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tion; i t  consists of a nucleation act followed by growth, 
which is apparently controlled by processes occurring a t  
the particle-solution interface.6 The endothermic na- 
ture of collagen fibrogenesis, as well as tobacco nlosaic 
virus agglomeration, precipitation of denatured 
proteins, and formation of the mitotic spindle, indicates 
a fundamental role for hydrophobic bonding.6 These 
processes may all involve the expulsion of hydrate water 
producing the entropy rise necessary to drive the re- 
action forward.7 There is, in addition, evidence that 
fiber growth entails lateral alignment of bonding regions 
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(6) W. Kaucmann, Aduan. Protezn Chem., 14, 1 (1959). 
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Chemzsts' Assoc., 67, 556 (1962). 

in neighboring molecules by electrostatic and hydrogen 
bonds.8-'0 Over longer periods, covalent cross-linking 
leads to the increasingly insoluble network character- 
istic of mature and aged fibers. 

The least studied aspect of the fibrogenesis process is 
the formation of hydrophobic bonds accompanying 
hydrate water expulsion. It may be here that unsatu- 
rated fatty acids exert their effects. 
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Indoloquirione carbamate analogs of the mitomycin antibiotics, bearing substituents such as chloro, alkoxy, 
hydroxy, methylthio, and various amines at the 5 position, were prepared and tested against bacteria. Follow- 
ing the observation of interesting in vivo activity for a 5-ethylenimino derivative, analogs containing this group 
and embodying variants a t  N-1 and the carbamate nitrogen were also prepared. The in vitro activities of the 
more interesting analogs are reported. 

Following the demonstration of interesting anti- 
bacterial activity for indoloquinone analogs ( e . g . ,  I) of 
the mit'omycin antibiotics, a systematic program of 
structural variation based on these lead compounds was 
undertaken. This program has included variants a t  
each posit'ion in the pyrrole ring1f3 and also in the qui- 
none ringed 

In t'he present paper we describe the preparation of 
analogs of I with further variations a t  position 5 in the 
quinone ring. This position is of particular importance 
since a t  least two subst'ituents, amino and methoxy, 
at' the corresponding position in the mitomycins confer 
a ~ t i v i t y . ~  Furthermore, this posit'ion has been sug- 
gested as a possible act'ive sit'e in the cross-linking of 
DSA by t'he mitomycins.6 

For the preparation of the 5-chloro analog (IIa), 
2,G-dimet'hyl-1-et hyl-S-hydroxy-4,7-indoloquinone-3- 
carboxaldehyde2 (111) was warmed with 2 equiv of 
l'OC1, in dimethylformamide,' and tmhe resulting 5- 
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(2)  G. R. Allen, Jr., J. F. Poletto, and hl.  J. Weiss, J .  Am. Chem. Soc., 86, 
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( 1 1 )  G. R. Allen, Jr., J. F. Poietto, a n d  >I. J. Weiss, ibid., 10, 14 (196i); 
(c) G. R. Allen, Jr., and &I. J. Weiss, ib id . ,  10, 23 (1967); (d) J. F. Poletto, 
G .  R. Allen, Jr., and Wl. J. Weiss, ib id . ,  10, 95 (1967). 
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(1966). 

( 5 )  J. S. Webb, D. B. Cosulich, J. H. Mowvat, J. B. Patrick, R. W. Bros- 
chard. W. E. hleyer, R. P. Williams, C. F. Wolf. \V. Fulmor, C. Pidacks, and 
J .  E. Lancaster, J .  Am. Chem. Soc.,  84, 3185 (1962). 

( 6 )  W. Szyhalski and V. N. I se r ,  F e d .  Proc., 28, 946 (1964). 
( 7 )  This method was developed for hydroxynaphthoquinones by G. R. 

