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Two routes for the preparation of 2,3disubstituted pyrroles have been 
explored. The first involves the directed palladation of a 2dimethylamino- 
methylpyrrole and the second the lithiation of a 2-oxazolinopyrrole. 

Introduction 

In general, electrophilic substitution of pyrrole and its l-substituted deriva- 
tives occurs predominantly at the 2-position [ 11. The reactivity of the fl-posi- 
tion in pyrrole can be enhanced by the presence of an electron-withdrawing 
group in the 2-position leading to substantial amounts of 2,4disubstituted 
products [ 2,3]. Furthermore, large alkyl groups on nitrogen sterically hinder 
attack of the electrophile at the cr-position, so that P-substitution can predomi- 
nate in some cases [4]. However, where a 2,3clisubstitution pattern has been 
sought, recourse has usually been made to synthesis of the pyrrole ring from 
acyclic precursors in which the desired groups or suitable equivalents are 
already present [ 53 _ The present study describes application of the directed 
metallation reaction towards the synthesis of 2,3disubstituted pyrroles since 
this substitution pattern is not readily available by existing methodology. 

Discussion 

Heterocyclic substrates with ortho directing substituents may undergo com- 

petitive 01- or o&o-lithiation depending on the choice of directing group and 
reaction conditions [6,7]. In general, however, most ortho directing groups are 
unable to compete with e-activation [ 63. In accord with this expectation, we 
have found that lithiation of Zdimethylaminomethyl-l-methylpyrrole (I) with 
n-butyllithium in the presence of N,N,N’,N’-tetramethylethylenediamine 
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from these reactions (eq. 3). 

0 / \ - /\ (il. (ii) 

N 0 S02Ph + 

S02Ph z 

(XIia) (XIIb) (xru) 

( I i 1 n-5uLi/T~EDn. (ii) D20) 

The formation of 2-benzenesulphonylpyole X may be rationalised through 
the reaction of the pyrryl anion XIV with a second molecule of l-benzene- 
sulphonyl pyrrole (eq. 4). 

Li 
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( (i) 1 -benzenesulphonyIpyrroIe ) 

(4) 

Lithiation of 2-benzenesulphonylpyrrole X then leads to the formation of 
2,3aibenzenesulphonylpyrrole XI. The 2-benzenesulphonyl group would be 
expected to inductively activate the adjacent 3-position in the pyrrole ring. An 
unexpected product XIIa or its positional isomer XIIb was also isolated in addi- 
tion to the previously reported side-product, 1 Jclibenzenesulphonylbutane 
XIII 1.91. Treatment of 1-benzenesulphonylpyrrole with n-butyllithium fol- 
lowed by quenching with benzophenone led to the isolation of the ldiphenyl- 
carbinol XV. 

C(OH)Ph2 

(XV) 

The ortho palladation reaction has provided a convenient route to selectively 
or&o&substituted aromatic compounds difficult to prepare by conventional 
methods [11,123. The l-benzenesulphonylpyrrole Mannich base VI was readily 
ortha palladated with lithium tetrachloropalladate. The palladium complex 
XVI gave the correct elemental analysis and the ‘H NMR spectrum of the com- 
pound revealed two doublets at 6 7.0 and 6.1 ppm (Jqa5 ca. 3.3 Hz). Carbonyl- 
ation of XVI with carbon monoxide in methanol [12a] gave an ester XVII in 
good yield (eq. 5). 

The ortho palladation of suitably substituted pyrroles is an unexplored area 
and the potential of this reaction is currently under investigation in these lab- 
oratories _ 
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(XVI) (xvrr 1 

( Ci 1 Li2PdC14. (ii) CO/CH30H ) 

The ortho hthiation of thiophen and pyridine nuclei has been successfully 
achieved with a 2oxazoIine substituent 17,133. Accordingly, 2-(I-phenyl-2- 
pyrrolyl)~xazoIine (XIX) was prepared from l-phenylpyrrole-2carboxyIic 
acid (XVIII) 1141 (eq. 6). 

(i),(ii),(i 1 

CH3 
:x1x1 

(6) 

((i) SOCI~, (ii) 2-amino-2-methylpropanol ) 

Treatment of the oxazohne XIX with n-butyhithium in ether or THF fol- 
lowed by reaction with several electrophiles gave a mixture of 3- and Ei-substi- 
tuted products (eq. 7). Results of these Iithiation reactions are summarised in 
Table 1. 

