
January 1967 MITOMYCIN ASTIBIOTICS. XVI 7 

The Mitomycin Antibiotics. Synthetic Studies. XV1.l 
The Utilization of 5-Methoxy-4-nitro-3-indolecarboxaldehydes for the Synthesis 

of Related 4,7-Indoloq~inones~ 

GEORGE R. ALLEN, JR., LOUIS J. BISOVI, AND MARTIN J. WEISS 

Organic Chemical Research Section, Lederb Laboratoraes Division, American Cyanamid Company, Pearl River, S e w  York 

Received J u n e  11, I966 

A series of 4,7-indoloquinone mitomycin analogs having alkyl variants a t  N-1, C-2, and C-6 were prepared. 
These compounds are related to the previously described I, an antibacterial agent of some interest. For the 
elaboration of the quinone chromophore, the appropriate indolealdehyde IX was nitrated a t  C-4. Displacement 
of the aldehyde group by nitro to give 3,4-dinitroindoles X was observed to be a side reaction in this process. 
Reduction of the 4-nitroindolealdehydes XI gave the corresponding amino compounds XII, which furnished 
the p-quinones XI11 on oxidation with potassium nitrosodisulfonate. This three-step sequence for the quinone 
elaboration is shorter than that based on Thiele acetoxylation of an 0-quinone, but does not proceed in as satis- 
factory over-all yield. 

The demonstration' that a significant portion of the 
antibacterial properties3 of the mitomycin antibiotics4 
is retained by the related 1,2-dialkylindoloquinone I 
prompted the initiation of a comprehensive program 
for the preparation of analogs of I. One aspect of this 
effort was the synthesis of indoloquinones having vari- 
ants a t  S-1, C-2, and C-6,5 which we now report. 
Since the preparation of a considerable number of 
such analogs was contemplated, an integral part of this 
investigation focused on an attempt to devise a inore 
convenient, or at least shorter, procedure than that 
originally reported' (five steps) for the transformation of 
a 5-niethoxy-6-alkylindole into the corresponding 5- 
niet hoxy-6-alkylindoloquinone. 

0 

I 

Initially, the preparation of the 2-demethyl analog of 
I was undertaken. For this purpose the previously 
described6 5-methoxy-6-methylindole (11) mas con- 
verted into the corresponding 3-carboxaldehyde 111 by 
the Yilsmeier-Haack technique,' and then by N-alkyla- 
tion to the 1-ethyl derivative IVa (Scheme I). 

Previous methods for the elaboration of the indoIo- 
quinone system characteristic of I had proceeded from 
an aldehyde such as IVa via the corresponding 4,s- 

(1) For paper XV see G. R .  Allen, Jr . ,  and A I .  J. Weiss, J .  .%led. Chem., 10, 
1 (1967). 

( 2 )  .4 portion of this work was described in a preliminary communication: 
G .  R. Allen, J r . ,  J.  F. Poletto, and 11. J. Il'eiss, J .  A m .  Chem. S o c . ,  86 ,  3878 
(1964). 

(3) (a) T .  Hata,  Y. Sano, R. Sugawara, A .  hlatsumae, K. Kanamori, T. 
Yliima, and T. Hoslii, J .  Antibiotics (Tokyo),  As, 141 (19.56); (b) C .  L. 
Stevens, K .  G. Taylor. Sf, E. hIunk, \t-. S. Marshall, IC. Noll. G. D.  Shah, L. 
G. Shah, and K.  Czu, J .  .Wed. Chem.. 8 ,  1 (1965); (c) A. C. Dornbusti 
and G .  S. Redin, private communication. 

(4) These antibiotics, particularly mitomycin C, are also of interest as 
anti tumor agents: R. Jones, Jr.,  U. Jonsson, J. Colsky, H. E. Lessner, and 
A. Franzino, "Fourth National Cancer Conference Proceedings, 1960," J. 
B. Lippincott. Philadelphia, Pa . ,  1961, p 175. 

( 5 )  Other indoloquinones having variants a t  C-6 are described in a sepa- 
rate paper: IT. A .  Remers and M. J. Keiss, J .  .4m. Chem. Soc., 88 ,  804 
(1966). 

(6) G. R. Allen, Jr., J. F. Poletto, and M .  J. Weiss, ibid., 86 ,  38T7 (1964): 
J. Org. Chem.,  30, 2897 (1965). 

(7)  A .  Vilsmeier and A .  Haack, Ber.. 60, 119 (1927). 
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cHJomcHo 
CHJ Dql- H CH3 

CH30 

H 

I1 

C2Hj CLHj 

IVa, R = H  
b, R=CHJ 

Va, R = H  
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VIa, R = H 
b, R=CH3 

quinone.'X6t8 A direct approach to the p-quinone sys- 
tem predicated on the introduction of an amino group 
at  either C-4 or C-7 of a substance such as IVa also 
appeared feasible. Thus, nitration of IVa with an 
equivalent of sodium nitrat'e in sulfuric acidg afforded 
the nitroaldehyde Va in 52y0 yield. A similar nitra- 
tion of t'he previously described 2-methylaldehyde 
IVbl gave only SY0 of Vb; however, fuming nitric 
acid in acetic acid furnished 69% of this latter sub- 
stance. (In view of this experience with IVb, subse- 
quent nitrat'ions in this series were conducted with the 
latter reagent.) The posit'ion of the nitro group in 
aldehydes Va and J'b was indicated by a, comparison 
of t8he pmr spectra of t,hese conipounds with 
those of their precursors. Specifically, the spec- 
trum of the 2-methylaldehyde IVb had single proton 

( 8 )  (a) I\.. A .  Remers, P. E. James, and 31. J. IVeiss, J .  Ore. Cham., 28,  
(b) H. Truber and G. Ttialer, Ber. ,  91, 2253 (1958). 

