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Synthesis of 2,3-Dihydro-lH-pyrrolo[1,2-a]indoles by Intramolecular 
Nucleophilic Aromatic Substitution 
By Tetsuji Kametani." Kimio Takahashi, Masataka Ihara, and Keiichiro Fukumoto, Pharmaceutical 

Institute, Tohoku University, Aobayama, Sendai, Japan 

Condensation of 2- methoxy- A l-pyrroline (3) with 2 - bromo- 5- methoxy-4- methylphenylacetonitrile (6) [prepared 
from 3-hydroxy-4-methylbenzaldehyde (1 7) in four steps] gave a-(2-bromo-5-methoxy-4-methylphenyl)-cr- 
pyrrolidin-2-ylideneacetonitrile (1 0). Several other a-aryl-a-pyrrolidin-2-ylideneacetonitriles [(8), (9). and (1 l ) ]  
were also synthesised from the corresponding phenylacetonitriles [(4), (5). and (7)]. (Z)-a-Aryl-a-pyrrolidin-2- 
ylideneacetates [(14)-(1 S)] were prepared by similar condensation reactions or by ethanolysis of the nitriles (8) 
and (10). Treatment of compounds (9). ( lo) ,  and (1 6) with sodium hydride and copper(i) bromide in dimethyl- 
formarnide gave quantitatively the 2.3-dihydro-1 H-pyrrolo[l,2-a]indole-9-carbonitriles (21 )-(23). Heating the 
nitriles (21 ) and (22) with nickel-aluminium alloy in aqueous acetic acid yielded the corresponding aldehydes 
(24) and (25). 2.3-Dihydro-7-methoxy-6-methyl-lH-pyrrolo[l.2-a]indole-9-carbaldehyde (25) was further 
converted via the 8-nitro-compound (26) into the 5.8-quinone (28 ) .  

MITOMYCINS (1), isolated from Streptomyces cultures, 
have been found to be active against bacteria and in 
cancer chemotherapy. Much work has been done on 
approaches to the synthesis of mitomycins, mainly 
involving the formation of the pyrrolo[l,2-a]indole 
system,l+ but the reported procedures are inconvenient. 
In unactivated aromatic rings which have no electron- 
withdrawing substituents, a direct displacement of a 
halogen by a nucleophile demands drastic conditions ; 
several modified nucleophilic aromatic substitutions have 
been reported recently.7-12 We now describe a simple 
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synthesis of the pyrrolo[l,2-a]indolequinone (28) by a 
route involving an intramolecular nucleophilic aromatic 
substitution. The conversion of the quinone (28) into 
7-methoxymitosene (2), a potential antibacterial agent, 
has been reported.1 

Heating 2-methoxy-A1-pyrroline (3) with the aryl- 
acetonitriles (4)-(7) in the presence of triethylamine or 
1,5-diazabicyclo[5.4.0]undec-5-ene (DBU) at  100-120 "C 
gave the corresponding a-aryl- a-pyrrolidin-2-ylidene- 
acetonitriles (8)-(11) in good yield. Use of DBU always 
gave better results than that of triethylanline, and re- 
quired a shorter reaction time. 2-Bromo-&met hoxy-4- 
methylphenylacetonitrile (6) was prepared as follows. 
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Brominatioii of 3-hydroxy-4-methylbenzaldehyde (1 7) l3 
yielded the bromide (18) in 80% yield, which was then 
methylated with dimethyl sulphate to give the aldehyde 
(19) in 94% yield. Reduction of (19) with sodium boro- 
hydride, followed by chlorination of the resulting alcohol 
(20) with thionyl chloride, and cyanation with potassium 
cyanide in the presence of sodium iodide in ethyl methyl 
ketone, gave the nitrile (6) in 69% yield from (19). 

0 

3 2  

( 1  1 X Y Z  ( 2 )  
mitomycin A Me0 M e 0  H 
mitomycin B Me0 HO Me 
mitomycin C NH, Me0 H 
porfiromycin NH2 Me0 Me 

3 "2 H r 4  
3 

( 8 ) R'=R3=R4=H, R2=Me0 
( 9 1 R'= R2=Me0, R3= H, RL=Br 
( 10 ) R'=MeO,F&Me, R3=H,RL=Br 
( 11 ) R'=R2= MeO, R3= Br, R4 = H 
( 12 ) R'= R2= MeO, R3=e=H 

