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The Mitomycin Antibiotics. Synthetic Studies, S V I  I I. 
Preparation of 1-(6-Substituted ethy1)indoloquinone Analogs 

lkactioit of 1-~p-hyd~~syethyl)-3-methoxy-2,6-dimethy1-4-1iitro-3-i1idoleca~boxaldeh~~e methanesdfoiiate 
(SI) with KF mid sodiiim acetate (followed by ester hydrolysis) gave the 1-8-fluoroethyl and 1-p-hydroxyethyl 
derivatives: similar treatment of 4-ami1io-l-(p-hydroxyethyl)-3-methoxy-2,6-dimethyl-3-indolecarboxaldehyde 
methanesiilfonate (911) with XaX3, LiC1, and sodium methylmercaptide gave the 1-p-azidoethyl, l-p-chloro- 
ethyl, aiid 1-p-methylmeicaptoethgl derivatives, respect'ively. The varioiis prodllcts m r e  converted into 1- 
ip-sithstitiited ethgl)-3-hydroxyniethgl-3-methoxy-2,6-dimethyliiidole-4,'i-dio1ie methylcarbamates (XI\-)  using 
established procedures. 

h i  it previous paper from this laboratory we described 
the preparation of the mitomycin-related iridoloquinone 
I and noted the in z~itio and in vivo antibacterial ac- 
tivity of this substance.2 One aspect of our analog pro- 
gram was the synthesis and antibacterial evaluation of 
certain iridoloquinones having substituents in the P 
position of the 1-ethyl group, which we now report. 
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The convenient preparation of a significant number 
of analogs obviously required that we be able to effect 
nucleophilic substitution a t  the P-carbon atom of a 1- 
ethylindole possessing as many features of a niethoxy- 
indoloquinone carbamate (see I) a,s possible. However, 
we were cognizant, of the fact tha,t C-5 arid the cnr- 
banioyloxy C-3 methyl group in a fully elaborated 
derivative represented potential competitive sites for 
such displacements. I n  vieir of t,he k n o ~ r n  suscepti- 
bility of S s 2  displacements t,o steric  factor^,^ the 
feasibility of the desired nucle3philir substitu- 
tion  vas first tested with an appropriate model sys- 
tem, the 1-P-mesyloxyethy:iridole T'. This indole was 
prepared by a Senitzescu4 condensation of ethyl p-(2- 
hydroxyethyla,nino)crotonate (available from reaction 
of aniinoethanol with ethyl acetoacetate) with tolu- 
quinone, methylation of the 3-hydroxyindole ester 11, 
and finally iiiesylation of the resulting l-p-hydroxy- 
ethyl-5-methoxy derivative IV (see Scheme I). We 
n.ould note that in the coriderisation giving indole ester 
11, the isomeric 5-hydroxy-7-methylindole ester I11 can 
be isolated in minute quantity.j Ailthough treatmerit' 
of iiiesylate T' with potassiuni thiocyanate in boiling 
awtone (2 .5  hr) gave nearly cjuantitstiv-e recovery of 
\?, sodium azide in diiiiet'hylformaiiiide gave the 1-P- 
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IV, X = O H  
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\'I. x =N; 

azidoethyl derivative TrI in excellent yield, thus deni- 
onstrating a t  least limited applicability of the pro- 
jected approach. 

Indole ester I1 was also used for the synt'hesis of the 
desired analogs. Thus, decarbethoxylation of I1 was 
effected by saponification followed by heating of the 
resulting crude indole acid in methanol. (Mineral acid 
from acidification of the hydrolysis solution was prob- 
ably present a t  this sta,ge.) The resulting l-p-hydroxy- 
ethyl-5-hydroxyindole VI1 was converted via the 5-nie- 
thoxy derivative VI11 into themesylate IX and t'hen to 
the %carboxaldehyde derivative X6 (see Schenie 11). Si- 
tration of this aldehyde wit'h fuming nitric acid in glacial 
acetic acid t,hen furnished the 4-nitro-3-indolecarboxal- 
dehyde XI in 71% yield. I t  may be rioted that in this 
preparat'ion of XI no appreciable formation of the cor- 
responding 3-nitro product was observed; in contrast, 
siniilar nitrations of other 1,2,6-trialkyl-5-niethoxy-3- 
indolecarboxaldehydes have been found to give 3,4- 
dinitroindoles as well as 4-nitro-3-indolecarboxalde- 
hydes . '~~  