(7) 

(XX R = CH(OH)Ph; (XXII R = CH(OH) Ph ) 

XXI R = C(OH)Ph2) 

( (i) n-BuLi. (ii) PhCHO or Ph2C0 ) 

TABLE 1 

LITHIATION REACTIONS OF THE OXAZOLINE XIX 

SOlVt?Ilt Electrophik W Recovered 

OxazoIine 

9% Adducts 

3-isomer 5-isomer 

THF Benzaldehyde 33 32 5 

Et2 0 Benzeldehyde 52 39 11 
THF Brnzophenone a 51 22 - 

a The lithiating reagent was n-BuLi-TMEDA. 
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Lithiation of the oxazoline XIX followed by condensation with benzaldehyde 
gave mixtures of products with the desired isomer XX being favoured. The iso- 
mers XX and XXII were readily separated by column chromatography and 
fullycoupled 13C NMR spectra revealed ‘J(CH) values of 188 Hz (e-carbon) 
and 173/174 Hz @carbons) which supports the structural assignment ]15]. 

Removal of the oxazoline protecting-group was effected by conversion to 
the methyl iodide salt followed by basic hydrolysis with sodium hydroxide 
[ 16]_ In this way the oxazoline XIX was hydrolysed to the parent acid XVIII 
in moderate yield. Conversion of the benzophenone adduct XXI to the methyl 
iodide salt XXIII followed by basic hydrolysis gave an intermediate acid which 
cyclised spontaneously‘to the la&one XXIV during the isolation procedure 
(es. 8). 

Ph 

NaOH 

‘- - 
(8) 

CH3 

(XXIII) (XXIV) 

However, hydrolysis of the methiodide of the benzaldehyde adduct XX gave 
a product from which neither the pure acid nor the corresponding la&one 
could be isolated. 

Meyers has demonstrated that bromophenyloxazolines may be converted 
into the Grignard reagents with the carboxyl group safely protected [14] - It 
was anticipated that similar masking of the carboxyl group in the pyrrole XXV 
1171 followed by lithium-bromine exchange and reaction with a suitable elec- 
trophile might lead to selective substitution on the phenyl ring (eq. 9). 

(XXV) axv1) (XXVII) 

( (i) SOC12. (i i 1 2-amino-2-methylpropanol. (iii 1 n-BuLi ) 

However, the aryl lithium XXVII reacted intramolecularly, cleaving the car- 
bon-oxygen bond in the oxazoline ring (eq- 10). The cyclic imine XXVIII was 
formed even in the presence of an added electrophile such as benzaldehyde. 

H,O 
3 

(10) 

=H3 



i28 

Experimental 

All reactions involving organolithium reagents were performed under dry 
nitrogen in a two-necked, round-bottomed flask equipped with a magnetic 
stirrer, nitrogen inlet and rubber septum cap. Tetrahydrofuran was dried by 
distilling from sodium benzophenone ketyl. 

M-p’s were determined with a GaIIenkamp apparatus and are uncorrected. 
IR spectra were recorded on a Unicam SPZOO spectrometer for potassium 
bromide discs, unless otherwise specified. lH NMR spectra were recorded at 
60 MHz on a Perkin-Elmer R12B spectrometer unless stated otherwise, with 
tetrar ,Ilylsiiane as internal standard. f3C NMR spectra were recorded on a 
Brul--r WP 60 spectrometer operating at 15.08 MHz with wide band decou- 
pling unless otherwise specified. 

Mass spectra were recorded at 70 eV on an AEI MS 30 mass spectrometer. 
Column chromatography was carried out with Merck silica gel 60, particle size 
0_063+J_200 mm, 70-230 mesh ASTM, catalogue no. 7734. Preparative layer 
chromatography was performed with Schleicher and Schiill Kieselgel (F 1500 
LS 254)_ 

Lithiation of 2-dimethylaminomethyi-1-methylpyrrole (I) with the n-butyl- 
lithium/TMEDA complex 