(13 1 

Condensation of 2-methoxy- Al-pyrroline (3) with 
methyl 3,4-methylenedioxyphenylacetate (13) gave a 
pyrrolidinylideneacetate (14) , in 10% yield by heating 
with DBU or in very low yield by heating with triethyl- 
amine Refluxing the pyrrolidinylideneacetonitdes (8) 

and (10) with ethanol previously saturated with dry 
hydrogen chloride gas gave the corresponding ethyl 
pyrrolidinylideneacetates (15) and (16). The a-aryl- 
a-pyrrolidin-2-ylideneacetates (14)-( 16) showed i.r. 
absorptions due to NH at 3 350 and ester at 1 640 cm-l. 
Their n.m.r. spectra (solvent CDCI,) showed the NH 
signals a t  6 8.40-8.50 (broad singlet) and the pyrrolidine 
3-H, signals at 6 2.42-2.46 (triplet, J 6 Hz). The 
nitriles (8)-(12) showed i.r. absorptions at 3 440-3 450 
(NH) and 2 180 cm-l (CN). Their n.m.r. spectra showed 
the NH signals at 6 4.80-5.50 (broad singlet) and the 
pyrrolidine 3-H signals at 6 2.95 p.p.m. (triplet, J 6 Hz). 
In the light of the above observations, a hydrogen bond 
between the NH and the ester group is expected for the 
acetates (14)--(16). Therefore these acetates are thought 
to exist in the Z-form, in which the pyrrolidine 3-protons 
are shielded by the aryl group. The nitriles (8)-(12), 
showing no such shielding, may well exist in the E-form. 

Cyclisation of the nitrile (9) by intramolecular nucleo- 
philic aromatic substitution was examined under various 
conditions. Refluxing with sodium hydride in dry 
dimethylformainide, followed by chromatographic puri- 
fication, gave the desired pyrrolo[l,2-a]indole (21) in 
60-70y0 yield. The reaction was catalysed by copper- 
(I) bromide. Thus a treatment of (9) with an equimolar 
amount of sodium hydride in the presence of copper(1) 
bromide in dry dimethylformamide at 80 "C for 1 h or a t  
room temperature for 3 h afforded (21) in 90% yield. 

( 17 ) R'=RZ=H,R3=CH0 
( 18 1 R' = H, R2= Br. R3= CHO 
I 19 1 R'= Me. R2= Br, R3=CH0 
I 20 1 R'= Me.R2=Br, R3= CH,.OH 

Me 

( 21 1 R'=MeO. R2 = CN 
(22  R'= Me, R2= CN 
( 23 1 R' =Me, R2= C0,Et 
( 2 4 )  R ' = M e O . ~ = C I i O  
( 2 5 )  R'= Me, $= CHO 

R 8 

( 2 6  1 R=NO2 

( 2 7 )  R=NH, 

For the above reactions, a benzyne mechanism is not 
probable because heating the 3-brorno-4,5-dimethoxy- 
phenyl analogue (11) with sodium hydride in dry di- 
methyl formamide in the presence or in the absence of 
copper(1) bromide gave no cyclised compound (21), but 
only the starting material (11) and the debrominated 
compound (12), from a tarry product. A normal 
benzyne reaction of the nitrile (9) with sodium amide in 

13 N. V. Sidgwick and E. N. Allott, J. Chem. Soc., 1923, 128, 
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liquid ammonia gave no compound (21). By a photo- 
induced S R N l  reaction,' irradiation of (9) and potassium 
t-butoxide in liquid animonia afforded (21) in 2% yield 
together with the debrominated product (12) in 20% yield. 

Treatment of the nitrile (10) with sodium hydride and 
copper(1) bromide in dry dimethylformamide gave in 
93% yield the pyrrolo[l,2-a]indole (22) , the spectral data 
of which were identical with those reported.2 When the 
acetate (16) was treated similarly, the pyrrolo[l ,%a]- 
indole (23) was obtained in 88Yomyield. Thus the geo- 
metry of the pyrrolidine derivative appears not to in- 
fluence the cyclisation. All the foregoing 2,3-dihydro- 
1H-pyrrolo[l ,Za]indole derivatives were coloured pink 
by cerium(1v) sulphate in sulphuric acid, which was used 
as a spray reagent for their detection on t.1.c. 