Initially, it  was our intent to convert the nitroalde- 
hyde XI to the fully elaborated l-P-niesyloxyethyl-5- 
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alkyl-3-indolealdehydes: (a) G. Rerti, .I. Da Settimo, and 0. Liyi. T e t m -  
h e d r o n ,  20, 1397 ( l9G4);  (1,) IT - .  E. Noland, L. R. S m i t h  and K.  R.  R u s h  
J .  Ory. Ciem. ,  30,  3457 (1965) .  
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Calcd Found 
B 0 , i l  5 1 . 0 i  

60 21 60 .04  

56 86 58 .79  

55.62 5 5 . 9 4  

60.64  60.39 

5ti.ti0 j t i .28  

58.63 58.71 

IIydrugen,  ',; 
Calcd l'ound 
4 .82  5 . 1 8  

5 .06 .j. : 3 i  

4 . i 7  5.1-1 

4 . 6 i  4 . 8 8  

5.4.: X 3 1  

4 . 4 B  4 . m  

5 . 5 8  5 . 8 0  

Sitropeti. ',;, d d f u r  l ls logen,  I , < ,  

C'alcd l'ourid Calcd Found 
8 94 4 . 0 9  9 . 0 3  8 . 9 0  

. L O 2  5 43 6 .81  6 . 9 6  

4 . 7 4  4 . 8 1  11 .99  11.91 

18.54 1 8 . i l  

5.0; 2.461 

8 . 8 0  8 . i 3  10 0 i  '3.93 

4 .56  4 . 7 1  10.43 10.23 

a Represeiitb yield of material with siificient purity for  flirther transformations. These prodiict; had A,,,, 213-218, 240-248, 268- 
271, 280-282 (sh), 330-330, 430-436 mp ( e  19,200-24,800, 11,800-13,100, 11,90(t13,500, 11,100-12,100, 42RO-5lS0, 890-1060): X 3.51- 
3.52, t5.94-6.00, 6.02-6.04, 6.09-6.14, 6.18-6.2.5, 6.51-6.53, 6.60-6.64, 9.03-9.06 p ;  pmr, 115.5-118 (Sa, 6-CH3), 156.5-160 ( 3 5 ,  2-CHa), 
237-240 (35, OCH,), 615-631 cp.: i C H O ) ,  in additioii t o  the expected NCH?CHrS resonances. 

CH30* CH3 

CH3 CH3 

0 ~ H ~ C H , X  
1-ielii," Iiecrystn Carbon, L$ Hydrogen, r!; Nitrogen, Sulfur 'HaloKen, '.I 

Compd s cz solvent u p ,  O C h  Formula Calcd Found Calcd Found Calcd Found Calcd Found 
XIVa F 62 CH!CI?-petr 162-16:j C I G F I I ~ F N ~ O S  5 6 . i 9  56.53 5 . 6 6  5.69 8 28 8 . 1 1  5 . 6 2  5.81 

ether 
XIVb C1 4gC CH9CI2-petr 15i.5-159.5d CltiHIsClKZOS 54.16 54.25 5.39 5 . 9 2  7 . 8 9  7 . 2 9  10 .00  10 .64  

ether 
S I V C  N3 CH:Ci?-petr 13Y-140 C I ~ H ~ ~ X S O S  53.18  53.30 5 .30  5 . 4 5  1 0 . 3 8  1 9 . 2 8  

ether 
S I V d  01'1111 P i E  CHICln-petr 1:33.5-1:j5.0~ CUII 0; 59 .99  60 .14  6 . 7 1  G . i 8  t i , l jLi  t i . 40  

ether 
S I V e  011 2i C'HiClr-petr 15:3-154 CieHoKj?O6 5i.13 56.90 5.9'3 6 . 2 4  8.33 8.:42 

etlier 
S I V f  RClI3 l j0 CHnC1.-petr 151-152 CljHirNjOsS 5 5 . i : j  5 5 . 5 8  6 . 0 5  6 . 1 0  7.61.5 i 47  8 . 7 2  8.7t i  

