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l-Ethyl-2,3-bis(hydroxymethyl)-o-methoxy-6-methylindole-4,7-dione 3-methylcarbamate (30) was prepared 
by an eleven-step sequence from methyl .Vmethoxy-6-rnethyl-2-indoIecarboxylate (12). Thionyl chloride 
treatment of 30 gave the 2-chloromethyl analog 25, also of use as an intermediate for the preparation of other 
analogs via appropriate displacements, thus, the synthesis of the 2-acetylthiomethyl (26), 2-methoxymethyl 
(27), 2-fluoromethyl (28), and 2-aminomethyl (29) analogs. Manganese dioxide oxidation of 30 gave the 2-
foimyl analog 33, which afforded the corresponding semicarbazone 34, oxime 35, and methoxime 36. Preferen­
tial reaction of the 2-formyl group was achieved despite the presence of the quinone system. Additionally, the 
preparation of analogs containing the cyano (37), carboxamido (49), and carbomethoxy (50) groups at the 2 
position is reported. The in vitro antibacterial spectrum of 13 derivatives has been measured. 

The mitomycin antibiotics.2 in particular mitomycin 
C, have received considerable attention as antitumor 
agents.3 Moreover, in experimental animals these 
compounds show a high degree of oral effectiveness as 
broad-spectrum antibacterial agents.4 It has already 
been shown that the closely related aziridinopyrrolo-
indoloquinone 1 has a similar order of activity,5 and wo 
have found that the deaziridinopyrroloindoloquinone 
2,6 as well as indoloquinones such as 3,7 retain a signifi­
cant degree of antibacterial activity. We now report 
the synthesis and in vitro activity of a series of C-2 
variants based on 3. 
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We have previously recorded the preparation of the 
2-demethyl and 2-ethyl analogs1 and have found that 
these changes result in decreased antibacterial eff ective-

(1) P a p e r X V I : G. R. Allen, Jr . , L. J. Binovi , and M. .1. Weiss, ./. .!/>./ 
Chem., 10, 7 (1907). 

(2) Tor t he s t r u c t u r e e luc ida t ion of these an t ib io t ics , see (a) .1. S. Webb . 
D. H. Cosulich, J . H. M o w a t , J . B . Pa t r i ck , R. W. Brosci iard, \Y. E . Meyer , 
R. P. Wil l iams, C. F . Wolf, W. F u l m o r , O. P idacks , a n d J . E . Lancas te r , J. 
Am. Chem. Soc, 84, 3185, 3187 (1962); (b) A. Tu l in sky , ibid., 84, 3188 
:1962) . 

i'3) R. Jones , J r . , U. Jonsson , J . Colsky, H. E. Lessner, and A. F ranz ino , 
" F o u r t h N a t i o n a l Cancer Conference Proceedings , 1960," J. B. L ipp inco t t . 
Ph i l ade lph ia , Pa . , 1961, p 175. 

(4) (a) T. H a t a , Y. Sano , R. S u g a w a r a , A. M a t s u m a e , K. K a n a m o r i , T. 
Sh ima , a n d T . Hoshi , J. Antibiotics ( T o k y o ) , A9, 141 (1956); (b) C. L. 
S tevens , K. G. Tay lo r , M . E. M u n k , W. S. Marsha l l , K, Noll, G. D. Shah , 
L. G. Shah , a n d K. Uzu , J. Med. Chem.. 8, 1 (1965); (c) A. C. D o r n b u s h 
and G. S. Red in , p r i v a t e c o m m u n i c a t i o n . 

(5) J . B. Pa t r i ck , R . P . Wil l iams, W. E . Meyer , W. F u l m o r , D . B. Cosu­
lich, R. W. Broscha rd , a n d J. S. W e b b , J. Am. Chem. Soc. 86, 1889 (1964). 

(6) G. R. Allen, J r . , J . F . Po le t to , and M. J. Weiss, ibid., 86, 3877 (1964); 
J. Org. Chem., 30, 2897 (1965). 

(7) (a) G. R. Allen, J r . , J . F . Po l e t t o . and M . J . Weiss, J. Am.. Chem. 
So/:, 86, 3878 (1964) ; (!>) G. R. Allen, Jr . , a n d M . .1. Weiss, J. Med. Chem.. 
10. 1 (1967). 

ness. Our efforts in this area were then directed 
to the preparation of certain 2-substituted methyl de­
rivatives, as well as analogs derived by transformation 
of 2-carboxy and 2-formyl functions. Although all 
analogs were of interest on an empirical basis, the sub­
stituted methyl compounds were of special interest 
since their benzylic character conceivably provides an 
additional site for biological alkylation. Furthermore, 
this site corresponds to that in the parent antibiotics 
which is most prone to solvolytic ring opening of the 
fused aziridine function.2 This possibility affords a 
rational basis for the preparation of these compounds, 
since biochemical evidence indicates that biological 
alkylation may play an import ant role in the mechanism 
by which the mitomycins exert their effect.8 

In principle, a convenient approach to the synthesis 
of various 2-substituted methyl analogs involved the 
preparation of a fully elaborated indoloquinone car­
bamate having at the 2 position a CH2X group which 
could then be subjected to appropriate displacements. 
Since the development of the requisite CH2X group was 
envisioned as proceeding via the reduction of a 2-carb-
alkoxy group, the previously described6 methyl o-
methoxy-Cvmethyl-2-indoleearboxylate (12) appeared 
to be a most suitable starting material. This com­
pound is available in good yield from 2,5-xylcnol via 
the Roissert indole synthesis, and its eleven-step con­
version into the 2-hydroxymethylquinone carbamate 30 
proceeded as follows. 

Alkylation of indole ester 12 with ethyl sulfate and 
sodium hydride gave the X-ethyl ester 13. which on 
reduction with lithium aluminum hydride afforded the 
2-indolylmethanol 14 (see Scheme I). Conversion of 
this last compound, via the acetate 15, into the 8-car-
boxaldehyde 16 was effected by the Yilsmeier-Haack 
technique.9 

For the elaboration of the quinone system, aldehyde 
16 was converted into its 4-nitro derivative 23 by fum­
ing nitric acid in glacial acetic acid.10 Reduction of the 
latter compound with ferrous ammonium sulfate gave 
the 2-acetoxymethyl aminoaldehyde 21 in a mixture 
with the 2-hydroxymethylaminoaldehyde 22. Exten­
sion of the reaction, time from 15 min to 1. hr led to the 

Si .'HI V. N. Iyer and \V. Szybalski Science, 14S, ,">.". (1964); (1.) A. 
Weissbach and A. Lisio. Biochemistry, 4, 196 ;1965) . 

19) A. Vi 'smeier and A. H a a c k , Ber., 60, 119 I 1927). 
! 10; For prior e l abora t ions of t he 1.7-indoloquinone sys tem via a •1-iiilro-

indole see ref 1 and 7:.. 
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exclusive formation of 22. However, best yields of 22 
were obtained by reduction of the 2-acetoxymethyl-4-
nitro derivative 23 with iron in acetic acid followed by 
deacylation. Potassium nitrosodisulfonate (Fremy's 
salt) oxidation11 of 22 then gave the 4,7-indoloquinone 
20. A preliminary a t tempt to prepare 20 by deacetyla-
tion (methanolic triethylamine or sodium methoxide) 
of the 2-acetoxymethyl-5-methoxy-4,7-quinone 19, ob­
tained by a parallel oxidation of 21, failed, presumably 
as a result of involvement with the methoxyquinone 
system. 

Prior to elaboration of the requisite side chain at 
C-3 it was necessary to block the alcohol function in 2-
hydroxymethylquinone-3-aldehyde 20, which objec­
tive was accomplished with the corresponding tetra-

(11) H. .1. Teuber and M. Hasselbaeh, Ber., 92, 674 (19f>9). 

hydropyranyl ether.12 Reduction of this derivative 
with sodium borohydride and regeneration of the qui-
none system with acidic ferric chloride gave the non­
crystalline 2-tetrahydropyranyloxymethyl-3-carbinol, 
which was transformed into the carbamate ester 18 by 
methyl isocyanate.7a In the first preparation of 18 
by this sequence, it was accompanied by 2,3-biscar-
bamate 32. The formation of 32 was presumably the 
result of incomplete etherification of 2-hydroxymethyl-
3-aldehyde 20, since subsequent preparations of 18, in 
which ether formation was monitored by thin layer 
chromatography, were not contaminated with biscar-
bamate 32. The blocking group was readily hy-

(12) The suitability of the tetrahydropyranyl ether for this purpose was 
initially demonstrated with model system 17. This aldehyde could be con­
verted into a noncrystalline ether from which 17 was regenerated on mineral 
acid treatment (see Experimental Section). 
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drolyzed by dilute mineral acid12 to give the desired 2-
hydroxymethyl-5-methoxyquinone 3-carbamate 30. 
which afforded acetate 31 on treatment with acetyl 
chloride in pyridine. 

This synthesis of 30, no step of which proceeded in less 
than ()0% yield, made feasible- its accumulation in 
quantities sufficient for transformation to other analogs. 
However, in order to achieve these transformations it 
was necessary to develop an appropriate procedure for 
the conversion of the 2-hydroxymethyl group into a 
CH 2 X function, wherein X is a readily displaceable 
group. We undertook this study with model systems 
available from the above synthetic sequence. Treat­
ment of carbinol 14 with tosyl chloride in pyridine at 0° 
gave the pyridinium tosylate 10, but at —18° only car­
binol 14 was isolated.13 With neither .si/w-collidinc nor 
sodium hydride in benzene could any identifiable mate­
rial be obtained. .Moreover, a preliminary at tempt to 
to prepare the mesylate of 14 was similarly unsuccess­
ful. The behavior of 2-hydroxyniethyl-3-indolecar-
boxaldehyde 17 toward tosyl chloride contrasts sharply 
with that of carbinol 14, the former substance being re­
covered unchanged after treatment with tosyl chloride; 
in pyridine (ambient temperature) . This result is 
analogous to that observed with a 1-hydroxypyrrolo-
fl.2-a]indole-9-carboxaldehyde. which was recovered 
from an even more vigorous t reatment (steam bath. 30 
hr).14 

Since displacements of the desired type have been 
effected with (2-iiidolylmethyl)trimethylammoniuni 
mcthosulfate.u ' we a t tempted to use such a quaternary 
derivative. For this purpose indole ester 12 was con­
verted ria dimethylamide 6 into tert iary amine 8 and 
then to the methiodide 9. Inasmuch as we were in­
terested in a group that would undergo displacement 
with a- wide spectrum of nucleophiles, we studied the 
reaction of 9 with fluoride ion, a nucleophile of reputed 
low activity.1" Since t reatment of 9 witti either silver 
fluoride or potassium fluoride under a variety of condi­
tions failed to give the 2-fluoromethyl derivative, the 
approach based on a quaternary ammonium compound 
was abandoned. 