(9) (a) G. Berti and A .  D a  Settimo, Gam. Chim.  Ital., 91, T28 (1961); (b) 
1169 (1963); 

IT. E. Xoland and R .  D. Rieke, J .  Oro. Chem.. 27, 2280 (1962). 
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Compd 
I X a c  
IXbC 
IXdC 
IXec 
IXfC 
IXgC 
I S h C  
S I s d  
S I b d  
X I d d  
S I f  

X I h d  
XIIhe 

S I I c e  

Slide 

SIIfS 

S J I h e  

S I g d  

s 
H 
H 
H 
H 
H 
H 
H 
NO? 
s O? 
SO? 
NOz 
NO? 
NO? 
K H2 

pi H? 

N H? 

N H? 

5 Hz 

RL 
CHI 
CHa 
CHI  
CH3 
CHI 
CHa 
CiHs 
CHa 
CHa 
CHa 
CHa 
CHa 

CHs 

CHI  

CH3 

CH3 

CzHs 

CZH6 

R? 
H 
CHI 

1-CaH7 
C4H9 

C3Hl 

CZH5 
CZH6 
H 
CH3 
CaH7 
CcH9 

C2Hs 
CHI 

CzHa 

C3H; 

C4H9 

CsHs 

CZHS 

R3 
C Ha 
CH3 
CHa 
CHI 
CHI 
CzHa 
CHs 
C H I  
CHI  
CH?  
CHI 
C?Hs 
CHa 
C Ha 

CH3 

CH3 

CHa 

CH3 

1 IPld,  

54" 
86 
96 
84 
93 
85 
73 
68 
78  
5 5  
68 
57 
66 
92 
54 

40 

67 

45 

74 

I 
R2 

LIP,  
OCh 

227.0-228.5 
187-188 
llT.5-119.5 
172-174 
96-97 
95.5-97.0 
109-110 
>280 
192-193 
136-138 
127-128 
165-169 
181.0-182.5 
157-158 

117.5-118 5 

128- 129 

129.5-131.0 

110.5-112.5 

Kecrystn 
sol\ ent 

hIe?CO-hexane 
MezCO-hexane 
hIezCO-hexane 
Me&O-hexane 
MezCO-hexane 
DII methanol 
hle2CO-hexane 
MenCO 
MenCO-hexane 
MezCO-hexane 
hIe9CO-hexane 
1IezCO-hexane 
MezCO-hexane 
CHzClrpetr  

CHZClrpetr 

CHtCln-petr 

CHzClrpetr  

CHnClrpetr  

ether 

ether 

ether 

ether 

ether 

Carbon, % 
Calcd Found 
70 91 70 59 
7 1  86 TI 64 
73 44 72 94 
73 44 72 96 
74 10 i 4  32 
73 44 i 3  14 
73 44 73 19 

67 22 67 02 

68 27 68 02 

69 20 68 87 

TO 04 70 19 

69 20 69 I4 

Hydrogen, % 
Calcd Found 
6 .42  6 .52  
6 .96  6 . 9 4  
7 . 8 1  7.86 
7 .81  7.89 
8 .16  8.01 
7.81 7.83 
7.81 7.99 

6 .94  7 .02  

7 . 3 7  7 . 2 5  

7 . i 4  7.94 

8.08 7 .52  

i , i 4  7.68 

Xitrogen, Yo 
Calcd Found 
6.89 6.94 
6.45 6 , 6 2  
5.71 5.65 
5 . 7 1  5.87 
5 . 4 0  5.36 
5 .71  5.66 
5 . 7 1  5.80 

12.06 12 .42  

11.37 11.36 

10.76 11.04 

10.21  10.23  

10.76 11.09 

a Represents a yield of material with sufficient purity for further transformations. Melting point of aiialytical sample. Aldehyde 
I S a  had A,,, 212 m p  ( e  28,20Oj, 252 (15,950), 282 (16,350), 305 (11,400), whereas IXb-h had A,,, 216-218 mp (E 28,000-30,200), 257- 
258 (18,250-2O,lO!I), 282-284 ( 14,250-16,700), 308-310 (13,5OO-l4,6OO). The infrared spect,ra of these aldehydes had A,,, 3.53- 
3.56, 3.65-3.70, 6.08-6.11 p.  In  addition to the expected alkyl proton resonances, the pmr spectra of aldehydes I X  had single proton 
resonances at 458.3-465.0 (4-H), 419-424 (7-H), and 601-605 cps (CHO);  however, the 7-proton resonance for IXa (433 cps) and 
IXe (437 cprj was significantly downfield from the above range. Satisfactory analyses could not be obtained for compounds XIa-h; 
they are presumed to be contaminated with the corresponding 3,4-dinitro derivative X (see discussion). Aldehyde XIa had A,,, 212 
mp ( e  48,000), 242 (19,400), 270 (17,100), whereas XIb-h had A,,, 215-218 mp ( e  30,200-43,000), 248-249 (13,600-18,900), 290-294 
(10,900-14,000). e Aldehydes XIIb-h had A,,, 226-229 m p  
( e  28,500-35,000), 252-255 (15,300-18,500), 278-280 (9000-10,900), 348 (5100-6750); pmr, 
223-225 (3s, OCH,), 346-353 (2 protons, broad, erased by methanol-&, SH,), 331-380 (ls, 7 - H ) ,  and 574-581.5 c p  (Is, C H O )  in addi- 
t,ion to the expected alkyl proton resonances. 