ether 
S I V g  +S(CHa)?I- 71 12Ietlianol- 128.0-12Y.3Q C I ~ H ~ ~ I N ~ O ~ S  4 2 . 5 2  42 63 4 96 5 . 5 8  5 .il 2.2!l 8.81  7 . 0 ;  

ether  dec 2 4 . 9 7  24.00 
S V I I I  ss 5* AIe?CO- 112- l l j i  CanHaaSaOinS?' X 6 9  5 4 . 6 4  5 . 4 5  5 . i T  i . 9 i  7 . 6 0  9.12 8 . 8 7  

hexane 

Represents yield of material with analytical melting point. Compound> X1r-a-f had X,,, 230-231: 284-2888) 341-346, 450-455 
mp ( E  17,000-18,900, 14,200-15,100, 3300-3740, 1210-1240); X 2.98-3.06, 5.90-5.95, 6.00-6.04, 6.08-6.12, 6.20-6.25, 6.48-6.51, 6.60- 
6.63, 7.90-8.02, 8.95-9.06~: pmr,I3 111-116 (35, 6-CH3), 137-143 (3s, 2-CH3), 154-166 (3d, J = 4.5 cps KHCH,), 234-241 (3s, OCH,), 
305-315 (2s ,  CHCO), 41G.416 cps (1, broad, NHCTI,). Yield based on the corresponding quinone-&aldehyde XYI, the previoiir cry- 
talliiie intermediate. Purified by partition chromatography using a heptane-ethyl acetate-methaiiol-water (8.5: I d :  17:4) syhtem: 
hold-back voliime 4.1 (Vm/T-- = 3.0). 
chromatography rising a heptane-methanol Izolvent syhtem: hold-back voliime 2 . i  (V,,JTr. = 2 N ) .  
34,600, 16,800, 3300, 1270). 
R heptaire-ethyl acetate-methaiiol-water (70:80: 17:4)  sy-tem; 
33,800, 28,200, 6820, 2390). ' dtnal.  Calcd: mol wt ,  703. Foimd: mol wt, 767. 

e Yield based on ST-Ie, the last previous rry.-talline intermediate. 
0 A,,,:,, 

I-ield ba-ed on XTTg, the last crystalline iiitermediate. Piirified by partitio 
X, hold-back voliime 6.4 (J-, , , /Jrz = 2.54): 

hydrolysis of blie tetrahydropyranyl ether carbamate 
XIVd afforded the 1-P-hydroxyethyl derivative XIVe, 1\Ieltirig points were determined in open capillary tubes and 
and reaction of the thioether carbamate XIVf mith are corrected. Ultraviolet spectra were determined in methanol 

solution using a Cary recording spectrophotometer, and the in- 
frared spectra were determined iii KBr di methyl iodide gave the sulforiiuiii arialog XIVg. 

Biology.-The in. vitro antibacterial act'ivity of t,he ~l~~~ iIodel 2 s ~ e ~ ~ r ~ ~ p ~ l c ~ ~ o r , i e ~ ~ ~ ~ ~  T J , ~  sl,eistra were 
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5-Hydroxy-l-hydroxyethyl-2,6-dimethylindole (VII).-A solu- 
tion of 183.1 g (0.66 mole) of I1 in 2000 ml of 2 S NaOH solution 
was heated a t  reflux temperature under nitrogen with stirrin? 
for 2 hr. The cooled solution was made acid to 1it.miis with 
HCI. The moist precipitated solid, which had mn 155-159' 
(gas) and k,,, 3.00, 3.80, 4.20, 6.08 p, was siispended in 1500 ml 
of methanol. This solution was warmed on the steam bath. 
Before the solution reached boiling, ropious evolntion of gas 
htbbles was noted. Once boiling temperatiire was attained all 
solid had dissolved; t,his solution was heated at its boiling point 
for 1 hr and then concentrated to 700 ml. Water (1:300 ml) 
was added, and the solution was chilled overnight. Filtration 
gave 108.7 g (XI?) of crystals, mp 118-120'. A sample was 
obtained from acetone-hexane as white needles: mp 121-123': 
X,,, 208, 278, 294, 308 mp ( E  26,300, 8840, 6980, 4930): X 
2.9Sp; pmr,l3 135 (35 ,  2-CH,), 140 (3s, 6-CHa), 220 (Bm, CH20H'I, 
241 (2t, J = 5 rps), 287 ( I t .  J = .5 cpa, CHQOH), 355 (le, 3-H), 
408 (Is, 4-H), 419 cps i ls ,  7-H). 

