yield). Acid 

o 

-jr—CH.OCOXHCH 

() 0HCH.S-

XVII! 
i l l ) ) A s a r e s t ! 11 uf e a r l i e r u o i k , " ' il w a s k m m n I l ial . 1 h i ' lliel h y l e a n 'U m a I e s 

h a d a n n r i l e r nf a e l i v i l y e q u i v a l e n t t o I h e t i n s t i b s l i t u t e d e a r l i a i n a t e I. 

i l l ) ' I ' l l . ' h y d r o K e i i o l y s i s ,,f i h e S •<'N I m i n i w i t h 1.IAIII., is we l l k n o w n | N . 

( I . ( l a y t u n l . " H e i l u e l i i m w i t h C . . n i | i l e x . M e t a l l l y d r i i l e s , " I n t e r s i - i e n e e P u l e 

h s l i e r s . I n c . , N e w Y u r k , N . V. . I95<>. p 8 X : S | ; r e c e n t l y R . K . O l s e n a m i I I . 11. 

S n y d e r [,/. Dnj. ("/',. m . . 3 0 , 1X1 fl ' lfi ."])! h a v e al«<> n o t e d t h i s t r a n s f n n n a t ii .n 

w i t l i N ' n B l l i . 
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TABLE I 

1-((3-SL"BSTITL'TBD ETHYL)-5-METHOXY'-2,6-DIMETHYL-4,7-DIOXO-3-INDOLECARBOXALDEHYDES 

0 

CH3Ov X .CHO 

C o m p d 

X V I a 

X V I b 

X V I c 

XV Id 

X V I e 

X V I g 

X V I h 

X 

SO3CH3 

F 

CI 

N s 

O H 

sSCN 

SCHs 

Yield," 

% 
71 

49 

58 

69 

76 

30 

58 

R e c r y s t n 
solvent 

M e s C O - p e t r 
e the r 

M e s C O - p e t r 
e the r 

C H j C U - p e t r 
e ther 

C H s C b - p e t r 
e the r 

C H ; C l . - p e t r 
e ther 

C H . C l s - p e t r 
e ther 

C H . C l . - p e t r 
e t h e r 

M p , "C* 

143-144 

114-117 

113-114 

78-79 

129-131 

137-138 

85-86 

CHa^Y 
0 

Formula 

CisHivNOjS 

C H H H F N O I 

C.4H11CINO4 

C n H u N . 0 4 

G . H . s X O s 

C i . H u N . O i S 

C I S H I T N O I S 

^ 'CH;i 

CH2CH2X 

Car 
Calcd 

5 0 . 7 1 

6 0 . 2 1 

5 6 . 8 6 

5 5 , 6 2 

60 .64 

5 6 , 6 0 

5 8 . 6 3 

bun, v/(: 

F o u n d 

5 1 . 0 7 

6 0 . 0 4 

5 6 . 7 9 

5 5 . 9 4 

6 0 . 3 9 

5 6 . 2 8 

.58.71 

Hydros 
Calcd 

4 . 8 2 

5 .06 

4 . 7 7 

4 . 6 7 

5 .45 

4 . 4 3 

5 . 5 8 

4en, '/<'. 
F o u n d 

5 . 1 8 

5 . 37 

5 .14 

4 . 8 8 

5 .31 

4 . 8 3 

5 ,80 

Nitron 
Calcd 

3 94 

5 .02 

4 . 7 4 

18 .54 

5 .05 

8 .80 

4 . 5 6 

ten. % 
F o u n d 

4 . 0 9 

5 ,43 

4 . 8 1 

1 8 . 7 1 

5 .46 

8 .75 

4 . 7 1 

Sulfur, 11a 
Calcd 

9 . 0 3 

6 . 8 1 

11 .99 

10 .07 

10 .43 

losen, 9, 
F o u n d 

8 ,90 

6 . 9 6 

1 1 . 9 1 

9 . 7 5 

10 .25 

0 Represents yield of material with sufficient purity for further transformations. b These products had Xmax 213-218, 240-248, 268-
271, 280-282 (sh), 330-339, 430-435 mM (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, 6.18-6.25, 6.51-6.53, 6.60-6.64, 9.03-9.06 M; pmr, 115.5-118 (3s, 6-Cff3), 156.5-160 (3s, 2-CHs), 
237-240 (3s, OOff3), 615-631 cps (OffO), in addition to the expected NCrY2Cff2X resonances. 

TABLE II 

1-(/3-SL'BSTITI.'TED ETHYL)-3-HYDUOXYMETHYL-5-METHOXY-2,6-DIMETHYLINDOLE-4,7-DIONE METHYLCAKBAMATES 

Corapd 

X l V a 

X l V b 

X I V c 

X l V d 

X l V e 

XlVf 

X l V g 

X V I I I 

X 

F 

CI 

Ns 

O T h p 

O H 

SCHa 

+ S ( C H , ) s I -

ss 

Yield," 

% 
62 

49° 

46 c 

27 e 

27 

60 

71 

5" 

Kec rys tn 
so lvent 

C H s C b - p e t r 
e ther 

C H i C b - p e t r 
e the r 

C H i C l r - p e t r 
e ther 

C H . C l a - p e t r 
e ther 

C H a C l i - p e t r 
e the r 

C f t C b - p e t r 
e the r 

M e t h a n o l -
e ther 

M e . C O -

M p , °C* 

162-163 

1 5 7 . 5 - 1 5 9 . 

139-140 

1 3 3 . 5 - 1 3 5 . 

153-154 

151-152 

1 2 8 . 0 - 1 2 9 . 
dec 

112-115*' 

C H 3 O ^ J ^ 

XX 
/ C H 2 0 

^ C H 3 

O CH2CH,X 

F o r m u l a 

C U H I S F N J O S 

od CmHisClNsOs 

C I G H ^ N S O S 

0-'' C.iH.sN.Or 

CieH oNsO. 

