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9-Keto-SH-pyrrolo [ 1,2-c] indole is formed by the intramolecular cyclisation 
of the dilithio derivatives generated from either l-(2’carboxyphenyl)pyrrole or 
l-( 2’-bromophenyl)pyrrole-2-carboxylic acid. The reaction of the 2’-lithio 
derivative of 1-phenylpyrrole with various electrophiles is also described. 

Introduction 

Considerable interest 
(I) [l] which forms the 

has been shown in the pyrrolo[1,2_a]indole ring system 
skeleton of the mitomycins, a small group of naturally- 

occurring pyrroloindoles exhibiting both antibacterial and antitumour activity. 
Several syntheses have been reported wherein bond formation is achieved 

between C( Sa)-C( 9) [ 2a,b] or C( 9)-C( 9a) [ Bc,d,e] under Friedelsrafts or 
acidic conditions. The present study describes the synthesis of 9-keto-SH-pyr- 
rolo[1,2*]indole (II) via the anionic equivalent of the Friedel-afts cyclo- 
acylation [3a]. 

In addition, 2’-lithio-l-phenylpyrrole (III) is shown to be a useful synthetic 
intermediate which reacts with a variety of electrophiles. 
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A previous paper [4] described the synthesis of pyrrolo [l,%]indoIe a&o- 
gues (V) from Z,Z’-ciiIithio-1-phenyipyrrole (IV) (eq. 1). Difunctional carbon 

(1) 

cm) (PI 

X-Z Hal 
y + SiPh, ,GeNle, , PPh .AsPh 

electrophiles failed to react with IV in the expected manner, replacing only the 
more reactive benzenoid lithium. Thus reaction of the dianion (IV) with &IO- 
roformate esters, CICOzR (R = Et, Ph) gave the intermediate Z’-carboxy-ethyl 
and phenyl pyrroles, respectively (eq. 2). In the reaction with phenyl chloro- 
formate however, a smah amount of II (6%) was obtained. 

(a) R = Et 

(xm 

17 % 

(b) R =Ph 79% 6 % 

The ketone II_ was first obtained as a minor product in the Ii&i&on and sub- 
sequent carboxylation of 1-phenylpyrrole [ 51. Presumably, cyclisation pro- 
ceeded via the intermediate dianion VIII. In the present study, VIII was gener- 
ated from l-(2’carboxyphenyI)pyrrole (VII) using an excess of lithium diiso- 
propylamide (LDA). Intramolecular cyciisation gave the ketone II in moderate 
yield (eq. 3). 

excess 

(PII) !3Lm) 

Similar treatment of the .ester Via with LDA (1 mol or excess) w&s u&s&isfac- 
tory, giving poor yields of II (l-7%), accompanied by extensive tar formation 

A second route to the ketone II was available through cychsatio~n of the acid 
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XI. Vilsmeier formylation [S] of I-(2’-bromopbenyJ)pyrrorrole (IX) gave the 
aldehyde X and oxidation with silver oxide [7] afforded the acid XI in good 
yield (eq. 4). 

HCONMe, 

pea,-- 

(Ix) (Xl (XI) 

Reaction of XI with n-butyllithium at -100” C [ 3a,b] gave the intermediate 
dianion XII which cyclised to give the ketone II (eq. 5). “Debrominated acid” 
(XIII) was obtained as a by-product of the reaction. 

n -BULi Hf 
x -loo 

- II+ (5) 

The dianion XII failed to react with electrophiles such as benzophenone or 
ethyl bromoacetate. Instead, the product of intramolecular reaction (II) as well 
as the acid XIII was obtained. 

Whereas the dianion IV is readily formed from 1-(2’-bromophenyl)pyrrole 
(IX) at 0” C [4], 2’-lithio-Z-phenylpyole (III) can be selectively generated at 
-80°C. Reaction of the anion III with a variety of electrophiles (eq. 6) led to a 
range of products in fair to good yield (Table 1). 

n -BULi 
Ix A 

-eooc 
“E (6 1 

TABLE I 

REACTIONS OF 2’-LITHIO-I-PHENYLPYRROLE (III) WITH ELECTROPHILES (es. 6) 

EkCtX&lik Isolated yield (5%) 

R No. 