Success was finally achieved with the 2-chloromethyl 
group. Thus, it was found that treatment of 2-ace-
toxymethyl-3-aldehyde 16 with hydrogen chloride in 
acetic anhydride permitted the preparation of the 2-
chloromethyl-3-aldehyde 11, albeit in low yield. Al­
though this procedure failed (recovered starting mate­
rial) with the 4-nitroaldehyde 23 and the quinonealde-
hydc 19, presumably as a result of the further deactivat­
ing effect of the nitro group or quinone system, its suc­
cess in the preparation of 11 indicated that- a ehlorina-
tion of hydroxymcthylquinone 30, in which only one 

(KJ) R. S. T ipson in " A d v a n c e s in C a r b o h y d r a t e C h e m i s t r y , ' ' Voi. H, 
Academic Press Inc . , N e w York , N". Y., 1953, pp 117-127. 

(14) W. A, Renters , R. I I . R o t h , a n d M . -I. Weiss . ./. Org. Cliem., 30, 2010 
(1965'). 

0 5 ) E. C. Kornfeld, ihirt., 16, 806 (1951). 
(16) (a) ,1. Hine . " P h y s i c a l Organic C h e m i s t r y , " M c G r a w - H i l l Rook C o . . 

Inc . , N e w York, N . Y., 1956, p 140. (b) However , recent work [S. Win-
stein, I.. G. Savedort , S. Smi th , I. D . R. S tevens , a n d J . S. Gall , Tetrahedron 
Letters, N o . 9, 24 ( I960)] wi th the dissociated t e t r a l m t y l a m m o n i u m halides 
d e m o n s t r a t e d t ha t t he t rue order of nucleophil ic ac t iv i ty is I ~ < B r - < CI ", 
thus sugges t ing t h a t V ~ is a good nucleophi le . H. R. Henbes t and A'. R. 
J a c k s o n [./. Chem. Soc, 954 (1962)] uti l ized (his concept in the p repa ra t ion 
of ce r ta in nuoro s teroids from t e t r a b u t y l a m m o n i u m fluoride and tosy la te 
es ters . Moreover . F ~ has been shown to be a powerful nucleophi le in apro t ic 
d ipolar so lvents [J. Mil ler and A. .1. Parker , ,/. Am. Chew. Sor.., 83 , 117 
t l l l f i l ) ] . 

deactivating system is present, might be effected. In­
deed, this proved true, for t reatment of this quinone 
with thionyl chloride in the presence of diinethylaniline 
gave 2-cliloromethyl-.">-met boxvquinone .'{-carbamate 25 
in good yield. 

This quinone fulfilled the requirements of our original 
concept, inasmuch as it was fully elaborated, and dis­
placements could be effected witli the 2-CH201 group. 
Thus, t reatment of 25 with potassium thioaceta teor .">% 
methanolic potassium hydroxide smoothly furnished 
the acetylthiomethyl- (26) and mcthoxymethylqui-
nones (27). respectively. Moreover, reaction of 25 
with silver fluoride in acetonitrile gave the 2-fluoro-
methylquinone 28 in moderate yield.17 Additionally, 
on exposure to ammonia- in tetrahydrofuran, 25 fur­
nished the 2-aminomefhylquinone 29 in poor yield. 
When this last displacement was a t tempted in methanol 
the 2-niethoxymethylquinone 27 resulted. 

The 2-hydroxymethyiquinone 30 also proved useful 
for the preparation of other analogs. Thus, oxidation 
of 30 with manganese dioxide gave the 2-aldehyde 33 in 
02% yield. Interestingly, on reaction with excess 
semicarbazide, hydroxylamine, and methoxyamine. 
quinone-2-aldehyde 33 yielded only the aldehyde 
derivatives 34. 35. and 36, respectively. Moreover, 
aldehyde 33 was converted into the 2-carbonitrile 37 
by OAM)is(trifluoroaeetyl)hydroxylamine. , s Alterna­
tively. 37 was prepared from oxime 35 by dehydration 
with thionyl chloride in dimethylaniline. An initial 
a t tempt to prepare the 2-cyano analog 37 was made 
with l-ethyl-r>-methoxy-(i-methyl-2-iiidolecarbonitrile 
(7). available from 12 via the acid 4 and amide 5. This 
approach failed since 7 proved to be unreactive in the 
Yilsmeier--Haack aldehyde synthesis. 

In addition to the analogs described above, we have 
also prepared the 2-carboxamido- and 2-carbomethoxy-
quinones 49 and 50, respectively. The synthesis of 
these compounds was achieved in the following manner 
(sec also Scheme II) . indole ester 13 was converted 
into its 3-formyl derivative 38 and, then, into the 4-
nitro-3-earboxaldehyde 39. In the preparation of this 
last compound, two experiments gave the 4-nitro deriva­
tive as the sole product (o2--(S">%). However, at a later 
date (3 months), repetition (twice) with the same bot­
tle of nitric acid gave ((-quinone 41 (18 and 22%) 
in addition to the expected 39 (65 and 7">%). The 
structure' of 41 was demonstrated by the following 
series of transformations. Thiele acetoxylation19 trans­
formed the red quinone 41 into a colorless substance, 
which, without purification, was hydrolyzed by .">% 
sodium hydroxide. Aeration of the alkaline so­
lution, followed by acidification, gave the hydroxy-p-
quinone acid 45. "Methylation of this substance with 
methyl sulfate and potassium carbonate afforded the 
corresponding methoxyquinonc ester, which on sodium 
borohydride reduction and regeneration of the quinone 
system with acidic ferric chloride furnished the quinone-
carbinol 44. This material was identical with that 

1.17) Wi th respect to the p r e p a r a t i o n of t he 2-r luorornethyl( tuinone 28, 
we no(e t ha t reac t ion of 2 - h y d r o x y m e t h y l q u i n o n e 30 or 2 - h y d r o x y m e t h y l -
indole 14 with N-(2-chloro- l .1 ,2 - t r i f tuoroe thy l )d ie thy lamine [D. E . Ayer , 
Tetrahedron Letters. N o . 23 , 1065 (1962): L. H. Knox , E . Ver la rde , S. l i e n o r . 
1). Camlr ie l lo , and A. I ) . Cross, ibid., N o . 26, 1249 (1962)] g a v e complex 
mixtures , whereas 2 - l iyd roxymethy l -3 - indo lea rboxa ldehyde 17 was re­
covered u n c h a n g e d after t r e a t m e n t wi th th i s r eagen t . 

(18) J . H. P o m e r o y and C. A. Craig, J. Am. Chem. Sue., 8 1 , 6 M 0 i 19511K 
•19) .1. Thie le . Be.r., 3 1 , 1248 (1958). 
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prepared by catalytic reduction of nitroaldehyde 39. 
and oxidation of the presumed 4-amino-3-indolecarbinol 
with Fremjr's salt.20 Alcohol 44 was then converted 
into the desired analog 50 on treatment with methyl iso-
cyanate. 

For the preparation of the 2-carboxamido analog 49 
the 3-formyl-4-nitro ester 39 was converted into the 
corresponding acid 40. The mixed carbonic anhy­
dride21 prepared from this acid and ethyl chlorofor-
mate reacted with ammonia to give amide 43.22,23 Re­
duction of this last substance with ferrous ammonium 
sulfate furnished the amino amide 42, which was con­
verted by Fremy's salt into the p-quinone 46. The 
elaboration of the side chain was then accomplished in 
the usual manner. Reduction of the quinonealdehyde 
46 with sodium borohydride and subsequent regenera­
tion of the quinone system with acidic ferric chloride 
solution gave carbinol 47. Although the transformation 
of 47 into a carbamate could not be achieved by the iso-
cyanate procedure, this material was converted into 
unsubstituted carbamate 49 via phenylcarbonate 48. 

Biology.—The in vitro antibacterial activity of the 
indoloquinones having variants at the 2 position is 
given in Table I. In general, such analogs show no en­
hancement of activity when compared to the 2-alkyl-

(20) For a complete discussion of this procedure for the simultaneous 
elaboration of the quinone system and the 3-carbinol side chain, especially 
with respect to its serious limitations, see ref 1. 

(21) (a) J. R. Vaughan, Jr., J. Am. Chem. Soc, 73, 3547 (1951); (b) R. 
A. Boissonnas, Helv. Chim. Acta, 34, 874 (1951). 

(22) The utility of this procedure for the preparation of 2-indolecarbox-
amide was indicated by an earlier transformation of 2-indolecarboxylic ester 
38 via the mixed anhydride of the corresponding acid into a carboxamide 
(see Experimental Section). 

(23) It may be noted that an early attempt to proceed to this compound 
from amide 5 via Vilsmeier-Haack formylation gave the 2-carbonitrile 7. 

indoloquinone 3. Of some interest is that conversion of 
the 2-aldehydo analog 33, which has only marginal ac­
tivity, into its semicarbazone 34 and oxime 35 deriva­
tives gives compounds having an effectiveness similar 
to 3. 

Experimental Section 

Melting points were determined in open capillary tubes on a 
Mel-Temp apparatus and are corrected. Ultraviolet spectra 
were determined in methanol solution with a Cary recording 
spectrophotometer, and infrared spectra were measured in 
pressed KBr disks with a Perkin-Elmer Model 21 spectropho­
tometer. Pmr spectra were determined on a Yarian A-60 spec­
trometer using CDC13 (unless noted otherwise) as solvent with 
tetramethylsilane as an internal standard; in the description of 
these spectra, the signals are expressed as as (singlet), xd (doublet), 
xt (triplet), or xq (quartet) where x indicates the number of pro­
tons indicated by integration. The petroleum ether used was 
that fraction boiling at 30-60°, unless stated otherwise. All 
evaporations were carried out at reduced pressure. Analyses 
for nitrogen were performed by the Dumas technique using a 
combustion temperature of 950° for 10 min. 