Refluxing the pyrroloindolecarbonitriles (21) and (22) 
with nickel-aluminium alloy in 50% aqueous acetic 
acid l4 gave the aldehydes (24) and (25) in 91 and 89% 
yield, respectively. Replacement of aqueous acetic acid 
by aqueous formic acid in this reaction gave an unsatis- 
factory result. Nitration of the aldehyde (25) afforded 
the nitro-compound (26) in 80% yield, which was re- 
duced with iron and acetic acid. The resulting amino- 
compound (27) was oxidised to  the quinone (28) with 
Fremy's salt [in 28% yield from (26)J. 

EXPERIMENTAL 

1.r. spectra were measured with a Hitachi EPI-3 recording 
spectrophotometer, n.m.r. spectra with a JEOL JNM-PMX 
60 spectrophotometer, and mass spectra with a Hitachi 
RMU-7 spectrometer. 

2-Bromo-5-~nethoxy-4-wzethylphenylacetonitrile (6) .-To a 
solution of the alcohol (20) (23 g) in dry benzene (300 ml), 
thionyl chloride (11.9 g )  was slowly added; the mixture was 
kept for 30 min a t  room temperature and then refluxed for 
2 €1. The excess of reagent and solvent were distilled off and 
the residue was taken up in benzene. The extract was 
washed with water and dried (Na2S0,). Evaporation left a 
syrup, which was dissolved in ethyl methyl ketone (200 ml) ; 
to this solution potassium cyanide (9.8 g), sodium iodide 
(3 g) ,  and water (20 ml) were added and the mixture was 
refluxed for 3 h. After addition of benzene the organic 
layer was washed with water, dried (Na,SO,), and evaporated 
to leave a solid, recrystallisation of which from benzene-n- 
hexane gave the nitrile (6) (17.3 g, 72%) as needles, m.p. 
108-110" (Found: C, 50.25; H, 4.5; N, 5.75. Cl,Hl,BrNO 
requires C, 50.0; H, 4.2; N, 5.8%), vmx. (CHC1,) 2 250 
cm-l (CK); G(CDC1,) 7.25 (1 H, s, ArH), 6.90 (1 H, s, ArH), 
3.82 (3  H, s, OMe), 3.76 (2 H, s, CH,*CN), and 2.30 (3 H, s, 
ArMe) . 
a- (4-Methoxy~lze~zyl)-a-~yr~olidin-2-ylideneacetonitrile (8). 

-(a) A mixture of 4-methoxyphenylacetonitrile (4) (2.94 g), 
2-methoxy-A1-pyrroline (4.0 g) and triethylamine (0.2 g) 
was heated for 4 days a t  120 "C with stirring in a current of 
nitrogen. After cooling, the precipitate was filtered off and 
washed with ethanol. The combined filtrate and washing 
was chromatographed on silica gel in benzene to afford 
more product. Recrystallisation from ethanol gave the 
pyrrolidine (8) (2.2 g, 51%) as prisms, m.p. 154-155" 
(Found: C ,  72.8; H, 6.55; N, 13.05. Cl,H1,N20 requires 

C, 72.85; H, 6.6; N, 13.1%), v,,, (CHCl,) 3 440 (NH) and 
2 180 cm-1 (CN) ; G(CDC1,) 7.22 (2 H, d, J 8 Hz, aryl2- and 
6-H), 6.80 (2 H, d, J 8 Hz, aryl 3- and 5-H), 5.35br (1 H, s, 
NH), 3.80 (3 H, s, OMe), 3.50 (2 H, t, J 6 Hz, 6-H,), 2.95 
(2 H, t, J G Hz, 3-H2), and 2.40-1.90 (2 H, m, 4-H2). 

(b) A mixture of 4-methoxyphenylacetonitrile (4) (14'7 
mg), 2-methoxy-Ah'-pyrroline (200 mg), and 1 ,5-diaza- 
bicyclo[5.4.O]undec-5-ene (16 mg) was heated for 48 h a t  
100 "C with stirring in a current of nitrogen. The mixture 
was chromatographed on silica gel in benzene to give a solid, 
recrystallisation of which from ethanol afforded (8) (140 
mg, 65%) as prisms, m.p. 154-155°, identical with that 
described above (t.1.c. and i.r. and n.m.r. spectra). 