4naZ. Calcd for C12H15S02: C, 70.22; H, 7.37; N, 6.82: 
Found: C, 70.57; H, 7.58;  N, 6.83. 
l-(~-Hydroxyethyl)-5-methoxy-2,6-dimethylindole (VIII).- 

Methyl sulfate (204 g, 1.63 moles, 155 ml) was added dropwise 
under nitrogen over 4.5 hr to a stirred, boiling solution of 100 g 
(0.49 mole) of VI1 in 1.25 1. of 2 N XaOH. Heating was continiied 
for 0.5 hr after completion of the addition. The crude product 
was isolated with ethvl acetate and adsorbed from CH,CI, onto 
a Florisil (magnesia-silica gel) column. The coliimn was washed 
with CH2C12: evaporation of the initial 1 1. of elute gave 98.5 g 
( 9 2 5 )  of a pale ye l l~~w oil that crystallized on standing. This 
material was of sufficient, purit,v for further use. A sample was 
recrystallized from CH2C12-petroleum ether to give white crvs- 
tals: mp 78-80': Xmax 210, 278, 294, 308 mp ( e  28,000, 9100, 
7480, 4820): X 3.05 p :  pmr,14 135 (3s), 138 (35, 2-CH3 and 6- 
CH,) ,  214 (m, CH,OH), 226 (3s, OCHa), 230 (m, NCHZ), 359 
(IS, 3-H), 408 ( l ~ ,  4-H), 413 ~ I X  (IS, 7-H). 

Anal. Calcd for ClaH17S02: C, 71.20; H, 7.82;  N, 6.39. 
Found: C, 70.87: H, 8.00: N, 6.33. 

I-(~-Hydroxyethyl)-5-methoxy-2,6-dimethylindole Methane- 
sulfonate (IX).-With ice cooling, 69.0 g (0.6 mole) of methane- 
sulfonyl rhloride was added dropwise over 1 hr to a stirred solu- 
tion of 92.0 g (0.42 mole) of 1-111 in 400 ml of pyridine. A solid 
separated diiring the addit,ion; t'his mixture was stored a t  0-5" 
for 16 hr, whereafter it was poured wit,h stirring onto cracked ice. 
The amorphous material was extracted into CH2Cl2, and this 
solution was washed with saline and evaporated. The residual 
solution, pyridine being present, was diluted wit'h methanol to 
give 77.0 g of pale yellow crystals, mp 112-113" dec. The 
filtrate was evaporated, and the pyridine was azeotropicallv 
diptilled with toluene. Chromatography on Florisil gave start- 
ing material which was recycled to give an additional 17.7 g 
(76Tc tot,al) of crystals, mp 110-113' dec. 

XIaterial from a similar experiment was recrystallized from 
CH2Cl2-petroIeiim ether to give white crystals: mp 1 18-120' 
dec: A,,, 210, 276, 295, 306 mp ( E  29,300, 9380, 6850, 4760): 
A 7.45, 8.5.5 p ;  pmr,14 140 (6s), 146 (3s, CHJSO?, 2-CH3, and 6- 
C H I ) ,  228 ( 3 3 ,  OCH,),  254, 256 (4t, J 'v 5 cps, NCH2CH2031s), 

Calcd for ClaHlsNOIS: C, 56.56: H, 6.44: N, 4.71; S, 
10.78. Foiind: C, 56.66; H, 6.79: N, 5.06: S, 10.61. 

1 -( ~-Hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indo~ecarbox- 
aldehyde Methanesulfonate (X).-With ice cooling, 21.8 g 
(0.143 mole, 13.0 ml) of POCI, was added dropwise with stirring 
to 7;i ml of DLIF a t  such a rate that the temperature remained 
a t  0-.io. A solution of 42.2 g (0.142 mole) of I X  in 225 ml of 
DI IF  was then added' at 5" or less; this addition required ap- 
proxima,telv 3 hi. The resiilting dark solution was then stirred 
at room temperatiire for 1 hr. With ice cooling, a sohition of 
50 g of Na2C03 in 500 ml of water was added dropwise until ap- 
proximately one-half of the solution was added, the rema.inder 
being added rapidly. Water (500 ml) was added, and the niix- 
tiwe was stirred at room temperature for 1 hr and filtered to give 
38.9 g (84%) of solid, mp 185-187' dec, of sufficient purity for 
further transformations. 