CuHjiNsOsS 

5» C I S H M I N S O S S 

C K H J S X I O I O S S ' 

Carbi 
Calcd 

5 6 . 7 9 

5 4 . 1 6 

5 3 . 1 8 

5 9 . 9 9 

5 7 . 1 3 

Ho. 73 

42 . 52 

5 4 . 6 9 

CONHC1 

on, % 
F o u n d 

5 6 . 5 3 

5 4 . 2 5 

5 3 . 3 0 

6 0 . 1 4 

5 6 . 9 0 

5 5 . 5 8 

4 2 . 6 3 

5 4 . 6 4 

H3 

Hydrc 
Calcd 

5 .66 

5 .39 

5 .30 

6 . 7 1 

5 .99 

6 . 0 5 

4 , 9 6 

5. 45 

>gen, % 
F o u n d 

5 .69 

5 .92 

5 . 4 5 

6 . 7 8 

6 .24 

6 . 1 0 

5 . 5 8 

5 . 77 

Ni t rog 
Calcd 

8 . 2 8 

7 .89 

1 9 . 3 8 

6 . 0 6 

8 . 3 3 

7.6.5 

5 .51 

7 .97 

en, % 
F o u n d 

8 . 1 1 

7 .29 

1 9 . 2 8 

6 . 4 0 

8 .32 

7 ,47 

5 .29 

7 ,60 

Sulfur ' H a 
Calcd 

5 .62 

10 .00 

8 .72 

6 . 3 1 
2 4 . 9 7 

9 .12 

loyen, ( 

F o u n d 

5 . 8 1 

10 .64 

8 .76 

7 .07 
2 4 . 0 0 

8 .87 

hexane 
" Represents yield of material with analytical melting point. b Compounds XlVa-f had Xmax 230-231, 284-286, 341-346, 450-455 

rm, (e 17,000-18,900, 14,200-15,100, 3300-3740, 1210-1240); X 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 M; p m r , " 111-116 (3s, 6-Cff3), 137-143 (3s, 2-CH3), 154-166 (3d, J = 4.5 cps NHCff3), 234-241 (3s, OCH,), 
305-315 (2s, CHoO), 410-415 cps (1, broad, N/ /CH 3 ) . ° Yield based on the corresponding quinone-3-aldehyde XVI, the previous crys
talline intermediate. d Purified by partition chromatography using a heptane-ethyl acetate-methanol-water (85:15:17:4) system: 
hold-back volume 4.1 (Vm/V„ = 3.0). " Yield based on XVIe, the last previous crystalline intermediate. ! Purified by partition 
chromatography using a heptane-methanol solvent system; hold-back volume 2.7 (Vm/V* = 2.82). " X,„:,x 222, 287, 340, 450 nn* (e 
34,600, 16,800, 3300, 1270). h Yield based on XYIg, the last crystalline intermediate. ' Purified by partition chromatography using 
a heptane-ethyl acetate-methanol-water (70:30:17:4) system; hold-back volume 6.4 (F„, / l r

s = 2.54); X,„„s 232, 286, 345, 455 (e 
33,800, 28,200,' 6820, 2390). 'Anal. Calcd: mol wt, 703. Found: mol wt, 767. 

hydrolysis of the tetrahydropyranyl ether carbamate 
XlVd afforded the l-r3-hydroxyethyl derivative XlVe, 
and reaction of the thioether carbamate XlVf with 
methyl iodide gave the sulfonium analog XlVg. 

Biology.—The in vitro antibacterial activity of the 
various analogs XlVa-f is given in Table III. All 
compounds approach the lead indoloquinone I in 
effectiveness, but no distinct advantage is observed for 
any. 

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 Yaiian A-00 spectrometer using tetrnmethyl-
silane as an internal standard; in the description of these spectra, 
the signals are expressed as xs (singlet), xd (doublet), xt (triplet), 
xq (quartet), or xm (multiplet), where x is the number of protons 
indicated by integration. The petroleum ether used was that 
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In V Urn Ax I'IHACTKRIAI. ACTIVITI or TUB 

J-((i-Si'Bs'i'ri'i-i'Ki) KTiivi^-^-HVDiioxvMK'nn i,-r)-MKTiiox\-2,(i-i>iMKTi!Yi.i\m>i.i:;-4.7-i>io\t; Mm UVUUKHAM vi r> 

0 

CHVk >< XH.0C0NHCH, 

I'll .V (H 

CH.CH..X 

I, XIVu. 
O n a n i s m X = II'' X = I 

.1/ycobaiieriuiu sinegmalis, ATC'C 007 0.25 li 27 
Staphylococcus aureus, ATCO 0538P 
Staphylococcus aureus, var. Rose 1 50 3. 12 
Sarcina lulca, ATCC 9341 0.25 (i 
,SVreplococcits faecalis, ATOC 8043 12 5 7>0 
Streptococcus pyogenes, C203 
Streptococcus sp., ^-hemolytic, SO 
Streptococcus sp., nonhemolytic, 1 I 
liacillus sublilis, ATCC 0633 I 56 0 
("ori/nehaiieriun,< xerose, XIULB1397 6 25 12. 
Bacillus cereus, ATCC 10702 ll.:j!l 0.:i9 
I'astenrella mullocida ATCC :!10 0.25 0.7S 

" Highest lest level: 50 /itg/ml. All data ai'e from concurrent assays. 

1 
1 
0. 
•> 
0 

1 
6 

50 
50 
25 
5 
7 s 
12 

50 
25 

-Al in inm 
N I V h , 
X = CI 

0 25 
0.25 

12.5 
12 .5 

lllh eom/li i/i! 
XIX c, 

X = N,, 

0 25 
12.5 
0 25 

; / m l ) " fur - • 
XIVi.l. 

X = OTl ip 

0.25 
12 5 
25 
25 

I . 50 

Data for 

25 
0 25 

25 
0.7s 
1 50 

uiisiibstitue 

25 
25 

3 12 
25 

:S. 12 
0.25 

•d carbamate 

M V e , 
X = O H 

3.12 
0.25 

12 5 
0.7S 
0.25 
0.25 
1 .50 
0.25 
0.7S 
0.7S 

XlVf. 
X = SCI 

:s 1 2 
0 25 
0 25 
0.25 

o.7S 

12. 
1 

0 
3. 

.> 
50 

39 
12 

fraction boiling at 30-60°. All evaporations were carried out 
at reduced pressure. Nitrogen analyses were determined by 
the Dumas technique using a combustion temperature of 950° 
for 10 min. 

Ethyl 5-Hydroxy-l-hydroxyethyI-2,6-dimethyl-3-indolecar-
boxylate (II).—2-Aminoethanol (46.7 g, 0.75 mole) was added 
dropwise to 98.5 g (0.746 mole, 100 ml) of ethyl acetoacetiite with 
stirring at such a rate that the reaction temperature remained at 
40-45°; 90 min was required for the addition. The resulting 
solution was then stirred at 85-45° for 3 hr. Volatile material 
was removed by heating the reaction solution slightly at water-
pump pressure: this gave 128.1 g (100'7) of crude ethyl ,3-(2-
hydroxyethylamino)crotonate. In an earlier experiment at
tempted distillation of this material at water-pump pressure 
caused decomposition. 