u- (2-Bror~z0-4~5-dimethoxyphenyl) -a-pyrrozidin- 2-ylidene- 
acetonitrile (9) .-A mixture of 2-bromo-4,5-dimethoxy- 
phenylacetonitrile (6) (5.12 g), 2-methoxy-A'-pyrroline (4 g) 
and 1,5-diazabicyclo[5.4.0]undec-5-ene (0.5 g) was stirred 
for 72 h a t  120 "C in a current of nitrogen. After cooling, 
the precipitate (4 g) was filtered off and washed with ethanol. 
The filtrate was concentrated and the residue was purified 
by silica gel column chromatography. Elution with benzene 
gave a powder (1.6 g ) ,  which was combined with the precipi- 
tate and recrystallised from ethanol to give (9) (5.1 g, 79%) 
as prisms, m.p. 173-174" (Found: C, 52.4; H, 4.6; N, 
8.7 C,,H,,BrN,O, requires C, 52.0; H, 4.65; N, 8.65%), 
vmX. (CHCl,) 3 450 (NH) and 2 180 cm-l (CN) : G(CDC1,) 7.00 
(1 H, s, ArH), 6.80 (1 H, s, ArH), 4.80br (1 H, s, NH), 3.82 
(6H, s, 2 x OMe), 3.50 (2 H, t, J 6Hz, 5-H,), 2.95 (2H, t ,  
J 6 Hz, 3-H,), and 2.40-1.90 (2 H, m, 4-H2). 

ylideneacetonitrile (10) .-A mixture of the nitrile (6) (4.8 g), 
2-methoxy-A,-pyrroline (4 g) and lJ6-diazabicyclo[5.4.0)- 
undec-5-ene (0.8 g )  was heated for 72 h at 120 "C with stirring 
in a current of nitrogen. The mixture was then taken up in 
chloroform and treated with active charcoal. Evaporation 
left a residue which was recrystallised from ethanol to afford 
the pyrrolidine (10) as needles (4.0 g ,  64%), m.p. 142-143" 
(Found: C, 54.75; H, 5.05; N, 9.16. C1,H,,BrN,O re- 
quires C, 54.75; H, 4.95; N, 9.1%), vmX. (CHCl,) 3 450 (NH) 
and 2 180 cm-l (CN); G(CDC1,) 7.30 (1 H, s, ArH), 6.76 
(1 H, s, ArH), 4.95br (1 H, s, NH), 3.80 (3H,  s,OMe), 3.60 
(2 H, t ,  J 6 Hz, 5-H,), 2.95 (2 H, t, J 6 Hz, 3-H,), and 2.15 
(3 H, s, ArMe). 
a- (3-Bromo-4,5-dimethoxy~henyl)-u-pyrroZidin-2-ylidene- 

acetonitrile ( 1 1) .-A mixture of 3-bromo-4,5-dimethoxy- 
phenylacetonitrile (7) ( 1.28 g) , 2-methoxy-A1-pyrroline ( 1.0 
g) , and 1,5-diazabicyclo[5.4.O]undec-5-ene (150 mg) was 
heated for 48 h a t  110 "C with stirring in a current of nitro- 
gen. The mixture was chromatographed on silica gel with 
benzene to give a solid, recrystallisation of which from 
ethanol afforded (11) as needles (1.20 g, 75%), m.p. 144- 
145" (Found: C, 51.95; H, 4.8; N, 8.75. Cl,H,,BrN,O, 
requires C, 52.0; H, 4.65; N, 8.65y0), vmx (CHCl,) 3450 
(NH) and 2 180 (CN); 6 (CDCl,) 7.02 and 6.78 (each 1 H, d, 
J 2 Hz, aryl 2- and 6-H), 5.60br (1 H, s, NH), 3.86and 3.82 
(each 3 H, each s, 2 x OMe), 3.50 (2 H, t ,  J 6 Hz, 5-H2), 
2.95 (2 H, t, J 6 Hz, 3-H,), and 2.40-1.90 (2 H, m, 4-H.J. 

Attempted Cyclisation of the Nitrile (1 1) .-A mixture of the 
nitrile (11) (323 mg), 60% sodium hydride (50 mg), copper(1) 
bromide (140 mg), and dry dimethylformamide (20 ml) was 
heated for 1.5 h a t  80 "C with stirring in a current of nitrogen 
and then refluxed for 15 h. An excess of ammonium chlor- 
ide was then added and the mixture was stirred for 20 min a t  

u-( 2-Bromo-5-methoxy-4-met~~ylpheny2)-u-pyrrolidin-2- 

l4 T. van Es and B. Staskun, J. Clzem. SOC., 1966, 6776. 
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room temperature. Chloroform was added and the organic 
mixture was washed with water, dried (Na,SO,), and evapor- 
ated. The residue was chromatographed on alumina 
(Woelm, grade 111) in benzene to give the starting material 
(11) (60 mg) and the debrominated compound (12) (30 mg, 
12y0), identical (i.r. and n.m.r. spectra and t.1.c.) with the 
compound described later. 