Material from a similar experiment was recrystallized from 
acetone and then from methanol to give white needles: mp 
187..?-189° der:  A,,, 214, 254, 282, 305 mp ( e  30,700, 19,200, 
15,600, 13,800): X 3.55, 3.67, 6.08, 7.40, 8.50 p ;  pmr (80°),*3 
140 ( 3 s ,  B-CHy), 164 ( 3 8 ,  2-CHy), 181 (3s CH3S02), 232 (3s, 
OCHs), 273 (4n, NCH~CH~OSOZ), 441 (1 S, 7-H), 459 (Is, 4-H), 

368 (IS, 3-H), 414.5 ( l ~ ,  4-H), 419 CPS (IS,  7-H). 
Anal. 

504 cps (Is, C H O ) .  

Anal. Calcd for CIIH~~NOZS: C, 55.38; H, 5.8:); E, 4.15: 8, 
9.84. Foiind: C, 55.38: H, 5.93: K, 4.22: S, 9.85. 

1-( ~-Hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indole- 
carboxaldehyde Methanesulfonate (XI).-Yellow fuming nitric 
acid (34 ml) was added dropwise to a stirred mixture of 34.1 g 
(0.105 mole) of X in 500 ml of glacial acet.ic acid; the reaction 
t,emperature was maintained at 16-20" by ice cooling as it was 
required. St,irring was continned for 30 min a t  room tempera- 
ture after completion of the addition: the reaction was never 
free of undissolved solid. The mixture was filtered, and t,he 
solid was washed with wster. The combined filtrate and wash- 
ings were extracted with CH2C12, and the organic sohitioil 
was evaporated. i i l l  material was combined and recrystal- 
lized from acetone-petroleiim ether (hp  60-70') to give 23.6 g 
of crystals, mp 181.5-183.O0 der. Concentration of the mother 
liqiior gave an additional 4.00 g (7lC; total), mp 175-177". 

LIateiial from a similar experiment, w-as recrystallized froni 
acetone-hexane to give cr)-st,als: mp 182.5-184.0' dec: A,,,, 
214, 243, 290 mp ( E  32,900, 15,500, 12,300): X 3.52, 6.04, 6.Fj1, 
7.42, 8.54 p :  pmr,13 147 (3s, 6-CH3), 165 (3s ,  2-CH,), 190 (3s, 
CHsSOr), 230 (3s, OCH,), 278 (4s, broad, NCHQCHZOSO,), 
465 (Is, 7-H), 515 cps (Is, C H O ) .  

Anal. Calcd for C15H18S2S: C, 48.65; H, 4.90; N, 7.57: F, 
8.64. Foiind: C, 48.80; H, 4.85; N, 7.91; S, 8.61. 

1 -( p-Fluoroethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indole- 
carboxaldehyde (XIIIa).-A mixture of 5.00 g (13.5 mmoles) of 
X I  and 5.00 g of KF.2H20 in 160 ml of methanol was heated in a 
stainless steel bomb at 150" for 18 hr. The contents of t'he bomb 
were distributed between CH2C12 and water. The material in 
the organic phase was recrystallized from acetone-petroleiim 
ether (bp 60-70') to give 2.58 g (65%) of yellow crystals, mp 
175-178'. LIaterial from a similar experiment was obtained 
from acetone-hexane as yellow crystals: mp 183.0-184.5": 
Am,, 214, 246, 290 mp ( E  31,500, 14,500, 11,600); X 3.67, 6.03, 
6.51 p ;  pmr,13 147 (3s, G-CHx), 165 (3s) 6-CH,), 230 (3s,  OCH,), 
265 (2s, low-order coupling with CHgF), 302 (2, pair of triplets, 
JR-F = 20 cps, J H - H  = 5 cps, CH*F) ,  465 (Is,  7-H), 595 cps 
(Is, CHO) .  

Anal. Calcd for C14HljFN204: C, 57.14; H, 5.14; F, 6.45; 
h', 9.52. 