The crotonate was treated with a solution of 90.5 g (0.74 mole.) 
of l.oluquinone in 500 ml of acetone. An exothermic reaction 
which caused boiling for 30 min ensued. The resulting dark solu
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 g 
(15','() of gray solid, mp 190-193°. This material was used for 
further transformations. 

Anal. Calcd for C,.JI l9NO,: C, 04.90: II, 0.91; X, 5.05. 
Found: C, 65.09: H, 7.04: N, 5.09. 

A 1.000 g-aliquot of this material was purified by partition 
chromatography on Celite (diatomaceous silica) using a heptane-
ethyl aeetate-methanol-water (60:40:15:6) system.12 The 
fraction with peak hold-back volume 2.4 (Vm/V, = 3.0) was 
evaporated, and the residue was recrystallized from acetone 
hexane to give 790 mg of pure ester as white crystals: mp 195 
196°; X,mix 218, 244, 291-300 mM (e 34,900, 15J800, 13,300): X 
2.97, 3.08, 0.04, 0.13, 8.41, 8.69, 8.88 M; pmr,13 83 (3t, .1 = 1 cp,-, 
(7/:,CH.2), 139 (3s, 6-C#3), 163 (3s, 2-CH{), 224 (ill-defined m, 
C//2OH), 249 (t, ,/ = 5.5 eps, XCtf2), 259 (q, J = 7 cps, OCf72-
CH:,), 290 (It , ./ = 5 cps, ClUOH), 431 (Is, 7-H), 452 (Is, 4-H i. 
535 cps (Is, aryl OH). 

Anal. Found: C, 64.89; 11,0.79; 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-l-hydroxyethyl-2,7-dimethyI-3-indoIe-
carboxylate (III) as white crystals: mp 155-157°: Xmax 220, 243, 
291 mM U 30,200, 16,200, 10,800): X 3.00, 6.04, 6.21, 8.55, 8.86'. 
9.10 M; pmr,18 81 (3t, .1=1 cps, Ci/3CII2), 154 (3s, 7-C#3), 
161 (3s, 2-CA/3), 220 !3t, .1 = 5.5 cps, Off.OH), 255 (4m, 0 / / . -

i\2) Vol- a comple te descr ipt ion uf this t echn ique a* developed by C. 
P idacks see M. J. Weiss, R. E. Sci iauh, G. It. Allen, Jr . , .1. V. P o t a t o . C 
l ' idacks . It. li. C o n n n v , and C. .1. Coscia. Telnilirilroii. 20, M 7 'Ulfil.l. 

U!) D e t e r m i n e d in DMSO-i/.; solut ion. 

CH3, SCH-,). 297 i It, 
cp.>, 6-H), 439 (Id, J = 

,/ = r,S, cps, C\WH), 385 (Id, ./ = 2.5 
-- 2.5 cps, 4-H), 522 cps (Is, aryl OH). 

Anal. Found: C, 65.29; 11,7.18; X, 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 II 
in 20 ml of ethanol and 35 ml of 2 A' NaOH solution was added 
dropwise at reflux temperature 6.0 g (48 mmoles, 4.45 ml) of 
of methyl sulfate. The solution was heated at reflux temperature 
for 90 min after completion of the addition. The cooled solution 
was distributed between CII2(T2 and water; the organic phase 
was washed with saline, dried, and evaporated. The residue 
was recrystallized from CI UC1-.T-petroleum ether and then from 
acetone-hexane to give .1.44 g (47'•'<••) of white needles, mp 120 
122°. An additional reerystallization from the latter solvent 
pair gave white needles: mp 127-129°; X„„1S 2'18, 243,, 295 DIM 
is 30,700, 18,700, 12,800); X 2.93, 5.95, 6.00, 8.30. 8.45, 8.88 M: 
pmr.13 81.5 (3t. . 7 - 7 cps, CHSCH,), 136 (3s, 6-C#3), 161 
13s, 6-CH3i, 161 (3s. 2-CH3), 224 (obscured, CH2OH), 229 (3s, 
OCZ/a), 249 (obscured, XCf/2), 256 (q, OCtf2CH3), 295 (It, ./ - 5 
cps, ClhOtf i, 434 (Is, 7-II), 449 cps (Is, 4-H). 

A mil. Calcd for Cu>II21N'01: C, 65.95; II, 7.27; N, 4.81. 
Found: ( ' ,05.89: 11,7.13: X, 4.87. 

Ethyl 1 -Hydroxyethyl-5-methoxy-2,6-dimethyl-3-indolecar-
boxylate Methanesulfonate (V). A solution of 434 mg (1.4s 
mmolesj of IV in 5 ml of pyridine was treated with 0.2 ml of 
methanesulfonyl chloiide and allowed to stand at 5° for 21 hr. 
The solution was diluted with water to give 515 mg (94C(V) of 
while needles, mp 134-137°. One reerystallization from ace
tone-hexane gave, white crystals: mp 143-144°: Xmax 218, 242, 
288-293 mM U 38,000, 19,200, 13,000); X 5.95, 7.40, 7.48, 8.33, 
8.50, 8.80, 9.12 u. 

Anal. Calcd for C1TII23X06S: C, 55.28; 11, 0.28; X, 3.79; 
8,8.68. Found: C, 55.65: 11,6.28: N, 3.92; S, 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 
XaX3 in 25 ml of DMF was heated on the steam bath for 15 hr. 
Sufficient water to increase the volume to 100 ml was added and 
the solid was collected to give 247 mg (92c;)) of white needles, 
mp 122-124°. One reerystallization from acetone-hexane gave 
white needles: mp 121.-122°: X„,« 216, 240, 288 mM (e 35,400, 
18,350, 12,50(1): X 4.70, 4.76, 4.86, 5.94, 8.89, 9.21 M: pmr,11 

85 (3t, ./ = 7.5 cps, CH3CAU), 140 (3s, 6-CH3), 161 (3s, '2-CH,), 
214 (2t, J = 7 cps, C//2X3), 233 (3s, 0CH3), 244 (2t, J = 7 cps, 
XC//2) , 263.5 (2<); ./ == 7.5 cps, OC#2CH3) , 418 (Is, 7-H), 456 
cps (Is, 4-H). 