The n-butyllithium/TMEDA complex was generated at 0°C by adding 
n-butyllithium (17.9 ml of a 1.57 M solution in hexane, 0.028 mol) to a solu- 
tion of TMEDA (3.3 g, 0.028 mol) in dry diethyl ether (7 ml). After stirring at 
O”C/lO min, the pyrrole I (3.5 g, 0.025 mol) [18] in dry diethyl ether (30 ml) 
was added and stirring continued at O”C/30 min and room temperature/3 h. 
The reaction was quenched with benzophenone (4.7 g, 0.026 mol) in diethyl 
ether (30 ml). The reaction was stirred at room temperature/l6 h, poured into 
water (150 ml) and the ether and water layers separated. The aqueous layer was 
extracted with diethyl ether (2 X 60 ml) and the ether extracts were combined, 
dried and evaporated giving the crude diphenylcarbinol III which crystallised 
from methanol/hexane as white needles (2.6 g, 32%), m-p. 155-156°C. Con- 
centration of the mother liquor gave further product (0.69 g) (total yield 41%). 
Anal. Found: C, 78.8; H, 7.6; N, 8.8; CZ1HZ4N20 &cd.: C, 78.8; H, 7.5; N, 
8.8%. IR: 3000br (O-H). 

‘H NMR (DMSOII,): 7.3(s, lOH, benzenoid H); 6.5(s, lH, O-H) exchange- 
able with D,O); 5.8(d, J,,, 4 Hz, lH, H(3)); 5.l(d, J3,4 4 Hz, lH, H(4)): 3.3(br, 
5H, methylene H and N(1)-CH3); Z.l(s, 6H, N(CH,),). 

x3C NMR (DMSO-&): 146.4,139.4,127.5,126.8(benzenoid C) 123.3(C(5)); 
lll.l,llO.3(C(3) and C(4)); 77_2(methyIene C); 50_6(N(l)<H,); 32.7 
(N(CH,)z)- 

m/e: 320(11%, M’), 276(100%, M’ - N(CH,),), 198(16%, M’ - N(CH,), - 
C6H6), 170(23%, iW+ - N(CH,), - PhCOH), 105(66%, &H&O*), 94(67%, 
M’ -NW%)2 - (C&&CO). 

2-DimethylaminomethyL-1-benzenedphonylpyrroIe (VI) 
A stirred mixture of 2-dimethylaminomethylpyrrole (10.2 g, 0.08 mol) 

[19], potassium (3.5 g, 0.09 mol) and dry THF (120 ml) was refluxed under 
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nitrogen until all the potassium had reacted (5 h). The suspension was cooled in 
an ice bath and benzenesulphonyl chloride (14.5 g, 0.08 mol) in dry THF 
(40 ml) was added dropwise over 30 min. The mixture was stirred overnight at 
room temperature, filtered and filtrate concentrated. The resultant reddish oil 
was chromatographed on silica gel using chloroform as eluent. The product 
(crude yield 81%) was recrystahised from hexane giving white needles (9.6 g, 
44%), m-p_ 67-68”C. R, 0.61 (methanol). Anal. Found: C, 59.1; H, 6.2; N, 
10.6; Ci3HZ6N2S02 c&d.: C, 59.1; H, 6.1; N, 10.6%. 

IR: 135Os, 1170s (S02-N). 
‘H NMR (CDCl,): 7.8-S.l(m, 2H, benzenoid H); 7.3-7_7(m, 4H, benzenoid 

H and H(5)); 6.2(m, 2H, H(3) and H(4); 3.5(s, 2H, methylene H); 1.9(s, 6H, 
N(CH3)2)- 

13C NMR (DMSOd,): 138.9 (quaternary benzenoid C); 133.7,128-g, 126.7 
(benzenoid C); 132_3(C(2)); 123_3(C(5)); 114_9(C(3)); lll_O(C(4)), 54.2 
(methylene C); 43.8(N(CH,),). 

m/e: 264(28%, M’), 220(84%, J4’ - N(CH,),), 141(77%, S02C6H5+j, 
123(33%, M’ - SO&H,), 77(100%, C6Hs+). 