The infrared spectra of these nitro aldehydes had A,,, 6.00-6.03, 6.50 /A. 

X 2.95, 3.05, 3.55, 6.10-6.14, 6.21-6.30 p ;  

displacement of the carboxaldehyde grouping usually 
occurs during the nitration of 1- (and/or 2-)  alkyl-3- 
indolealdehydes. In general, no effort was made to 
purify the crude nitration products of Table I, which 
proved to be of sufficient purity for further transfor- 
mations (see below). 

Although catalytic hydrogenation of riitroaldehydee 
T'a and Vb provided a convenient synthesis of the corre- 
sponding carbinols T'Ia and J'Ib, this reaction did not 
prove to be generally useful. Thus, hydrogenation of 
the 1,2-dimethyl-4-nitroaldehyde XIb proceeded slowly 
and short of theoretical uptake. Fremy's salt oxidation 
of the reduction filtrate gave a mixture from which only 
the 3-methylquinone XVI could be isolated. The 
structure of this product was indicated by the presence 
of five discrete methyl proton resonances in its pmr 
spectrum, the absence of hydroxyl absorption in its 
infrared spectrum, and its recovery on treatment with 
phenyl chloroformate. Hydrogenation of I-propyl-4- 
nitroaldehyde XId, followed by Fremy's salt treat- 
ment, gave a complex mixture from u-hich no recogniz- 
able product was isolated. 

I t  was apparent that these difficulties could be cir- 
cumvented by a preferential reduction of the nitro 
group in nitroaldehydes XI, since the resulting amino 
group would permit the preparatioii of the correspond- 

ing quinone-3-aldehydes XIII ,  R method for the satis- 
factory transformation of which into the 3-carbinols 
had already been denionstrated.116 This reduction was 
effected with ferrous ammonium sulfate in dilute alco- 
hol or iron in acetic acid. The latter reagent appeared 
to be superior, probably as a result of the greater solu- 
bility of the starting material in the reduction medium. 
The intermediate aminoaldehydes XI1 are listed in 
Table I. Fremy's salt oxidation of these compounds 
gave the requisite quinone-&aldehydes XI11 (Table 
11). Sodium borohydride reduction of XI11 followed 
by regeneration of the quinone system with acidic ferric 
chloride furnished the corresponding indoloquinone-3- 
carbinols XIV. 

The various carbinols were then converted into the 
carbamate analogs by ammonolysis of the intermediate 
phenylcarbonate ester (XVII only) or reaction with 
the appropriate alkyl isocyanates. Inasmuch as the N- 

0 n 
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Gompd 
XIIIa 
XIIIb 
XIIIC 
XlIId 
XlIIe 
XIIIf 
XIIIg 
XlI Ih  

R I  

CH2 
CHI 
CHa 
CH3 
CHa 
C H3 

CHI 
CzHa 

R? 
K 
CHa 
CjHa 
CaH; 
t-C1Hi 
C4H9 
C2Ha 
CzHa 

K1 
CHI 
CHI  
CH3 
CH3 
CH? 
C ti.? 
C * H s  
( ' € 1 3  

M j J ,  

0 C b  

236-240 
146-148 
125-12Yd 
1 34-13 5 
!I i -YQ 
82.5-83 .0  
,h. 0-77 .5  
8 3 ,  0-83.7 

- ,  

l terryst  n 
sul \ -ent  

XleZCO-liesane 
CHzClrpetr  ether 
C H K l r p e t r  etlirr 
CHnClrpetr  ether 
CH?Clrpe t r  ethere 
Petr  etiierJ 
CHoCI2-petr el her" 
h t r  ether" 

a Material of analytical piirity. 11 These iridoloqrii~io1~e-3-aldel~yde~ had A,,,,, 217-216 nip i t  21,3)+25j200), 23s-240 ( I l,;Ml 
13,600), 268-270 (11,800-14,600), 280-283 (sh) i 11,000-13,200), 3Xk3344 146S0--.5800), 430-4333 ~T7.5--lOO(l): X 3 .4S-3 .X ,  5.!)T, 
5.96, 6.03-6.10, 6.10-6.15, 6.1s-6.25, 6.53-6.55, 6.60-6.65 k ;  
expected alkyl proton resonances. Based 011 the corresponding tiitroaldehyde XI,  the last solid intermedint 
to  the iisual criteria with material prepared in another manlier. e Piirified by part it i o i i  rhromatogr 
methanol system; the pro ' I'iirified by p 
iising a heptane-methanol em;  the product was eluted :it peak hold-back volime I .3 
tition chromatography usi heptaiie-ethyl acetate-2-metliosyethanol-Rater (93 : 3 : 17 : 3 )  p r o d u ( * ~  W X *  d l l l v d  

peak hold-back volume 1.0 (Trm/V3 = 2.64). 
was eluted at peak hold-back volume 1.1 ( V,,,/J7s = 2.02). 

