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By means of the Grignard reac t ion  between pyr ro lmagnes ium iodide and phthalic anhydride in anisole,  o- 
(pyrroyl-2)benzoic ac idwas  formed which, after benzylat ion a t t h e  ni t rogen atom by the action of phosphorous 
pentoxide, was converted into 1-benzyl-4 ,  9-diketo-4,  9-dihydrobenzo[f]indole. 

In order  to synthesize  der iva t ives  of benzo[f]indole, a chemical  difficult to obtain, we selected o- (pyr royl -  
2)benzoic acid as the or iginal  substance.  A smal l  yield of the la t ter  had previously been obtained by the in teract ion 
between pyr ro le  and phthalic anhydride in acetic acid at 180 ~ C [1]. It appeared more  convenient to use the Grignard 
reac t ion  with the anhydride of phthalic acid in anisole for this step. 
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As dis t inct  f rom indole [2] this reac t ion  does not proceed in a well-defined manner  and leads to the formation of 
two compounds, o- (pyrroyl-2)benzoic  acid (I) and its cyclic lac tam (II). The s t ruc ture  of the la t ter  was confirmed by 
the p resence  of bands at 1715 and 1665 cm -1 in the IR spec t rum corresponding to the osci l la t ions of the amide [3] and 
ketone groups and also by the absence of absorpt ion in the region of osci l la t ions of N--H bonds. On the basis  of these 
data one  should re jec t  the s t ruc tu re  ascr ibed  to this compound of the phthalide of pyr ro len ine  (III) [1, 4], as an 
absorpt ion band at 1760-1740 cm -1 should have appeared in the IR spec t rum charac te r i s t i c  for the carbonyl  group of 
the conjugated anhydride. The IR spec t rum of o-(pyrroyl-2)benzoic  acid (I) has charac te r i s t i c  absorpt ion bands of the 
C--O (1630-1695 cm-1), COOH (1720 cm-~), and NH (3445 cm -l) groups. The UV spec t ra  of both compounds markedly  
from each other (see figure 1). On heating,the keto acid is readi ly  converted into the lactam, which in tu rn  during 

alkal ine hydrolysis  gives r i se  to  the keto acid. 

An at tempt was then made to reduce the carbonyl group of the acid of compound I. Under the conditions of the 
Clemmensen  reac t ion  in addition to the reduct ion of the keto group the pyrro le  r ing is apparently reduced [5, 6], as a 
resu l t  of which a s t rong res in i f ica t ion  is observed. Under the conditions of the Kizhner  react ion [7] a stable 
phthalazone is formed which does not decompose on prolonged boiling with alkali.  On reduct ion with sodium 
borohydride in methanol the or iginal  keto acid is mainly  l iberated from the react ion.  On the bas i s  of the 
chromatographic  analysis  on a thin layer  of a luminum oxide one might suggest that o - (pyr ry l -2)methyl  benzoic acid is 
formed on reduct ion of the keto acid "by hydrogen at the moment  of evolution" on leaching Rainey alloy with a 10% 
solution of sodium hydroxide. It was found that the products of the reduct ion in all  cases contain a substance with an 

R f  value of 0.62 (in a sys tem NH4OH-i-C3H7OH-H20, 3 : 16 : 1) giving a charac te r i s t i c  b lue-viole t  colorat ion with 
E r l i ch ' s  reagent ,  although it was not possible  to isolate the free reduced acid or its sal ts .  

As the keto acid of I with a f ree atom of ni t rogen in acid medium is readi ly  converted into lactam II, benzylat ion 
of the compound was conducted by the action of benzyl chloride in a concentrated solution of potass ium hydroxide. 
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In the IR spec t rum of o- (1-benzylpyrroyl -2)benzoic  acid, isolated with a yield of 75%, 
carbonyl (1650 cm -1) and carboxyl (1696 cm -1) groups are present .  
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UV spec t ra  in ethanol: 1) lac tam of o - (pyr roy l -  
2)benzoic acid; 2) o- (pyrroyl -2)benzoic  acid; 
3) o- (1-benzylpyrroyl -2)benzoic  acid; 4) 1- 
benzyl-4,  9-diketo-4,  9-dihydrobenzo[f]indole.  

In order  to convert  this compound into the der ivat ive  of 5, 6-benzidole we conducted cycl izat ion [8, 9] under the 
action of polyphosphoric acid and phosphorous pentoxide in xylol. In the f i r s t  case a s trong res in i f ica t ion  was found. 
When phosphoric anhydride was used there  was also marked res ini f icat ion,  but it was possible  to isolate the quinone 
of compound V with a yield of 25%. The s t ruc tu re  of this compound was confirmed by the presence  of an absorpt ion 
band in the IR spec t rum charac te r i s t i c  for the quinoid s t ruc tu re  (1660 cm -l) and a band at 3125 cm -1 apparently caused 
by the valency osci l la t ions  of the CH group in the l inear  a romat ic  sys tem and also by the nature  of curve in the UV 
spec t rum (figure). 