Methyl l-Ethyl-5-methoxy-6-methyl-2-indolecarboxylate (13). 
—A solution of 21.9 g (0.10 mole) of methyl 5-methoxy-6-methyl-
2-indolecarboxylate in 900 ml of benzene was distilled azeo-
tropically, about 250 ml of benzene being collected. The cooled 
solution was treated with stirring with 8.90 g (0.20 mole) of a 
54.7% dispersion of 98.5% NaH in mineral oil; a gray solid 
separated almost immediately. The mixture was stirred at 
ambient temperature for 15 min and then heated to reflux 
temperature. Ethyl sulfate (60 ml) was added dropwise, and 
heating was continued for 2 hr. The cooled mixture was washed 
with water, and the dried organic phase was evaporated. The 
residue was recrystallized from ether-petroleum ether to give, 
in three crops, 18.9 g (77%) of material with suitable purity for 
further work. Material from a similar experiment was recrystal­
lized from acetone-hexane and then methanol to give white 
needles: mp 101-102°; Xmax 212, 303 mM (e 26,700, 22,000); 



C. I!. ALLKX, J H . , .1. F. I'oi.i'/iTd, .wo At. J. W K I S S Vol. 10 

T \ B L E 1 

hi Vitro A X T I B A C T E U I A L A C T I V I T Y O F T H E l-lvi'HYL-3-iiYDRoxYMETHYi,-r)-.viE'i'HoxY-6-MEi'ii'i'i,-2-s! BSTJTC TKI> 

4 , 7 - I x n u l . o y r i x n N K ( ' \ K B A M . \ T I > 

() 

CB.CX X ^CH,(XX)NHK 

Compel 
:i 

18 

X R 

H 
C H J 
C H I 
CHa 
CHi 
CHa 
CHs 
CHa 
CHa 
CHs 
CHa 
CHa 
H 

Highes t t e s t level : 

CHa 
CHsOThp 
CH2CI 
CHsOCHa 
CHaF 
C H2N Ha 
CHaOH 
CHaOAc 
C H J O C O N H C H S 
CHO 
C H = N N H C O X I t 
C H = N O H 
CONH-

50 Mg 

Mya 
«07 

12. 
12 
12 

Staph. 
05:J8I' 

Stapli. 
Rust-

: 2H 5 

Mini nr 

Strep. 

fan. 
12 5 

inn inhib eoncn 

Strep. 
C2(l:{ 

0. 78 

l|x^ ml 
Strep. 
J 8(1 

:; 12 

)" against 
Strep. R. 

-, 11 suht. 

:1.12 1.5( 

:!. 12 
:i 12 

;). 12 
B.25 

1.50 

:s. 
• • ' , . 

3 . 
12 

;s. 

12 
12 

12 
5 
12 

12 

12 
12 

25 

1 . ;>!> 
(J.:S9 
1 . 50 
1 51) 
0 :i» 

12. 
12. 

1 . -)(i 
1 . •>« 

;i. 12 
o.:i<i 

50 
1.5(> 
0.78 
(J. 78 

(J. M 
(3.25 
D.SH 
0 . 2 5 
0 . 7 8 

/ m l . All d a t a a re from concurrent , assays . A b b r e v i a t i o n s for m i c r o o r g a n i s m s : Mi/co. (SO 
bacterium smegmatis, A T C C 607: Staph. 653SP = Staphylococcus aureus, A T C C 65381 ' ; Staph. Hose = Staphylococcus 
Rose ; S.lutea — Sarcina lutea, A T C C 9 3 4 1 ; Strep faec. = Streptococcus faecal in, A T C C 8043; Strep. C203 = Streptococcus p 
C 2 0 3 ; Strep. /3 80 = Streptococcus sp. , ^ -hemoly t i c , 80; Strep. 7 11 = Streptococcus sp. , n o n h e m o l y t i c , 11: li. subt. = liacilh 
A T C C 6633 ; C. xerose = Conjnehacteriwm xerose, NII i .L B 1 3 9 7 ; B. cereus = Bacillus cereus. A T C C 10702; Past. 310 = / 
multocida, A T C C 310. 
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X 5.S5, 8.30 p.: p m r , 80 (3 t , J 
&-CHA, 225, 229 (3s each , O C # 3 ) 

= 7 cps, XCHoCff 8 ) , 140 (3s, 
269 (2q, .1 = 1 cps, N C t f 2 C H 3 ) , 

414 ( I s , 3 -H) , 424 ( I s , low-order coupl ing, 7 -H) , 426 cps (1 
4-ri). 

Anal. Ca l cd for C i 4 H n X 0 3 : C, 67.44: I I , 6 .93 : N , 5.62. 
F o u n d ; C, 67.84; H , 6.98; N , 5.57. 

l -Ethyl -2-hydroxymethyl -5-methoxy-6-methyl indole (14 ) .—A 
m i x t u r e of 7.00 g (28.4 mmoles ) of 13 and 2.17 g of L1AIH4 in 
470 ml of e the r was s t i r red a t reflux t e m p e r a t u r e for 2.5 h r a n d 
t h e n a t r o o m t e m p e r a t u r e for 16.5 hr . T h e excess h y d r i d e was 
des t royed b y a d d i t i o n of e t h y l a c e t a t e and t h e n wa te r . T h e 
organic l ayer was d e c a n t e d from t h e a q u e o u s p h a s e whicli was 
e x t r a c t e d w i t h e thy l a c e t a t e . T h e res idue r ema in ing after re­
m o v a l of t h e so lven t from t h e combined organic solut ions was 
recrys ta l l ized from e t h e r - p e t r o l e u m e t h e r t o g ive 5.494 g ( 8 7 % ) 
of w h i t e needles , n ip 1 0 3 - 1 0 6 ° . M a t e r i a l from a s imilar exper i ­
m e n t was o b t a i n e d as w h i t e need les : n ip 112 .0 -113 .5° : X,„„N 
213, 278, 300 , 310 mM (« 32,000, 10,700, 6570, 4 6 0 0 ) ; X 3.02, 
3.09 M; p m r , 79 (3t , J = 7.5 cps, NCHUCtfa) , 115 ( I s , OH, 
erased on exchange w i t h d e u t e r i u m oxide) , 141 (3s, 6-CH3), 
229.5 (3s , OCHs), 248 (2q, J = 7.5 cps) , 279 (2s, C # 2 O H ) , 377 
( I s , 3 -H) , 418 ( I s , 4 - H ) , 424 ( I s , low-order coupl ing, 7 -H) . 

Anal. Ca l cd for C i 3 H 1 7 N 0 2 : C, 71.20; IT, 7 .82: N , 6.39. 
F o u n d : C, 70 .95 ; H , 7 .97; N , 6.45. 

O n acy l a t i on w i th ace t ic a n h y d r i d e and p y r i d i n e th i s ma te r i a l 
g a v e a c e t a t e 15 as w h i t e needles , m p 9 7 - 9 8 ° , a f te r recrys ta l l iza-
t ion from C H 2 C l 2 - p e t r o l e u m e t h e r ; Xmax 213, 278, 300, 312 mp. 
(e 39,200, 11,400, 6000, 4570) ; X 5.75, 8.04, 8.31 p.: pmr , 80 
(3 t , J = 7.5 cps, C t f 3 C H 2 N ) , 122 (3s, C H 3 C O ) , 142 (3s, 6-Ctf 3 ) , 
228 (3s, OCH3), 245 (2q, ./ = 7.5 cps, N C # 2 C H 3 ) , 312 (2s, 
CffaOTI), 386 ( I s , 3 -H) , 418 ( I s , 4 - H ) , 424 cps ( I s , 7 - H ) . 

Anal. Ca lcd for C15H19NO3: C, 68 .94: H , 7 .33 ; X , 5.30. 
F o u n d : C, 69 .15 ; 11 ,7 .30 ; N , 5.65. 

l -EthyI-2-hydroxymethyl -5-methoxy-6-methyl -3- indolecar-
boxaldehyde Acetate ( 1 6 ) . — W i t h ice cooling, 3.67 g (24.0 mmoles , 
2.2 ml) of POCI3 was a d d e d d ropwi se t o 15 ml of d i m e t h y l f o r m -
a m i d e ( D M F ) a t s u c h a r a t e t h a t t h e t e m p e r a t u r e d id n o t ex­
ceed 10°. A so lu t ion of 6.15 g (23.6 mmoles ) of l - e t h y l - 2 -
h y d r o x y m e t h y l - 5 - m e t h o x y - 6 - m e t h y l i n d o l e a c e t a t e (15) in 30 ml 
of D M F was a d d e d d ropwise a t such a r a t e t h a t t h e t e m p e r a t u r e 
r e m a i n e d be low 10° . After comple t ion of t h e add i t i on , t h e 
solut ion was s t i r red a t 3 0 - 3 5 ° for 1 hr . C r a c k e d ice w a s a d d e d 
followed by 100 ml of 1 N N a O H solu t ion . T h e resu l t ing mix­
t u r e was s t i r red for 1 h r a n d filtered. T h e solid w a s dissolved 
in CH2CI2, a n d this so lu t ion was washed w i t h a K H C O 3 solu t ion , 
d r i ed (MgSO„) , a n d e v a p o r a t e d . T h e res idue w a s c h r o m a t o -
g r a p h e d on Florisi l (magnes i a - s i l i ca gel ) . T h e m a t e r i a l e lu ted 

by CH2CI2 was recrys ta l l ized f rom C H 2 C l 2 - p e t r o l e u m e t h e r to 
give 4.12 g ( 5 8 % ) of w h i t e need les : m p 1 2 4 - 1 2 5 ° ; W 218, 
256, 280, 311 rm* (e 28,800, 19,400, 9700, 13 ,000) ; X 3.55, 3.66, 
5.75, 6.05, 6.52, 8.25 p.; p m r , 85 (3t , ,/ = 7.5 cps, C f l s C H j N ) , 
125 (3s, CH3CO) , 141 (3s, 6-Cff3) . 234 (3s, OCH3), 250 (2q, 
J = 7.5 cps, X C t f 2 C H 3 ) , 327 (2s, C f f 2 0 ) , 427 ( I s , 7 -H) , 465 
( I s , 4 - H ) , 612 cps ( I s , CHO). 

