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The synthesis and antibacterial properties of l-eth~l-~-hydiosymeth~l-~-methoxv-2,6-dimeth~lilldole-4,’i- 
dione carbamate (IT.) are described. 

In  the course of their studies concerning the mitomy- 
cin antibiotics Patrick and co -~or l i e r s~  found that the 
related indoloquinone I1 retained the very potent anti- 
bacterial activity of the parent antibiotic I. We have 
since rioted that 7-methoxymitosene (111), the deaziri- 
din0 analog of 11, retains in part the antibacterial prop- 
erties shown by II.4 In  order to define further the 
structural requirements for biological effectiveness in 
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this series, we undertook the preparation of the related 
1.2-dialkylindoloquinone IV. 

For this synthesis, the indole ester 1- appeared to he 
a particularly suitable starting material. I n  principle, 
the development of the requisite quinone system from 
the 5-hydroxy group in the manner devised4 for the 
synthesis of 7-methoxymitosene and the conversion5 
of the 3-ester function into a hydroxymethyl group were 
readily envisioned. I n  addition, a method was avail- 
able4 for the trariqformation of the last group into the 
carbamate ester. Ester T’ is readily obtained from the 
condensation of toluquinone with ethyl 3-ethylaniino- 
crotonate, and its preparation is accompanied by only 
small amounts (< 10%) of the 5-hydroxy-7-methyl iso- 
mer. 

For the elaboration of the 4,T-indoloquinone system, 
indole ester 1- was converted into the o-quinone VIa by 
oxidation6 with potassium nitrosodisulfonate (Fremy’s 
salt) (see Scheme I). Thiele acetoxylation’ of this 
o-quinone gave hydroxyhydroquinone triacetate T’IIa, 
which on alkaline hydrolysis and aeration of the inter- 
mediate hydroquinone solution afforded the desired 5- 
hydroxy-4,7-indoloquinone acid XIIa. JIethylation 
of this hydroquinone to the required niethoxyquinone 
XIT’a (or XT’) was achieved satisfactorily only after 
some difficulty. 

Initially, the action of diazomethane on hydroxy- 
quinone XIIa was studied, since this reagent had suc- 
cessfully effected the 0-methylation of certain 7-hy- 
d r o x y m i t ~ s e n e s . ~ ~ ~  However, treatment of XIIa  with 
approximately 2 equiv of diazomethane gave only 207& 
of methoxyquinone acid XV, accompanied by a small 
amount of a nonquinoid product. Three equivalents 
of diazomethane gave acid XT’ (9%) and the corre- 
sponding methyl ester XIVa (13%), as well as 10% of 
the nonquinoid material. After a cursory examination 

(5) (a)  J. Thesinp, Ber. ,  87, 692 (1951); 

( 6 )  H. Teuber and G. Thaler, Ber., 91, 2253 (1958). 
(7) J. Thiele. ibid., 31, 1248 (1898). 
(8) (a) J. 9.  Webb and co-workers, unpublished work; 

(b) E. Leete, .J .  Am.  Chem. Sac . .  
81, 6023 (1959). 

(b) C. L. Stevens, 
I<. G. Taylor, 11. E. hIunk,  W. S. Marshall, IC. Noll, G .  D. Shah, L. G. Shah, 
and  E;. L-111, J .  .Ired. Chem.,  8, 1 (1965). 
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of other reagents, including trtraniethoxyniethaiie,q 11. 
was found that methyl sulfate and potassium c:irbonntc 
in acetone furnished niethoxyquinone cster XIVa I I I  