Lithiation of 2-dimethylaminomethyl-1-benzenesulphonyl-pyrrole (VI) with 
the t-butyllithium/TMEDA complex 

The t-butyIIithium/TMEDA complex was formed at 0” C from t-butyhithium 
(12.6 ml of a 1.47 M solution in pentane, 18.6 mmol) and TMEDA (2.2 g, 
18.6 mmol) in dry THF (3 m!). After 15 min, a solution of the pyrrole VI 
(1.2 g, 4.6 mmol) in THF (30 ml) was added and stirring was continued at 
O”C/15 min and room temperature/3 h. The dark orange solution was cooled 
in ice and was quenched with D20 (3 ml). The mixture was stirred at room 
temperature/30 min, poured into water (50 ml), diluted with ether (50 ml) and 
the layers separated. The aqueous layer was extracted with ether (50 ml) and 
the combined ether extracts were dried and evaporated giving a brown oil 
(1.3 g)_ Chromatography on silica gel (40 g) using chloroform followed by 
methanol as eluent, gave the following components, listed in order of elution: 

(i) 2-Dimethylaminomethyl-l-benzenesuIphonylpyrrole_ Obtained in 34% 
yield (0.4 g). ‘H NMR integration indicated 11% deuterium incorporation_ 

(ii) 2-Dimethylaminomethyl-3-benzenesulphonylpyrrole (VIII). This cleavage 
product was obtained as a brown oil (0.1 g, ca. 11%) which resisted further 
purification. 

IR (film): 3400s (N-H), 136Os, 1180s (SO,-N) 
‘H NMR (CD30D/D20j: 7.4-8.1( m, 6H, benzenoid H and H(5)); 6.3 !d, 

J& 2.7 Hz, lH, H(4)); 3.7(s, 2H, methylene H); 1.2(s, 6H, N(CH,),). 
m/e: 264(3%, 1K’), 220(11%, M’ - N(CH,),), 141(37%, S02C6H5+), 123(27%, 

M+ - S02C6HS), 77(100%, C,H,+). 

Lithiation of l-benzenesulphonylpyrrole (IX) with the n-butyllithium/TlPlEDA 
complex 

The butyIIithium/TMEDA complex was formed at 0’ C by adding n-butyl- 
Lithium (1.2-2.5 molar excess) to a solution of TMEDA in THF (5 ml). The 
pyrrole IX (1.4-l .6 g, 7-8 mmol) [S] in THF (20-30 ml) was added to the 
butyIIithium/TMEDA complex and the reaction mixture was stirred at 0” C/ 
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m/e: 322(11%, M), 307(100%, M’ - CHx), 291(22%, M’ - OCHs), 
275(42%), 264(14%,M+ - CH,N(CHs),), 220(78%, M+ - CH,N(CH,), - COz), 
181(51%, M+ - S02C6H5), 137(27%, M+ - SO&H5 - CO*), 77(49%, C6Hs+). 

I-Phenylpyrrole-Z-carboxylic acid (XVIII) 
l-Phenyl-2-trifluoroacetylpyrrole [ 4] was hydrolysed by refluxing for 3 h 

with sodium hydroxide (10 fold molar excess) in aqueous ethanol (l/l) accord- 
ing to the procedure described by Sonnet [ 201. The solution was concentrated 
to approximately 50% volume and acidified with 5 M hydrochloric acid. Ex- 
traction was performed with ether, and the combined ether extracts were dried 
and evaporated giving a buffcoloured solid which was used without further 
purification. 

IR: 1660s (C=O). 

Z-(I-Phenyl-2-pyrrolyl)4,4-dimethyl-oxazoline (XIX) 
To a suspension of l-phenylpyrrole-2carboxylic acid (XVIII) (30.1 g, 0.16 

mol) in benzene (100 ml) was added over 15 mm a solution of thionyl chloride 
(192 g, 1.6 mol) in benzene (80 ml). The mixture was stirred at 75”C/45 min. 
Excess thionyl chloride and solvent was removed under reduced pressure giving 
the crude acid chloride as a brownish oil (y(C=O) 1730 cm-l). The acid chloride 
in dichloromethane (200 ml) was added dropwise to a stirred solution of 
2-amino-2-methyl-1-propanol(46.7 g, 0.52 mol) in dichloromethane (200 ml) 
at 0” C. The mixture was stirred at room temperature/2 h. The white precipitate 
was filtered and washed with dichloromethane. The filtrate was washed with 
water, dried and concentrated giving the crude amide (y(C=O) 1630 cm-‘). A 
stirred suspension of the amide in benzene (ZOO ml) was cooled in ice and 
thionyl chloride (67.0 g, 0.56 mol) in benzene (100 ml) was added dropwise. 
Stirring was continued at room temperature/l h. The mixture was concen- 
trated to one-third volume and the hydrochloride salt was neutrahsed with 1 n/l 
sodium hydroxide (500 mlj and extracted with ether (3 X 300 ml). The ether 
layer was dried and evaporated giving the oxazoline XIX as a pale yellow solid 
(35.8 g, 93% crude yield). Trituration with ether/hexane gave cbromatographi- 
cahy-pure yellow solid (26.6 g, 69%). AnaIyticaIIy-pure oxazohne XIX, m-p. 
87-90” C, was ob+&ed by recrystahisation from hexane. Anal. Found: C, 
74.9; H, 6-7; N, 11.6; C15H16N20 cakd.: C, 75.0, H, 6.7; N, 11.7%. 