Anal. Ca lcd for C , 6 H i 9 X 0 4 : C, 66.42; H, 6.62; X, 4.84. 
F o u n d : C, 6 6 . 5 1 ; H , 6.97; X , 5.04. 

l -Ethyl -2-hydroxymethyl -5-methoxy-6-methyl -3- indolecar-
boxaldehyde (17) .—A solut ion of 1.50 g of t h e a b o v e a c e t a t e 16 
in 150 ml of 5 % me thano l i c N a O H w a s hea t ed a t reflux t e m p e r a ­
t u r e for 15 min . T h e p r o d u c t w a s isolated w i t h CH2C1? and 
recrvs ta l l ized f rom C H 2 C l 2 - e t h e r t o give 838 m g of c rys t a l s : 
nip "172-174° : X„lax 218, 258, 282, 302 rmx (e 29,400, 20,500, 
12,250, 13,800) ; X 3.06, 6.14/*. 

Anal. Calcd for C H H 1 7 N 0 3 : C, 67.99; I I , 6 .93 ; X , 5.66. 
F o u n d : C, 68 .03 ; I I , 7.10; X , 5.75. 

l -Ethyl -5-methoxy-6-methyl -2- (2- tetrahydropyranyIoxy)-
methyI-3- indolecarboxaIdehyde.—A solut ion of 186 m g (0.75 
mmole ) of 17, 92 mg of d i h y d r o p y r a n , and 10 m g of p - t o l u e n e -
sulfonic acid h y d r a t e in 20 ml of benzene was s t i r r ed a t room 
t e m p e r a t u r e for 4 hr . T h e solu t ion was washed w i t h wa te r , 
dr ied, and e v a p o r a t e d t o g ive t h e t e t r a h y d r o p y r a n y l e the r as an 
oil h a v i n g no O H a b s o r p t i o n in t h e infrared. T h i s ma te r i a l was 
s t i r red w i t h 0.1 A" HC1 for 1.5 hr, af ter which CH 2 C1 2 was a d d e d ; 
s t i r r ing was con t inued for 0.5 hr . T h e m a t e r i a l i sola ted from 
t h e organic solut ion was ident ica l w i t h 17. 

l -EthyI-2-hydroxymethyl -5-methoxy-6-methyl -4-ni tro-3- in-
dolecarboxaldehyde Acetate ( 2 3 ) . — F u m i n g yel low ni t r ic acid 
(3.65 ml) was a d d e d d ropwise t o a s t i r red so lu t ion of 3.65 g 
i 12.6 mmoles ) of l - e t h y l - 2 - h y d r o x y m e t h y l - 5 - m e t h o x y - 6 - m e t h y l -
3 - indo leca rboxa ldehyde a c e t a t e (16) in 65 ml of glacial ace t ic 
acid a t such a r a t e t h a t t h e t e m p e r a t u r e r ema ined below 20° . 
T h e m i x t u r e was s t i r red a t room t e m p e r a t u r e for 30 min , d i lu ted 
wi th wa te r , a n d filtered to g ive 3.74 g ( 8 9 % ) of c rys ta l s , m p 
195-197° . A s a m p l e was recrystal l ized from a c e t o n e - h e x a n e to 
give c rys t a l s : m p 1 9 8 - 2 0 0 ° ; X,„ttx 217, 249, 304 mp. ( £ 33,300, 
17,000, 12,200) ; X 3.52, 3.65, 5.72, 6.00, 6.50, 8.25 p.. 

Anal. Ca lcd for C,6H l 8 N 2 0e: C, 57 .48 ; H , 5 .43; X , 8.38. 
F o u n d : C, 57 .33 ; H, 5 .41 ; X , 8.47. 

l -Ethyl -2-hydroxymethyl -5-methoxy-6-methyI-4-ni tro-3- in-
dolecarboxaldehyde ( 2 4 ) . — T o a s t i r red suspens ion of 200 m g 
(0.60 m m o l e ) of 23 in 8 ml of m e t h a n o l , unde r n i t rogen , was a d d e d 
0.42 ml of 1 0 % K2CO3. T h e reac t ion m i x t u r e was s t i r red a t 
room t e m p e r a t u r e for 1 hr d u r i n g which t i m e so lu t ion occurred . 
T h e reac t ion was t e r m i n a t e d b y t h e add i t ion of 0.03 ml of glacial 
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acetic acid, and on addition of water and cooling 137 mg (81%) 
of a tan solid was obtained, mp 155-160°. Reorystallization of 
the solid from acetone-petroleum ether (60-70°) gave 97 mg 
of a solid, mp 145° (resolidifies and melts at 160-162°); Xmax 215, 
248, 298 m/i (e 40,500, 17,520, 12,550); X 2.94, 3.41, 6.09, 6.5 ix. 

Anal. Calcd for C H H I . N 2 0 6 : C, 57.53; H, 5.52; X, 9.59. 
Found: C, 57.08; H, 5.46; N, 9.75. 

4-Amino-l-ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-
indolecarboxaldehyde (22). A.—To a boiling, stirred solution 
of 4.24 (12.7 mmoles) of 23 in 350 ml of ethanol was added a 
solution of 35.2 g (0.127 mole) of FeS0 4 -7H 2 0 in 350 ml of water. 
The resulting turbid solution was treated at 1-2-min intervals 
with 5-ml portions of concentrated NH4OH (45 ml total); the 
dark mixture was stirred at steam-bath temperature for 1 hr 
after the last addition. The mixture was filtered, and the residue 
was washed well with CH2C12. The combined filtrate and wash­
ings were diluted with water. The organic phase was separated, 
and the aqueous phase was extracted further with CH2CI2. 
The combined organic solutions were washed with water and then 
extracted well with dilute HC1 (8:2). The combined acid ex­
tracts were neutralized with Na2C03, and the resulting mixture 
was extracted with CH2CI2. The dried extracts were evaporated, 
and the residue was recrystallized from CH2CI2 to give 1.370 g 
(41%) of cream-colored crystals: mp 182.0-183.5°; Xm„ 228, 
256, 276 (sh), 350 mM (6 28,900, 15,500, 9850, 4720); X 3.04, 
3.16, 3.54, 3.75, 6.10, 6.25 M; pmr, 79 (3s, . / = 7.5 cps, XCH2Ctf3), 
139 (3s, 6-Ctfs), 220 (3s, OCff„), 250 (2q, / = 7.5 cps, XCH,-
CH„), 292 (2d, J =1 cps, CH2OH), 333 (I t , J = 7 cps, CH2Otf), 
372 (2 broad, XH2), 390 (Is, 7-H), 593 cps (Is, CHO). 

Anal. Calcd for C14H l8X203: C, 64.10; H, 6.92; N, 10.68. 
Found: C, 64.57; H, 7.06; N, 10.37. 

In a preliminary experiment utilizing 3.523 g of 23 the reaction 
mixture was heated for 15 min after the last addition of NH4OH. 
The crude product was recrystallized from CH2Cl2-petroleum 
ether to give 419 mg (15%) of 22. Concentration of the mother 
liquor gave 1.435 g (45%) of the acetate ester 21 as tan crystals, 
mp 132-134°. An additional recrystallization gave material 
with mp 136-138°; Xmax 229, 255, 275 (sh), 355 mM (* 33,500, 
17,200, 12,000, 4860); X 2.90, 3.03, 3.52, 5.71, 6.09, 6.23, 8.23, 
M; pmr, 82.5 (3t, J = 7.5 cps, XCH2Cff3), 124 (3s, Ctf3CO), 
142 (3s, 6-Cffs), 224 (3s, OC#3) , 247 (2q, J = 7.5 cps, XCff2CH„), 
323 (2s, Cff20), 349 (2 broad, NH2), 383 (Is, 7-H), 593 cps (Is, 
CHO). 

Anal. Calcd for C,«H2oN204: C, 63.14; H, 6.62; N, 9.21. 
Found: C, 62.82; H, 6.91; N, 9.53. 

B.—4-Amino-l-ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-
indolecarboxaldehyde acetate (21) (6.10 g, 23.3 mmoles) was 
hvdrolyzed as described in the preparation of 24 with 13 ml of 
10% K2CO3 in 120 ml of methanol to give 4.347 g (83%) of solid, 
mp 182-185°. 

C.—Reduction of 24 (6.62 g, 22.7 mmoles) by the procedure of 
method A gave 3.20 g (54%) of tan crystals, mp 185-187°. 

4-Amino-l-ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-
indolecarboxaldehyde Acetate (21).—A stirred solution of 9.00 g 
(27 mmoles) of 23 in 850 ml of glacial acetic acid and 86 ml of 
water was heated to steam-bath temperature and 17.4 g of iron 
filings were added in portions over 1.5 hr. Additional water 
(86 ml) was added after 45 min. The cooled mixture was diluted 
with water and extracted with CH2C12. The extracts were washed 
successively with water, Xa 2C0 3 solution, and water, dried, and 
concentrated to give 6.106 g (74%) of solid, mp 133-140°, which 
was used without further purification. 

l-EthyI-2-hydroxymethyI-5-methoxy-6-methyl-4,7-dioxo-3-
indolecarboxaldehyde (20).—A solution of 1.472 g (5.62 mmoles) 
of 22 in 240 ml of acetone was added to a stirred solution of 3.09 
g (11.5 mmoles) of Fremy's salt in 160 ml of water and 80 ml 
of 0.167 M KH 2 P0 4 ; the resulting solution was stirred at room 
temperature for 16 hr. Water was added, and the product was 
isolated with CH2C12. The material was chromatographed on 
Florisil. The material that was eluted by CHC13 was recrystal­
lized from acetone-hexane to give 1.008 g (65%) of yellow needles, 
mp 128-129°. An additional recrystallization from the same 
solvents gave vellow needles: mp 128.5-130.0°; Xmax 215, 248, 
270, 281 (sh)," 328, 415 mM (* 20,200, 13,600, 14,100, 13,000, 
4720, 832); X 2.85, 3.51, 5.98, 6.05, 6.20, 6.53, 6.62, 9.06 M; 
pmr, 84 (3t, .7 = 7 cps, XCH2Ctf3), 119 (3s, 6-CH3), 242 (3s, 
OCi/3), 271 (2q, J = 7 cps, XCtf2CH3), 287 (2s, CH.OH), 626 
cps (Is, CHO). 