good yield. 
The iionquinoid product from the diazonietharie cx- 

perimeiits is best, formulated :is the Al-pyrazole deriw- 
tive XYI, resulting from addition of tliazoniethaiie t o  
the quinone rystein, in light of the following facts. In 
the infrared spectrum of this substance there werc' ab- 
sorption bands at 2.98 (OH), 3.83 (ester carbonyl), arid 
(i.,X p (S=S),l" and conspicuous by its absenc8e w:ts 
thr  usual quinone carbonyl absorption in the 6-p r ~ -  
giori. 
?20, 371 nip; A,,, 33.5, 475 nip) n'as niarketlly dif- 
fwrnt from th:tt anticipated for an intloloquiiionc or 
indole chromophore. In addition to the resonanceq ex- 
pected for the S-ethyl substituent, the pnir spectrum 
of this product w'us characterized by sharp singletc: ai 
l+50 and 167 (3 protons each, C"CH{),ll 2:36 arid 243 ( 3  
protons each, OCH,), and 500 cps (1 proton, pyrazolts 
H) arid a broad reqonance at approximately 400 c p  
( O H )  mhic.11  vas erased on rxchange with methanol-di. 
*\lthough the 3,4 addition of diazomethane to naphtho- 
quinone, l3 2-subst i t ut ed l ,4-nap ht hoquinones. and 
wrtain benzoqu in~nes~~  iq well known, t h e  present in- 
stance is somewh:rt unique inasmuch as it constitutes a n  
c~uample of such an addition to  :x tetrasubstitilted 
qiiinone.16 

C'H,OH Furthermore, the ultraviolet spec.truni (Ama, 
NaOH 

('1) This reagent n a i  used successfully for  the  O-metli\lation of certain 
i '-hrdrox\ mitosenes.88 Hone>  er, t reatment  of h%droxvquinone acid I S  
~ i t b  boiling tetrdmethoxvmethane for  22 h r  gal e a nonquinoid prodii( t 
4imilar t reatment  for 1 h r  g a r e  starting material 

:37,{t3 ( I Q f i ? ) ,  m i l  reference- riled therein 
(10) See T. 1' Van 4uken and K I. Rineliart, J r  , J Ant Client Tor , 84, 

Following the. elaboration of  he ~,7-iiitloloqiiirioii~ 
. ;ys t r in  the tlrvelopment of the C-8 side chain wtc :  i l l -  

wstigated. Reduction of ester XIIr:i with l i t  hiuni 
:iluniiniini hydride, followed by treatment of the r r w  
tioii tohition with ferric chloride, gave :i cwiiplex mis- 
ture from which the desired carbinol XIIIa TVRS isolatccl 
in only 19% yield. Treatment of Iiaphthoquiriories 
1) it h lithiiiiii nluniinuni hydride i.: knom~i to give ( ~ ) n i -  

(11 J TIIP chemical sliift for t he  2-metli5-l resonance in a variety of indolr 
esters s i i c l ~  as V i p  157-163 cps,' whereas tha t  for the Sa-methyl group i n  the 
isunieric :ia,l.B,9~-tetral1sdro-3,9a-dimeth~-l-:iH-hen~[~]indazole-4.11-diones 
mi) is T 8.06 (118 rps) and 8.19 (109 rppi.12 .\lthougii tlie c,lieniical shif t  for 
tlie 8a-methyl croup in  tlie indoluqiiinone-diazoinetliane adduct S V I  i b  
signifiiantly greater tlian t i i a t  for t i e  $la-methyl groiip in i ,  I I P  IwliPve ili:ii 
tliii f t r i i r t i i r f '  hest :irt~otnmodates t h e  arail;ihlr d a t a ,  

I 

(12) I? XI. Dean, 1'. G ,  .Jones, R .  13.  SIurton, and P. Sidiwnlt iorr i ,  . I .  
Cliem. Soc. ,  5336 (11163). 
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,5186 (1962): (b) F. A l ,  Dean, P. G. .Jones, R. R. Morton, and P. Ridiskin- 
thorn, ibid., -111 (1964). 