plnr, 240F243 (3s) OCH,)  and 625-6331 cps ( C H O )  in additioii t o  thc: 

was eluted at peak hold-back volume 1.3 ( L T , , J l v .  = 2.46). 

h Purified by partitioli chruriiatogrtiph?-- tlcilig a I I P ~ T I I I I ~ ~ - - I I I ~ ~ ~ ~ : ~ I I I I ~  syslerll: the 1 ) r d \ i ( : l  

Cornpd 
SVII 

S Y a  
S V h  
S V d  
S \'e 
SVf 
S V K  
S V h  

li 1 

CHa 

('HJ 
CH3 
CHa 
('I33 
CHa 
CH3 
C?H6 

Ka 
11 

C H3 
CHa 
CH3 
C Hz 
CH1 
C.H6 
CHa 

I t 4  
11 

Call; 
(.Ha 
C H3 
CHd 
CH3 
CHS 
C H I  

A l l > ,  
o C b , c  

1 6 5- 1 66 

> 2 ; 0  
2009-2 10 
170-172 
172 .0 -173 .5  
12i-129 
157- 1 5 9  
142-145 

Kecrpstn 
solvent 

Ethyl acetatr--  

3le~C:O-hexane 
CHKI:-getr ether 
CH?Clz-petr ether 
CHrClrpe t r  ether 
C H K I r p e t r  ether 
Ether-petr e t h ~ r  
CHrClrpe t r  rtiier 

hexane 

1 

5 Material of analytical purity. I' These prodiicts cscepc S \ - a  had A,,,;,, 2 3 - 2 3 2  rilp i t  1T,7(JU-l0,60OJ, 2hb-2XT (l4,OOO-l.i,iOCl), ;W 
346 (3340-3670), 450-455 (1170-1340); for S\-a, A,,,,, 230 mp ( e  IS,Xc)O), 282 (133,900), 339 ( X S O ) ,  460 112<50): iiifrared rn:isini:t, 3.(10 
3.05, 5.90-5.93, 6.00-6.03, 6.10-6.13, 6.20-6.26, 6.47-6.50, 6.60-6.6S, 7.S.i-7.90, 8,99-!).05 p ,  Prnr (X\ . l - f ,  h) ,  Id5%l.i7 [ikl, .I -= 

d cps, SHCHa), 234-236 (3s, OCH,),  3.08-308.5 (28, CH,O), 400--414 ( lm,  erased by methaiiol-cia, ?u'HVIla). Pmr. 213 (:is, O('ff:  I 
298 (2 protons, broad, erased by methariol-dr, NH,), 322 (2s, CH,O), 424 caps (ls ,  2-11) iu addition to expeckd alkyl proloii r f w l i : i I l w >  

methyl arid K-propyl derivatives of were fouiid to 
have the same order of antibacterial activity as I. t he  
more convenient isocyariate procedure was routinely 
applied.?" 

lcitially, with regard to the pure 4-amirio-3-aldehydcs 
These analogs are give11 in Table 111. 

(I!)) See ref 2 for t h e  preparation of tlieae compounds. 
( 2 0 )  As a model system for the preparation of the 1-hydrogen carbaniate 

ester S V x ,  the :l-indolylmethano1 i" was treated with buts1 isocyanate. 
Only the  0-acylated product ii was formed (see Experimental Section). 

SI1, w e  would note tli>tt the positioii ((i.2X p) 2 L  of i l i c  

rurbonyl b m d  i t1  the infrared represent:, ii vonsiderahlo 
t)athochromic ahift ( A  0.13 p) from that of thc parcrit 
4-unsubstitutrd c~onipound~. presumably ii5 :i result of  
hydrogen bonding. With the  ~-riitro-3-:ilcleh~;clci XI 
i t  small ( A  0.07 p )  hypsochromic shift is observed. This 
qhift IS probably the result of dipole-dipole iriter:ic~tioii' 
or the electronic rnlt~rnvtion of the nitro group with the 
hetero 
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TABLE I\' 
In Vitro ASTIBACTERI iL ACTIVITY OF TlIE 3-HYDROXY>fETHYL-5-METHOXY-1,2,6-TRISUBSTITCTED 4,7-IiXDOLOQUINONE CARB.4MATES 

0 

Compd RI  R? 
I CH3 C?Hs 
S V I l  CH3 CiHr 
S V a  CH3 H 
XVb C H I  CHI  
XVd CHa C3H7 
XVe CH3 i-CsH, 
XVf CH3 CaH9 
XVg CHI CzHs 
XVh C?Ha C2Hs 

R1 

UIIs  
11 
CH3 
CHa 
CHI 
CHs 
CH3 

CHa 
C2H6 

R4 
H 
H 
CaH7 
CH3 
CH3 
CH3 
CHs 
C Hs 
CHs 

M g c o  
60T 
6 . 2 5  
6 . 2 5  

6 . 2 5  
6 . 2 5  

3 . 1 2  
6 . 2 5  

50 

25 

1 2 . 5  

Staph.  
6538P 
1 . 5 6  
1 . 5 6  

3 . 1 2  
6 . 2 5  

6 . 2 5  
6 . 2 5  
6 . 2 5  

. . .  