Anal. Calcd for Ci4H15X05: C, 60.64; H, 5.45; N, 5.05. 
Found: C, 60.38; H, 5.62; N, 5.03. 

l-EthyI-2-hydroxymethyI-5-methoxy-6-methyl-4,7-dioxo-3-
indolecarboxaldehyde Acetate (19).—Compound 21 (1.235 g, 
3.74 mmoles) was oxidized with 3.08 g (11.5 mmoles) of Fremy's 
salt as described in the preparation of 20. The product was 
recrystallized from CH2Cl2-petroleum ether to give 837 mg (70%) 
of light orange crystals, mp 137-140°. The analytical specimen 
had mp 142-144°; Xmax 214, 245, 272, 325, 400 (« 19,100, 13,700, 
15,200, 4450, 796); X 3.50, 5.70, 5.95, 6.03, 6.06, 6.21, 6.50, 
6.60, 8.10, 9.05 M; pmr, 85 (3t, J = 7.5 cps, C# 3CH 2X), 119 
(3s, 6-Ci/j), 126.5 (3s, C#3CO), 243.5 (3s, OCff3), 267 (2q, 
J = 7.5 cps, CH3Ctf2X), 330 (2s, CH20), 630 cps (Is, CHO). 

Anal. Calcd for Ci6Hi7N08: C, 60.18; H, 5.37; X, 4.39. 
Found: C, 59.65; H, 5.35; X, 4.59. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-2-(2-tetrahy-
dropyranyloxy)methylindoIe-4,7-dione Methylcarbamate (18). 
—A solution of 922 mg (3.33 mmoles) of 20, 368 mg (4.4 mmoles) 
of dihydropyran, and 40 mg of p-toluenesulfonic acid monohy-
drate in 120 ml of benzene was stirred at room temperature for 
17 hr. The solution was washed successively with X a H C 0 3 

solution and water, dried, and evaporated to give the tetra-
hydropyranyl ether as a yellow oil. This material was dissolved 
in 100 ml of methanol, and this solution was swept with nitrogen, 
heated to reflux with stirring, and treated with 1.000 g of XaBH4 . 
The resulting colorless solution was heated for 2-3 min and then 
stirred at room temperature for 1 hr. Acetone (10 ml) was 
added, and stirring was continued for 10 min, whereafter 10 ml 
of a 1 A" FeCl3 in 0.1 A* HC1 solution was added. The resulting 
mixture was diluted with water, and the crude product was iso­
lated with methylene chloride. 

The resulting 3-hydroxymethyl derivative was treated with 
10 ml of methyl isocyanate at reflux temperature for 25 hr. 
The excess isocyanate was removed, and the residue was re­
crystallized from CH2Cl2-petroleum ether to give 232 mg( 17%) of 
l-ethyI-2,3-bis(hydroxymethyl)-5-methoxy-6-methylindole-4,7-
dione bismethylcarbamate (32) as yellow crystals, mp 191.0-
191.5° (softening from 185°). Recrystallization of this material 
from the same solvents furnished 189 mg of yellow crystals: 
mp 193.5-194.0° (softening from 185°): Xmsx 233, 285, 337, 415 
mM (e 24,000, 15,700, 3730, 1180); X 3.02, 5.86, 6.01, 6.07, 6.19, 
6.45, 6.63, 7.85, 9.06 n; pmr,24 79 (3t, J = 7.5 cps, XCH2Ctf3), 
113 (3s, 6-Ctf3), 156 (3d, J = 5 cps, XHCtf3), 236 (3s, OCH3), 
263 (2q, J = 7.5 cps, XC# 2 CH 3 ) , 313 (4s, CHJO), 415 cps (2 
broad, NffCHj). 

Anal. Calcd for Ci8H23X307: C, 54.95; H, 5.89; X, 10.68. 
Found: C, 55.13; H, 6.04; X, 10.63. 

Concentration of the mother liquor gave 966 mg of yellow 
crystals, mp 103-110°. A 250-mg sample of this material was 
recrvstallized from CH2Cl2-petroleum ether to give 166 mg (49%) 
of 18 as vellow needles: mp 119-121°; Xraax 231, 284, 340, 420 
mil (e 21,800, 14,300, 3620, 1140); X 3.01, 5.87, 6.02, 6.08, 6.23, 
6.48,6.64,7.91,8.75,9.06//: pmr, 8 4 ( 3 t , J = 7.5 cps, CH3CH2N), 
98 (m, alkvl ring H's), 117 (3s, 6-CH3), 166 (3d, J = 5 cps, 
NHCi/a), 225 (2m, Ctf20 in alkvl ring), 241 (3s, OCH3), 267 
(2q, J = 7.5 cps, NC#2CHs), 285 (3m, 2-CH20, O C # 0 ) , 303 
(broad, XHCH3) , 319 cps (2s, 3-CT20). 

Anal. Calcd for CaHaXjO,: C, 59.99; H, 6.71; X, 6.66. 
Found: C, 59.48: H, 6.76; X, 7.03. 

l-EthyI-2,3-bis(hydroxymethyl)-5-methoxy-6-methylindole-
4,7-dione 3-Methylcarbamate (30).—A solution of 716 mg 
(1.7 mmoles) of 18 (remaining crude from previous experiment) 
in 120 ml of methanol and 30 ml of 0.1 .V HC1 was allowed to 
stand at room temperature for 18 hr. The product was isolated 
with CH2C12 and recrystallized twice from CEhClj-petroleum 
ether to give 246 mg of yellow crystals, mp 164-166°. The mate­
rial in the mother liquors was again treated as above to give an 
additional 92 mg (59%) of vellow needles: mp 160-162°; Xmax 

233, 286, 340, 425 mM (e 20,500, 14,500, 3420, 1040); X 2.95, 
5.87, 6.01, 6.07, 6.19, 6.51, 6.63, 7.94, 8.90, 9.12 M; pmr, 82 
(3t, / = 7.5 cps, XCH2CH3), 115 (3s, 6-C#3), 160 (3d, J = 5 
cps, NHOffa), 233 (3s, OCHs), 268 (2q, J = 7.5 cps, XCtfjCH,), 
280 (m, 2-CH20, after exchange with methanol-d4 this resonance 
coalesced into sharp singlet), 314 (2s, 3-CH20), 388 cps (broad, 

Anal. Calcd for C16H.,„X206: C, 57.13; II, 5.99; X, 8.33. 
Found: C, 57.56; H, 6.31; X, 8.51. 

With pyridine—acetic anhydride this alcohol gave a mono-
acetate (31) which was obtained as yellow needles, mp 143-145°, 
from ether-petroleum ether; Xmax 234, 284, 338, 415 imx (e 

(24) Determined in dimethyl sulfoxide-rfo. 
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22,700, 14,700, 3550, 1100); X 2.OS, 5.76, 5.86, 6.00, 6.08, 0.21, 
6.48, 6.64. 7.87, 8.84, 0.06 M; pmr. 83 (3t, ,/ = 7.5 cps, XCIF-
CH,), 118 OK 6-Cff;,). 12.5 (.'K C// : iCO). 167 (3d, J = 5 cps, 
SHCH3). 242 (3s, OCH3), 265 (2(1; ./ = 7.5 cps, XCH.-CII,), 200 
(broad, NflCHji, :-J 1S and 321 ops (two singlets, 2- and 3-0//>G i. 

,lreo/. Coaled for C„H2..N,()T: C, 57.13; H, 5.86; X, 7.40. 
Found: (!, 57.02: II. 6.14: X, 7.67. 

(l-Ethyl-5-methoxy-6-methyl-2-indolyl)methylpyridinium 
Tosylate (10).—To an ice-chilled solution of 1.000 g (4.56 mmoles) 
of 14 in 14 ml of dry pyridine was added 1.007 g (10 mmoles) 
of p-toliienesulfonyl chloride, and the resulting solution was 
stored in the refrigerator overnight. The reaction mixture was 
diluted with water and filtered. The filtrate was extracted with 
CIFOL. to give a residue that was crytallized from acetone lo 
give 714 mg 014', j of crystals: nip 120-130°: \mux 8.35, 14.80M: 
pmr. 52 (.31, ./ = 7 cps] XCIFC# 3 ) , 137.5. 130.5 (6, li-Cfl, and 
(;//;, of tosylate), 220.5 (3s, GO//:,), 243 I 2q, ./ = 7 cps, N'C//.-
CII:i), 375 (2s, CH-iO), series of multiplets at 403-455 cps ( aryl 
protons). 

Anal. Oalcd for C2oIUX204S: 0, 66.50: II, 6.25: X, 6.22: 
S, 7.08. Found: 0 ,66.87: H, 6.50: X, 6.15: S, 7.14. 

(5-Methoxy-6-methyl-2-indolylmethyl)trimethylammonium 
Iodide (9).—A mixture of 10.0 g of 5-methoxy-6-methyl-2-
indolecarboxylic acid1' and 12.0 g of PCI.-, in 150 ml of acetyl chlo­
ride was stirred at room temperature for 2 hr. The volatile 
material was removed, the residue was dissolved in benzene, 
and the solvent was removed. The benzene addition and removal 
was repeated several times. The crude acid chloride was con­
verted into the dimethylamide 6 by treatment with dimethyl-
amine as described in the preparation 5; yield 4,0 g (350 J: 
nip 225-230°; X„1;|S 3.02, 6.30, 6.65 M-

The carboxamide 6 was reduced with 1.07 g of LiAlIIj in 250 
ml of TIFF as described in the preparation of 14 to give 8 as a 
viscous oil: no earbonyl in the infrared region. 