(16) Diazomethane reacts in a l , 2  manner with 2,3-disubstit~rited napli- 
tlioqtiinones [B. Eistert, H. Fink, and A. hIiiller. Ber. ,  96, 2403 (1962)l and 
tetrasubstituted benzoqiiinonea [R. Eistert and G .  Bock, ibid., 92, 124T 
(1959)l to  give spirooxiranes. However, tlie 3,4 addition of  diazo- 
methane to  duroquinone was recorded recently: J+-. C. Howell, If. Iiten:tr, 
nnd J. X. hInoDonald, T&nhedron Ldtrrs ,  No. 26, 1719 (1964). 
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plex mixtures arising from 1,2 and 1,4 reduction of t'he 
quinone system,17 and the poor yield observed in t,he 
preparat,ion of XIIIa  is possibly the result, of similar 
side react,ions. Therefore, i t  was conceivable t'hat. sub- 
mission of a hydroquinone-3-carboxylate to lithium 
aluminum hydride would avoid t,his problem. The 
hydroquinone is useful in this respect since it, also per- 
mits immediate regenerat,ion of the quinone system 
necessary for the stabilization of the 3-hydroxyniethyl 
function. l8 Thus, t8he 5-hydroxyhydroquinone-3-car- 
boxylat,e t,riacetate VIIa was treated successively wit,h 
the metal hydride and ferric chloride. Surprisingly, 
only the product of hydrogenolysis, the X-methyl-p-qui- 
none VIII, was isolated (63y0). This observation is of 
int,erest,, for hydrogenolysis of 3-hydroxymethylindoles 
has been reported only for those compounds lacking a 
nit#rogeri subst,iOuent; indeed, previous studies have 
shown that 1-alkyl-3-indolylniethanols are stable to 
this reager1t.j Finally, we would notme in t,his connec- 
tion a preliminary unsuccessful attempt to reduce 
niet,hoxy-p-quinone acid XV with diborane. 

Our inabilit,y to achieve in sat,isfact.ory yield the de- 
velopnient of t.he 3-hydroxyniethyl group from a 3-car- 
boxylate necessitated an alt,ernate approach. This 
approach was based on t,hat successfully used in the 
synthesis of i-metho~ymit,osene,~ and in t,his instance 
involved decarbethoxylation, formylation,lg and so- 
dium borohydride reductmion. Thus, l-ethyl-hie- 
thoxy-2,6-dimethylindole (IX), prepared from T' by de- 
carbet,hoxylat,ionZ0 and 0-methylat,ion, was convert'ed 
int80 aldehyde X by the T:ilsmeier-HaackZ1 technique. 
Transformation of t'his last compound into the 5-hy- 
droxyiridolealdehyde XI was accomplished with alunii- 
num chloride in refluxing xylene. The quinone syst,em 
was then introduced in the manner described above for 
t,he 3-carbethoxy series. Oxidation of XI with Fremy's 
salt gave o-quinone T'Ib, which on Thiele acetoxylat,ion 
afforded the hydroxyhydroquinone triacetate VIIb. 
Allialirie hydrolysis of this last subst,ance followed by 
aerat,ion furnished the hydroxy-p-quinone XIIb.  This 
quinone was transformed smoothly into the methoxy- 
p-quinone XIVb by methyl sulfate and potassium car- 
bonate in acet'one. Reduction of quinonealdehyde 
XIVb with sodium borohydride and subsequent oxida- 
tion of t,he intermediate hydroquinone mit.h acidic ferric 
chloride gave the quinone alcohol XIIIa.  It may be 
not.ed t,hat the over-all yield of XIIIa  from toluquinone 
by t,his ten-stage sequence was 11%. The desired in- 
doloquinone carbamate analog IV was then obtained 
by amnionolysis of the phenylcarbonate XIIIb derived 
from alcohol XIIIa.  

Biology.-The 1,2-dialkylindoloquinone IV  has im- 
port'ant antibacterial activity in vitro and in mice, its 
activity being comparable to tha,t of i-niet,hoxy- 
mitosene (I). In  IT' shows good activity against 

(17) E. Boyland and D. Llanson. .I. Chem. S o c . ,  1837 (1951). 
(18) For  a discussion of this la t te r  point see ref 4. 
(19) Following the  completion of this study the  direct preparation of 

aldehydes from carboxylic esters using sodium aluminum hydride was r e  
ported: L. I. Zakharkin, V.  V. Gavrilenko, D. N.  Lraslin, and  I. AI. Khor- 
lina, Tetrahedron Letters, No. 29, 2087 (1963). T h e  application of this 
method to  the  present problem was not investigated. 

(20) Experiment by  Llr .  J.  F. Poletto. 
(21) A. Vilsmeier and  A .  Haack, Ber., 60, 119 (1927). 
(22) For a complete description of this test procedure a s  conducted in 

these laboratories, see G. R. illlen. Jr . ,  B. R.  Baker, A .  C. Dornhush, J. P. 
Joseph, H. AI. Kissman, and 31. J. \Veiss, J .  M e d .  Pharm. Chem.. 2,  391 
(1960). 