Methyl (2) -a- (3,4-Methylenedioxyphenyl) -a-pyrrolidin-2- 
ylzdeneacetate ( 14) .-A mixture of methyl 3,4-methylene- 
dioxyphenylacetate ( 13) (1 94 mg), 2-methoxy-A1-pyrroline 
(99 mg), and 1,5-diazabicyclo[5.4.O]undec-5-ene ( J  5 mg) was 
heated for 4 days at 100 "C with stirring in a current of 
nitrogen. The mixture was then chromatographed on 
silica gel with benzene to give a solid, recrystallisation of 
which from ether afforded (14) as prisms (25 mg, loyo), m.p. 
126-126.5' (Found: C, 64.25; H, 5.85; N, 5.35. C,,H,,- 
NO, requires C, 64.35; H, 5.8; N, 5.35%), vmas. (CHC1,) 
3 350 (NH) and 1 640 cm-l (GO) ;  G(CDC1,) 6.45 (3 H, s, 
3 x ArH), 5.85 (2 H, s, OCH,O), 3.58 (2 H, t ,  J 6 Hz, 5-H,), 
3.50 (3 H, s, OMe), 2.46 (2 H, t ,  J 6Hz, 3-H2),and 2.20-1.70 
(2 H, ni, 4-H,). 

Ethyl (2) -a- (4-Methoxyphenyl) -a-pywolidin-2-yZideneacetate 
(15).-A mixture of the nitrile (8) (100 mg) and ethanol (10 
ml) , previously saturated with hydrogen chloride gas, was 
refluxed for 3 h and evaporated. The residue was taken up 
in chloroform, washed with saturated aqueous sodium hydro- 
gen carbonate, and dried (K,CO,) , Evaporation, followed 
by column chroniatography on silica gel with benzene, gave 
(15) a s  a syrup (60 mg, 46%), vmZ (CHCl,) 3 350 (NH) and 
1 640 cm-l (CEO) ; G(CDC1,) 8.40br ( 1  H, s, NH), 6.82 (2 H, 
d, J 8 Hz, aryl2- and 6-H), 6.64 (2 H, d, J 8 Hz, aryl3- and 
5-H), 4.00 (2 H, q, J 7 Hz, O.CH,*CH,), 3.74 (3 H, s, OMe), 

1.75 (2 H, m, 4-H,), and 1.15 (3 H, t, J 7 Hz, O*CH,*CH,); 
m/e 261 (M+). 

EtA yl (2) -a- (2-Bromo-5-unethoxy-4-luzethyZphenyl) -a-pyrrol- 
idine-2-y2ideneucetate ( 16) .-Under the same conditions as 
above, the nitrile (10) (614 mg) afforded (16) as a syrup (200 
mg, 28yo), vmx. (CHCl,) 3 350 (NH) and 1 640 cm-l (GO) ;  
6 (CCl,) 8.40br ( 1  H, s, NH), 7.22 and 6.55 (each 1 H, s, 
2 x ArH), 3.76 (3 H, s, OMe), 2.16 (3 H, s, ArMe), and 1.14 
(3 H, t, J 7 Hz, O*CH,CH,); nzJe 355 and 353 (M') and 274 
( M +  - Br). 
2-Bvomo-5-hydroxy-4-methylbenzaldehyde ( 18) .-To a stir- 

red solution of 3-hydroxy-4-methylbenzaldehyde ( 17)13 (47 g) 
in chloroform (500 ml), bromine (55.4 g) was added dropwise 
during 30 min. The precipitate was collected and recry- 
stallised from chloroform to give the bromide (18) as needles 
(60.0 Q, SOYo), m.p. 159-161" (Found: C, 44.9; H, 3.4. 
C,H,BrO, requires C, 44.6; H, 3.3y0), v,,~;,~. (CHCl,) 1 680 
cm-l ( G O ) ;  a(CDC1,) 10.25 (1 H, s, CHO), 7.35 ( 1  H, s, 
ArH), 7.37 (1 H, s, ArH) , and 2.30 (3 H, s, -4rMe). 