A solution of 2.67 g of the crude dimethylaminomethyl deriva­
tive 8 in 80 ml of methanol was treated with 80 ml of methyl 
iodide. Crystallization began almost immediately: after 30 min 
at room temperature the mixture was filtered to give 3.66 g of 
white crystals. A sample was recrystallized three times from 
methanol t o give yellow crystals, which slowly decomposed 
above 190°: X,,,,,* 212, 271, 302, 312 nu* U 45,S0()j 11,200, 6300, 
5400): no (X) absorption in the infrared. 

Anal. Oalcd for CJOTX-.O: (', 46.68; II, 5.S.V I, 35.24: 
N, 7.78. Found: C, 46.30; 11,6.24; 1,33.46; X, 8.06. 

2-Chloromethyl-l-ethyl-5-methoxy-6-methyl-3-indolecarbox-
aldehyde (11).—A solution of 200 mg of 16 in 15 ml of acetic 
anhydride chilled to 0° was saturated with F1C1. The solution 
was allowed to stand at room temperature for 2 hr after which 
it was cautiously poured into an aqueous XaHCO : l shury and 
extracted with CH^C'L... The extract was washed with water, 
dried, and evaporated. The residue was recrystallized from 
other-petroleum ether to give 46 mg of a yellow solid, mp 132 
135°. A color change from yellow to red occurred in the metlian-
olic solution on standing preparatory to running the ultraviolet 
spectrum: hence the recorded spectrum is probably not that of 
11, but that of a transformation product; X,„.,s 215, 255, 280, 
305, 500 m,u (e 28,000, 12,750. 10,000, 10.900, 5030): X 3.66, 
6 .00 M-

Anal. Calcd for Ci4IF,6ClXO,: C, 63.24; H, 6.06: Cl, 13.34: 
X, 5.27. Found: C, 63.00; H, 6.15; Cl, 13.70; X, 5.36. 

2-Chloromethyl-l-ethyI-3-hydroxymethyl-5-methoxy-6-
methylindole-4,7-dione Methylcarbamate (25).—A stirred solu­
tion of 720 mg (2.14 mmoles) of 30, 0.152 ml (2.14 mmoles) of SO-
Cb, and 0.27 ml of dimethylaniline in 80 ml of benzene was inter­
mittently warmed on a water bath. After 20 min several more 
drops of iSOCl, were added and warming was continued. The re­
action mixture was cooled and partitioned between benzene and 
water. The organic solution was washed with saline, dried, and 
evaporated. The residue was chromatographed on silica gel: the 
material elided by ether was reciystallized from ether-petroleum 
ether to give 530 mg (70 r , ) of yellow crystals: mp 143-144°; 
X,„;ix 238, 285, 342, 437 mM u 17,400, 13,300, 3190, 1062); X 
3.02, 5.80, 6.01, 6.00 M. 

Anal. Calcd for CielliaClXjOs: C, 54.16; IF, 5.40; Cl, 10.00; 
X, 7.90. Found: 0 ,54.55: H, 5.46; Cl, 10.18; X, 7.89. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-2-mercapto-
methylindole-4,7-dione 3-Methylcarbamate 2-Acetate (26). To 
a stirred solution of 50 mg (0.14 mmole) of 25 in 10 ml of acetone 
was added 16.1 nig (0.14 mmole) of potassium thiolacetate. 
The reaction mixture was stirred at room temperature for 40 min, 

diluted with water, and extracted with methylene chloride. 
The organic solution was washed with water, dried, and evapo­
rated. The residue was recrystallized from OIFOU-pet roleiim 
ether lo give 41 mg i.74 r

r) of orange solid: mp 143-144°: X,„.,s 
242, 285, 342 m,u it 24,800, 14,600, 39441: A 2.94, 3.02, 5.77, 
5.9, 6.0,6.1^. 

Anal. Oalcd I'm O.JIsX.OeiS: O, 54.82: II, 5.62: X, 7.111; 
8,8.13. Found: 0 .55 .05: 11,5.80: X, 6.79: 8,7.67. 

l-Ethyl-3-hydroxymethyl-5-methoxy-2-methoxyrnethyl-6-
methyIindole-4,7-dione Methylcarbamate (27).--A solution of 
100 mg of 25 in 30 ml of 5 0 methanolic KG IF was stirred at 
room temperature for 10 min. The product was isolated with 
0 1 0 0 0 and recrystallized from ClFCIo-ether-pelroleum ether 
to give 44 mg (33' ' , ) of yellow solid: mp 165-166°; X,„.̂  233, 
285, 345, 425 nu< (e 21.000, 14,700, 3500. 1070); X 3.02, 5.91, 
0.01. 6.1, 9.06, 9.18 M. 

Anal. Oalcd for 0,7I UX,()fi: 0 . 58.27: 11. 6.33: X, 8.00. 
Found: 0.58.29: If, 6.56: X, 7.55. 

l-Ethyl-2-fluoromethyl-3-hydroxymethyl-5-rnethoxy-6-methyl-
indole-4,7-dione Methylcarbamate (28).-—A Soxhlet oximeter 
was charged with 1.3 g of AgF and 100 ml of acetonitrile. The 
AgF was extracted for 1 hr after which time 245 mg i 0.09 
mmole) of 25 was added to the reaction flask. The reaction was 
maintained a) reflux for 2 hr, then filtered, and the filtrate was 
evaporated. The residue was dissolved in CIFuOb, washed 
successively with water and saline, and evaporated. The residue 
was chromatographed on silica, gel, the product being eluled with 
ether. The first other fraction (50 ml) was evaporated, and ro-
crystallization of the residue from ether-petroleum ether gave 
70 mg (30' , ) of yellow crystals: mp 137-138°: X,„.,v 234, 2S5. 
330, 412 IUM U 19,600. 14,200, 3180, 046); X„,;,, 3.03, 5.9, 6.01. 
0 . 1 2 M-

Anal. Oalcd for C,sHi,,FX2G.-,: O, 56.79; II, 5.66: F, 5.61; 
X.8.25. Found: 0,57.19; If, 5.90; F, 5.44; X, 8.05. 

2-Aminomethyl-l-ethyl-3-hydroxymethyl-5-methoxy-6-methyI-
indole-4,7-dione 3-Methylcarbamate (29).—-A solution of 500 
mg ( 1.42 mmoles.) of 25 in 200 ml of T H F saturated with XH;i 

was allowed to stand for 5 days in a stoppered bottle. The 
residue obtained aftei evaporation of the solvent was chromato­
graphed on Oelite (diatomaceous silica i using a heptane-ethyl 
acet.ate-.DMF-water (100: .100:40:5) system.25 The material 
eluted at peak hold-back volume 1.7 (I'm/10 = 2.3) was re­
crystallized from OfbOb -petroleum ether to give 72 mg (15'(() 
of orange crystals: nip 129-130°: X[1J:IX 235, 285, 340, 440 UIM 
U 10,400, 13,700, 3350, I] lO.i: X 2.99, 5.8.8, 6.04, 6.10, 6.21, 6.63, 
7.00, 8.88 M- Acceptable carbon, hydrogen, and nitrogen analy­
ses could not be obtained for this substance. 

Anal. Oalcd for 01(iII2iXs();,: 0 ,57 .30 ; 11,6.31; N, 12.53. 
Found: 0 , 56.24; II, 0.07; X, 12.02. 

Thin layer chromatography showed this material Lo be con­
taminated with a small amount of another substance. Coin-
pound 29 was insoluble in water, but freely soluble in dilute HCI. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-2-
indolecarboxaldehyde Methylcarbamate (33). A mixture of 
50 mg (0.07 mmole) of 30 and 300 mg of activated MnOr" in 
125 ml of ether was stirred at room temperature for 24 hr. The 
mixture was filtered, and the residue was washed well with ether. 
After removal of (he solvent from the combined filtrate and 
washings, the residue was recrystallized from ether-petroleum 
ether to give 26 mg (52') ) of yellow needles: mp 147.0-148.5°; 
Amilx 282," 335, 390 HIM U 32,800, 2100, 1070): X 3.00, 5.90, 
5.96, 6.03, 0.07, 0.30, 0.45, 0.05, 7.87, 8.80, 9.10 M: pmr, 82 (Ml, 
./ = 7.5 cps. XCH.,C# : t), 119 (3s, 0-Cfi3), 107 (3d, ./ = 5 cps. 
XHCff:,), 244.5 OK OCH,). 290 !,2q, / = 7.5 cps, XCfOClI,), 
332 (2s, ChOO), 607 cps ( Is, 0//()>. 

Anal. Oalcd for Oi„II,5X2Ofi: 0 , 57.48; II, 5.43; X. *.3S. 
Found: O, 57.25; 11.5.60; X, 8.33. 

This material gave the following aldehydo derivatives on treat­
ment with the appropriate reagents. 

Semicarbazone (34): red crysials, mp 212 -214°, from C1FC0 -
petroleum ether; X„„„ 305, 475 IUM U 35,600, 1995): X 2.95, 3.05, 
5.93, 6.00, 6.09 M- Anal. Oalcd for 0,7lD,X,-,Of,: C, 52.17; 
If. 5.41; X, 17.90. Found: 0.52.14; 11,5.65: X, 17.50. 

Oxime (35): red crystals, mp 190.0-190.5°, from CIIoCU 
petroleum ether: X,„:!, 282, 345, 462 mM U 30,500, 2950, 1390): X 

1'idaeks i>f (Ms labora tory , sec M. .1. Weiss. It. E. Schaub , ( i . It. Allen. .Ir., 
.1. I'. I 'n leoo , (' I ' i . lacks, K. ]',. C u i n i n , ami <". J. Coscui, THrulieilwn. 20, 
:i">7 i l l l l i t ; . 
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2.89, 3.00, 5.90, 6.08 n. Anal. Calcd for Ci6Hi9X306: C, 55.01; 
H, 5.48; N, 12.03. Found: C, 55.08; H, 5.59; X, 11.98. 