1 -( p-Azidoethyl)-5-methoxy-Z,6-dimethyl-4-nitro-3-indolecar- 
boxaldehyde (XIIIb).-A mixture of 370 mg (1.0 mmole) of 9 1  
and 350 mg of NaN, in 25 ml of D l l F  was heated on the steam 
bat,h for 18 hr. The solution was diluted with water, cooled, 
and filtered to give 262 mg (83%) of crystals, mp 133-135". 
Recrystallization from acetone-petroleum et'her (bp 60-70") 
gave cryst,als: mp 136-137'; Am,, 218, 246, 293 mp ( e  30,800, 
14,600, 11,700); X 3.52, 4.68, 4.76, 6.04, 6.50 p :  pmr,13 146 
(3s, 6-CH,), 165 (3s, 2-CH,), 229 (overlapping signals, OCH:{,  
CH,, C H 2 K 3 ) ,  266 (2t, J = 7.5 cps, NCHQ), 464 (Is,  7-H), 595 cps 
(Is, CHO). 

Anal. Calcd for C14HI5N5O4: C, 52.99; H, 4.V; N, 22.07. 
Found: C, 52.81; H, 4.92; h',22.19. 

I-( ~-Hydroxyethyl)-5-methoxy-2,6-dimethyl-4-nitro-3-indo~e- 
earboxaldehyde Acetate (XIIIc).-A mixture of 5.00 g (13.5 
mmoles) of XI  and 10.0 g of sodium acetate in 150 ml of D l I F  was 
heated on the steam bath for 15.5 hr. The solution was diluted 
with water and filtered to give 4.03 g (89%) of crystals, mp 172- 
176'. Llaterial from a similar experiment was recrystallized 
from acetone-petroleiim ether (bp 60-70") to give crystals: 
mp 179-180'; A,,, 217, 248, 295 mp ( E  42,500, 19,100, 15,400); 
X 3.54, 3.65, 5.78, 6.00, 6.51, 8.00 p. 

4nal. Calcd for C16H18?;206: C, 57.48; H, 5.43; N, 8.38. 
Found: C, 57.09; H, 5.52; N, 8.57. 

5-Methoxy-2,6-dimethyl-4-nitro-l-( P-thiocyanoethyl)-3-in- 
dolecarboxaldehyde (XIIId).-A solution of 200 mg of 1-(p 
hydroxyethyl)-5-methoxy-2,6- dimethyl- 4- nitro- 3 - indolecarbos- 
aldehyde methanesulfonate (XI )  and 200 mg of pot,assiiim thio- 
cyanate in  5 ml of D M F  was heated on the steam bath for 20 hr. 
The product, obtained by precipitation with water, was recrystal- 
lized from acet,one-petroleum ether (bp 60-70O) to give 114 mg 
(63%) of crystals: mp 185-187'; Amax 218, 246, 292 m r  ( e  

Anal. Calrd for CljHlj?;30&: C, 54.05; H, 4.54; N, 12.61; 
S, 9.60. 

4-Amino-1 -( ~-hydroxyethyl)-5-methoxy-2,6-dimethyl-3-indole- 
carboxaldehyde Methanesulfonate (XII).--A stirred solution of 
15.00 g (40.5 mmoles) XI  in  450 ml uf glacial acetic acid and 45 nil 
of water was heated to steam-bath temperature, and 20.0 g of 
iron filings were added in 13 approximately equal poitioils over 

Found: C, 57.30; H, 5.21; F, 6.24: X, 9.79. 

31,600, i 5 , , m ,  12,300); x 3.52, 3.65, 4.65, 6.04, 6.51 p. 

Foiind: C, 54.14; H, 4.86; N, 12.56; S, 9.38. 
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3-Hydroxymethyl-5-methoxy-l-( p-methylmercaptoethy1)-2,6- 
dimethylindole-4,7-dione (XVe) was obtained from ether- 
petroleiim ether as red crystals: mp 91-93": A,,,, 230, 286, 345, 
460 nip ( E  18,200, 14,500, 3160, 1300): X 2.90, 6.03, 6.12, 6.21, 
6.63 p :  pmr," 116 (h, 6-CH,), 131 (3s1 SCH:$), 137 (3s, 2-CH3),  
166 (at ,  J = 7 cps, XCH~CHYH), 239 (3s, OCH,),  265 (2, J = 9 

.!nul. Calcd for CI,HI&O~S: C, 58.24: I f ,  6.19; K, 4.53: 
S, 10.36. Foiuid: C, 58.53: 11, 6.89: 3, 4.70: S, 10.11. 

