
,January 1967 , ~ X T I l I I C H O B I A L  PYRROLE DERIVATIVES '19 

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 a t  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, 
m p  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- 
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TABLE I1 

PITHOGEXIC F U N G I  IX TISSUE C U L T C R E ~ ~  
ASTIBIOTIC ACTIVITY OF PRODIGIOSIN .1(;.1ISYT 

Concn 
( p d m l )  for  

I-'ungus 50% inhib 

R/a*sfonq/cPs clf?lncatitir/i,s 2 . 2  
C'anrlida ulbicans 2'3 
('ryptoc.occz~s neofor~tians 3 . 2  
Histoplasnia c a p s d a t u m  3 . 2  
Spoi'ott,ichzivi schenkii 1 

rioted that these results were obtained by a tissue cul- 
ture method.12 Activity against El. dermatitidis and 
H .  capsulatuiu were confirmed by agar diffusion studies, 
but the same method shows prodigiosin to be inactive 
at 80 pg 'nil against C. albicans as well as C. neofornzans. 
In w qtudy in which only the latter method was used, 
prodigiosin also appeared t o  be only slightly active at 
the banie cwncentration against the pathogens E. floc- 
cosuuL, JI .  audouini, and T .  nzentagrophytes. 

Experimental Section13 
Pyrroles.-Samples of 2-methylpyrrole,14 2,4-dimethylpyr- 

role,15 and the isomeric mixture of 2- and 3-heptylpyrrole16 were 
obtained as described iri the literatiire references. The isomeric 
mixture of et,hylpyrroles, bp 164-166", was obtained from alkyla- 
tion of the pyrrole Grignard reagent essentially as described for 
the heptyl isomers. 2,4-IXmeth~-1-3-et,hylpyrrole was obtained 
from the Aldrich Chemical Co. 

2,2'-Dipyrrylmethenes. A. 2,2'-(3,3',5,5'-Tetramethyl)di- 
pyrrylmethene hydroiodide (2) was synthesized by the general 
 method"^ for the synthesis of symmet,rical dipyrrylmethenes 
from the condensation of 1.7 g of 2,4-dimethylpyrrole and 5.0 g 
of 98-l00yG formic acid in  the presence of 6.0 g 4773 HI .  T h e  
red needles of t,he methene hydroiodide that separated from the 
reaction mixture were recrystallized from a mixture of chloroform 
and ligroiii yielding 1.4 g (48%) of product, mp 283" dec (lit.'* 
283"). 

B. 2,2'-(3,3',5,5'-Tetramethyl-4-ethyl)dipyrrylmethene Hy- 
drobromide (3).--Hydrobromic acid (48'5, 1 ml) was added to a 
aoliition of 0.473 g of 2,4-dimet,hylpyrrole and 0.750 g of 2-formyl- 
3,5-dimethyl-4-ethylpyrrole in 10 ml of absolute ethanol in the 
general procedure for unsymmetrical dipyrrylmetheiies."b The  
red crystals that deposited from the reaction mixture were washed 
with a little ethanol and after drying in a vacuum desiccator 
weighed 1.25 g (8657), mp 218-222" dec (lit.17c 215'). 

C. 2,2'-(3,3',5,5'-Tetramethyl-4,4'-diethyl)dipyrrylmethene 
Hydrohalides (4 and 5).-Compound 4 was obtained from 2,4- 
dimethyl-3-ethylpyrrole and formic acid following the procedure 
for 2 and the literatiire descript,ion for the perchlorate.19 After 
crystallization from a mixture of chloroform and petroleum ether 
(bp  30-60') t,he red-brown methene salt (4) darkened a t  210' 
when heated and melted a t  249-250' dec. The  methene hydro- 
bromide was also synthesized from the HBi-catalyzed condeiisa- 
tion of 2-formyl-3,5-dimethyl-4-ethylpyrrole with 2,4-dimethyl-3- 
et,hylpyrrole as in the preparation of 3. 

i lna l .  Calcd for C17Hr5BrN2: C, 60.53; H,  7.47; 5, 8.31. 
Fouiid: C, 60.62; H, 7 . W ;  N, S.15. 