TABLE I 
Minimum inhih concn, f ig, mla 

Organism 

Mycobactel a u m  sniegmatzs, ATCC 

I\lycobucteizun~ ranae 
Staphylococcus aureus, ATCC 

Staphylococcus aureus, ATCC 

Staphylococcics azireus, 69 
Streptococcus faecalzs, ATCC 8043 
Streptococcus pyogenes, C203 
Streptococcus sp., nonhemolytic, 11 
Streptococcus sp., p-hemolytic, 80 
Baczllus subtzlzs, ATCC 6633 
Baczllus cereus, ATCC 10702 
Klebszella pneumonzae, ATCC 

Pseudomonas aeruginosa, ATCC 

Proteus vulgaras, S T C C  9484 
Escherzchza coli, ATCC 9637 
Escherzchia colz, Lederle 22 
Salmonella gallznarum, Lederle 

607 

6548P 

6538P 

1003 1 

10145 

604 

Indolo- 
quinone 
(IV) 

30 
30 

6 

2 
1 
8 
0.25 
4 
2 
0 .8  
0.25 

30 

50 
30 
50 
30 

60 

7-Me- 
thoxymi- 
tosene 

(111) 

62 
31 

8 

4 
2 
8 
1 
4 
4 
0 . 5  
0 .5  

4 

250 
31 

250 
31 

250 

Tetra- 
cycline 

HC1 

2 
2 

4 
250 

4 
1 

250 
250 

1 
1 

123 

31 
16 
15 
2 

16 
a Determined in simultaneous assays. 

a spectruni of gram-positive organisms, including rep- 
resentative tetracycline- and penicillin-resistant 
strains (Table I). However, it has only marginal 
activity against gram-negative organisms. This analog 
is approximately one-third as active as tetracycline 
when administered orally to mice infected with Staph- 
ylococcus aureus var. Smith. However, IV is ineffective 
in viuo against Streptococcus pyogenes C203 and a tetra- 
cycline-resistant Staphylococcus species, despite its 
high activity in vitro against these organisms. 

Experimental Section 
General.-Melting points were determined i n  an opeu capillai y 

tube and are corrected. The petroleum ether used was that 
fraction boiling a t  30-60" unless specified otherwise. Ultra- 
violet spectra were determined in methanol solution using a 
Cary recording spectrophotometer, and the infrared spectra were 
determined in pressed KBr disks with a Perkin-Elmer spectro- 
photometer (RIodel 21). Pmr spectra were determined with a 
S'arian A-60 spectrometer using tetramethylsilane as an internal 
standard; CDCL was used as the solvent except where noted 
otherwise. All evaporations were carried out a t  reduced pres- 
sure. 

Ethyl l-Ethyl-2,6-dimethyl-4,5-dioxo-3-indolecarboxylate 
(Via).-To a mechanically stirred solution of 18.0 g (67.5 mmoles) 
of potassium nitrosodisulfonate in 400 ml of water and 200 ml 
of 0.167 KHzPOI was added a solution of 2.47 g (9.5 mmoles) of 
ethyl l-ethyl-5-hydroxy-2,6-dimethyl-3-indolecarboxylate (I7) in 
500 ml of acetone. The blue color was immediately discharged, 
and the resulting brown solution became purple within 5 min. 
Stirring was discontinued; the solution was allowed to  stand a t  
room temperature for 16 hr, whereafter i t  w a  distributed between 
methylene chloride and water. The organic solution was dried 
and evaporated. The residue was slurried with ether, and the 
mixture was filtered to give 1.95 g (7,5(%) of black crystals, 
mp 118-120". Material from a similar experiment waq recrystal- 
liAed from acetone-petroleum ether (bp 60-70") to give black 
crystals: mp 115-116'; A,,,, 228, 24X, 345, 540 mp (E 31,600, 
23,300, 4720, 2600); X 5.86, 5.99, 6.09, 7.70, 8.40, 8.60, 9.00 p ,  
pmr, 82 (3 protons, triplet, J = 7.5 cps, OCHZCH~), 85 (3 protons, 
triplet, J = 7.5 cps, ?;CHZCH3), 116 (3 protons, doublet, JCH~II = 
2.5 cps, 6-CH3), 147 (3 protons, 2-CHa), 242 (2 protons, quartet, 
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and water. The organic phase was washed with water, dried, 
and evaporated: the residue was recrystallized from dilut'e 
methanol to give 140 mg (63%) of red needles: mp  181-182"; 
Amax 234, 297, 363, 480 mp ( E  16,900, 18,800, 3520, 795); 
234, 299, 377, 515 mp ( e  16,000, 17,000, 3400, 1020). At::" 247, 
315, 363, 585 m p  ( e  19,300, 17,200, 3750, 1250); X 3.00, 6.04, 
6.15, 7.50, 8.81, 9.03, 9.55 p :  pmr, 80 (3 protons, triplet, J = 7 
caps, NCH2CH3), 115, 131, 135 (3 protons each, 2-, 3-, arid 6- 
CH,), 264 (2 protons, quartet, J = 7 cps, NCH,CH,), and 444 
cps (1 proton, O H ) .  