Anal. Calcd for C,6H2„N403: C, 60.74; II, 0.37; \ , 17.71. 
Found: C, 60.42; If, 6.41; X, 17.76. 
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5-Hydroxy-l-hydroxyethyl-2,6-dimethylindole (VII).—A solu
tion of 183.1 g (0.66 mole) of II in 2000 ml of 2 N NaOH solution 
was heated a t reflux temperature under nitrogen with stirring 
for 2 hr. The cooled solution was made acid to litmus with 
HC1. The moist precipitated solid, which had mn 155-159° 
(gas) and Xm„x 3.00, 3.80, 4.20, 6.08 /i, 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 (81%) of crystals, mp 118-120°. A sample was 
obtained from acetone-hexane as white needles: mp 121-123°: 
Xmax 208, 278, 294, 308 mM (e 26,300, 8840, 6980, 4930); X 
2.98 M; pmr , " 135 (3s, 2-CH,), 140 (3s, 6-C#3), 220 (2m, CfAOH), 
241 (2t, J = 5 cps), 287 (It , J = 5 cps, CH2Off), 355 (Is, 3-H), 
408 (Is, 4-H), 419 cps (Is, 7-H). 

Anal. Calcd for C,2Hi5N02: C, 70.22: H, 7.37; N, 6.82: 
Found: C, 70.57; H, 7.58; N, 6.83. 

1 -(0-Hydroxyethyl )-5-methoxy-2,6-dimethy lindole (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 1.25 1. of 2 .V NaOH. Heating was continued 
for 0.5 hr after completion of the addition. The crude product 
was isolated with ethvl acetate and adsorbed from CH2CI2 onto 
a Florisil (magnesia-silica gel) column. The column was washed 
with CH2CI2; evaporation of the initial 1 1. of elute gave 98.5 g 
(92%) of a pale yellow oil that crystallized on standing. This 
material was of sufficient purity for further use. A sample was 
recrvstallized from CH2Cl2-petroleum ether to give white crys
tals: mp 78-80°; Xmax 210, 278, 294, 308 mM (e 28,000, 9100, 
7480, 4820); X 3.05 M; pmr,14 135 (3s), 138 (3s, 2-CH3 and 6-
CHt), 214 (m, C# 2 OH), 226 (3s, OCH3), 230 (m, NCtf2), 359 
(Is, 3-H), 408 (Is, 4-H), 413 cps (Is, 7-H). 

Anal. Calcd for C13H17N02: C, 71.20: H, 7.82; N, 6.39. 
Found: C, 70.87: H, 8.00: N, 6.33. 

1 -((3-HydroxyethyI )-5-methoxy-2,6-dimethyIindoIe 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 M i l 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 CH2CI2, 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 yellow 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 
(76% total) of crystals, mp 110-113° dec. 

Material from a similar experiment was recrvstallized from 
CH2Cl2-petroleum ether to give white crystals: mp 118-120° 
dec: Xm„„ 210, 276, 295, 306 imi (e 29,300, 9380, 6850, 4760): 
X 7.45, 8.55 M; pmr,14 140 (6s), 146 (3s, CH$0°, 2-CH3, and 6-
CH3), 228 (3s, OCtf3), 254, 256 (4t, J ~ 5 cps, NCH2CF2OMs), 
368 (Is, 3-H), 414.5 (Is, 4-H), 419 cps (Is, 7-H). 

Anal. Calcd for C H H , 9 N 0 4 S : 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. 

l-(/3-Hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indoIecarbox-
aldehyde Methanesulfonate (X).—With ice cooling, 21.8 g 
(0.143 mole, 13.0 ml) of POCI3 was added dropwise with stirring 
to 75 ml of D M F at such a rate that the temperature remained 
at 0-5°. 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
proximately 3 hi. The resulting dark solution was then stirred 
at room temperature for 1 hr. With ice cooling, a solution of 
50 g of Na2C03 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; Xmax 214, 254, 282, 305 mM (« 30,700, 19,200, 
15,600, 13,800): X 3.55, 3.67, 6.08, 7.40, 8.50 /*; pmr (80°),13 

140 (3s, 6-C#3), 164 (3s, 2-CH>), 181 (3s C# 3S0 2 ) , 232 (3s, 
OCH3), 273 (4s, NC# 2 C# 2 OS0 2 ) , 441 (1 s, 7-H), 459 (Is, 4-H), 
504 cps (Is, CHO). 

Anal. Calcd for Cif,H„NOBS: C, 55.38; H, 5.89; N, 4.15: S, 
9.84. Found: C, 55.38; H, 5.93; N, 4.22; S, 9.85. 

l-(/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 CH2C12, 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 (71% total), mp 175-177°. 

Material from a similar experiment was recrystallized from 
acetone-hexane to give crystals: mp 182.5-184.0° dec: Xm„x 

214, 243, 290 mM (e 32,900, 15,500, 12,300); X 3.52, 6.04, 6.51, 
7.42, 8.54 M: pmr , " 147 (3s, 6-Cffa), 165 (3s, 2-CH3), 190 (3s, 
CH3S02), 230 (3s, OCH3), 278 (4s, broad, NCftCffsOSOs), 
465 (Is, 7-H), 515 cps (Is, CffO). 

Anal. Calcd for Ci5H18N2S: C, 48.65; H, 4.90; N, 7.57: S, 
8.64. Found: C, 48.80; H, 4.85; N, 7.91; S, 8.61. 

1 -(0-Fluoroethyl)-5-methoxy-2,6-dimethyI-4-nitro-3-indoIe-
carboxaldehyde (XHIa).—A mixture of 5.00 g (13.5 mmoles) of 
XI and 5.00 g of K F - 2 H 2 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 CH2C12 and water. The material in 
the organic phase was recrystallized from acetone-petroleum 
ether (bp 60-70°) to give 2.58 g (65%) of yellow crystals, mp 
175-178°. Material from a similar experiment was obtained 
from acetone-hexane as yellow crystals: mp 183.0-184.5°; 
Xmax 214, 246, 290 mM (<= 31,500, 14,500, 11,600); X 3.67, 6.03, 
6.51 m; pmr,13 147 (3s, 6-C#a), 165 (3s, 6-C#3), 230 (3s, OC# 3 ) , 
265 (2s, low-order coupling with CH2F), 302 (2, pair of triplets, 
J H - F = 20 cps, / H - H = 5 cps, CH2F), 465 (Is, 7-H), 595 cps 
(Is, CHO). 