1 2 . 5  

Ntaph 
Rose 
1 . 5 6  
1 . 5 6  

3 . 1 2  
6 . 2 6  

6 . 2 5  
6 . 2 5  
6 . 2 5  

50 

1 2 . 5  

-~ 

S .  
lutea 
6 . 2 5  

1 2 . 5  
. . .  
6 . 2 6  

25 
50 

25 
2 B 

6 . 2 5  

-Minimum inhib concn (pg/ml)O against 
Strep.  Strep.  Strep.  S t r e p .  
faec. C203 80 y 11 
1 2 . 5  0 .78  3 . 1 2  3 . 1 2  
50 1 . 5 6  1 2 . 5  6 . 2 5  
. . .  50 . . .  . . .  

50 0 . 3 9  3 . 1 2  3 . 1 2  
. . .  1 . 5 6  25 25 
. . .  3 . 1 2  50 50 
. . .  0.39  6 . 2 5  6 . 2 5  
. . .  1.56  1 2 . 5  1 2 . 5  
. . .  3 . 1 2  6 . 2 5  6 . 2 5  

B. 
subt. 
1 .56  
0 . 7 8  

0 . 3 9  
1 . 5 6  
6 . 2 5  
0 . 7 8  
3 . 1 2  
3 . 1 2  

50 

-- 
C. 

xerose 
6 . 2 5  

25 
. . .  
6 . 2 5  

50 

1 2 . 5  
50 
50 

t.. 

B. 
cereus 
0 . 3 9  

0 . 3 9  
25 

5 0 . 2  
0 . 3 9  
1 .56  
0 . 3 9  
0 . 3 9  
0 . 7 8  

--- 
Past. 
310 
6 . 2 6  
6 25 
6 . 2 5  
0 . 7 8  

6 . 2 5  

6 . 2 5  
6 . 2 5  

1 2 . 5  

12 .5  

Highest test level: 50 pglml. All data are from concurrent assays. Abbreviations for microorganisms: Myco. 607 = Myco- 
bacterium smegmatis, ATCC 607; Staph. 6538P = Staphylococcus aureus, ATCC 6538P; Staph. Rose = Staphylococcus aureus var. 
Rose; S. lutea = Sarcina lutea, ATCC 9341; Strep. faec. = Streptococcus faecalis, ATCC 8043; Strep. C203 = Streptococcus pyogenes, 
C203; Strep. @ 80 = Streptococcus sp., @-hemolytic, 80; Strep. y 11 = Streptococcus sp., nonhemolytic, 11; B. subt. = Bacillus subtilis, 
ATCC 6633; C. xerose = Corynebacterium xerose, NIRL B1397; B. cereus = Bacillus cereus, ATCC 10702; Past. 310 = Pasteztrdla m t l -  
tocida, ATCC 310. 

Biology.-Most of the indoloquinone carbamates 
(XVa-h and XVII) showed an order of activity similar 
to that of the lead compound I when tested in vitro 
against a spectrum of gram-positive organisms (Table 
IV). The notable exception is the l-hydrogen analog 
XVa, which has only marginal activity. Included in 
the spectrum of microorganisms are a tetracycline- 
resistant species (Staphylococcus aureus var. Rose) 
and tetracycline- as well as penicillin-resistant species 
(Streptococcus sp. , 0-hemolytic, 80, and Streptococcus 
sp., nonhemolytic, 11). However, with the exception 
of Pasteuretla multocida, ATCC 310, only marginal ac- 
tivity against gram-negative species was noted for these 
compounds. 

Experimental Section 
Melting points were determined in open capillary tubes and 

are corrected. Ultraviolet spectra were determined in methanol 
solution with a Cary recording spectrophotometer. Infrared 
spectra were determined in KBr disks, unless noted otherwise, 
with a Perkin-Elmer Model 21 spectrophotometer. Pmr spectra 
were determined in CDCls, unless noted otherwise, with a Varian 
A-60 spectrometer using tetramethylsilane as an internal stand- 
ard; in the description of these spectra, the signals are expressed 
as 2s (singlet), zd (doublet), zt (triplet), zq (quartet), or zm 
(multiplet), where z refers to the number of protons indicated 
by integration. The petroleum ether used was that fraction 
boiling at  30-60'. All nitrogen analyses were obtained by the 
Dumas technique using a combustion temperature of 950" for 
10 min; the usual conditions (850' for 5 min) used in this labora- 
tory often gave results that were 20-30y0 low. 
5-Methoxy-6-methyl-3-indolecarboxaldehyde (III).-To 3.5 

ml of dimethylformamide (DMF) was added with stirring and 
ice cooling 1.69 g (11 mmoles, 1 ml) of POCla. To this solution 
was then added dropwise a solution of 1.61 g (10 mmoles) of 
5-methoxy-6-methylindole (11)s in 8 ml of DMF. The tempera- 
ture of the reaction was kept below 10' during the addition 
which required 20 min. A solid separated 15 min after the start 
of the addition. Upon completion of the addition, the ice bath 
was removed and replaced by a warm-water bath. The paste 
was kept a t  30-35" with stirring for 45 min. Crushed ice was 
added to the mixture which was then treated with a solution 
of 4.5 g of NaOH in 20 ml of water. The mixture was brought 
to boiling and then chilled in an ice bath to give 1.60 g (85%) 
of tan solid, mp 198-201". A 200-mg sample was recrystallized 
from aretone-hexane to give 173 mg of crystals: mp 200-201"; 

XmS, 211, 251, 275, 299 mp (E 28,200, 16,800, 15,100, 10,800); X 
2.90, 3.12, 3.55, 6.10, 8.28, 9.35 p ;  pmr (DMSO-&), 139 (3s, 
6CHs),  235 (3s, OCH,), 445, 463, 494 (each Is, aryl H), 604 cps 

Anal .  Calcd for CllH11?.T02: C, 69.82; H, 5.86; N, 7.40. 
Found: C, 69.47; H, 6.03; N, 7.43. 