Methoxime (36): orange crystals, mp 165-167°, from CH2Ci2-
petroleum ether; Xmax 286, 345, 455 rmi (« 33,800, 2900, 1420); 
X 3.02, 5.90, 6.00, 6.10 M. Anal. Calcd for C„H2iX306: X, 
11.57. Found: X, 11.24. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methyI-4,7-dioxo-
indole-2-carbonitrile Methylcarbamate (37). A.—A solution of 
100 mg (0.3 mmole) 33, 67.5 mg (0.3 mmole) of 0,X-bis(trifluoro-
acetyl)hydroxylamine, and 0.09 ml of pyridine in 10 ml of ben­
zene was stirred at room temperature for 1 hr. Thin layer chro­
matography showed one spot, that of starting material. The 
reaction mixture was heated to reflux and excess 0,X-bis(tri-
fluoroacetyl)hydroxylamine was added in portions until the 
disappearance of starting material was noted by tic. The re­
action mixture was cooled and partitioned between benzene 
and water. The organic phase was washed with saline, dried, 
and evaporated. The residue was recrystallized from ether-
petroleum ether to give 62 mg (62%) of yellow solid: mp 148-
149°; Xmax 243, 278, 328, 410 mM (« 28,100, 14,100, 2480, 992); 
X 3.0, 4.47, 5.84, 6.0, 6.07 ix. 

Anal. Calcd for C l6H17X305: C, 58.00; H, 5.17; X, 12.68. 
Found: C, 58.01; H, 5.20; X, 12.53. 

B.—A stirred solution of 50 mg (0.14 mmole) of l-ethyl-3-
hydroxymethvl-5-methoxv-6-methyl-4,7-dioxoindole-2-carbox-
aldehyde oxime (35), 0.010 ml (0.141 mmole) of SOCl2, and 0.018 
ml of dimethylaniline in 5 ml of benzene was intermittently 
warmed on the steam bath. After 0.5 hr several drops of SOCI2 
were added, and heating was continued several more minutes. 
The reaction mixture was cooled and diluted with benzene. The 
organic solution was washed with saline, dried, and evaporated. 
The residue was chromatographed on silica gel; the material 
eluted bv ether was recrystallized from ether-petroleum ether 
to give 16 mg (34%) of yellow crystals, mp 146-148°. The 
identity of this material with that of method A was shown by the 
usual criteria. 

l-Ethyl-5-methoxy-6-methyI-2-indolecarboxylic Acid (4).—A 
mixture of 1.628 g (6.9 mmoles) of methyl l-ethyl-5-methoxy-6-
methyl-2-indolecarboxylate (12) and 50 ml of 5 % XaOH solu­
tion was heated at reflux temperature for 105 min. The result­
ing solution was cooled, whereupon the sodium salt of the crude 
acid separated. The mixture was acidified with HC1, and the 
solid was recrystallized from aqueous acetone to give 1.254 g 
(78%) of white crystals: mp 208-209° (gas, prior sintering); 
X™* 217, 300 mM (e 33,100, 20,700); X 3.40, 3.86, 5.99, 8.20 p. 

Anal. Calcd for Ci3Hi6X03: C, 66.93; H, 6.48; X, 6.01. 
Found: C, 67.22; H, 6.67; X, 5.78. 

1 -Ethyl-5-methoxy-G-methyl-2-indolecarboxamide (5).—1-
Ethyl-5-methoxy-6-methyl-2-indolecarboxylic acid (4) (14.6 g, 
62.6 mmoles) was converted into the acyl halide by stirring with 
150 ml of acetyl chloride and 15 g of PCL for 3.5 hr at room 
temperature. After removal of the excess solvents, the residue 
was dissolved in 150 ml of benzene. Ammonia was introduced 
for 1 hr, and the crude product was recrystallized from acetone-
hexane to give 8.34 g (57%) of white crystals: mp 220.0-221.5°; 
Xma* 215, 300 m/x (e 37,300, 17,100); X 2.95, 3.05, 6.10, 6.25, 

6.65 ju-
Anal. Calcd for Ci3Hi6X20>: C, 67.22; H, 6.94; X, 12.06. 

Found: C, 67.26; H, 7.15; X, 12.29. 
l-Ethyl-5-methoxy-6-methyl-2-indolecarbonitriIe (7).—A mix­

ture of 7.00 g (30.1 mmoles) of 5 and 70 ml of POCl3 was heated at 
reflux temperature for 5 min. The brown solution was cooled 
and poured with stirring onto a mixture of cracked ice and 140 ml 
of XH4OH. The mixture was maintained a t an alkaline pH 
by the periodic addition of XH4OH. After the excess P0C13 

had hydrolyzed, the solid was recrystallized from dilute methanol 
to give 5.91 g (92%) of needles, mp 94-96°. A second recrystal-
lization sharpened the melting point to 93.5-95.0°; Xmax 218, 
285, 293, 323, 333 mM (« 33,000, 18,000, 20,100, 6850, 6000); X 
4.54, 6.14, 6.41 M; pmr, 81 (3t, J = 7.5 cps, CH3CH2X), 141 (3s, 
6-C#3), 227 (3s, OC# 3 ) , 250 (2q, J = 7.5 cps, CH 3 C# 2 X) 413, 
415 (Is each, 3-H, 4-H), 423 cps (Is, 7-H). 

Anal. Calcd for Ci3H14X20: C, 72.87; H, 6.59; X, 13.08. 
Found: C, 72.96; H, 6.58; X, 12.98. 

Methyl l-ethyI-3-formyl-5-methoxy-6-methyI-2-indolecarbox-
ylate (38) was obtained in 82% yield by formylation of 13 as de­
scribed in the preparation of 16. On recrystallization from ace-
tone-hexane it was obtained as yellow needles: mp 178.5-180.0°; 
Xmax 219, 252, 335 mM (e 22,000, 19,800, 14,300); X 5.85, 6.06, 
8 . 2 5 , 9 . 5 8 M. 

Anal. Calcd for doHnXOi: C, 65.44; H, 6.22: X, 5.09. 
Found: C, 65.32; H, 6.46; X, 5.40. 

Methyl l-EthyI-3-formyl-5-methoxy-6-methyl-4-nitro-2-indole-
carboxylate (39).—A stirred suspension of 10.6 g (38.5 mmoles) of 
38 in 300 ml of acetic acid was nitrated with 10.6 ml of yellow 
fuming nitric acid as described in the preparation of 23. The 
solution was diluted with water, cooled, and filtered to give 8.00 g 
(65%) of orange solid, mp 170-175°. In a preliminary experi­
ment this material was obtained in 62% yield as light orange 
crystals: mp 179-182°, after recrystallization from acetone-
hexane; X„,« 222, 250, 320 mM (« 29,600, 19,900, 15,000); X 
5.80, 6.00, 6.47, 8.11, 8.62, 9.60, 9.95 p.. 

Anal. Calcd for CioH16X206: C, 56.25: H, 5.04; X, 8.75. 
Found: C, 56.23; H, 5.06; X, 8.66. 

The filtrate was extracted with CH2C12, and the extracts were 
washed with saline, dried, and evaporated. The residue was 
recrystallized from acetone to give 1.9S g (18%) of o-quinone 41 
as red crystals: mp 209-211°; Xmax 278, 345, 480 mM (e 28,300, 
2200, 1100): X5.82, 5.95, 6.0 M. 

Anal. Calcd for C H H I 3 X 0 5 : C, 61.09; H, 4.76; X, 5.09. 
Found: C, 61.30; H, 4.94; X, 5.16. 

l-Ethyl-3-formyI-5-hydroxy-6-methyl-4,7-dioxo-2-indolecar-
boxylic Acid (45).—To a stirred mixture of 2.000 g (7.3 mmoles) of 
methyl l-ethyl-3-formyl-6-methyl-4,5-dioxo-2-indolecarboxylate 
(41) in 40 ml of acetic anhydride was added 1 ml of boron tri-
fluoride etherate. All solid dissolved, and the solution was 
stirred at room tempeiature for 20 min. This solution was 
poured onto cracked ice and stirred until the excess anhydride 
hydrolyzed. The solid was collected by filtration to give 3.025 g; 
Xmax 5.70, 5.75, 8.30-8.50, 9.28 M- I t was treated with 160 ml 
of 5% XaOH solution at reflux temperature under nitrogen for 
30 min. The deep brown solution was filtered, and the filtrate 
was aerated for 30 min. The resulting purple solution was 
acidified with HC1 to give an orange solid. This material was 
recrystallized from acetone-hexane to give 1.118 g (55%) of 
orange crystals, mp 137-138°. A 100-mg sample of this mate­
rial was recrystallized from the same solvents to give 77 mg of 
orange crystals: mp 161-163°: Xmax 235 (sh), 269, 280, 291, 
332, 430 mM (<= 7330, 18,700, 17,800, 18,200, 3330, 570); X 3.00, 
4.00, 5.75, 6.08, 6.21, 6.58, 6.65, 9.24 M; pmr, 80 (3t, J = 7.5 cps, 
CH"3CH2X), 109 (3s, 6-Ci/3), 272 (2q, J = 7.5 cps, XCff2CH3), 
613 (Is, CHO), 642 cps (2 broad, OH, COOH). 

Anal. Calcd for Ci3HnX06 : C, 56.32; H, 4.00; X, 5.05. 
Found: C, 56.18; H, 4.17; X, 5.23. 

Methyl 1 -Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-
dioxo-2-indolecarboxylate (44). A.—A mixture of 463 mg (1.45 
mmoles) of 39, 100 mg of 10% Pd-C, and 100 ml of ethanol was 
shaken under hydrogen. After 65 min a pressure drop cor­
responding to 3 equiv of hydrogen was noted; no further pressure 
drop was observed in the ensuing 25 min. The mixture was 
filtered, and the solvent was removed. Trituration with ether 
caused partial crystallization. 

A solution of this material in 60 ml of acetone was added with 
magnetic stirring to a solution of 804 mg (3.0 mmoles) of Fremy's 
salt in 40 ml of water and 20 ml of 0.167 M KH 2 P0 4 solution. 
The blue solution became deep red in color and stirring was 
continued for 3 hr. The resulting mixture was distributed be­
tween CH2C12 and water. The dried organic solution was evapo­
rated, and the residue was chromatographed on Florisil. The 
yellow material eluted by chloroform was recrystallized from 
ether-petroleum ether to give 112 mg (25%) of yellow crystals, 
mp 80-82°. An additional recrystallization gave yellow crystals: 
mp 83-84°; Xmax 267, 340, 390 (sh) mM (e 29,200, 2610, 1120); 
X 2.94, 5.75, 6.04, 6.20, 6.56, 6.67, 7.60, 7.73, 8.74 M; pmr, 83 
(3t, J = 7.5 cps, C# 3CH 2X), 120 (3s, 6-C#3), 236 (3s, COOC#3) , 
243 (3s, OCHs), 260 (ill-defined, CH2Otf), 288 (2q, J = 7.5 cps, 
XCH2CH3), 298 cps (m, sharpened after exchange with methanol-
ck into a singlet, C # 2 0 H ) . 