Anal. Calcd for C H H 1 5 F N 2 0 4 : 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. 

l-(/3-Azidoethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indolecar-
boxaldehyde (Xlllb).—A mixture of 370 mg (1.0 mmole) of XI 
and 350 mg of NaN3 in 25 ml of D M F was heated on the steam 
bath for 18 hr. The solution was diluted with water, cooled, 
and filtered to give 262 mg (83%) of crystals, mp 133-135°. 
PLecrvstallization from acetone-petroleum ether (bp 60-70°) 
gave'crystals: mp 136-137°; Xmax 218, 246, 293 mM (« 30,800, 
14,600, 11,700); X 3.52, 4.68, 4.76, 6.04, 6.50 »; pmr,13 146 
(3s, 6-Cff3), 165 (3s, 2-Cff.,), 229 (overlapping signals, OCff3, 
CH3, CffaNs), 266 (2t, J = 7.5 cps, NCH2), 464 (Is, 7-H), 595 cps 
(Is, CHO). 

Anal. Calcd for Ci4Hi5N604: C, 52.99; H, 4.77; N, 22.07. 
Found: C, 52.81; H, 4.92; N, 22.19. 

l-(/3-Hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indoIe-
carboxaldehyde Acetate (XIIIc).—A mixture of 5.00 g (13.5 
mmoles) of XI and 10.0 g of sodium acetate in 150 ml of D M F was 
heated on the steam bath for 15.5 hr. The solution was diluted 
with water and filtered to give 4.03 g (89%) 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°; Xmax 217, 248, 295 mM (« 42,500, 19,100, 15,400); 
X 3.54, 3.65, 5.78, 6.00, 6.51, 8.00 /x. 

Anal. Calcd for CnH18N20«: 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-l-(/3-thiocyanoethyl)-3-in-
dolecarboxaldehyde (XHId).—A solution of 200 mg of l-(/J-
hydroxy ethyl)-5-methoxy-2,6- dimethyl - 4- nitro - 3 - indolecarbox-
aldehyde methanesulfonate (XI) and 200 mg of potassium thio-
cyanate in 5 ml of D M F 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 
(63%) of crystals: mp 185-187°; XmaI 218, 246, 292 mM <« 
31,600, 15,500, 12,300); X 3.52, 3.65, 4.65, 6.04, 6.51 M-

Anal. Calcd for C,oH15N3OiS: 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-l-(/3-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indole-
carboxaldehyde Methanesulfonate (XII).—A stirred solution of 
15.00 g (40.5 mmoles) XI 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 
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2 In'. An a d d i t i o n a l 45 ml of w a t e r was a d d e d af ter 45 min , and 
t h e react ion was hea t ed 80 min after t h e last add i t i on of iron 
filings. T h e m i x t u r e was d i lu ted wi th wa te r and e x t r a c t e d wi th 
OII2CI2. T h e washed and dr ied organic solut ion was e v a p o r a t e d , 
and t h e res idue was recrysta l l ized from CITC ' l s -pe t ro l eum e the r 
to give 0.55 g (60'.',') of t a n crys ta ls , nip 133-135° . Mate r i a l 
from a s imilar expe r imen t was ob ta ined as t a n c rys ta l s : m p 134.5 
I 8 0 . 0 ° : X„,;,x 22S, 250, 280, 845 mM ( t 80,600, 15,'"()0, 0200, 4760 ): 
X 8.55, 6.14, 0.25, 7.45, 8.51 M) pmr . 1 3 186 ('8s, 6 - ( 7 / 3 ) , 157 (8s. 
2-CH,,), 188 (8s, (7 / 3 S(> 3 ) , 218 (8s, OC7/ 3 ) , 26(i (4s, N ( 7 M ' i / ; -
OSfb) , 866 (2. b road , ~SH»), 890 ( I s , 7-1T), 584 cps ( I s , ( 7 / 0 1. 

Anal. Calcd for d.-JUoNsOsS: 0 . 52 .98 ; IT. 5.92; N . 8.28: 
S, 9.42. F o u n d : C, 52 .87; 11 ,5 .84 ; X, 8 .53: S, 9.18. 

4-Amino- l - (0 - f luoroethyl ) -5-methoxy-2 ,6-d imethyl -3- indole -
carboxaldehyde (XVIIa) . - - -Compound X l l l a (2.065 g, 7.05 
mmoles ) was reduced w i t h iron filings (2.07 g) in acet ic acid as 
as descr ibed above , l i ec rys la l l i za t ion of the c rude p roduc t 
from (TI ;C1 2 -pe t ro l eum e the r gave 1.716 g ( 9 2 ' , ) of crys ta ls , 
nil.) 184-139° . An a d d i t i o n a l recrys ta l l iza t ion g a v e c rys ta l s : 
m p 189 141°; \ l l l l x 224, 251 , 279, 845 mM u- 27,200, 15,100, 
9250, 4 4 8 0 ) : X 2.94, 8.05, 3.55, 6.18, 6.28 M; pmr, 1 ' ' 188 18s. 
0-( .7/3) , 145 (8s, 2-CH,), 222 (3s, <>(7/3 >, 230 -260 (8111), 298 1 1. 
a p p a r e n t t r ip le t ) , 858 (2, b road , X / / 2 i , 870 ( I s , 7-IF), 577 cp> 
( I s , C 7 / 0 ) . 

Anal Calcd for C u M n F N ^ V . C, 63 .02; 11, 6.49; F, 7.10; 
X, 10.60. F o u n d : C, 63.70; H, 6.65: F , 6 .99: X, 10.40. 

4-Amino- l - ( (3-hydroxyethyl ) -5-methoxy-2 ,6-dimethyl -3- indoie-
carboxaldehyde Acetate (XVIId). A. In the m a n n e r descr ibed 
a b o v e X I I I c (4.0)5 g, 12 mmoles ) was reduced wi th iron filings 
(6.0 g) in ace t ic acid . Pvecrystal l izat ion of t h e c rude produc t 
from OH2OI2 p e t r o l e u m e the r g a v e 2.48 g (68 '7 i of tan crys ta ls , 
in)) 172-176° . T w o a d d i t i o n a l recrys ta l l i za t ions from the s a m e 
so lven ts g a v e c rys ta l s : n ip 1 7 8 - 1 8 0 ° ; X„l;„ 228, 253 , 280, 347 m? 
U 27,900, 14,750, 8700, 4730) ; X 2.90, 3.05, 8.55, 5.74, 6.12, 0.28 
M: pmr , 1 3 116 (3s, C/ / : 1 COO), 186 1 8s, 0 - (7 / ; i ! , 159 (8s, 2-CH,). 
218.5 (8s, DO// , , ) , 260 (4s. SCHA."H,0.\v), 867 (2 b road , X t f . i . 
891 ( I s , 7-I I ) , 586 ( I s , ( 7 / 0 ) . 