.\lien, Jr. Although the yield was lox  in the present case, no satisfactory 
alternate procedure could he found. Reagents such as HCI and SOClr caused 
extensive decomposition of I. 

chloro-3-carboxaldehyde (IVa) was converted into 
IIa  by the usual technique2 (Scheme I). Alkoxy 
derivatives mere prepared by treatment of 5-hydroxy- 
indoloquinone-3-carboxaldehyde (111) with ethyl ortho- 
carbonate or with n-hexyl orthocarbonate,8 followed by 
conversion of the resulting &ethoxy (IVb)9 and 5-n- 
hexyloxy (IVc) derivatives into hydroxymethyl carba- 
mates I Ib  and IIc in the usual way.2 Attempts to 
prepare 5-methylthio analog IId by a route involviiig 
displacement of the 5-methoxy group of V with methyl 
mercaptide ion were unsuccessful. However, treat- 
ment of V with methyl mercaptan and HC1 afforded 
~-methylthioindoloquinone-3-carboxaldehyde (IVd) in 
low yield, and conversion2 of IVd into 1Id proceeded 
without difficulty. Several attempts to add methyl 
mercaptan to the 5-unsubstituted indoloquinone-3-car- 
boxaldehyde (IVe)4b gave products of indefinite com- 
position. 

Treatment of the lead 5-methoxyindoloquinone car- 
bamate (I) with a variety of amines in methanol afforded 
an interesting series of &amino analogs (IIe-1). These 
reactions were followed by thin layer chromatography 
(tlc) and were conducted until there was no evidence of 
starting material. In  this manner a rough qualitative 
estimate of relative reaction rates for the displacement 
of the methoxy group of I by the various amines was 
obtained. The primary amines were most reactive, 
followed in decreasing order of reactivity by ethyleni- 

(8) Kindly furnished h y  R. W. Broschard. The use of orthocarbonates in 
the preparation of alkylaryl ethers was first reported by  B. Smith [ d r f a  
C h e m .  Scand., 10, 1006 (1956)l. The extension of this method to Ilydroxs- 
quinones is due to J. B. Patrick, D. B. Cosulich, and R. W. Broschard (yri- 
vate  communication). 

(9) This experiment was performed by R. H. Roth. 
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mine iind ammoilin. Piperidine (:L secondary aniiiic) 
:tiid aiiiliiie did not react with I under these conditions. 
The reaction of I with ammonia did not go to  comple- 
tion, but the product could be isolated by partition 
chromatography. Dimethylamine did react with I, 
but it was not possible to obtain an analytically pure 
product. However, the disappearance of starting 
material and appearance of a purple aminoquinone \\;as 
readily followed by tlc. 

niethylaminoethylamino derivative IIj waa useful 
for the preparation of additional analogs. Thus, i t  
gave with methyl iodide the quaternary salt IIk, aiici 
upon acid hydrolysis it afforded &hydroxy analog IIm. 
l’reparation of I Im by alkaline hydrolysis of I has been 
described p r e ~ i o u s l y ; ~ ~  however, this method is un- 
reliable and is sometimes complicated by concomitant 
carbamate hydrolysis. The present method is superior 
because the water-soluble hydrochloride is converted 
into the insoluble hydroxy compound (IIni), which 
precipitates and thus heconies less susceptible to car- 
bamate hydrolysis. 

III Table I the iiv spectra of :I variety of h u b s t i -  
tuted 6-methylindoloquinories in niethaiiol are lire- 
sented. The complexity of these spectra makes dc- 
tailed analj,sis difficult, although several obvious fea- 
tures are of interest. The effect of substituents on 
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TABLE I 
ULTRIVIOLET h S O R P T I O K  SPECTR.I O F  INDOLOQUISOSES IX ;\IETHAKOL 

x*:FcH3 

CH3 

CzH, 
%Substituent (S)  Ultraviolet and visible maxima, mp (e)------------  Color 

Ha 228 (14,300) 264 (13,600)) 346 (3500) 441 (2000) Yellow 

CH3a 228 (16,900) 2Tl (16,500), 342 (13,000) 445 (2100) Orange 

CZTTjO ( I Ib)  232 (17,700) 286 (14,300) 343 (3300) 460 (1200) Orange 
C1 (IIa)  228 (18,600) 278 (16,300), 3j2  (2340) 463 (1570) Yellow 

HO (IIni) 233 (19,100) 293 (19,000) 343 (4300 ) 483 (610) Orange 
CIT3S ( I Id)  236 (17,600) 271 (7800) 348 (3850) 483 (1600) Orange 
CN (111) 23.5 (20,700) 308 (14,300) 350 (4300) 485 (1300) Red 
H 2 S  (IIe) 243 (13,800) 309 (11,000) 348 (4370) 538 (870) Purple 
CZHjXH (IIg)' 249 (17,300) 316 (12,000) 350 (6000) .i30 (1330) Purple 

273 (11,600) 

278 (16,400) 

284 (16,400) 

(I The preparation of this compound is described in ref 4b. Ot,her primary amines gave spectra nearly identidal with IIg. The di- 
methylamino derivative could not be obtained pure; however, the impure material showed maxima a t  248, 312, 350, and 340 mp. 