(12) H. IY. Larsli, .i. Hinton, and 5. L. Silberg. "lntibiotics Annual. 
1Y57-1958," Nedical Encyclopedia, Inc., New l-ork,  N. T., 1968, p 988. 
(13) Melting points (Fisher-Johns) and  boiling points are uncorrected. 

.inalyses are by Dr .  F. Pascher, Bonn, Germany, and Dr. G .  JYeiler and Dr.  
I'. n. Strauss, Oxford, England. 

(14) A .  J. Castro. J. F. Deck, >I. T. Hugo, E. J. Lowe, J. P. Marsh, Jr..  
and R .  S. Pfeiffer, J. Org.  Chem., 28, 857 (1963). 

(15) A .  H. Coririn and R. H .  Krieble, J .  A m .  Chem. Soc.. 63, 1829 (1941). 
(16) A .  J. Castro, J. F. Deck, N. C. Ling, J. P. Marsh, Jr.,  and G .  E. 

(17) H .  Fisclier and H. Ortli. "Die Chemie des Pyrrols," Band 11, 1 
(a) p 3;  

Means. J .  O r e .  Chem.,  30, 344 (1965). 

Halfte, .\kademische Yerlagsgesellschaft, M ,  B. H .  Leipzig, 1937: 
(b) P 2 ;  (c) P 13. 

(18) H. Fischer, Ber. ,  47, 3266 (1Y14). 
(19) H. Fischer. P. Halbig, and U. \Yalach. Ann.,  452, 280 (1Y27). 

The hydrochloride 5 was synthesized by the procediire for 3. 
Aft,er crystallizing from acetic acid, i t  was obtained as dark red 
iieedles, mp 215' dec. 

Anal. Calcd for C17H2jClK2: C1, 12.11. Found: C1, 12.42. 
D. 2,2'-(3,3',5,5'-Tetramethyl-4-ethoxycarbonyl)dipyrryl- 

methene Hydrobromide (6).-Following t>he procedure for 3 
there was employed 0.450 g of 2-formyl-3,5-dimet.hyl-4-ethoxy- 
carbonylpyrrole, 0.250 g of 2,4-dimethylpyrrolej 6 ml of absoliite 
ethanol, and 0.5 g of 48% HBr. The  orange needles of 6 weighed 
0.750 g (92%) and after recrystallizing from glacial acetic acid 
melted a t  197-198" dec. 

Anal. Calcd for CIGHZIB~N~OZ:  Br, 22.62. Found: Br, 
22.55. 

E. 2,2'-(3,3',5,5'-Tetramethyl-4-ethyl-4'-ethoxycarbonyl)- 
dipyrrylmethene Hydrobromide (7).-The procedure described 
for 3 was used. Employing 0.450 g of 2-form?-l-3,5-dimethyl-4- 
ethoxycarbonylpyrrole, 0.320 g of 2,4-dimethyl-3-ethylpyrrole, 
0.5 g of 48% HBr, and 7.0 ml of absolute ethanol, there was 
obtained 0.890 g (99%) of 720 as orange crystals which darkened 
a t  204" when heated and melt'ed at, 210-212" dec. An analytical 
sample recrystallized from glacial acetic acid showed the same 
behavior. 

Anal. Calcd for C1~H~jBrN202: Br, 20.96. Found: Br, 
20 . i2 .  

F. 2,2'-(3,3',5,5'-Tetramethyl-4,4'-diethoxycarbonyl)dipyrryl- 
methene (8) and Its Hydrobromide (9).-The free base 8 was 
derived by treatment of the hydrobromide 9 with NHB in chloro- 
form. Samples obtained in this way melted in the range 187.7- 
191.1' (lit.20 186.8-188.1') after crystallization from a mixture 
of chloroform arid cyclohexane. 