Benrophenone C(OH)Phz 
Benraldehyde CH(OH)Ph 
Eenzo~l chloride COPh 
Benzonitrile C=NHPh 
Ethvl chloroformate 
Ph&nyl chl&rofoka&e 

CO2Et 
COzPh 

xv 72 
XVII 68 
XIX 16 
XX 67 
Vii 52 
VIb 19 
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The benzophenone adduct XV gave the pyrrolo[1,2u]indole (XVI) on treat- 
ment with perchloric acid [S]. However, the benzaldehyde adduct XVII did 
not cyclise under similar conditions but probably reacted by intermolecular hy- 
dride transfer to give the corresponding hydrocarbon XVIII and ketone XIX. 
The mass spectrum of XVII suggests that a similar intermolecular reaction 
occurs in the mass spectrometer. 

The benzaldehyde adduct XVII was readily oxidised to the ketone XIX with 
pyridinium dichromate [9]. Reaction of III with benzoyl chloride gave the 
ketone XIX in poor yield and preparation of XIX from 2,5dimethoxytetrahy- 
drofuran and 2aminobenzophenone [lo] also proved unsatisfactory. The 
h-nine XX obtained from the reaction of III with benzonitrile did not give the 
ketone XIX on hydrolysis, but was readily converted to the oxime XXI. 

Ethyl and phenyl chloroformate reacted with III at -80°C to give the corre- 
sponding esters Via and VIb, respectively. In both cases there was extensive 
intermolecular reaction of the intermediates resulting in dimeric and oligomeric 
products. 

Experimental 

M.p.‘s were determined with a Gallenkamp apparatus and are uncorrected. 
IR spectra were recorded on a Unicam SP 200 spectrometer for potassium 
bromide discs, unless otherwise specified. ‘H NMR spectra were recorded at 60 
MHz on a Perkin-Elmer Rl.2B spectrometer with tetramethylsilane as internal 
standard. Mass spectra were recorded at 70 eV on an AEI MS 30 mass spec- 
trometer. Column chromatography was carrie,d out with Merck silica gel 60, 
particle size 0.063-0.200 mm, 70-230 mesh ASTM, catalogue no. 7734. All 
reactions involving organolithium reagents were performed under dry nitrogen 
in a 2-necked round-bottomed flask equipped with a magnetic stirrer, nitrogen 
inlet and rubber serum cap. Tetrahydrofuran was dried by distilling from 
sodium benzophenone ketyl. Diisopropylamine was distilled from calcium hy- 
dride . 

Cyclisation of 1-(2’-carboxyphenylyrrole (VII) 
-4 solution of 1-(2’carboxyphenyl)pyrrole (VII) [2d] (1.56 g, 8.32 mmol) in 

dry THF (20 ml) was added dropwise to a cold solution (0°C) of lithium diiso- 
uropylamide (33 mmol) (prepared from diisopropylamine (4.69 ml, 33 mmol) 
h dry THF (30 ml) and n-butyllithium (17.9 ml of a l-86 M solution in hexane, 
33 mmol)). The solution was stirred at 0°C for 30 min and 40-5O”C for 22 h. 
The dark coloured reaction mixture was poured into 1 M hydrochloric acid (85 
ml) and extracted with chloroform (2 X 30 ml). The organic layer was 
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extracted with aqueous potassium hydroxide, dried and the solvent evaporated 
giving the crude ketone II. Sublimation (90-lOO”C/O.5 mmHg) gave II in 59% 
yield (0.84 g), m.p. 118-120°C (ht. [2d] 121-122°C). Anal. Found: C, 77.9; 
H, 4_5;N, 7.9. C,,H,NO caled.: C, 78.1; H, 4.2; N, 8.3%. vmax: 1670s (C=O) 
cm-‘. G(CDCI,): 6.8-7.6 (m, 5 H, benzenoid H and H(3)), 6.7 (m, 1 H, H(l)), 
6.2 (m, 1 H, H(2)). m/e 169 (loo%, M’), 141(16%, M’- CO), 114 (47%, M’- 
C,HNO). Hydrazone, m-p. 169-170°C (lit. [2d] 171.4-172.2”C). Anal. 
Found: C, 72.1; H, 5.0; N, 22.7. C11H9N3 calcd.: C, 72.1; H, 5.0; N, 22.9%. 