IR: 1660s (C=N). 
‘H NMR (CDCls): 7.4(s, 5H, benzenoid H); 6.9(m, 2H, H(3) and H(5)); 

6.3(m, lH, H(4)); 3&s, 2H, methylene H); 1.2(s, 6H, 2 X CHs). 
13C NMR (CDC13)r 156_2(C=N); 140_7(quaternacy benzenoid C); 128.5, 

127.1,125.6 (benzenoid C and C(5)); 121_7(C(2)); 116_1(C(3)); 109_3(C(4)); 
78.4(CH,); 67.3(C(CH3),); 28.0(CH3). 

m/e: 240(41%, M’), 239(67%, M’ -l), 225(100%, M’ - CH3), 197(37%, 
M+ - C(CH,), - H), 168(24%, M+ - C,H,O), 154(43%, M+ - C,H,NO), 
115(27%, k?+ - CSHsNO - HCN), 77(43%, C6H5+). 

Lithiation of the oxazoline (XIX) (Table 1) 
To a solution of the oxazoline (XIX) (0.96-1.2 g, 4-5 mmol) in ether or 

THF (30 ml) cooled to 0°C was added n-butyllithium (10% molar excess) in 
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hexane. After stirring at O”C/3 h, the reaction was quenched with the appropri- 
ate electrophfie and finally poured into water (80 ml) and extracted with 
diethyl ether (2 X 80 ml). The ether extracts were combined, dried and evap- 
orated_ The reaction mixture was further purified as described below. 

(a) Quenched with benzaldehyde. The reaction was quenched with benzal- 
dehyde (0.5-1.0 g) (20% molar excess) in ether or THF (15 ml) and stirred at 
room temperature/l .5 h. The mixture was then treated as described above un- 
der the general procedure_ The crude products were separated by chromatog- 
raphy on silica gel (120 g), elution being performed with dichloromethane/ 
ethyl acetate 9/l. The following products were obtained: 

(i) 3-isomer (XX)_ Obtained in 32-39s yield (0.5-0.6 g)_ Recrystallisation 
from hexane gave white prisms, m-p. 97-100°C. Anal. Found: C, 76.0; H. 6.5; 
N, 8.0; CZ2HZ2N202 calcd.: C, 76.3; H, 6.4; N, 8.1%. 

IR (film): 3200s (O-H), 1640s (C=N). 
‘H NMR (CDC13): 7.3( m, lOH, benzenoid H); 6_7(d, J4,, 3 Hz, lH, H(5)); 

6.3(s, lH, O-H, exchangeable with D,O); 5_9(d, Jqs5 3 Hz, lH, H(4)); 5.7(s, 
lH, PhCH-); 3.6(s, 2H, methylene H); 1.2(s, 3H, CH,); l.O(s, 3H, CH,)_ 

13C NMR (CDC13): 153_O(C=N); 143.5,140.7,136.8(quaternary benzenoid 
C and C(2)/C(3)); 128.6,127.8,127.4,126.7,125.2(benzenoid C); 

125_8(C(5)); 118_3(C(2)/C(3)); 110.7(C(4)); 79.2(CH,); 69_5(CH(OH)); 
66.4(C(CH3)z); 28.2, 27.7(CH3). 

A fully-coupled spectrum of XX gave the following ‘J(CH) values: ‘J(C,H) 
188, ‘J(C,H) 174 Hz. 

m/e: 346(49%, M’), 328(54%, M’ - H?O), 315(29%, BI* - (CH,), -H), 
274(32%, M’ - C,H,O), 240(41%, M’ - C6H&O), 197(38%, &I’ - C6H5 - 
C4H80), 105( 51%, CSH&O+), 93( 59%), 77( loo%, C6H,‘). 