TABLE I1 
C-5 V.4RI.iNTS O F  ~ , 6 - ~ I ~ ~ E ~ ~ H Y L - ~ - E ~ H Y L - ~ - H Y D R O X l h . I E T H Y L - ~ , ~ - l N D O L O Q U I S O X E  C.iRB.4M.iTE 

0 

C-5 substituent (X) 
C1 (IIa)  
C2HjO (IIb)  
?L-CeHitO (IIC) 
CH3S (IId)  
H2N (IIe) 
CHaNH (IIf)a 
C2HjNEI (IIg) 

'ield, 
% Alp, OC' 

16 182-183 
3 5 156-159 
Low 95.5-96.3 

83 dec 170 
79 

Low 184-183 

2 13-215 
73 144-148 

C N H  ( I Ih )  C H3 61 1 15-1 17 C?iH&304 C, H, N 

IIOCH,CH?NH (Hi)  CH3 65 158-160 CiiH23x3Oj C, H, N 
(C,H,)z?jCHzCH~NH (II j )  CH3 94 133-155 CziH3&;404 C, H, N 

EN (111) CH3 72 168-169 Ci7H2iN304 C, H, N 
€I*N (1111) H 32 200-203 C14Hliv304 C, H, N 
CHaNH (110) H 78 236-240 CijHiiN304 C, H, ?J 

ate.2 

(C,Hj)2CHJNCH&Hzr\" (IIk)' CHI 79 dec 103 CnH3613404 C, H, 1 

Prepared by J. F. Poletto from methylamine and l-ethyl-3-h~droxymeth~-l-,j-methoxy-2,6-dimethylindole-4,7-dio1~e phenylcarbon- 
All compounds were recrystallized from CHZCl2-hexane. Prepared by shaking I I j  with excess Me1 for 3 days. 

tration of dimethyl sulfoxide is increased to 40% a slow 
hydrolysis of the ethylenimine group ensues and tlc 
shows the formation of 5-hydroxyethylamino derivative 
IIi, which is considerably less active than I11 (Table IT'). 
Work-up of the solution after 2 days afforded low 
yields of both IIi and 111. 

Biology.-The in vitro antibacterial activity14 of the 
more interesting indoloquinones having variants at  the 
5 position, together with the 5-ethyleniminoindolo- 
quinones having variants at  N-1 and on the carbamate 
nitrogen, is given in Table IV. In  no compound is the 
in vitro activity significantly improved over that of the 
lead 5-methoxyindoloquinone I2 or certain other analogs 

(14) For a complete description of this test procedure as  conducted in these 
laboratories, see G. R Allen, Jr., E. R. Baker, A C. Dornbush, J. P. Joseph, 
H. 11. Kissman, and hl. J. \\ ems, J .  .\fed. Phurm.  Chem., 2 ,  391 (1960). 

previously prepared (especially the C-2 variants3"). 
However, several of the 5-ethyleniminoquinones, par- 
ticularly those with methyl arid with hydroxyethyl 
substituents on the carbamate nitrogen, show oral 
activity against a variety of gram-positive organisms 
including resistant Staphylococcus and Streptococcus 
strains. This in vivo activity is listed and discussed 
in an accompanying paper.12 

Experimental Section 
General.-Melting points were determined on a hIel-Temp 

melting point apparatus and are corrected. Uv spectra s e r e  
determined in MeOH on a Cary recording spectrophotometer, 
and ir spectra in KBr Trith a Model 21 Perkin-Elmer spectro- 
photometer. Solutions s ere dried (MgSOa) and concentrated 
under reduced pressure on a rotary evaporator. JVhere analyses 



:ire indicated only by symbols of the elements, analytical results 
obtained for those elements were within 3=0.45; of the theoretical 
values. 