Anal. (V ied for Cmll-i.XaO,: C, 68.14: 11, 6.62: X, 9 .21 . 
F o u n d : C, 62.47; II, 6.82; X , 9.02. 

B. Reduc t ion of X I I l b (500 mg, 1.58 mmoles ) w i t h 667 nig of 
iron filings in 50 ml of glacial acet ic acid gave 260 mg ( 5 4 ' , j of 
the a c e t a t e es ter as tan crys ta ls , m p 175- 179° : the infrared spec
t r u m of this m a t e r i a l had a weak band a t 4.75 u. i nd ica t ing con
t a m i n a t i o n by the cor responding l-()3-azidoethyl) d e r i v a t i v e . 

4-Amino- l - (p)-azidoethyl)-5-methoxy-2,6-dimethyl-3- indole-
carboxaldehyde (XVIIc). A solut ion of 1.522 g (4.48 mmoles ) of 
X I I a n d 1.50 g of X"aX:< in 45 ml of D M F was hea t ed on t h e s t e am 
b a t h for 16 hr. T h e resul t ing solut ion was poured into 500 ml 
of wa te r , a n d t h e resul t ing tu rb id so lu t ion was chilled for 4 In
to g ive 794 mg ( 6 2 ' , ) of crys ta ls , mp I 17-120° . Ma te r i a l from 
a s imilar expe r imen t was recrysta l l ized from CU2CI2--petroleum 
e the r to give t an c rys t a l s : m p 1 2 8 - 1 2 4 ° ; XlllaA 226, 252, 280, 
848 nui it 84,800, 18,100, 10,300, 5160) : X 2.92, 3.05, 3.55, 4.78. 
6.12, 6.28 M; p m r , " 187 (8s, 6- (7 / : ! ) , 148 :3s , 2-CH,). 219 (2, 
pa r t i a l ly hidden, (7 /2X3) , 222 (8s, O C i / s ) , 240 (2t , ,/ = 5 cps. 
N C f f . l , 852 (2, b road , X//2J . 372 ( I s , 7-II) , 581 cps ( Is, C//C)) . 

. I / to/ . Calcd for Cu'HnX.Ab.: C. 58 .52: II , 5.90; X, 24.38. 
F o u n d : C, 58 .33 ; 11 ,5 .96; X, 24.33. 

4-Amino- l -(/3-hy droxyethyl ) -5-methoxy-2 ,6-dimethyi -3- indole-
carboxaldehyde (XVIIe) . -A solut ion of 2.466 g (8.12 m m o l e s ) of 
. W i l d in 100 ml of m e t h a n o l was t r ea ted wi th 6 ml of lO'), 
FCCOs and s t i r red a t room t e m p e r a t u r e unde r n i t rogen for 1 hr. 
(I lacial aci lie acid (0.45 ml) was added and a p p r o x i m a t e l y one-
half I ho so vent was removed . W a t e r (200 nil) was a d d e d , and 
after 16 hr filtration g a v e 1.668 g (79' , ' . ) of t a n needles , m p 157 
159°. A s i m p l e was recrystal l ized twice from CH2CI2 to g ive 
needles: m p 160 161°: X,',„IX 228, 254, 280, 348 inM (e 30,200, 
16,200, 9600, 5390) ; X 2.98, 3.04, 8.55, 6.28 M: pmr , 1 3 138 (3s. 
0 - ( 7 / 3 } , 159 (8s, 2-CH,). 220 (3s, 0 ( 7 / 3 ) , 226 (2m, C / / , 01T) , 246 
(2t , ./ = 5 cps, X ( 7 / » ) , 297 1 It, ./ -•= 5 cps, ( T T O / / ) , 368 (b road 
X / / 2 ) , 8M) ( I s , 7-I I ) , 584.5 cps ( I s , ( 7 / ( ) i . 

Anal. Calcd for ( 14II„No(> ;(: C, 64.10: II, 6.92; X, 10.68. 
F o u n d : C, 64 .47: II , 7 .18: X, 10.50. 

4-Amino-5-methoxy-2 6-dimethyl - l - ( (° - thiocyanoethyl ) -3-
indolecarboxaldehyde (XVlIf) . A solut ion of 500 nig (1.47 
mmoles) of X I I and 500 mg of po ta s s ium th iocya i i a l e in 10 ml 
of D M F was healed on the s t e a m bat h for 15 hr. T h e resul t ing 
gel was poured in to 50 ml of wa te r to give 869 nig ( 7 s ' , i of crys
tals, m p 190 193°. C o m b u s t i o n analys is of this mater ia l indi
ca ted it to be impure , bid it was used for fur ther t rans formal iuiis. 
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Anal Calcd for C. -d lnXsOiS: 0 , 5 9 . 3 4 ; 1 1 , 5 . 6 5 ; N, 18.86: 
S, 10.57. F o u n d : C. 58.52; 1 1 , 5 . 6 3 : X, 12.95; 8 , 1 0 . 1 6 . 

4-Amino-l-1 f i -chloroethyl)-5-methoxy-2,6-dimethyl-3- indole-
carboxaldehyde (XVIIb) . - -A m i x t u r e of 2.000 g (5.90 m m o l e s ! of 
X I I and 1.224 g of LiCl in 40 ml of D M F was hea ted on the s t eam 
b a t h for 17 hr. Prec ip i ta t ion wi th w a t e r g a v e 1.186 g ( 7 1 ' , ) of 
tan solid, mp 120 122°. A sample was recrystal l ized from 
C H j O b pe t ro leum e ther to give t an c rys t a l s : nip 125.0 1 2 6 . 5 ' : 
X,,,,,, 228, 251), 281). 345 nu/ (s 28.800, 15,80(1, 9400, 5060i : X 
2.91, 3.04, 3,55. 6.12, 6.28 M; p m r , ' 1 140 i,3.-, 6 -C / / 3 i . 158 (8s, 
2 - ( 7 / s i , 224 (ove r l app ing signals, ( 7 / 3 ( ) , ( 7 / 2 C l ) , 255 (2t , ./ •-- 7 
cps. X(7 / . j i . 854 (2, b road , X/Z2) . 874 ( I s . 7-1 h . 585 cps ( 1.,. 
( 7 / ( K 

Anal Calcd for C14II17CIX2O2: C, 59.89; 11 ,6 .10: 0 1 , 1 2 . 6 8 : 
X . 9 . 9 S . F o u n d : 0 , 6 0 . 4 1 : 11 ,6 .85 : 0 1 , 1 2 . 5 8 ; N, 10.50. 