I-(2’~Bromophenyi)-2-pyrrolealdehyde (X) 
1-(2’-Bromophenyl)pyrrole (IX) (79.5 g, 0.36 mol) was formylated [S] 

giving the 2-pyrrolealdehyde. Trituration of the crude product with diethyl 
ether gave chromatographically pure yellow solid (58.1 g, 65%), and andyti- 
tally pure material, m.p. 102-109”C, was obtained by recrystalhsation from 
diethyl ether. Anal.: Found: C, 52.8; H, 3.1; N, 5.5. C,,H,BrNO &cd.: C, 
52.8; H, 3.2; N, 5.6%. vmax: 2750m (aldehyde C-H), 1660s (C=O) cm-l. 
G(CDC13): 9.5 (s, 1 H, aldehyde H), 7.2-7.8 (m, 4 H, benzenoid H), 7.1 (dd, 
1 H, H(5)), 6.9 (m, 1 H, H(3)), 6.4 (dd, 1 H, H(4))_ m/e 249 (24%,&I+ [7gBr]), 
170 (lOO%, M’ - Br), 141(8%, M’ - Br - CHO), 

l-(2’~Bromophenyl)pyrrole-2-carboxylic acid (XI) 
A solution of the 2-pyrrolealdehyde (X) (15.0 g, 0.06 mol) in ethanol (400 

ml) was basified with sodium hydroxide (4-8 g, O-12 mol) in 80% ethanol (50 
ml). Freshly prepared silver oxide [7] (20.4 g, 0.12 mol) was added and the 
suspension was stirred, with protection from light, at room temperature for 
23 h. 

The precipitate was filtered off and the filtrate evaporated to dryness, giving 
a white residue which was taken up in water (170 ml) and extracted with ether 
(3 X 100 ml). The aqueous layer was acidified with hydrochloric acid (5 M) and. 
extracted with ether (3 X 150 ml). The combined ether extracts were dried 
(MgSO,) and evaporated giving a chromatographically pure white solid (14.8 g; 
93%)_ Recrystallisation from diethyl ether gave the analytically pure acid, m.p_ 
167-173°C. Anal. Found: C, 49.3; H, 3.0; N, 5-3. C,,HsBrNO, calcd.: C, 49.6; 
H, 3.0; N, 5.3%. v,,,: 29OO(br) (acid O-H), 1670s (C=O) cm-‘. G(CDCI,/ 
(CD&CO): 7.3-7.7 (m, 4 H, benzenoid H), 7.0 (dd, 1 H, H(5)), 6.8 (m, 1 H, 
H(3)), 6-2 (m, 1 H, H(4)), m/e: 265 (67%, M’ [ygBr]); 221 (ll%, M’- CO,), 
186 (loo%,-J4’ - Br). 

Cyclisation of l-(2’-bromophenyllpyrrole-2-carboxylic acid (XI) 
n-Butyllithium (4.0 ml of 1.85 M solution in hexane, 7.53 mmol) was slowly 

added (1 h) to a solution of XI (1.00 g, 3.76 mmol) in dry THF (25 ml)_ The 
temperature was main+Gned at --100°C by a liquid nitrogen/diethyl ether 
bath. The orange solution was then allowed to warm to -20°C for 2 h and was 
polured into 5% hydrochloric acid (70 ml). The mixture was extracted with 
chloroform, (2 X 50 ml) and the chloroform extracts were washed with -10% 
aqueous sodium hydroxide. Acidification of the alkaline extract and extraction 
with diethyl ether (3 X 30 ml) gave the crude “debrominated acid” XIII 
(0.26 g). Recrystallisation from benzene gave a white solid (0.095 g, 13%), m.p. 
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168-169°C(lit.[ll]1660Cand [5]183-183-184"C).Anal. Found:C,70_8,H 
4_8;N, 7.3_ C,,H,NO, c&d.: C,70.6;H,4.8;N, 7.5%. 