5-Chloro-2,6-dimethyl-l -ethyl-4,7-dioxo-3-indolecarboxalde- 
hyde (IVa).-To an ice-cooled mixture of 1.22 g (8 mmoles) of 
POC18 and 4.0 ml of 1)MF was added a solution of 988 mg (4 
mmoles) of 2,ti-dimethyl-l-ct~lyl-5-h~-droxy-4,i-indoloq~1inone-3- 
carboxaldehyde (V)z in 12 ml of DlIF.  The mixture was heated 
on a steam bath for 30 min, cooled, poured onto ice, and treated 
with CII2CI2 and 5%, NaHCOa. The organic layer was washed 
with 5yo NaHC03 until the wash remained colorless, dried, aiitl 
concentrated and the residue \vas purified bi- adsorption chro- 
matography on a magnesia-silica gel coluniii (24 times 120 
nim) with CHICI, containing lo$$ of acetone as elllent. Coil- 
cent ration of the orange eluate afforded 90 mg (8.4(;;) of orange 
c,rystals: mp 143-150"; A,,,,, 6.1, 6.3 p :  A,,,, 236 mp ( e  l5,000), 
?ti7 (16,400), 273 (17,500), 287 (16,300), 335 (56.50), 437 (2600). 
.lnul. (CI3Hl2ClKO3): H, C1, N :  C: calcd, 58. i6 ;  fourid, 59.34. 

2,6-Dimethyl-5-ethoxy-l -ethyl-4,7-dioxo-3-indolecarboxalde- 
hyde (IVb).?--h mixture of 1 .0 g of 2,6-dirnethyl-l-c~thyl-5- 
li~-droxy-4,i-iiidoloquino1ie-3-rarbosaldehyde (111)' a r ~ d  20 1111 of 
tetraet,hyl orthocarbonalea was heated a t  reflux temperature for 
:I hr. The excess orthocarboilate was removed by distillation and 
the residue was treated with EtOI€. Ilecrystallization from EtOII 
of the solid that formed afforded 880 mg (SO%,) of dark red crys- 
tnls: mp 117-119"; Amsx 5.98, 6.04, 6.10 p ;  Am,, 215 nip ( e  
26,000) 245 (7000), 270 (2900), 331 (1700). *inal. fClbHl7NO4) 
c, 11, s. 

2,6-Dimethyl-l-ethyl-5-n-hexyloxy-3-hydroxymethylindole- 
4,7-dione (IVf).-A mixture of 2.0 g of 111,2 7.5 ml of tetra-n- 
hrxyl orthomrbonate,S and 20 ml of xylene was heated a t  reflux 
1c:niperaturc for 2 hr, coolrd, diluted with ether, and washcd 
twicc with NaHC03. The organic layer was dried and  conccn- 
1 rated and the residue was purified by adsorption Chromatography 
on a magnesia-silica gel column with CH,C12 containing 2y0 of 
acetone as eluent. Concentration of eluate from the large orange 
hand that  formed afforded 2.04 g of 2,6-dimethyl-l-ethy1-5-n- 
liexyloxy-4,7-diox;o-3-indolecarhoxaldehyde ( W e )  as ail orange 
oil: A,,,,, 6.9, 6.05, 6.10 p. Withoiit, flirther purifiwtioii, this 
oil was coriverted direcily io the r.orrespoiiding 3-hytlroxy- 
methyl derivative. 

solution of 2.0 g (6.3 nirrioles) of IVc i i i  560 nil uf 31eUl1, 
uiider Nz, was heated to boiling and treated with 2.0 g (excess) 

of SaBITd i l l  40 iril of EtOll .  Thcs iiiistiire was stirred :ti rooiii 

teniperature for 1 hr and treated with 10 ml of acetone. After 
.i mill, 20 ml of a sohition of 1 -Y FeC13 and 0.1 A: HCI was added 
a r i d  the resulting mixture was treated with HZO and CHzC12. 
The organic layer was washed (NaHC03), dried, and Concentrated 
and the residiial oil was purified by partition chromatography o i i  
200 g nf diatomaceous earth, utilizing a 3leOI-I-heptane system. 
Coiiceiitration of eluate from the principal band (orange) gave a 
rrystallirie solid, which o n  recrystallization from ether--hexane 
:ifforded 1.20 g (45 yield from 111) of orange needles: nip 