Anal. Calcd for Ci5H17X06: C, 58.63; H, 5.58; X, 4.56. 
Found: C, 58.48; H, 5.63; X, 4.64. 

B.—A stirred mixture of 277 mg (1.0 mmole) of 45 and 2.0 g of 
K2C03 in 50 ml of acetone was treated with 2 ml of methyl sulfate 
at reflux temperature. After 35 min the orange mixture be­
came purple; within the ensuing 5 min, the solution again be­
came orange. Stirring was continued at room temperature for 
15 hr. The mixture was filtered and the residue was washed 
well with acetone. The combined filtrate and washings were 
evaporated, the excess methyl sulfate being removed at oil-pump 
pressure. 
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Tile residual oil (251 mg) was treated with 250 mg of XaBIF 
as described in the preparation of 18. The crude product was 
chromatographed on Florisil. The solid eluted by chloroform 
was recrystallized from ether-petroleum ether to give 105 mg 
(34%) of yellow needles, mp 82-84°. This material was identical 
by the usual criteria with that obtained above. 

Methyl l-EthyI-3-hydroxymethyI-5-methoxy-6-methyI-4,7-
dioxo-2-indolecarboxylate Methylcarbamate (50).—-Compou ud 
44 (100 mg, 0.33 mmole) was treated with 10 nil of methyl iso-
cyanate as described in the preparation of 18. The crude prod­
uct was purified by partition chromatography'25 on ('elite using 
a heptane-methanol system. The fraction with peak hold-back 
volume 3.S (F,„/V\) was evaporated, and the residue was rc-
crvstallized from CHoCb-petroleum ether to give 38 mg of vellow 
crystals: mp 175-170°; Xm,„ 268, 340, 400 mM u 27,400, 2(110. 
455); X 2.96, 3.04, 5.83, 5.90, 6.00, 6.07, 6.23, 6.54, 6.65, 7.75, 
8.70, 10.60 p.. 

Anal. Calcd for C n l F ^ O ; : C, 56.04: 11, 5.53. Found: 
0 ,56 .41; H, 5.72. 

l-Ethyl-3-formyl-5-methoxy-6-methyl-4-nitro-2-indolecar-
boxylic Acid (40).—Compound 39 (8.00 g, 25 mmoles) was hy-
drolyzed with 250 ml of 5 % XaOH. The solution was cooled 
and acidified with HC1 to give 6.50 g (85%) of yellow solid, mp 
208-210°. A sample was recrystallized from acetone to give 
crystals: mp 216-217° dec: X„'m x 222, 298 mM u 38,040, 7470): 
X5.8, 6.18, 6 . 4 6 M. 

Anal. Calcd for Ci4HuX,06: (.', 54.00: H, 4.01: X, 9.15. 
Found: C, 54.95; H, 4.80; X, 9.16. 

1 -EthyI-3-formyl-5-methoxy-6-methyl-2-indolecarboxamide. 
Compound 38 (400 mg) was hydrolyzed with 10 ml of 5% XaOII 
at reflux temperature for 2 hr. Acidification gave 357 mg of 
solid: mp 232-235° dec; X,„« 2.90, 3.95, 5.90, 6.30 M. 

To an ice-chilled, magnetically stirred solution of 150 mg 
(0.574 mmole) of this acid and 58 mg (0.57 mmole) of triethyl-
amine in 6 ml of DMF was added 62 mg (0.574 mmole) of ethyl 
chlorocarbonate. A solid separated; X"H3 was then introduced 
for 10 min, after which time water was added and solution oc­
curred. The white crystals that formed on cooling were filtered, 
washed with water, and dried. Ilecrystallization from meth-
anol-water gave 84 mg (56%) of white crystals: mp 201-203°: 
Xraax 214, 256, 315 mux u 24,700, 19,550, 12,780): X 2.99, 3.55, 
6.08, 6.1S y.. 

Anal. Calcd for CiJl'isXsCv C, 64.60; II, 6.20; X, 10.76. 
Found: 0,64.27; 11,6.20: X, 10.69. 

l-Ethyl-3-formyl-5-methoxy-6-methyl-4-nitro-2-indolecarbox-
amide (43).—In the manner described in the previous ex­
periment 2.154 g (7.0 mmoles) of 40 was converted into the mixed 
carbonic anhydride with 1.14 ml of triethylamine and 0.79 ml 
of ethyl chlorocarbonate. Reaction of this intermediate with 
NH3 gave 1.677 g (78%) of solid, mp 241-247°. A sample was 
recrvstallized from acetone to give crystals; mp 252-254°; 
X„,,„ 217, 250, 305 m» (« 30,800, 19,500, 13,100); X 2.96, 3.65, 
5.95, 6.02 p. 

Anal. Calcd for CHIIISXSO;,: C, .55.08; H, 4.95; X, 13.77. 
Found: 0 ,55.08; IT, 5.11; X, 13.22. 

4-Amino-l-ethyl-3-formyl-5-methoxy-6-methyl-2-indolecar-
boxamide (42).—Compound 43 (3.236 g, 10.6 mmoles) was re­
duced with 28.8 g of FeS04-7H20 as described in the preparation 
of 22. After filtration of the hot mixture, the cooled filtrate 
was extracted with CH2CI2. The organic, solution was extracted 
with dilute HC1 (4:1), and the combined acid extracts were 
neutralized by pouring onto a Xa>COs slurry. The mixture was 
extracted with CH2CI2, and the dried extracts were evaporated to 
give a solid residue, which was recrystallized from CTI2CI2 
petroleum ether to give 496 mg (J"'-,* i of yellow crystals: mp 
202-203°: X„lax 228," 253, 282, 355 mM U 20J00, 14,000, 11,550, 
4120): X 3.04, 3.43, 6.00, 6.25 n. 

Anal. Calcd for CJT^XjOs: C, 61.08: 11, 6.22: X, 15.26. 
Found: 0 ,61.17: 11,6.44; X, 14.90. 

The methylene chloride solution, after extraction with 1101, 
was washed with water, dried, and concentrated to small volume 
to give 1.72 g (53%) of starting material. 

l-Ethyl-3-formyl-5-methoxy-6-methyl-4,7-dioxo-2-indoIecar-
boxamide (46). A solution of 872 mg (3.17 mmoles) of 42 in 
:>00 ml of acetone was oxidized with a solution of 2.9 g (12.68 
mmoles) of potassium ititrosodisulfonate in 100 ml of 0.167 M 
KII2PO1 and 200 ml of water as described in the preparation of 
20. The product was isolated with (TFCb, and this solution 
was concentrated until solid crystallized. Filtration gave 264 
mg of yellow solid, mp 195-197°. The filtrate was taken to 
dryness, dissolved in benzene and chromatographed on Florisil. 
The material eluted by acetone was recrystallized from acetone-
petroleum ether (00-70°) to give 186 mg (49%) of yellow crys­
tals: mp 197-199°: Xnil,. 211, 260. 277 <s), 325 mM u 15,250, 
15,700, 15.100, 4060); X 2.93, 3.15, 5.9, 6.00, 6.06, 6.20 M-

Anal. Calcd for 0HH14X2<):,: (', 57.9:5; II. 4.80; X, 9.65 
Found: 0, 5S.2\: II, 4.91: X, 9.66. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-2-
indolecarboxamide (47).--A stirred solution of 314 mg (1.08 
mmoles) of 46 in 60 ml of methanol was reduced with 314 mg of 
XaBHj as described for 18. The product was recrystallized 
from acetone-hexane to give 232 mg (73%) of yellow crystals: 
mp 200-202°: X,,,,., 262, 286 Is), 342, 412 rnM u 21,780, i3,000, 
2630, 1023): X 2.94, 3.02, 3.42, 5.90, 6.0, 6.1, 0.21 11. 

Anal Calcd for C d l . ^ O , , : 0 . 57.53: II, 5.52: \ . 9.59. 
Found: C, 57.27: H, 5.24; X, 9.19. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-2-
indolecarboxamide Phenylcarbonate (48).—To a well-stirred, 
ice-cooled solution of 50 mg (0.17 mmole) of 47 in 5 ml of dry 
pyridine was added 0.022 ml Ml.17 mmole) of phenyl chlorofor-
matc. The reaction mixture was stirred at room temperature 
for several hours during which time the orange gum which had 
formed dissolved. Water was then added to the reaction mix­
ture, and the precipitate was filtered to give 65 mg (91%) of 
oiange solid, mp 158-164°. An analytical sample was prepared 
by reciystallization from OII2CI2 -petroleum ether; mp 174—17(5°; 
\„,„_ 252, 282, 332 mM it 16,500, 14,400, 3290): X 2.91, 5.65. 
5.95, 0.03, 6.1, 8.0, 8.2 M. 

Anal. Calcd for ('21II20X2O7: 0 ,61 .16 ; 11,4.89: X, 6.79. 
Found: 0 ,60.59: 11,5.02; N, 6.30. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methyI-4,7-dioxo-2-
indolecarboxamide Carbamate (49).—Ammonia was introduced 
into a solution of 215 mg (0.52 mmole) of 48 in 20 ml of CII2CI2 
chilled in a Dry Ice acetone bath. The reaction mixture was 
stirred at room temperature for several hours. The excess Nils 
and solvent were evaporated, and the residue was recrystallized 
from acetone to give 140 mg (80%) of vellow crystals: mp 247 
248°: X„11S- 255, 2S5, 335 mM % 18,900, 15,400', 3353): X 2.90, 
3.05, 5.85, 6.0, 6.06, 6.25 p.. 

Anal. Calcd for C7,HiTN*3Of,: 0 , 5 3 . 7 3 : 11,5.11; X, 12.53. 
Found: 0,53.90: 11,5.02; X, 12.27. 
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