4-Amino-5-methoxy-2 ,6-dimethyl - l - ( /3 -methylmercaptoethyl ) -
3- indolecarboxaldehyde ( X V I I g ) . - A m i x t u r e of 1.000 g (2.04 
mmoles ) of X I I and 700 mg of sod ium m e t h y l m e r e a p t i d e in 50 ml 
of a eel one was s l i r red a I room t e m p e r a t u r e for 15 hr. W a t e r was 
added until t he solid dissolved and the ace tone was removed . 
T h e resul t ing solid was collected and recrystal l ized from C l F C b -
pe t ro l eum e ther to give 567 mg 1O6' , I of yel low crystals , m p 
121).5 12.8.5°. T w o add i t iona l rccrys ta l l iza t ions gave yellow 
c r y s t a b : m p 128.5 130.0°: X,„.,s 218, 245, 268, 850 niM U 
28.500, 15,600, 9350, 5120) : X 2.94. 3.05, 8.55. 6.12. 6.28 fx; 
pmr . 1 1 124 (3s. ( 7 / 3 S ) , 141 (8s, 6 - ( 7 / 3 ) , 154 (8s. 2 - ( 7 / 3 ) , 169 (2 t , 
./ -= 7.5 cps, C7/ 2 Si , 225 (8s, OC// ; , ) , 245 (2t , ./ =-- 7.5 cps. X C 7 / , i . 
855 (b road . XZ/./;, 876 1. Is, 7-II ), 584 cps ( I s , ( 7 / O f . 

An/il. Calcd for Ci; , IP,X2()2S: 0 . 61 .68: I I , 0.90; X, 9 . 5 s . 
S. 10.99. F o u n d : 0 , 6 1 . 2 7 : 1 1 , 6 . 6 1 ; X. 9 .56; S, 10.85. 

1-(^-Substituted e thyl ) -5-methoxy-2 ,6-d imethyl -4 ,7-d ioxo-3-
indolecarboxaldehydes. T h e following p r e p a r a t i o n of \-(,j-
hydroxyethyl ' ) -5-methoxy-2,0-di inethyl-4 ,7-dio . \n-8- indolocai i>ox-
a l d e h y d e nie thanesul fo i ia te ( X \ ' I a ) is i l lus t ra t ive of the general 
p rocedure . T o a st irred solut ion of 8.49 g (18 mmoles I of po
tass ium nil rosodisulfoiiate in 60 ml of wa te r and 80 ml of 0.167 .1/ 
K I F P O , was added a solut ion of 1.000 g (3.24 mmoles ) of X V I I e 
in 90 ml of ace tone . T h e resul t ing deep red solut ion was sl irred 
at room t e m p e r a t u r e for 17 hr, whereaf ter it was d i lu ted wi th 
wa te r and e \ l r a c l e d with O I F O h . T h e crude p r o d u c t was 
r h r o m a t o g r a p h e d on Florisil : i he mater ia l e l ided by 1250 ml 
of chloroform ace tone ( 9 : 1 ) was recrystal l ized from ace tone 
pe t ro leum e the r t b p 00 70°) to g ive 736 nig of red crystal,-, 
in]) 141 144°, Kurthei rha rac t c r i za l ion of this s u b s l a n o - i-
given in T a b l e 1. 

5-Methoxy-2 ,6-dimethyl -4 ,7-dioxo- l - | f ( - ( 2-tetrahydropyranyl-
oxylethyl ! -3- indolecarboxaldehyde (XVIf). T o a s t i r red solut ion 
of 1.048 g (3.SO minoles! of l - ( a - h y d r o x y e t h y l )-5-inethoxy-2,6-
d in ie lhy l -4 ,7 -d io . \o -8 - indo le ra rbuxa ldehyde ( X Y l e i and 16 mg 
of /j-lolueiiesulfonic acid m o n o h y d r a t e in 25 ml of e thyl a c e t a t e 
was added 0.67 ml of d i h y d r o p y r a n at 50° . T h e resul t ing solu
tion was s l i r i ed at loom t e m p e r a t u r e for 80 min, whereaf te r il 
was washed successively with X a I I 0 0 3 so lut ion and sal ine, dr ied, 
and e v a p o r a t e d to give an oil which was utilized wi thou t puri
fication. 

1-; ^-Substituted ethyl j -3-hydroxymethyl -5-methoxy-2 ,6-di -
methyIindole-4,7-diones . - T h e following p r e p a r a t i o n of X V a is 
i l lus t ra t ive of the general p rocedure . A s t i r red solut ion of 880 
mg (1.2 mmoles ) of l - (0- fh ioroethyl ) -5-melhoxy-2 ,6-di ine t l iy l -4 ,7» 
d ioxo-8- indo leca rboxa ldehyde ( X V l b ) in 100 ml of m e t h a n o l was 
swept wi lh ni l rogeu, hea t ed to reflux t e m p e r a t u r e , and t rea ted 
wi th 400 mg of X a B I I 1. H e a t i n g was d i scon t inued after app rox 
imate ly 2 min, and the resul t ing pa l e yel low solut ion was s l i r red 
u n d e r ni t rogen at room t empera I l ire for 1 hr. Ace tone (5 ml) was 
added , and after 5 min 8 ml of a solut ion of 1 A" FeCI , in 0.1 A 
IIC1 was a d d e d . T h e resul t ing m i x t u r e was d i s t r i b u t e d be tween 
O l l j O b and water . T h e aqueous p h a s e was ex t r ac t ed fur ther 
wi th O I I ; O b . and the combined , dr ied organic e x t r a c t s were 
e v a p o r a t e d . T h e res idue was recrys ta l l ized from ace tone 
hexane to give 268 nig i 7 s ' , ) of l - ( /3-f luoroethyl)-3-hydroxy-
methyl -5-methoxy-2 ,6-dimethyl indole-4 ,7-dione (XVa) as red 
crys ta ls , m p 114-116° . Recrys ta l l i za t ion from t h e s a m e solvent 
pair g a v e red c rys t a l s ; nip I 16 118°: X„„1X 230, 286, 845, 460 m,u 
(f- 18.800, 14,000. 3880, 1880); X 2.92, 6.05, 6.14, 6.28, 6.62 ju: 
p m r , " 1 16 (8s, 2 - ( 7 / 3 ) , 186 CJs, 0 - ( 7 / , ) , 240 (8s, (7/3<>), 260 ' 2 . 
low-order coupl ing. X( 7 / 2 >, 276 ' 2 s . ( ' I /A)), 296 cps (2. pair of 
t r iple ts , ./,, 1 - 20 cps, , /H 11 -= 5 cps 1. 