3, 6.09 p :  A,;,, 232 mp ( e  16,600), 289 

2,6-Dimethyl-l -ethyl-5-methyIthio-4,7-dioxo-3-indolecarbox- 
aldehyde (IVd).-A solution of 870 mg of 2,6-dimethyl-l-ethyl-5- 
~nethosy--l,~-dioso-3-indolecarl,os:11~~ehyde (V)' in 25 ml of 
.\cO€T was t rwted lvith 1.0 mi of concentrated IlCl and  2.0 
in1 of nicthJ.1 mcrcaptan. Aftctr 2 days the niisturc \vas poured 
irito :I 1:rrgc. voliiine of I i20  ant1 wtrac-ted with CIfyCI,. This 
cxtruct  as w u ~ h c ~ l  (H20, XaI$C03)j tlrird, arid concrntmtcd. 
I lie residue \v:is dissolved in AlcOH, trcatcd with c~xccss FeCls, 
tlilutctl iIi?O), :ind extracted (CI-I2CI2). The ret1 oil olitaincvl o i i  

cwicrntratioii of this extract \vas dissolved in 25 ml of thr  iippc'r 
and 37.5 in1 of the lower phasc of thc sJ.stem MeOH-heptane.. 
niixed v i th  50 g of diatoniacroiis earth and packcd atop a columii 
prepared from 375 ml of the lower phase and 500 g of diato- 
niaceciiis earth. Ehition of this coliimn with the upper phase gave 
i i i  hold-back volumes 2.3-3.1 1730 nil!'hbv), after concentration 
:i i it l  recrystallization f rom hexane, 33 mg ( 3 . T ~ o )  of orange rods: 
rnp 126-1'28': Xmnr 6.02, 6.17 M ;  A,,, 268 mp ( 6  17,000), :X(X 
N)O0),  475 (2400). 

Preparation of indoloquinone methylcarbarnates IIa was carried 
o i i t  by the usual Solutions of the corresponding 3- 

(IVa-d) in l leOfI  were reduced with 1JaBII4 
ethyl derivatives as described in detail in the 

preceding example (the n-hexyloxy compound). With the excep- 
tion of this example, these 3-hydroxymethyl compounds were 
cwnvet,ted directly into the methylcarbamates. For these con- 
versions scil i i t ioiis o f  ihe compounds in excess methyl isocyanat,e 
wew h r a t r t l  at reAiis teniperatiirc for 20 hr. The excess iso- 
~,y:iii:~iv was iheii removed ilnder recluced presslire and the 
i~esidiial solids were recrystallized from suitable solvents. Table 
11 lists the ~rieih?-lcarbaiiiates IIa--d thus prepared. Their u v  
apcctrs are recorded i r i  Table I. 

) j  487 (1290). Anal. (ClBH2iN04) C, II, N. 

*. 

.-2nal. ( C l a f I 1 ~ S O ~ H )  C, H, S. 
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Compd 

I I a  
I I b  
I Id  
I I n  
I10 
I k  
IIj 

VIa 

I I m  

VIC 

VId 

VIe 

VIf 

VIg 

VIh 

VIi 

VI j 

VIk 

VI 1 

-----hlin inhib concn (Ng/ml)" against----- 
S taph .  
Smith 

o s  
1 . 6  
6 

12 .5  
6 

12 .5  
2 :j 
3 

2 5 

1 . 6  

3 

6 

1 . 6  

50 

6 

1 . 6  

3 

2 5 

1 . 6  

3 

12 .5  

Staph.  
Rose 

1 . 6  
6 

12 .5  
2 3 
25 
2 3 
2 tj 
12.5 

100 

3 

12 .5  

12 

1 . 6  

3 0 

12 5 

3 

6 

25 

3 

6 

25 

S t r e p .  
C203 

3 
6 
6 

12.5 
25 
25 

6 
25 
25 

1 . 6  

6 

3 

0 .8  

25 

3 

0 .8  

1 . 6  

25 

0.s 

3 

6 

S t r e p .  Pant. Kleb. 
880 310 53 

3 12.5 
12 .5  
25 6 2 3 
50 

6 

25 
25 

6 12 .5  

25 

6 

12.5 

50 

12 .5  

12.5 

12.5 

100 

6 

50 

12 .5  

100 

0 Highest test level: 100 pg/nil. All data are from concurrent assays. Abbreviations for inicroorganisms: Staph. Smith = Sfa-  
phylococcus nureus strain Smith, ATCC 13700: Staph. Rose = S .  aweits straiii Ilose, ATCC 14134; S t r e p .  C20.7 = Streplococcus pyo-  
genes, C203; Strep. P80 = Streptococcus sp., @-hemolytic SO;  Past. 310 = Pasteurella mz~/tocida,  ATCC 310; Kleb. AD = Klebsiella 
pneumoniae, AD. 