1tedric.tion of l-(~-azidoethyl~-3-methos!.-2,6-~iniethyl-4,~-di- 
oso-.",-iiidolec:~rb[)saldeh?-de (XTTd), l-(P-chloroethyl)-.i-met,h- 
oxy-2,6-diniethyl-4,;-diiiso-X-iiidolecarboxaldehyde (XT-Ic), 5- 
methos~-2,6-dimeth~l-4,7-dioso-l- [a- (2-tetr3hydropyraiiylo~y)- 
ethyl]-3-indolecarbosaldehyde (XT-If), and 5-methoxy-2,B-di- 
methyI-4,7-diosci - 1 - (a-  thiocyanoethyl) - 3- indolecarboxaldehyde 
(XT'Ig) gave oils which were convert,ed into the carbamate esters 
without purificatioii. 

General Procedure for Conversion of the Indoloquinone Alco- 
hols into the Carbamate Esters.-The following preparation 
illiihtixtes thi- procediire. l-(~-Fliic1roethyl)-3-hydi~osymethyl- 
.i-n1ethos~-2,6-tliniethyli11~~~~le-4,T-diolie (X\-a) (387 mg, 1.3s 
nimoler) aiid 13 ml of met,h?-l isocyaiiate were heated at  gentle 
refliis for 20 hr. The excess iAocyaiiate was removed and the 
i,esidiie wva- recrystallized from CHyCls-petroleum ether to give 
290 mg (62'; ) of the metllyl(3arbamat'e XI\-a as orange needles, 
mp  162-16:3'. Complete chamct,erization of this sitbatance and 
the other cwmpoiiiids (XITI-d and g) prepared analogoudy is 
given in Table 11. 
1 -( ~-Hydroxyethyl)-3-hydroxymethyl-5-methoxy-Z,6-dimethyl- 

c~I>,  XCHzCHpS), 370 C ~ S  ( 2 ~ ,  CHzO). 

indole-4,7-dione 3-Methylrarbamate (XIVe).--.4 solution of 300 
mg (0.72 mmole) of 3-hydroxymethyl-5-methoxy-2,6-dimethyl-l- 
[P-(2-tetrah?-dropyran!-lox).)eth?.l]indole-4,i-dione methylcar- 
hamate (XI\-d) iii 60 ml of methanol aiid 15 ml of 0.1 -I' HC1 
wab stirred a t  room temperature for 23 hr. Thin layer chroma- 
tography showed two spots, each being more polar than starting 
quinone. The crude material was isolated with CHpCly and ad- 
sorbed from benzene oiito a coliimn prepared from ailica gel and 
lienzene. The column was washed with ether: iipon eluting the 
first oraiige band, 125-ml fractions were collected. After col- 
lection of 12 fractions, the more polar band was eluted with 
acetone to fiirnish the product, the characterization of which is 
given in Table 11. 

3-Hydroxymethyl-5-methoxy-2,6-dimethyl-l-( p-dimethyl- 
sulfoniumethyl)indole-4,7-dione Methylcarbamate Iodide ( XIVg). 
--4 solution of 50 mg (0.14 mmole) of SIVf in 5 ml of CHJ was 
allowed to stand at ambient temperature i i i  the dark for 6 days, 
after which time the aolveiit was removed. Chaiacterizatioii of 
the product is given in Table 11. 
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Antimicrobial Properties of Pyrrole Derivatives' 

The activity of pyrroles, 2,2'-dipyrrylmethenes, 2,2',2"-tripyrrylmethenes, 2,2'-bipyrrole, and congeners 
The 

Reversal studies indicate that 2-pyrrol-2-yl-l- 
against representative bacteria, fungi, aiid yeast, and of prodigiosin against pathogenic fungi is dehcribed. 
act,ivities of the pyrroles and methenes vary with substitution. 
pyrroline interferes with glycine metabolism. 