The solid obtained from the chloroform extract was chromatographed on 
silica gel (35 g) using chloroform as eluent. The pyrrolo [1,2-alindole (II) 
(0.27 g, 42%) thus obtained was recrystallised from chloroform/cyclohexane_ 

Preparation of 2’-lithio-1-phenylpyrrole (II..) 
2’-Lithio-1-phenylpyrrrole (III) was prepared by the addition of a standard 

solution of n-butyllithium (10% molar excess) in n-hexane to a stirred, cooled 
solution (-SO0 C) of l-( 2’-bromophenyl)pyrrole (IX) (0.01-0.04 mol) in dry 
THF (25-60 ml). After stirring at -80°C for 30 min, the yellow suspension 
was employed as described below. 

Reactions of III with electrophiles (Table 1) 
A. With benzophenone. To a stirred suspension of 2’-lithio-1-phenylpyrrole 

(III) (15-4 rnmol) in dry THF (25 ml) at -80” C was a&led under nitrogen a 
solution of benzophenone (2.81 g, 15.4 mmol) in dry THF (25 ml)_ The result- 
ing clear yellow solution was stirred at -80°C for 2 h and then poured on to 
crushed ice (150 g) and extracted with chloroform (3 X 70 ml). The chloroform 
extracts were combined, dried and the solvent removed, giving a yellow oil 
(6.13 g) which was chromatographed on silica gel (160 g) using n-hexane/ben- 
zene mixtures. The carbinol (XV) was obtained as a yellowish oil (3.62 g, 72%) 
which was distilled (22O”C/O.l mmHg) in a Kugelrohr tube. A satisfactory anal- 
ysis was not obtained. v,,, (film): 3530s (O-H) cm-‘; G(CDC1,): 7-O-7.4 (m, 
14 H, benzenoid H), 6.2 (m, 2 H, H(2) and H(5)), 6.0 (m, 2 H, H(3) and H(4)), 
2.8 (s, 1 H, O-H, exchangeable with DzO). m/e 325 (loo%, M’), 307 (44%, 
M’ - H,O), 230 (480/o, M+ - H,O - C&H,). 

Cyclisation of XV was effected by treating a solution of the carbinol(O.80 g, 
2.47’ mmol) in dry nitromethane (12 ml) with a few drops of 72% perchloric 
acid [ 81. The solution was stirred at room temperature for 4 h. Saturated 
potassium bicarbonate (50 ml) was then added and extraction was performed 
with chloroform (2 X 30 ml). The organic layer was dried and the solvent evap- 
orated giving an orange oil which was chromatographed on silica gel (70 g), elu- 
tion being performed with n-hexane/benzene mixtures. The product, 9,9- 
diphenyl-9H-pyrrolo[l,B-a]indole (XVI) was obtained as a white crystalline 
solid (0.458 g, 60%), m-p. 132-134”C, which was recrystallised from n-hexane. 
Anal.: Found: C, 89.6; H, 5.6; N, 4.4. C,,H,N c&d.: C, 89.9; H, 5.5; N, 4.6%. 
v,,: 1605m, 159Om, 15OOs, 1470m (ar C=C), 75Os, 690s (ar C-H), cm-l. 
G(CDC1,): 6.9-7.4 (m, l5H, benzenoid H and H(3)), 6.4 (m, J -4Hz, 1 H, 
H(2)),6_1(dd, J -4 Hz and ZHz,l H,H(l)).m/e 307(100%,M3,230(97%, 
M’- G&U- 

B. With benzaldehyde. To a stirred suspension of III (40.7 mmol) in dry 
THF (60 ml) at -80” C was added under nitrogen a solution of benzaldehyde 
(freshly distilled, 4.74 g, 44.7 mmol) in dry THF (30 ml). The solution was 
stirred at -80” C for 1 h and 0°C for 3i h and then poured into water (100 ml) 
and extracted with chloroform (3 X 50 ml)_ The chloroform extracts were dried 
and the solvent evaporated giving an orange oil (10.9 g) which was chromato- 
graphed on silica gel (220 g) using benzene followed by chloroform as eluents. 