Preparation of Carbamates With Various Amines at  C-5 
(11a-i, 111, and VIa-]).-The appropriate 5-methoxyindolo- 
quinone carbamate \vas dissolved in MeOH and treated with an 
excess of the amine. In most exampes 100 mg of the quinone, 
15 ml of RIeOH, and 0.5 ml of amine were used. For gaseous 
amines the RIeOH was saturated with the amine. The progress 
of the reaction vas  followed by tlc with the upper phase of a 
?\le,CO-CoH6-HZ0 (2: 1 :2 )  system as solvent, and the purple or 
wine color of the amino derivative could be easily distinguished 
from the yellow starting material. From these observations 
qualitative estimates of relative reaction rates were made. 
With primary amines the reactions were completed in 16 hr. 
Ethyleriimine required 3 days for complete reaction, and NH3 
did not give a complete reaction in 9 days. Piperidine and aniline 
gave no reaction under these conditions. After completion of the 
reactions, the solutions were concentrated under reduced pressure 
and the residual solids were recrystallized from appropriate 
solvents. I n  the case of the 5-amino analog with an unsubstituted 
carbamate (IIn) the crude product could not be purified by re- 
crystallization until i t  was first resolved by partition chromatog- 
raphy on diatomaceous earth with the same system as described 
in the preparation of the .i-n-hexyloxy-3-hydroxyrnethyliridolo- 
quinone. The various 5-amino analogs are listed in Tables I1 
and 111. Typical uv spectra are reported in Table I. 

2,6-Dimethyl-l-ethyI-5-hydroxy-3-hydroxymethylindole-4,7- 
dione (IIm).--A suspension of 425 mg of 5-[2-(diethylamino)- 

cth? lamino]-2,G-dimetliyl- 1 -eth>l-3-hydrouymethylindole-4,i- 
dione methylcarbamatc (IIi) in 175 ml of HzO was treated with 
27 drops of 3 S HC1. The purple solution that formed im- 
mediatelv gradually turned pink and a precipitate formed. 
Af tw 1 hr excess S a ~ C 0 3  mas added and the blue solution was 
extracted \+ith CH$& The aqueous layer a a s  carefully acidified 
with HC1 until i t  turned orange and was then extracted (CHZCI,). 
This extract mas dried and then concentrated as hexane was 
added. \Then the first crystals appeared the solution was cooled. 
This procedure gave 160 mg (30%) of orange crystals identical 
in melting point, mixture melting point, and ir spectrum with IIn 
prepai ed from alkaline hydrolysis of the corresponding 5- 
methouyqtiinone methyl~arbamate.~" 

Hydrolysis of 2,6-DimethyI-l -ethyl-5-ethylenimino-3-hydroxy- 
methylindole-4,7-dione Methylcarbamate. A. With 0.01 X 
HC1.-A solution of 12 mg of 2,6-dimethj 1-1-ethyl-5-ethylen- 
imino-3-hydroxymethylindole-4,7-dione methylcarbarnate (111) 
in 3 ml of MeOH was diluted with 6 ml of HzO and treated with 
0.03 ml of 3 Ar HC1. After 10 min the resulting purple solution 
was neturalized Rith excess NaHCO3, diluted (H20), and ex- 
tracted (CH2C12). This extract was dried and concentrated. 
The residue gave three spots on tlc with b1eaCO-CsH6-H~o 
( 2 :  1: 2 )  solvent system. One of the spots had an Rr value identi- 
cal u ith that of 2,6-dimethyl-l-ethj 1-5-(2-hydroxymethy'lamino)- 
3-hydroxymethylindole-4,7-dione methylcarbamate (IIi)  which 
wvas run on the same plate. 