The synthesis of the hydrobromide 9 has been report,ed.20 
p-Hydroxybenzylidene-2H-pyrrolenine Hydrobromides.-The 

syrit,hesis of P-p-hydroxyberizylidene-3,5-dimethyl-4-ethyl-2H- 
pyrrolenine hydrobromide (10) and of 2-(3-methoxy-4-hydroxy- 
beiizylidene)-3,5-dimethyl-4-ethyl-2H-pyrroleniiie hydrobromide 
(11) from the hydrobromic acid catalyzed condensation of p -  
hydroxybenzddehyde and vanillin, respectively, with 2,4-di- 
methyl-3-ethylpyrrole and the charact~erization of these com- 
poiinds is described iri detail in another report.21 
2,2',2"-Tripyrrylmethenes.-Compouiids 12-14 were obtained 

from the K M n O ~  oxidation of the corresponding tripyrrj-l- 
methanes as we have described in the literatiire.23 

2,2'-Bipyrrole (15), 2-Pyrrol-2-yl-1-pyrroline (16), and 2-Pyr- 
rol-2-ylpyrrolidine (17).-2,2'-Bipyrrole (15) was synthesized by 
the dehydrogenation of 2-p~-rrol-2-yl-l-pyrroline2~ ( 16) essentially 
according to  the published description.23 

2-Pyrrol-2-ylpyrrolidiue (17) was derived from the reaction of 
pyrrol and 1-pyrroline following the reported procediire.24 The 
same compound was also obtained by the low-pressure hydrogena- 
tion (Pt02, Burgess-Parr apparatus) of 2-pyrrol-2-yl-l-pyrroIiiie 
in 95yc ethyl alcohol. 

2-Phenylpyrrole (18) and 2-Phenyl-1-pyrroline (19).-2- 
Phenylpyrrole (18) was synthesized by the nickel on nickel chro- 
mit,e catalyzed dehydrogenation 2-phenyl-l-pyrroliiie26 (19) as 
desrribed in the literature.26 

Prodigiosin (l).-Ari authentic sample isolated and purified 
as reported's was employed. 

Antimicrobial Tests. The  antimicrobial spectra for pyrroles, 
2,2  '-dipyrrylmethenes, 2,2'-bipyrrole, and congeners were deter- 
mined by impregnating 1-em filter paper disks with a 1% solution 
or siispension of the compound and placing these with controls 
on the siirface of agar plates seeded with the test organism. 
Trypticase sol- agar was used for gram-positive and gram- 
negative bacteiia, Sauton %gar for mycobacteria, Sabouraud agar 
for yeast arid fungi. Inhibition zoiies were measured as the 
iddial segment of no growth surrounding the impregnated disks. 
Qnarititative estimations of per rent inhibit,ion were carried out 
in the appropriate liqiiid media withoiit agar (v ide  s u p r a )  and 
calculated from turbidity meauuremeiits compared to those of 
roiitrols a t  640 mp, measured with a Coleman spectrophotometer. 

~~ 

(20) A .  J. Castro, J. P. Xarsh ,  Jr., and B. T. Nakata,  J .  O r g .  Cliem., 28, 

(21) A .  J. Castro, G .  Tertzakian, B. T. S a k a t a ,  and El. d. Brow. submit- 

(22) A .  J. Castro, A .  H. Corivin, J .  F. Deck, and P. E. IYei, J .  Ora.  Chem. 

(23) H. Rapoport and pi. Castagnoli, J .  Am. Chem. Soc., 84, 2 1 i 8  (1962). 
(24) D. TI-. Fuhlhage and C. A. Vanderirerf, ib id . ,  80, 6249 (1958). 
( 2 5 )  L. C. Craig, H. Bulbrook, and R. 1\1. Hison, ib id . ,  53, 1831 (1931). 
(26) H. Adkins and L. G .  Lunsted. ibid. ,  71, 2964 (194Y). 

1913 (1963). 
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