2-Bromo-5-methoxy-4-pnetJzylbenzaldehyde ( 1 9). Aqueous 
33% (w/w) potassium hydroxide (30 ml) and dimethyl 
sulphate (26 ml) were added to the bromide (18) (30 
g) and the mixture was stirred vigorously. After 20 min, 
more aqueous 33% (w/w) potassium hydroxide (10 ml) and 
dimethyl sulphate (9 ml) were added. After vigorous 
stirring for 10 min, a further addition of aqueous 33% (w/w) 
potassium hydroxide (10 ml) and dimethyl sulphate (9  ml) 
was made and the mixture was stirred for 30 min. Aqueous 
33% (w/w) potassium hydroxide (40 ml) was added again and 
stirring was continued for 1 h. Extraction with benzene 
followed by washing with water, drying (Na2S04), and 
evaporation gave a powder, recrystallisation of which from 

3.58 (2 H, t, J 6 Hz, 2.42 (2 H,  t ,  J 6 Hz, 3-H,), 2.15- 

All attempts a t  crystallisation failed. 

All attempts a t  crystallisation failed. 
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ether-n-hexane afforded the aldehyde (19) as needles (30 g ,  
gay0), m.p. 95-96" (Found: C, 47.3; H, 4.15. C,H,BrO, 
requires C, 47.2; H ,  3.95y0), vmdX. (CHCl,) 1 680 cm-1 (GO) ; 
a(CDC1,) 10.25 (1 H, s, CHO), 7.35 (1 H, s, ArH), 7.40 (1 H ,  
s, ArH), 3.90 (3 H, s, OMe), and 2.30 (3 H, s, ArMe). 

2-Bromo-5-unethoxy-4-methylbe~z~yl Alcohol (20) .-To a 
solution of the aldehyde (19) (23 g) in methanol (500 ml), 
sodium borohydride (8 g) was added in small portions a t  
0-5 "C with stirring. Stirring was continued for 15 h a t  
room temperature and the solvent was evaporated off. The 
residue was taken up in chloroform, washed with water, and 
dried (Na,SO,) . Evaporation left a residue, recrystallisation 
of which from ether-n-hexane afforded the alcohol (20) as 
needZes (23 g, 95%), m.p. 94' (Found: C, 46.85; H, 4.9. 
C,H,,BrO, requires C, 46.75; H, 4.80/,), vm,-- (CHCl,) 3 580 
cm-l (OH); G(CDC1,) 7.15 (1 H, s, ArH), 6.90 (1 H, s, ArH), 
4.60 (2 H, s, CH,*OH), 3.80 (3 H, s, OMe), and 2.15 (3 H, 
s, ArMe). 

carbonitvile (21).-(u) A mixture of the nitrile (9) (323 mg), 
50% sodium hydride (96 mg), and dry dimethylformamide 
(25 ml) was refluxed for 30 min in a current of nitrogen. 
After cooling, an excess of ammonium chloride was added, 
and the mixture was stirred for 20 min at room temperature. 
After addition of water, the mixture was extracted several 
times with chloroform. The extract was washed with water, 
dried (Na,SO,), and evaporated and the residue was chrom- 
atographed on silica gel. Elution with benzene afforded a 
pale green solid which was recrystallised from ethanol to 
yield (21) as needles (170 mg, '7004), m.p. 203-203.5" 
(Found: C, 69.4; H, 5.6; N, 11.6. C,,H,,N,O, requires C, 
69.4; H, 5.85; N, l l .55%),  vnux (CHCl,) 2 210 cm-l (CN); 
a(CDC1,) 7.00 (1 H, s, ArH), 6.62 ( I  H, s, ArH), 4.02 (2 H, t, 
J 7 Hz, 3-H,), 3.85 (6H, s, 2 x ORle), and 3.20-2.40 (4H, 
m, 1- and 2-H,), m/e 242 (M+). 

(b) A mixture of (9) (1.615 Q), 50% sodium hydride (0.5 g), 
copper(1) bromide (150 mg), and dry dimethylformamide 
(100 ml) was stirred for 1 h a t  80 "C in a current of nitrogen. 
After cooling, any excess of ammonium chloride was added 
and the mixture was stirred for 20 min a t  room temperature. 
Water was then added and the product was extracted several 
times with chloroform, The extract was washed with water, 
dried (Na,SO,), and evapmated to give a solid, recrystal- 
lisation of which from ethanol afforded needles (1.1 g, goyo), 
m.p. 203-203.6", identical with the above sample of (21) 
(i.r., n.m.r., and t.1.c.). 