The 5-methoxy-l,2,6trisubstituted 3-indolecarboxaldehydes 
(IX) of Table I were prepared in a similar manner from the 
corresponding bmethoxy-1,2,6-trisubstituted indoles (VIII) (see 
below). 

l-Ethyl-5-methoxy-6-methyl-3-indolecarboxaldehyde (IVa).- 
A mixture of 10.60 g (55 mmoles) of I11 and 180 ml of 40% KOH 
solution was heated with stirring on the steam bath. When the 
mixture became hot, all solid dissolved and 60.0 g (0.39 mole, 
51 ml) of ethyl sulfate was added dropwise over 75 min. The 
solution was allowed to cool, whereupon crystals separated from 
the aqueous solution. The mixture was extracted with ethyl 
acetate, and the extract was washed with saline, dried (MgS04), 
and evaporated. The residue crystallized from ether-petroleum 
ether to give 10.06 g (89%) of crystals, mp 97-98'. A sample was 
recrystallized twice from dilute alcohol to give cream-colored 
crystals: mp 96-98'; Xmax 215,256,276,306 mp ( e  41,200,21,500, 
15,800, 14,200); X 3.59, 3.63, 3.69, 6.02-6.08 p ;  pmr, 90 (3t, 

partially hidden, J = 7 cps, CH~CHZ), 441 (Is, broad base, 7-H), 
468,479 (1s each, 2- and P H ) ,  605 cps (CHO). 

Anal .  Calcd for C13HlbN02: C, 71.86; H, 6.96; N, 6.45. 
Found: C, 71.95; H, 6.71; 5, 6.28. 

1-Ethyl-5-me thoxy-6-me thyl-4-nitro-3-indolecarboxaldehyde 
(Va).-To an ice-chilled, stirred solution of 1.085 g (5.0 mmoles) 
of IVa in 12 ml of concentrated HzS04 was added dropwise over 30 
min a solution of 0.425 g (5.0 mmoles) of NaN03 in 7 ml of concen- 
trated H2SO4. The resulting solution was stirred for an addi- 
tional 45 min and then poured onto a cracked ice-water mixture. 
The solid was extracted into CHzC12, and the extract was washed 
to neutrality with saline, dried (MgSOI), and evaporated. 
The residue was crystallized from acetone-hexane to give 525 mg 
of light yellow solid, mp 150-152'. Material from a similar 
experiment was obtained as yellow crystals: mp 150-152'; hmax 
215, 248, 295 mp ( E  29,100, 15,100, 10,750); X 3.55, 6.00, 6.11, 
6.50 p ;  pmr, 93 (3t, J = 7 cps, CHaCHz), 148 (3s, 6-CH3), 235 
(3s, CHaO), 257 (2q, J = 7 cps, CH~CHZ), 427 (Is, broad base, 

(Is, CHO). 

J = 7 CPS, CHZCHz), 144 ( 3 ~ ,  6-CH3), 239 ( 3 ~ ,  CHsO), 251 (2q, 

7-H), 470 (IS, P H ) ,  591 CPS (IS, CHO). 
Anal .  Calcd for C13H14N204: C, 59.53; H, 5.38; N, 10.68. 

Found: C.59.83; H.5.28: N, 10.53. , ,  

l-Ethyl-5-methoxy-2,6-dimethyl-4-nitro-3-indoleearboxal- 
dehyde (Vb). A.-In the manner described above 462 mg 
(2.00 mmoles) of l-ethy1-5-methoxy-2,6dimethyl-3-indolecar- 
boxaIdehyde ( I n ) '  was nitrated with 170 mg (2.00 mmoles) 
of NaN03 in HtSOa. The rrude product was subjected to par- 
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Removal of the solvent gave the product, the characterization 
of which is included in Table I. 

B. Iron and Acetic Acid Procedure.-A stirred solution of 
4.29 g ( 14.8 mmoles) of 1,6-diethy1-5-methoxy-2-methyl-4-nitro- 
3-indolecarboxaldehyde (XIh) in 300 ml of glacial acetic acid 
and 30 ml of water was heated to steam-bath temperature and 
treated with ten approximately equal portions of iron filings 
(6.67 g total) over 90 min. Additional water (30 ml) was added 
after 45 min. The hot solution was decanted from the excess 
iron filings into a large volume of water. This solution was ex- 
tracted several times with CH&, and the combined extracts 
were washed successively with water, NaZCO3 solution, and again 
with water. Evaporation of the dried organic solution gave 2.83 
g ( 7 4 5 )  of solid of suitable purity for the subsequent oxidation. 
The characterization of this substance is given in Table I. 