A4nal. Calcd for C13H&O3: C, 66.93; H, 6.48; S, 6.01; 
mol wt, 233.26. Found: C, 66.45; H, 6.37 S, 5.65; mol wt, 
239, 233. 
l-Ethyl-5-hydroxy-2,6-dimethylindole. A.,O--A mixture of 20.0 

g (77 mmoles) of ethyl l-ethyl-5-hydroxy-2,6-dimethylindole-3- 
carboxylate (V) and 500 ml of 2 KaOH solution was heated a t  
reflux temperature under nitrogen for 1 hr, filtered, cooled, and 
acidified with HC1 solution. The precipitated solid was collected 
and washed well with water to give 12.9 g (72%) of solid, mp 
162-164" der. A sample was recrystallized from ethyl acetate- 
petroleum ether (bp 60-70") to give crystals, mp 182-183" dec, 
of I-ethyl-5-hydroxy-2,6-dimethylindole-3-carboxy~ic acid : A,,,,, 
217, 242, 292-297 mp ( E  33,600, 14,900, 12,300); h 3.15 (broad), 

Anal. Calcd for C13H&03: C, 69.93; H, 6.48; T, 6.01. 
Found: 66.63; H, 6.62; N, 6.23. 

The aqueous filtrate was extracted with CHzC12, and the ex- 
tract was lyashed with water, dried (SanS04),  and evaporated. 
The residue was recrystallized from methylene chloride-petroleum 
ether to give 2.92 g (20%) of crystals: mp 118-120"; Amax  280, 
297, 309 mp ( E  8500, 7000,4730); X 2.86 p ;  pmr, 76.5 (3 protons, 
triplet, J = 7.0 cps, KCHXH,),  142 (6 protons, singlet, 2-CH3 
and 6-CH3), 244 (2 protons, quartet', J = 7 cps, NCHZCH~) ,  284 
( O H ) ,  368 (3-H), 416 (4-H), 425 cps (low-order coupling, 7-H). 

Anal. Calcd for C12HI5?;0: C, 76.15; H, 7.99; N, 7.90. 
Found: C, 75.98; H, 8.21; S, 7.51. 

B.-A mixture of 175 g (0.67 mole) of VI1 and 1500 ml of 2OYG 
HCl solution was stirred at  reflux temperature for 4 hr. A 
stream of nitrogen was introduced onto the surface of the mixture 
to reduce frothing. The cooled mixture was filtered to furnish 
51.0 g of VII. The filtrate was diluted with water until the 
volume was about 6 I . ,  and then extracted with ethyl acetate 
followed by CH2C1?. The combined extracts were washed with 
water, dried, and evaporated to give 33 g of crude solid. The pH 
of the aqueous phase was then adjusted to  6-7 by addition of a 
concentrated KOH solution, cooled, and extracted again with 
CH,Cl,. The usual isolation procedure gave a residue which 
crystallized from methylene chloride-petroleum ether t o  give 
38.1 g of crystals, mp 115-190'. The filtrate from this material 
was combined with the 33 g of the crude material above and 
passed through a Florisil magnesia-silica gel column using CH,Cl, 
as a wash solvent. The solvent was removed from the first 3 1. 
of eluate, and the residue was crystallized from methylene chlo- 
ride-petroleum ether to give 41.5 g of white crystals, mp 90-92". 
The infrared spect,ra of the two crystalline modifications were 
identical in chloroform solution. The 51.0 g of recovered ester 
was recycled as described above to give 26.7 g of product; total 
yield, 106.3 g (83yc). 