Anal. Calcd for C, ,11 i„FX() , : O, 59 .78; II. 5 .73: F, 6 .75: 
X, 4.08. l-'uimd: O. 59 .08; 11 ,5 .97 : F, 0 .58: X, 5.12. 
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3-Hydroxymethyl-5-methoxy-l-((3-methyImercaptoethyl)-2,6-
dimethyIindole-4,7-dione (XVe) was obtained from ether-
petroleum ether as red crystals: mp 91-93°; X iml 230, 286, 345, 
460 nui (6 18,200, 14,500, 3160, 1300); X 2.90, 6.03, 6.12, 6.21, 
6.65 M: pmr,11 116 (3s, 6-C#3), 131 (3s, SCH3), 137 (3s, 2-CH,), 
166 (2t, J = 1 cps, NCHoCtfoS), 239 (3s, OCH3), 265 (2t, J = 9 
ops, NCtf2CH2S), 270 cps (2s, CfloO). 

.InaZ. Calcd for Cir,H19X04S: C, 58.24: II, 6.19; N, 4.53: 
S, 10.36. Found: C, 58.55: H, 6.89; N, 4.70; S, 10.11. 

Reduction of l-((3-azidoethyl)-5-methoxy-2,6-dimethyl-4,7-di-
oxo-3-indolecarboxaldehyde (XYId), l-(/3-ehloroethyl)-5-meth-
oxy-2,6-dimethyl-4,7-dioxo-3-indoleearboxaldehyde (XVIc), 5-
methoxy-2,6-dimethy]-4,7-dioxo-l- [0-(2-tetrahydropyranyloxy)-
ethylJ-3-indolecarboxaldehyde (XYIf), and 5-methoxy-2,6-di-
methyl-4,7-dioxo-l-(/?-thiocyanoethyl)-3-indolecarboxaldehyde 
(XYIg) 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. l-(/3-Fluoroethyl)-3-hydroxymethyl-
5-methoxy-2,6-dimethylindole-4,7-dione (XVa) (387 mg, 1.3S 
mmoles) and 15 ml of methyl isocyanate were heated at gentle 
reflux for 20 hr. The excess isocyanate was removed and the 
residue was recrystallized from CHoClj-petroleum ether to give 
290 mg (62%) of the methylcarbamate XlVa as orange needles, 
mp 162-163°. Complete characterization of this substance and 
the other compounds (XlVb-d and g) prepared analogously is 
given in Table II. 

l-(/3-Hydroxyethyl)-3-hydroxymethyl-5-methoxy-2,6-dimethyl-

There have been a number of studies2^10 devoted to 
an investigation of the bipyrrylpyrrylmethene prodigio
sin (1), which occurs in the pigment produced by the 
bacterium Serratia marcescens. Xotable among these 
is the claimed5,6 activity of this compound against 
the pathogenic fungus Coccidiodes immitis, the causative 
agent for coccidioidomycosis (San Joaquin Yralley 
fever). The potential application of the bacterial 

(1) (a) This investigation was supported by Public Health Research 
Grants E-1335 (National Institute of Allergy and Infections Diseases), CA 
06255 (National Cancer Institute), and GM-09389 (National Institute of 
General Medical Sciences), (b) Presented largely before the Division of 
Medicinal Chemistry at the 151st National Meeting of the American Chemi
cal Society, Pittsburgh, Pa., March 1966. 

(2) A. Burger, "Medicinal Chemistry," 2nd ed, Interscience Publishers, 
Inc., New York, N. Y., 1960. 

(3) H. W. Florey, "Antibiotics," Vol. I, Oxford University Press, Lon
don, 1949. 

(4) A. A. Imshenentskii, Mikrobiologiya, 15, 422 (1946); Chem. Abstr., 
42, 8879e (1948). 

(5) A. Lack, Proc. Soc. Exptl. Biol. Med., 72, 656 (1949). 
(6) R. H. Weir, R. O. Egeberg, A. R. Lack, and G. M. Leiby, Am. J. 

Med. Sci., 224, 70 (1952). 
(7) P. E. Thompson, D. A. McCarthy, A. Bayles, J. W. Reinertson, and 

A. R. Cook, Antibiot. Chemotherapy, 6, 337 (1956). 
(8) S. Boryu, Mikrobiologiya, 26, 464 (1957); Chem. Abstr., 82, 7432ti 

(1958). 
(9) N. N. Falina, Anlibiotiki, 3, 23 (1958); Chem. Abstr., 53, 23566 

(1959). 
(10) M. P. Burgova, E. V. Lovyagina, N. N. Ealina, and A. L. Gol'den-

berg, Primenenie Metodov Spektroskopii r Prom. Prodovol'stven Torarov i 
Sel'sk. Klioz., Leningr. Gos. Univ. Leningrad, 1955, 173 (1957); Cltem. Abstr., 
53, 20241e (1959). 

indole-4,7-dione 3-Methykarbamate (XlVe).—A solution of 300 
mg (0.72 mmole) of 3-hydroxymethyl-5-methoxy-2,6-dimethyl-l-
[3-(2-tetrahydropyranyloxy)ethyl]indole-4,7-dione methylcar
bamate (XlVd) in 60 ml of methanol and 15 ml of 0.1 .Y HC1 
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 CH2C12 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, 125-ml fractions were collected. After col
lection of 12 fractions, the more polar band was eluted with 
acetone to furnish the product, the characterization of which is 
given in Table I I . 

3-Hydroxymethyl-5-methoxy-2,6-dimethyI-l-(/3-dimethyI-
sulfoniumethyl)indole-4,7-dione Methylcarbamate Iodide (XlVg). 
—A solution of 50 mg (0.14 mmole) of XIYf in 5 ml of CH3I 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 II. 
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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-
visiae. 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-
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-
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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 pj'rroles and methenes vary with substitution. Reversal studies indicate that 2-pyrrol-2-yl-l-
pyrroline interferes with glycine metabolism. 