The adduct XVII (9.84 g) was purified further by distillation (120-15O"C/ 
0.05 mmHg) giving a yellow oil (68%). Anal.: Found: C, 81.4; H, 6.0; N, 5.6. 
Ci7HlSN0 calcd.: C, 81.9; H, 6.0; N, 5.6%. v,, (film): 3300s (br) (O-H) 
cm-‘. 6(CDCl,) 7.0-7.6 (m, 9 H, benzenoid H), 6.6 (m, 2 H, H(2), and H(5)), 
6.2 (m, 2 H, H(3) and H(4)), 5.2 (s, 1 H, CH(OH)Ph), 2.3 (s, 1 H, O-H, 
exchangeable with D,O). m/e 170 (loo%, M&rx - C,H,), 156 (70%, M&rrr - 
GHC), 142 (12% K&rri,xix - CO/CHz). 

The benzaldehyde adduct XVII (1.33 g, 5.32 mmol) in dry methylene chlo- 
ride (9 ml) was stirred with pyridinium dichromate [9] (3.077 g) under nitro- 
gen at room temperature for 27 h. The reaction mixture was diluted with 
methylene chloride, filtered and the residue washed well with methylene chlo- 
ride. Removal of the solvent gave a darkly-coloured solid which was chromato- 
graphed on silica gel (40 g) using chloform as eluent. The ketone XIX was ob- 
tained as a pale-yellow solid (0.79 g, 61%), m-p. 100-101” C, which was recrys- 
tallised from ether. Anal.: Found: C, 82.6, H, 5.3; N, 5.7. C,H,,NO calcd.: C, 
82.6; H, 5.3; N, 5.7%. v,,: 1660s (C=O) cm-l. G(CDC1,): 7.1-7.7 (m, 9 H, 
benzenoid H), 6.7 (m, 2 H, H(2) and H(5)), 5.9 (m, 2 H, H(3) and H(4)). m/e 
247 (41%,M'),198(100%,M'-CO-H),170(6%,M+- C,H,). 

C. With benzoyl chloride_ In a two-necked flask fitted with a separating 
funnel, a solution of benzoyl chloride (1.73 g, 12.3 mmol) in dry THF (30 ml) 
was cooled under nitrogen to -80” C_ In a separate two-necked flask at -80” C 
a solution of 2’-lithio-1-phenylpyrrole (III), was prepared from IX (2.73 g, 12.3 
mmol) in dry THF (45 ml) and n-butylhthium (25.8 mmol of a 1.86 M solution 
in hexane). The solution of III was transferred to t’he separating funnel using a 
double-tipped needle and added over 40 min to the benzoyl chloride solution. 
Stirring was continued at -80” C for 4 h. The reaction was quenched with wa- 
ter (2 X IO ml), diluted with chloroform (40 ml) and stirred with 1 M potas- 
sium hydroxide (50 ml) for 15 min. After extraction with chloroform (3 X 
30 ml) and evaporation, the crude product was chromatographed on silica gel 
(120 g) using benzene as eluent. The darkly-coloured solid thus obtained 
(0.99 g, 32%) was purified further by preparative thin-layer chromatography 
vr;ith benzene as eluent. The ketone XIX was isolated as a pale yellow solid 
(0.51 g, 16%). 

D_ With bemonitrile. A solution of benzonitrile (1.47 g, 14.0 mmol) in dry 
THF (20 ml) was added over 10 min under nitrogen to a stirred suspension of 
2’-lithio-l-phenylpyrrole (III) (12.5 mmol) in dry THF (25 ml) at -80°C. The 
orange solution was stirred at -80” C for 1 h and then at room temperature for 
2: h. The reaction was quenched by stirring with ammonium chloride (1 g) in 
water (50 ml) for 1 h. Extraction with ether (2 X 30 ml) followed by evapora- 
tion of the solvent gave an orange oil (3.29 g) which was chromatographed on 
silica gel (120 g) using petroleum ether/ether l/l as eluent. The imine XX 
(2.07 g, 67%) was obtained as a yellow oil which crystallised on standing. Bulb- 
to-bulb distillation (14~16O”C/O.5 mmIIg) afforded an oil which did not give 
a satisfactory analysis. v,,,, : 3250m (N-H), 1600s (C=N) cm-‘. G(CDC13) 
8.8(br) (s, 1 H, N-H, exchangeable with DzO), 7.2-7.7 (m, 9 H, benzenoid H), 
6.7 (m, 2 II, H(2) and H(5)), 6.0 ( m, 2 H, H(3) and H(4)). m/e 245 (lOO%, 
M+- l), 169 (9%, M+- C,H,). 