E X P E R I M E N T A L  

o-( l>yrroyl-2)benzoic acid (I). A 45 g (0.28 mole) quantity of ethyl iodide was added dropwise over the course of 
45 min  to 6.9 g (0.28 g-at . )  of magnes ium filings in 70 ml of dry anisole.  The mixture  was heated at 60-70 ~ C for 45 -  
60 rain dur ing mild agitation until  the magnes ium had completely dissolved.  It was then cooled with ice and, during 
in tensive  mixing, 19.6 g (0.28 mole) of pyr ro le  in 70 ml  of anisole  were added dropwise over the course  of 30 min. The 
mixture  was s t i r r ed  for 15 min  at room tempera tu re  and then at 50-60  ~ C until  the evolution of ethane bubbles had 
completely ceased (15 min). A hot solution of 43.4 g (0.29 mole) of phthalic anhydride in 140 ml  anisole was poured 
rapidly  (within 2 -3  rain) on to the py r ry lmagnes ium idodide cooled to room tempera ture .  During this  procedure  the 
mixture  warmed up markedly  (up to 100-110 ~ C) and a light brown complex was formed which was converted into a 
powder on vigorous s t i r r ing .  In order  to complete the react ion,  the mix ture  was heated for 60-90  min  on a boiling 
water bath and then it was cooled and decomposed with acetic acid (60 ml  of acetic acid in 150 ml of water). The liquid 
layer  was decanted from the r e s in - l i ke  precipi ta te  into a separa t ing  funnel. On gr inding in water the precipi ta te  
hardens,  and it was removed by f i l t rat ion,  washed with water ,  and dried. The resu l t ing  b lack ish-brown powder (10 g) 
during subl imat ion  (240 ~ C, approximately 50 ram) gives r i se  to the lactam of compound II in the form of ye l lowneedles  
(3 g). Mp 2 4 0 - 2 4 1 ~  (from acetone). Rf 0.86 (A1203, isopropyl a l c o h o l - a m m o n i a - w a t e r ,  16 : 3 : 1). UV spectrum: 
hmax 238, 264, 318, 370 nm; log e 4.35, 4.31, 3.75, 3.48 (in ethanol). IR spectrum,  cm-l :  1665 (C~-O); 1715 (CONH) 
(in vasel ine  oil). Found, %: C 73.03; H 3.55; N 7.08. Calculated for CI2HTNO2, %: C 73.09; H 3.58; N 7.1. 

The anisole layer  was shaken with a 10% solut ion of NaOH. The precipi ta te  in the form of fine crys ta ls  was 
removed by f i l t rat ion,  and it was dissolved in water  on heating, and on cooling the keto acid was precipi ta ted by the 
addition of conc HCI. The alkaline f i l t ra te  was also acidified with conc HC1. The precipi ta ted o-(pyrroyl-2)benzoic  
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acid  (I) was r emoved  by f i l t ra t ion,  washed with wate r  and again p rec ip i t a t ed  f rom dilute  a lkal i .  The to ta l  y ie ld  of keto 
acid was 18.8 g (30%). Mp 184-185 ~ C ( f rom aqueous alcohol,  1 : 1). R f  = 0.30 (A1203, i sopropyl  a l c o h o l - a m m o n i a -  
water ,  16 : 3 : 1). UV spec t rum:  Xma x 296 rim; log e 4.14 (in ethanol).  IR spec t rum cm- l :  1630-1695 (C=O); 1720 
(COOH); 3445 (NH) (in vase l ine  oil). Found, %: C 67.06; H 4.21; N 6.50. Calculated for C~2H~NO3, %: C 67.00; H 4.21; 
N 6.51. 

o - ( 1 - B e n z y l p y r r o y l - 2 ) b e n z o i c  acid  (IV). A mix ture  of 2.15 g (0.01 mole)  of compound I, 40 ml of a 35% solution 
of p o t a s s i u m  hydroxide,  and 6.5 g (0.05 mole)  of benzyl  ch lor ide  was boiled with mixing for 6 hr.  The upper  l aye r  was 
s e p a r a t e d  and ac id i f ied  with HC1 until  it gave an ac id  r eac t ion  with Congo red,  and i t  was  then ex t r ac t ed  with e ther .  
The e t h e r e a l  solution was d r i ed  with anhydrous sodium sulfa te  and the e ther  was evapora ted  under vacuum. On cooling, 
the acid  of compound IV c r y s t a l l i z e d  f rom the o i l - l i ke  res idue ,  and it was r emoved  by f i l t ra t ion  and washed with 
benzene.  Yield 2.45 g (75%), mp 139-140 ~ C ( f rom alcohol or  benzene).  R f ,  0.53 (A1203, i sopropyl  a l c o h o l - a m m o n i a -  
water ,  1 6 : 3  : 1). UV spect rum:  Xmax, 296 rim; log e ,  4.14 (in ethanol) IR spec t rum,  cm- l :  1650 (C~O),  1695 (COOH) 
(in vase l ine  oil). Found, %: C 74.90; H 4.93; N 4.85. Calcula ted for C~gHsNO3, %: C 74.74; H 4.95; N 4.59. 

1 -Benzy l -4 ,  9 -d ike to -4 ,  9-dihydrobenzo[f] indole  (V). A 10 g quanti ty of phosphorous  pentoxide was introduced in 
smal l  por t ions  over  30 min into a solution of 1.6 g of the acid  of compound IV in 200 ml of hot o-xylol .  The mix tu re  
was boi led for  90 min. The r e s i n l i k e  r eac t ion  product  was  s e p a r a t e d  and washed with xyloL The xylol  was evapora ted  
under  vacuum. Yield of compound V 0.3 g; mp 178-179 ~ C ( f rom alcohol).  Rf,  0.64 (A1203, benzene).  UV spec t rum:  
Xma x 254, 236, 382, 388 nm; log e, 4.45, 3.68, 3.34 (in ethanol).  IR spec t rum,  cm-~: 1660 (quinone), 3125 (C--H) (in 
vase l ine  oil). Found, %: C 79.22; H 4.73; N 4.88. Calculated for  C~gH13NOz, %: C 79.42; H 4.62; N 4.95. 
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