5-Methoxy-1,2,6-trisubstituted 4,7-Dioxo-3-indolecarboxalde- 
hydes (XIII).-The following experiment illustrates the general 
procedure. A solution of 5.38 g (23.2 mmoles) of 4-amino-5- 
methoxy-l,2,6-trimethvl-3-indolecarboxsldehyde (XIIb) in 1 1. 
of acetone was added to a stirred solution of 25.0 g (93.4 mmoles) 
of potassium nitrosodisulfonate in 800 ml of water and 400 ml 
of 0.167 M KHyP04 solution. The resulting brown solution was 
stirred for 2 hr arid then allowed to stand for 15 hr. The crude 
produrt was isolated with CH2C12 and chromatographed on 
Florisil. The material in the first 4.5 1. of CH2C12 eliiate was 
recrystallized from methylene chloride-petroleum ether to give, 
in three r topa,  2.664 g (45YC) of otange needles. Further chaiac- 
terization of this substance is given in Table 11. 

Sevet a1 of these siibstances reqiiired a subsequent partition 
chromatography on Celite for plirifiration. The details of this 
Chromatography are given in Table 11. 

3-Hydroxymethyl-5-methoxy-l,2,6-trisubstituted Indole-4,7- 
diones (XIV).-The following preparation illustrates the general 
procedure. -4 stirred solution of 831 mg (3.36 mmoles) of 5-me- 
thoxy-l,2,6-trimethyl-4,7-dioxo-3-indolecarboxaldehyde (XIIIb) 
in 100 in1 of methanol was degassed writh a stream of nitro- 
gen, heated to reflux temperature, and treated with 565 mg of 
NaBH4. Within 30 sec the red-orange solution hecame pale 
yellow and heating was discontinued after 2 min. The solution 
was stirred a t  room temperature for 1 hr, whereafter 10 ml of 
acetone was added; 5 min later 6 ml of a 1 S FeC13 in 0.1 1Y 
HC1 solution was added. The resulting mixture was distributed 
between CHzC12 and water. The aqueous phase was extracted 
further with CH,Clz, and the combined extracts were washed 
successively with water and saline, dried (?\lgs04), and evapo- 
rated. The residue was recrystallized from methylene chloride- 
petroleum ether to give 636 mg (76yC) of 3-hydroxymethyl-5- 
methoxy-1,2,6-trimethylindole-4,7-dione (XIVb) as red crystals 
which slowly decomposed a t  123->145'; a sample inserted a t  
145" melted rapidly and cleanly, however; Am,, 230, 285, 350, 
465 mp (E 18,200, 14.200, 3340, 1290); X 2.95, 6.04 (sh), 6.11, 
6.21, 8.88, 9.11> 10.10 p ;  pmr, 115.5 (3s, 6-CH3), 133.5 (3% 
2-CH3) ,  231 (3s, KCH?), 240 (3s, OCH,), 275 cps ( 2 s ,  CH20). 

Anal .  Calcd for C ~ ~ H I ) X O ~ :  C, 82.64; H, 6.07; N, 5.62. 
Found: gL.46; H, 6.22; N, 5.62. 

3-Hydroxymethyl-5-methoxy-2,6-dimethylindole-4,7-dione 
(XIVa) was obtained in 55y0 yield and recrystallized from ace- 
tone-hexane to give red rvstals: mp 233-235" dec; Amax 230, 
282, 342, 470 mp ( e  17,700, 13,200, 3060, 1250); X 2.96 (sh), 
3.09, 8.00, 6.10, 8.22, 9.06, 10.01 p. 

Anal. Calcd for C12H13N04: C, 61.27; H, 5.57; X, 5.96. 
Found: C, 61.46; H, 5.57; N, 6.19. 

3-Hydroxymethyl-l-ieopropyl-5-methoxy-2,6-dimethylindole- 
4.7-dione (XIVe) was purified by partition chromatography on 
Celite using a heptane-methanol system. The product was 
isolated from that fraction having peak hold-back volume 2.4 
(V,/V, = 2.50) and, after crrstallization from methylene 
chloride-petroleum ether, was obtained as red needles: mp 
87.5-88.0", A,,, 231, 286, 349, 460 mp ( e  17,900, 14,700, 3330, 
1360); X 2.90, 6.14, 6.27, 9.08, 10.03 p ;  pmr, 92 (6d, J = 8 cps, 

250 (d, J = 6.5 cps, O H ,  erased with methanol-&), 278 (2d, 
J = 6 cp,, C H 2 0 ,  coalesced by methanol-d4 into singlet a t  278 
cps), 315 cps [hroad resonance, CH(CH3)21. 

Anal .  Calcd for C~Hl&04:  C, 64.96; H, 6.91; N, 5.05. 
Foiind: C, 64.95; H, 7.18; N, 4.79. 

1 -Butyl-3-hydroxymethyl-5-methoxy-2,6-dimethylindoIe-4,7- 
diene (XIVf) was obtained in 86% yield from ether-petroleum 

CH(CHj)2), 117 ( 3 ~ ,  6-CH3), 140 (3a ,  2-CH9), 237 (3s, OCHI) ,  
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ether as red-orange needles: mp 68-70'; 232, 287, 350, 
460 mp ( 6  17,800, 14,500, 3200, 1310); X 3.10, 6.01, 6.12, 6.21, 
9.07, 10.00 p ;  pmr, 59 (t, J = 6 cps, C B H G C H ~ ) ,  93 ( m ,  CH2- 

252 (apparent partially hidden qiiartet, J = 7.5 cps, S C H ,  and 

Anal.  Calcd for C L ~ H ~ ~ N O ~ :  C, 85.95; H, 7.27; N, 4.81. 
Found: C, 65.69; H, 7.40; N, 5.08. 