Oximation of the imme XX (0.80 g, 3.25 mmol) was effected by refluxing 



8 

with hydroxylamine hydrochloride (0.55 g), and sodium acetate (hydrate) 
(1.49 g) in 70% aqueous ethanol (40 ml) for 15 h. The solvent was evaporated 
and the residue was taken up in water (50 ml). Extraction with ether (2 X 
50 ml) followed by evapotition gave a yellow solid. Recrystallisation from 
methanol afforded the oxime XXI as yellow needles (0.36 g, 42%), m-p. 140- 
142°C. Anal.: Found: C, 78.2; H, 5.4; N, 10.7. C&H,,N,O &cd.:-C, 77.9; H, 
5.3; N, 10.7%. v,,: 325O(br) (O-H), 1620~ (C=N) cm-‘. 6(CDCl,): 7.1-7.6 
(m, 10 H, benzenoid H and O-H); 6.8 (m, 2 H, H(2) and H(5)); 6.1 (m, 2 H, 
H(3) .and H(4)). m/e 262 (2%, M’); 245 (lOO%, M*- OH), 244 (86%, M’- 
H,O), 230 (8%, M’ - Hz0 -N). 

F_ !+iJifh ethyl chloroformate. The reaction was effected as described above 
for benzoyl chloride_ 2’-Lithio-1-phenylpyrrole (III) (9.43 mmol) in dry THF 
(18 ml) was added to ethyl chloroformate (1.36 g, 12.5 mmol) in dry THF (15 
ml) and stirring was continued at -80°C for 1 h. The reaction solution was 
then poured onto civshed ice (150 g) containing dilute hydrochloric acid (30 
ml). Extraction with chloroform (2 x 50 ml) and evaporation gave a dark- 
coloured oil which w.as chromatographed on silica gel (120 g) using benzene as 
eluent. The ester Via was obtained as an orange oil (1.06 g, 52%) which was 
identical by IR, NMR and mass spectroscopy with an authentic sample of Via 
(b-p_ 121” C/O.5 mmHg) prepared according to the usual method ]2d] in 68% 
yield. Anal.: Found: C, 72.4; H, 6.1; N, 6.6. C,&I,,NO, calcd.: C, 72.6; H, 6.1; 
N, 6.5%. v,, (film): 1720s (C=O) cm-‘, 6(CDCl,): 7.2-7.9 (m, 4 H, ben-, 
zenoid H), 6.8 (m, 2 H, H(2) and H(5)), 6.3 ( m, 2 H, H(3) and H(4)); 4.2 (q, 
2 H, CO,CH,), 1.1 (t, 3 H, CH,). m/e 215 (57%, M+), 170 (21%, Me-COz), 
143 (lOO%, M+- CO&H,). 

G. With phenyl chloroformate. The reaction was carried out as described 
above for benzoyl chloride_ 2’-Lithio-1-phenylpyrrole (III) (g-63 mmol) in dry 
THF (35 ml) was added to phenyl chloroformate (2.06 g, 13.1 mmol) in dry 
THF (20 ml). After stirring at -80°C for 1 h and 0°C for 1 h the dark- 
coloured mixture was poured onto crushed ice (150 g) and extracted with chlo- 
roform (2 X 60 ml). After evaporation of the solvent the crude product was 
chromatographed on silica gel (220 g), elution being performed with benzene/ 
chloroform mixtures. The phenyl ester VIb was isolated as a brownish oil 
(0.48 g, 19%) which was not purified further. v,,: 1730 (C=O) cm-‘. 
G(CDC1,): 7-O-7.6 (m, 9 H, benzenoid H), 6.9.(m, 2 H, H(2) and H(5)), 6.3 
(m, 2 H, H(3) and H(4)), m/e 169 (91%, 1M’- C,H,O), 143 (25%, M+- 
CO&H& 77 (loo%, C,H,+). 

In addition, the ketone II was isolated in 6% yield (0.13 g). 
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