(ii) Sisomer (XXII). Isolated as an orange oil (150-300 mg, 5-1170) which 
was further purified by preparative layer chromatography using dichloro- 
methane/ethyl acetate 9/l as eluent. The product failed to give a satisfactory 
elemental analysis. 

IR (film): 1650s (C=N). 
‘H NMR (CDC13): 7.3( m, lOH, benzenoid H); 6.8(d, J3S4 4 Hz, lH, H(3)); 

6.l(d, J3,4 4 Hz, lH, H(4)); 5.4(s, lH, PhCH-); 3_6(s, 2H, methylene H); l.O(s, 
6H, 2 X CH3). 

13C NMR (CDCL,): 156_5(C=N); 142_4,141_2,138_7(quaternary benzenoid 
C and C(2)/C(5)); 128.4; 128.2; 128.0; 127.3,126.7(benzenoid C); 123_1(C(2)/ 
C(5)); l-14.5(C(3)); 108.5(C(4)); 78.4(CH,); 68.7(CH(OH)); 66.8(C(CH3)2); 
27_8(CH3)_ 

From a fully coupled spectrum of XXII the following ‘J(CH) values were 
obtained: ‘J(C,H) 174; ‘J(GH) 173 Hz. 

m/e: 346(52%, M’), 331(100%, M’ - CH3), 315(14%, M’ - (CH,), - H), 
241(21%, M’ - &H&O), 105(35%, &H&O+), 77(54%, C,H,+). 

(5) Quenched with benzophenone. The reaction was quenched with benzo- 
phenone (10% molar excess) (1.0 g, 5.8 mmol) in THF (20 ml) and stirred at 
room temperature/22 h. The mixture was then treated as described above 
under the general procedure. The reaction mixture was cbromatographed on 
silica gel (130 g) using dichloromethane/ethyl acetate 9/l as eluent. The follow- 
ing product was isolated: 
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3-isomer (XXI). Obtained in 22% yield (0.50 g) and recrystahised from 
diethyi ether giving white prisms, m.p. 18’7-190°C. Anal. Found: C, 79.6; H, 
6.2; N, 6.5; CZ~H~~N~O~ &cd.: C, 79.6; H, 6.2; N, 6.6%. 

IR: 1640s (C=N)_ 
‘H NMR (CD&): 8.6(s, lH, O-H, exchangeable with D,O); 7.3 (m, 15H, 

benzenoid H); 6.7(d,J,,s 2.7 Hz, lH, H(5)); 5_5(d, J4,5 2.7 Hz, lH, H(4); 3.5(s, 
2H, methylene H); 1.2(s, 6H, 2 X CHs). 

13C NMR (CD&): 157_7(C=N); 148.0,140.7,140.2 (quaternary benzenoid 
C and C(2)/C(3); 128_7,128_2,127_6,127_4,126_5,124_6,124_4(benzenoid C, 
C(2)/C(3) and C(5)); 112_6(C(4)); 78_9(CH,); 77_6(C(OH)); 66_2(C(CH,),); 
27.0(CH3). 

m/e: 422(95%, M’), 345(60%, M’ - CbHS), 273(81%, M’ - CsHs - C.,HsO), 
195(37%, M’ - 2 X C6H5 - H - C,HsO), 105(100%, &H&O+), 77(83%, 
C,H,‘)- 

Hydrolysis of the benzophenone adduct (XXI) 
The methyl iodide salt XXIII was prepared by heating a solution of XXI 

(0.42 g, 0.99 mmol) and methyl iodide (1.14 g, 8.0 mmol) in nitromethane 
(4 ml) under nitrogen at 7O”C/20 h. Removal of the solvent gave an oil which 
dissolved in acetonitrile and was precipitated with diethyl ether_ The resultant 
yellow solid was filtered giving the methyl iodide salt XXIII (0.12 g), m-p. 
190°C (dec.), y(C=N)1660 cm-*. The filtrate contained a substantial amount of 
unreacted oxazoline and was subjected to further treatment with methyl 
iodide, as described above_ The methyl iodide salt obtained from the second 
treatment failed to solidify and was used without further purification. The 
methyl iodide salt XXIII was hydrolysed with excess sodium hydroxide in 
ethanol/water 2/l at 70-SO”C/1.5 h_ The solvent was removed, and the residue 
was dissolved in water (50 ml) and extracted with diethyl ether (2 X 50 ml). 
The aqueous phase was acidified with dilute hydrochloric acid and extracted 
with diethyl ether (2 X 50 ml). The ether extracts were combined, dried and 
evaporated giving a white solid (79 mg, 29%), m-p. 170-172”C, identified as 
the lactone. Anal_ Found: C, 81.5; H, 5.0; N, 4.0; G4H1,N02 &cd.: C, 82.0; 
H, 4.8; N, 4.0%. 