I n  a second experiment using 170 g of VI1 and 1500 ml of 207, 
HCl solution, solution was effected after 3.5 hr a t  reflux tempera- 
ture and 98 g (80%) of product was isolated. 
I-Ethyl-5-methoxy-2,6-dimethylindole (IX).-To a stirred 

solution of 132 g (0.7 mole) of l-ethy1-5-hydroxy-2,6-dimet~hyl- 
indole in 800 ml of ethyl alcohol and 800 ml of 4 A' NaOH solu- 
tion was added dropwise over 3 hr a t  reflux temperature under 
nitrogen 270 g (2.16 moles, 200 ml) of methyl sulfate. The re- 
sulting mixture was heated a l  reflux temperature for an additional 
1.5 hr, diluted with water, and then extracted with ethyl acetate. 
The extract was washed with saline, dried (MgSOa), and evapo- 
rated. The residual brown oil was dissolved in benzene and 
passed through a Florisil magnesia-silica gel column, benzene 
being used as the wash solvent and 500-ml fractions being col- 
lected. Fraction 1 contained 127.6 g of amber oil and fraction 
2, 5.1 g (947, total). This material was of suitable purity for 
the next step, and partially crystallized on standing. 

Material from a similar experiment was recrystallized at  low 
temperature from hexane to give white crystals: mp 56-57": 
Xmsx 217, 278, 297, 307 mp ( e  31,700, 8340, 7100, 4560); no 
hydroxyl in the infrared region; pmr, 75 (3 protons, triplet, J = 
7.5 cps, NCH,CH,), 143, 144 (6 protons, 2-CH3 and 6-CHa), 232 

6.05, 8.75, 910 p. 

(3 protons, OCH,), 243 (2 protons, quartet, J = 7.5 cps, SCH2- 
CHa), 371 (3-H), 422 (4-H), 426 cps (low-order coupling, 7-H). 

Anal. Calcd for C13H17NO: C, 76.81; H, 8.43; S, 6.89. 
Found: C, 76.31; H, 8.62; S, 7.02. 

1 -Ethyl-5-methoxy-2,6-dimethyl-3-indolecarboxaldehyde ( X). 
-To 200 ml of stirred, ice-chilled dimethylformamide (Dl IF )  
was added dropwise a t  such a rate that  the temperature remained 
at 0-5', 55 g (0.358 mole, 32.8 ml) of Poc13. The resulting solti- 
tion was treated with a solution of 66.35 g (0.326 mole) of IT;, 
in 150 ml of DLIF a t  such a rate that the t,emperature did not 
exceed 5'. The ice bath was removed and replaced by a warm- 
water bath, and the mixture was stirred at 35-40" for 1.25 hr. 
Cracked ice (200 g)  was added, and the mixture was transferred 
t o  a 3-1. flask containing about 300 g of cracked ice, 200 ml of 
water being used to aid in the transfer. -1 solution of 250 g of 
NaOH in 650 ml of water was added dropwise with stirring until 
about one-half of the solution had been added; the remainder of 
the solution was added rapidly. The resulting mixture was 
heated to the boiling point, diluted with water to about 2.5 I., 
and cooled. Filtration gave 70.5 g ( 9 3 5 )  of crystals, mp 134- 
136". 

Material from a preliminary experiment was recrystallized 
twice from acetone-hexane to give white crystals; mp 135-137'; 
Am,, 216, 258, 283, 310 mp (E 35,200, 18,300, 15,100, 12,500); X 
6.10 p ;  pmr, 80 (3 protons, triplet, J = 7.5 cps, SCH?CH3), 
142 (3 protons, 6-CH3), 155 (3 protons, 2-CH3), 238 (OCH,),  244 
(partially hidden qiiartet, SCH?CHZ), 427 (broad base, 7-H), 

Anal. Calcd for CI4HiiSOn: C, 72.70; 1-1, 7.41; ?;, 6.06. 
Fonnd: C, 72.68; H,  7.05; iY, 6.03. 