(c) Potassium t-butoxide (1.12 g) was placed in a photo- 
reactor equipped with a condenser cooled in solid C0,- 
acetone. Dry liquid ammonia ( 1  1) was distilled into tlie 
apparatus and the nitrile (9) (323 mg) was added (with 
protection from moisture). The mixture was irradiated 
for 30 min with a high-pressure mercury lamp (400 W; 
Pyres filter) with stirring in a current of nitrogen. Addition 
of an excess of ammonium chloride was followed by evapor- 
ation of ammonia, and the residue was extracted with 
chloroform. The extract was washed with water, dried 
(Na,SO,), and evaporated and the residue was chromato- 
graphed on silica gel. Benzene eluted the product (21) (5 
mg, 2o,b), n1.p. 203-203.5° (from ethanol). Chloroform 
eluted a reddish solid, which was recrystallised from ethanol 
to afford a-(4,5-dimethoxypJ~e~z~Z)-a-~~vrolidin-2-ylide~zeace- 
tonitrile (12) as prisms (50 mg, 20%), m.p. 161-162" 
(Found: C, 68.8; H, 6.65; N, 11.5. C14H1,NZOz requires 
C, 68.85; H, 6.6;  N, 11.45",), vmaX. (CHC1,) 3 450 (NH) and 
2 180 cm-1 (CN); G(CDC1,) 6.84 (3 H, s, 3 x ArH), 5.50br 

2,3-Dihydro-6,7-dimethoxy- lH-pyrroEo[ 1,2-a]indole-9- 
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(1 H ,  s, NH), 3.86 ( 6  H ,  s, 2 x OMe), 3.50 (2 H, t, J 6 Hz, 
5-H,), 2.95 ( 2  HI t, J 6 Hz, 3-H,),  and 2.40-1.80 (2 H, m, 
4-H,) ; m / e  244 (M+) .  

2,3-Dihydro- 7-methoxy-6-methyZ- lH-Pyrrolo[l ,  2-alindole-9- 
carbonitrile (22 )  .-A mixture of the pyrrolidine (10 )  (307 mg), 
507; sodium liydride (50  mg), copper(1) bromide (50 mg), 
and dry dimethylformamide (20 ml) was heated for 1 h at 
80 "C with stirring in a current of nitrogen. An excess of 
ammonium chloride was added, and the mixture was stirred 
for 20 min a t  room temperature. After addition of chloro- 
form, the mixture was washed with water, dried (Na,SO,), 
and evaporated to give a solid, recrystallisation of which 
from ethanol afforded thc nitrile (22)  as needles (210 mg, 
9376), m.p. 174-1'74.5" (lit.,, 173.5"); nz]e 226 (M+), 
identical [i.r. (CHCl,), U.V. (MeOH), and n.m.r. (CDCl,)] 
with the material described in the literature.2 

Ethyl 2,3-Dihydro-7-metlzoxy-6-~zethyl- lH-pyrrolo[ 1,2-a]- 
itzdole-9-carboxylate (23)  .-A mixture of the ester (16)  (106 
mg), 50% sodium hydride (15 mg), and copper(1) bromide (45  
mg) in dry dimethylformamide ( 3  ml) was stirred for 1.5 h 
a t  room temperature in a current of nitrogen. An excess of 
ammonium chloride was added and the mixture was stirred 
for a further 20 mi11 a t  the same temperature. After 
addition of chloroform, the organic layer was washed with 
water, dried (Na,SO,), and evaporated and the residue was 
chromatographed on silica gel in benzene to afford a solid; 
recrystallisation from ether gave ( 2 3 )  as needles (72  mg, 
8 8 % ) ,  inp.  118-119" (Found: C, 70 .15;  H, 7 .06;  N, 5.05. 
C,,H,,NO, requires C, 70.3; H, 7 . 0 ;  N, 5.15%), vmX 
(CHC1,) 1 662 cm-l (GO)  : 8 (CCl,) 7 .52  and 6.92 (each 1 H, 
each s, 2 x ArH), 4.35 ( 2  H, q, J 7 Hz, O*CH,CH,), 3.92 
( 3  H, s ,  OMe), 2.34 ( 3  H, s, ArMe), and 1.40 ( 3  H, t, J 7 Hz, 
O*CH,-CW,) ; wtle 273 ( M + ) .  