1,6-DiethyI-3-hydroxymethyl-5-methoxy-2-methylindo~e-4,7- 
dione (XIVh) was obtained in 667, yield from methylene chlo- 
ride-petroleum ether as red needles: mp 128-129": Xmax 231, 
288,350,460mp(e 19,100, 14,700,3410, 1250); X3.00.6.00, 6.12, 
6.24, 8.80, 8.99, 10.16 p ;  pmr, 64 (3t, J = 7.5 cps, 6-CH,CH,), 
79 (3t, J = 7 cps, NCH2CH3), 135 (3s, 2-CHa), 149 (2q, J = 7..5 

275 cps (3m, CHzO, coalesced by methanold into sharp singlet). 
Anal .  Calcd for Cl;HI+NO,: C, 64.96; H,  6.91; K, 5.05. 

Found: C, 64.61; H, 6.84; N, 5.31. 
The remaining members (XI\'d and XIVg) of this series were 

obtained as oils which were used withoiit purification for the 
preparation of the carbamates. 

l-Ethyl-3-hydroxymethyl-5-methoxy-6-methy~indo~e-4,7- 
dione Carbamate (XVIII).-To a stirred, ice-chilled solution of 
149 mg (0.6 mmole) of YIa in 5 ml of pyridine was added 0.5 ml 
of phenyl chlotoformate. The resiilting mixtitre was stirred 
a t  room tempemture for 90 min, after which water was added 
and the oily nixtiire was extracted with CHd.32. The estract 
was washed with saline, dried (JlgSO,), and evaporated. The 
residue was dissolved in toluene, and the solvent was evaporated 
to remove traces of pyridine. The residue was dissolved in 
15 ml of CH3C1, and cooled in an acetone-Dry Ice bath with 
stirring; ammonia was introduced until the volume of the aolu- 
tion was approximately 30 ml. This solution was stirred at  
room t,emperature for 90 min, after which a warm-water bath 
was placed under the reaction vessel to remove the excess NHa. 
The concentrate was washed successively with saline, Na2C03 
solution, and finally with saline, dried (MgSO4), and evaporated. 
The residue was recrystallized from methylene chloride-petro- 
leum ether to give 106 mg (60%) of orange needles, mp 165-168'. 
Further characterization of this substance is given in Table 111. 

3-Hydroxymethyl-5-methoxy-l,2,6-trisubstituted Indole-4,7- 
dione A1kylcarbamates.-The following experiment illustrates the 
general procedure. A solution of 400 mg (1.6 mmoles) of XIYb 
in 15 ml of methyl isocyanate was heated a t  reflux temperature 
for 18 hr. The excess isocyanate was removed under reduced 
pressure; the residue was recrystallized from methylene chlo- 
ride-petroleum ether to give 349 mg of 3-hydroxymethyl-5-me- 
thosy-1,2,6-trimethylindole-4,7-dione methylcarbamate (XJ'b) 
as orange needles, mp 209-210". Further characterization 
of this substance is given in Table 111. 

Ethyl 3-Hydroxylmethyl-5-methoxy-6-methyl-2-indo~ecarbox- 
ylate Butylcarbamate (ii).-A mixture of 500 mg of ethyl 
3-hydroxymethyl-5-methoxy-6-methyl-2-indolecarboxylate (i)*' 
and 8 ml of butyl isocyanate was heated on the steam bath for 3 
hr. The cooled solution was diluted with petroleiim ether to 
give 243 mg of white solid, mp 151-154' (gas). This material 
separated as a gel from methylene chloride-petroleum ether; 
on drying it had mp 156-157" (gas); A,,, 210, 302 mp ( e  31,900, 
19,900); X 3.02, 5.90, 5.94, 6.51, 8.00, 8.75, 9.84 p ;  pmr (UhTSO- 
&), 52 (ill-defined t, J = 6 cps, CIHGCHI), 82 (t, J = 7.5 cps, 
OCH2CH3 superimposed on CH&H&H&H,), 137 (3s, 6-CH,), 
182 (m, CH2C3H,), 230 (3s, O C H I ) ,  261 (2q, J = 7 . 5  cps, OCH2- 
CHa), 335 (25,  CH20), 424 (broad resonance, X H C O )  432, 436 
(1s each, 4-H and 7-H), 695 cps (Is, NIH). 

Anal .  Calcd for C1YH26XpOj: C, 62.96; H, 7.23; N, 7.73. 
Found: C, 62.94; H, 7.10; N, 7.61. 

CH,CH&H,), 117 ( 3 ~ ,  6-CH3), 135 ( 3 ~ ,  2-CH:j), 239 ( S S ,  OCHX), 

O H ) ,  276 CPS ( 2 ~ ,  C H z 0 ) .  

C ~ S ,  6-CH,CH3), 239 (3s ,  OCH,),  261 (2q, J = 7 CPS, SCH,CH3), 
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