l-EthyI-5-hydroxy-2,6-dimethyl-3-indolecarboxa~dehyde (XI). 
-A mixture of 38.4 g of l-ethyl-5-methoxy-2,6-dimethy1-3- 
indolecarboxaldehyde (X) and 46.0 g of AlC13 in 1 1. of xylene 
was stirred a t  reflux temperature for 5 hr. The cooled mixture 
was treated with cracked ice and digested to give 38.0 g of pink 
solid, mp 246-250" dec. This material was of suitable purity 
for the subsequent reaction. Material from a pilot experiment 
was recrystallized from acetone to give crystals: mp 256-259' 
dec; Xmll 217, 258, 285, 311 mp ( E  37,800, 17,600, 15,300, 
18,000); X 3.08, 6 . l i  p. 

Anal. Calcd for CI3HljN02: C, 71.86; H, 6.96; N, 6.45. 
Found: C, 71.58; H, 7.20; N, 6.47. 

I-Ethyl-2,6-dimethyl-4,5-dioxo-3-indoIecarboxa~dehyde (VIb). 
-To a stirred solution of 50.0 g (0.187 mole) of potassium nitro- 
sodisulfonate in 1440 ml of 0.167 JI KHZPOd solution and 2510 
ml of water was added a solution of 18.75 g (0.0864 mole) of X I  
in 3950 ml of hot acetone. Some solid separated, and an addi- 
tional 400 ml of acetone was added. The initially blue solution 
turned brown on addition of the aldehyde and became purple 
within 5 min. Stirring was continued at  room temperature 
for 1 hr. The reaction mixture was then concentrated, 3200 ml 
of distillate being collected. The concentrate was chilled and 
filtered. The residue was washed well with water and air-dried 
to give 16.05 g (goyc) of black needles, mp 205-208". A sample 
from a similar experiment was recrystallized from acetone- 
hexane to give black needles; mp 214-216"; Xmax 228, 285, 
345, 520 mp ( e  26,400, 6950, 2910, 1710); X 5.97, 6.02, 6.14 p. 

Ana/. Calcd for C&13?Y103: C, 67.52; H, 5.67; X, 6.06. 
Found: C, 67.60; H, 5.48; N, 6.20. 

1 -Ethyl-4,5,7-trihydroxy-2,6-dimethyl-3-indo~ecarboxa~dehyde 
Triacetate (VIIb).-To a magnetically stirred mixture of 10.00 g 
(43.3 mmoles) of YIb in 150 ml of acetic anhydride was added 
2 ml of boron trifluoride etherate. All solid quickly dissolved, 
the purple mixture became brown and was stirred at, room 
temperature for 1 hr. Cracked ice was added, and the mixture 
was stirred at  room temperature until the excess acetic anhydride 
hydrolyzed. The resulting solid was collected by filtration and 
washed with water to give 13.3 g (82%) of gray solid, mp 184-188". 
A sample from a similar experiment was recrystallized from 
acetone-hexane to give white crystals; mp 194-195"; A,,, 219, 
248, 262 (shoulder), 307 m p  (E 31,200, 18,200, 11,200, 12,400); 
X 5.70, 6.05, 8.30-8.60, 9.35, 9.95 p ;  pmr, 80 (3 protons, 
triplet, J = 7.5 cps, NCH2CH3), 124 ( 8  protons, 6-CH3), 142.5, 
145, 147.5 (9 protons, ooccH3), 158 (3 protons, 2-CH3), 250 
(2 protons, quartet, J = 7.5 cps, SCH2CH3), 613 cps (CHO) .  

Anal. Calcd for C19H21Y0,: C, 60.79; H, 5.64; iY, 3.73. 
Foiind: C, 60.99: IT, 5.70; E, 3.6%. 