cnrbaldehyde (24).-A mixture of the nitrile (21)  (97 mg), 
nickel-aluminium alloy (200 mg), and 50% aqueous acetic 
acid (20 ml) was heated under reflux for 2 h. After removal 
of the catalyst, the product was extracted with chloroform 
and the extract was washed with water, saturated aqueous 
sodium hydrogen carbonate, and saturated aqueous sodium 
chloride, dried (Na,SO,) , and evaporated. Recrystallis- 
ation of the residue from ethanol gave the aldehyde (24)  as 
needles (95  mg, 91%), m.p. 210-211" (Found: C ,  68.5; H, 
6 . 0 ;  N, 6.55 .  CI4H,,XO, requires C, 68.55; H, 6 .15;  N, 
5.7%),  vmaX. (CHCl,) 1 640 cm-l (GO) ;  G(CDC1,) 9.75  ( 1  H, s, 
CHO), 7.60  ( 1  H, s, ArH), 6.72 ( 1  H, s, ArH), and 3.85 ( 3  HI 
s, OMe), m]e 245 (M+) .  

2,3-Dihydro- 6,7-di~zethoxy- 1 H-pyrroZo[ 1,2-a J iizdoZe-9- 

2,3-Dihydro- 7-methoxy-6-methyl- 1H-pyvrolo; 1,2-a] indole-9- 
carbaldehyde (25)  .-Under the same conditions a i  above, the 
nitrile (22)  (113 mg) afforded the aldehyde (25)  as needles 
(100 mg, 89%), m,p. 187-188" (lit.,2 190°), m/e 229 (Mf), 
with i.r. (CHCl,), U.V. (MeOH), and n.m.r. (CDC1,3) spectral 
data identical with those reported., 

2,3-Dihydro-7-metlioxy-6-methyl-8-nitro- 1 H-pyvvolo [ l  , %a] - 
indole-9-carbaldehyde (26 )  .-To a solution of the aldehyde 
(25)  (230 mg) in glacial acetic acid (10  ml), '707; nitric acid 
(0.2 ml) was added and tlie mixture was stirred for 3 min a t  
room temperature. After addition of water, the mixture 
was extracted with chloroform. The extract was walihed 
with water, dried (Na,SO,), and evaporated to leave a pow- 
der, recrystallisation of which from chloroform-benzene 
gave the nitro-compound (26 )  (220  mg, 80%) as pale orange 
prisms (Found: C ,  58 .95;  H, 5.0 .  C,,Hl4N,O4,0.5H,O 
requires C, 59.35;  H ,  5.35%), vmaX. (CHC1,) 1 6 5 0  cm-1 
( G O ) ;  G(CDC1,) 9.74 ( 1  H, s, CHO), '7.15 ( 1  H ,  s, ArH), 

( 4  H, m, 1- and 2-H,), 2.42 ( 3  HI s, ArMe), and 1.52 ( 1  H, 
s ,  0 . 5 H 2 0 ,  disappeared with D20) ; m / e  274 (&I+). 

2,3-l)ihydro-7-rnethoxy-6-methyl-5,8-d~oxo- 1H-pyrvoZoi 1,2- 
a]indoZe-9-carbaZde~zyde (28)  .-A mixture of the nitro-com- 
pound (26)  (135 mg) and iron (230 mg) in 507/,  aqueous acetic 
acid (10 nil) was stirred for 2 h a t  80-85 "C. After addition 
of water, tlie mixture was extracted with chloroform. The 
extract was washed with water, dried (Na,SO,), and evapor- 
ated to give an amino-compound (27) as a solid, which was 
used without purification. To a solution of the amino- 
compound (27) in acetone (20 nil) and 0.167~-potassium 
dihydrogen phosphate (10 ml), potassium nitrosodisulplion- 
ate (0.8 g) and water (20 ml) were added. Thc mixture was 
stirred for 16 h at room temperature and then diluted with 
water and extracted with chloroform. The chloroform 
layer was washed with water, dried (Na2S0,), and evapor- 
ated to leave a gum which was chroniatographed on alumina 
(Woelm, grade 111). Benzene eluted an orange solid, 
recrystallisation of which from chloroforuii-n-hexane 
afforded (28)  (35  mg, 28%) as orange needles, m.p. 222- 
224" (lit.,I 224-227'), showing i.r. and n.1n.r. spectra 
consistent with those reported.1 

4.14 ( 2  HI t ,  J 7 H z ,  3-H,) ,  3.88 ( 3  H, S ,  OMe), 3.55-2.55 
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