There have been a iiumber of studies2-10 devoted to 
;iii invcstigation of the bipyrrylpyrrylmethene prodigio- 
sin ( l ) ,  which occurs in the pigment' produced by the 
bacterium Serratia marcescens. Sotable among these 
is the clainied5j6 activity of this compound against 
the pathogenic fungus Coccidiodes inziaitis, the causat,ive 
agent for coccidioidomycosis (San Joaquin Valley 
fever). The potential application of the bacterial 

(1) (a) This investigation v a s  snpported by Public Health Research 
Grants E-1335 (National Insti tute of .\llergy and Infections Diseases), CA 
06255 (Sa t iona l  Cancer Insti tute),  and GN-09389 (Kational Insti tute of 
General Medical Sciences). (b) Presented largely before the  Dix-ision of 
.\Iedicinal Chemistry a t  the  151st National Xeeting of the American Chemi- 
cal Society, Pittsburgh, Pa. ,  3Iarch 1966. 

( 2 )  A .  I3iiryer, "Medicinal Chemistry," 2nd ed, Interscience Publishers, 
Inc., S e w  Tork ,  X. Y., 1960. 

(3) H.  \T. Florey, ".\ntibiotics," Tol. I ,  Oxford Cnix.ersity Press, Lon- 
don, 1949. 

(4 )  .I. -1. Imshenentrkii, . I l ikrobtoloyiua, 15,  422 (1946); Chem. Ahstr., 
42, 8879e (1948). 

( 5 )  A .  Lack. Proc. SOC. E z p t l .  Biol. M e d . ,  72, 666 (1949). 
( 6 )  R. H .  T\.eir, R .  0. Egeberg, -2. R .  Lack, and G. 11. Leiby, A m .  J .  

.lied. Sci., 224, TO (1962). 
( 7 )  P. E. Thompson. D. d. McCarthy, h. Bayles, J. I T - .  Reinertson, and 

.I. R.  Cook, d n t i h i o t .  Chemotherapy, 6, 337 (1956). 
(8) S. Boryu, I f i k r o b i o l o g i y a ,  26, 464 (19573; Chem. Abstr . ,  62, 7432d 

(1958). 
(9) S.  N. Falina, : In~ib<ot</c i ,  3 ,  23  (1958); Cliem. . 4 b d r , ,  63, 2366b 

( I  959). 
(10) A I .  1'. I ~ I I ~ P O V ~ ,  1,:. V. h i - y a u i n a ,  S .  S .  l:alina, and A .  L. Gol'den- 

her#,  I'rifnerienir .lIetodo? Spebtrosbopi i  c Prom. Prodoio l ' s t ren  TOL.(UOL) i 
S e l ' s b .  Klioz., I,eninyr. Gos. I-niv .  Lef l ingr i id ,  19~56, 178 (1957); Chem. A b s t r . ,  
53,  2 0 2 4 1 ~  (1939). 
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1 
metabolite has been hampered apparently by its 
toxicity. I n  view of the activity that has been de- 
scribed for this compound and the generally important 
role of pyrrole derivatives in biological systems, it was 
of interest t o  investigate the antibiotic properties of 
simpler and more readily attainable pyrroles, dipyrryl- 
methenes, and certain congeners. 

-4mong a number of pyrroles investigated (alkyl 
derivatives. aldehydes, ketones, esters) , 2,4-dimethyl-8- 
ethylpyrrole was found to be qualitatively active (agar 
diff usion-filter paper disk method) against Bacillus sub- 
t i l is ,  Staphylococcus aureus, JIycobacfei.iuiu sii iegimtis,  
Candida albicans, Trichophyton inentagrophytes, Peni- 
cilliuiii sp., Aspergillus nigey, and Saccharoni yces cere- 
cisiae. An isomeric mixture of 2- and 3-heptylpyrrole 
(5.4:l)  showed activity against B. subtilis, S .  aureus,  
Pseudoiiionas aeruginosa, C. albicans, B . nigei., and S. 
cei*e~isiae.  In cwntrast 2-niethylpyrrole, 2,4-dimethyl- 
pyrrole, and an isomeric mixture of  2- aiid k t h y l p y r -  
role (2-  chiefly) were shown to be inac.tive against the 
same microorganisms. However, all of the alkyl- 