IR: 1760s (C=O). 
‘H NMR (CDC13): 7.2-7.8( m, 16H, benzenoid H and H(5)); 6.5 (d, JqW5 2.8 

Hz, lH, H(4)). 
m/e: 307(98%, M’. - CO,), 230 (27%, M’ - CO, - CsHs), 77(100%, C6H5+)_ 

2-[1-(2’-Bromophenyl)-2-py~olyI]-4,4-dimethyloxazoline (XXVI) 
The oxazoline XXVI was prepared from 1-(2’-bromophenyl)pyrrole-2- 

carboxylic acid XXV (49.3 g, 0.18 mo1) [ 171 according to the method described 
above for the oxazohne XIX. The product XXVI was obtained as a darkly- 
coloured solid (57.2 g, 97%). RecrystaIIisation from pentane afforded an off- 
white solid (41-O g, 69%), m-p_ 59-64”C. Anal. Found: C, 56.6; H, 4.7; N, 9.0; 
Ci5Hi5BrN20 calcd.: C, 56.4; H, 4.7; N,8.8%. 

IR (film): 1660s (C=N). 
‘H NMR (CDCl& 7.3~7.8( m, 4H, benzenoid H); 7_O(dd, Jas4 4H2, Jsu5 2 Hz, 

lH, H(3)); 6.8(dd, Js.5 2 Hz, JGs5 3.3 Hz, lH, H(5)); 6.3(dd, Jss4 4 Hz, J4,5 3.3 
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Hz, lH, H(4)); 3.8(s, 2H, methylene H); l.l(s, 6H, 2 X CH3). 
m/e: 318(5%, fi1’[79Br]), 303(19%, M’[“Br] - CH3), 275(11%, M’[79Br] - 

C(CH& -H), 239(100%, M’ - Br), 197(11%, M’ - Br - C(CH3)2), 168(21%, 
M’ - Br - C,H70). 

Lithiation of the bromo oxazoline (XXVI) with n-butyllithium 
To a solution of the bromo oxazoline XXVI (1.2 g, 3.9 mmol) in THF (30 

ml) cooled to -8O”C, was added n-butyllithium (2.84 ml of a 1.64 M solution 
in hexane). The anion solution was stirred at --8O”C/3.5 h and then at room 
temperature/21 h. The reaction was quenched by pouring into water (60 ml) 
and extracted with diethyl ether (2 X 50 ml). The ether extracts were com- 
bined, dried and evaporated giving a reddish solid. Trituration of the crude 
product with diethyl ether gave the cyclic imine XXVIII as a yellowish solid 
(0.54 g, 58%) and chromatography of the supematant liquid on silica gel (20 g) 
with dichloromethane/ethyl acetate 9/l gave further product (0.29 g, 32%). 
Sublimation at 12O”C/l mmHg gave analytically pure imine (0.59 g, 63%), m-p. 
136-138°C. Anal. Found: C, 74.6; H, 6.8; N, 11.7; ClsH16N20 calcd.: C, 75.0; 
H, 6.7; N, 11.7%. 

IR: 3300s (O-H), 1620s (C=N). 
‘H NMR (CD&): 6.9-7.8(m, 5H, benzenoid H and H(3)); 6.6(dd: J1,2 3.8 

Hz, J1,3 0.9 Hz, IH, H(1)); 6.3(dd, Jlq2 3.8 Hz, J2,3 2.6 Hz, lH, H(2)); 3.6(s, 
2H, methylene H); 1_4(s, 6H, 2 X CHB). 

13C NMR (CDCl,): 151.0 (C=N); 140.6,133.8(quaternary benzenoid C); 
130.8,127.8,124.5,122.9(benzenoid C and C(9a)); 115_O(C(3)); 114_6(C(l)); 
109_3(C(2)); 73.4(CH2); 58.6(C(CH3)2); 19.4(CH3). 

m/e: 240(1%, M’), 209(100%, M’ -- 2 X CH, - H), 167(45%, m - CdHgO), 
153(28%, M’ - C4H9NO). 
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