1 -Ethyl-5-hydroxy-2,6-dimethyl-4,7-dioxo-3-indo~ecarboxa~- 
dehyde (XIIb).-A stirred mixture of 63.5 g (0.17 mole) of VIIb 
in 1000 ml of water and 250 ml of 25Yc NaOH solution was heated 

470 (4-H), 610 CPS ( C H O ) .  



a t  reflux temperature under nitrogen for 1 hr. .ill rolid di-- 
solved and the brown solution was quickly filtered. A streern 
of air was introduced into the filtrate for 35 min. Tlie restiltitig 
purple solution was acidified by addition of 37% HC'l wliilioti. 
Once acid, t~ red solid separated from the soliltion. It) was es- 
tract,ed into CH2C12, and the extracts were dried (.\IgSOs) 
and evaporated with concomitant addition of petroleum et1ic.r. 
Once crystallizatiou began the mixture \?as placed in  11lc r~ 
frigerator. Filtration gave 21.3 g of row needles, nip 219- '214". 
Concentration of the filt'rate gave in two rrops :tn additional 11.0 
g (78';;) of product, mp 210-213'. In a preliminary experirneiii 
iitilizing 7.50 mg of triacetate, this qiiiiione was obtnirieti i n  SO' 
yield as rose needles, mp 'L15-210°, after rerrystalliz:ttioii f ro in  
acetone-hexane; A,,,;,, 220, 239, 275, 285, SRS, 334, 450-465 nip 

5.95, 6.11, 9.11 p ;  pnir, S4 (3 proton-, triplel, .I = 7 r p G .  X(-'€12- 
C'Ha), 121 ( 3  protons, 6-CH,), 160.5 ( 3  protonr, '-C:Hd), 2 2  
( 2  protons, qiiart.pt,, J = i cp., ?;CH,C:fT3), 441 i l  p r o t o i i ,  ON), 

.lr~al. Calctl for C 1 3 T 1 1 3 T 0 4 :  (', ti3.15: 11. :.:if]: S, .i.(i;. 
Fourid: C, 63.38; 11, 5.47; S,  5.titi. 

1 -Ethyl-5-methoxy-2,6-dimethyl-4,7-dioxo-~-indolecarboxal- 
dehyde (XIVb).---A stirred mixtureof 21.9 g (0.089 mole) of XIIb, 
100 g of K2C03, and 67.5 g (0.535 mole, 50 ml) of dimethyl sulfate 
i i r  1 1. of acetone aas heated at  refliis temperatiire for 1 hr: 
whereafter stirriiig was coiitiiiiied at room temperature lor 3 lir .  
The mixture was filtered, and the residrle \vas washed %ell with 
nvetorie. The conihiiied filtrate ailti wadiiiig- m r e  evapuratrti, 
1 he excess tiiniethyl sulfate being removed at oil-piimp pressiire. 
The residue was dissoIved in 200 nil of acetotie and treated, with 
stirring, with about 800 ml of water. Stirring wits continiied f i i r  

30 miii, aiid the residriiig mixture waq chilled and filtered to 
fiiriiidi lS.9 g of needles, mp 124-127". For pirrificaticin lhi.: 
material was dis-olved iii CH2C12 at id passed tliruirgh a Flor id  
~~ol i in in ,  methylene chloride heiiig iised ah a wash wlverit . T h c s  
elriaic wits esseiitirtlly colorless after '2..j 1. was collected. Tt1c 
d v e n t ,  was removed, and the r e d u e  \vas crystallized from rnetli- 
ylerie c-tiloride-petroleum ether to give 15.08 g (65"; yield) i i f  
red needles: nip 133-13.5°: A,,,,,, '218, 245, 270, ' S O  (sh), 330, 
430 m p  ( e  18,300, 11,000, 11,400, lf),500, 4460, 759); A ;j.Sl), 5.9.5, 
6.07, 0.18, 9.05, 10.00 p ;  pnir, 81 (3  protoils, triplet, ,J = 7 
cp?, NCH2CH3), 118 13 protons, O - ( X , j ,  157 ( 3  prot,ons, 2-CH3 I ,  

243 (3 protons, OCH,),  265 (2 protons, qiiartet. ,J = 7 rpc. 

Anal. Calcd for CI4Hl5hTO4: ( I ,  ti4.96; 11, 5.79; K, 5.;<ij. 
Foinid: C, 63.96; H, 5.71; X, 3.633. 

In :t pilot, experiment this qilinolie \vas obtained in $11 ';,c yield 
and experiments conducted with 2-5 g of hydroxyqiiiiione gave 
78-84'?> of prodtic.(. 

( t  21,200, 13,300, 12,100, 12,800, 14,800, 6930, 445); A :3.OO, :<.5Ii, 

638 cps ( C H O ) .  

NCH2C&), 630 CpS ( C H O ) .  


