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ABSTRACT: 3l-Pyrrole-3-carboxylic esters (4J have been prepared, in some cases 
together with isomers (5J and (9 having exocyclic double bonds, by cyclization of 
suitably substituted 2-ethoxycarbonyl-1,4-diketones (JJ with liquid ammonia, 
followed by dehydration of the isolable 2-hydroxy-3,4-dihydro-28-pyrrole 
intermediates (2) and (3) with aluminia in boiling solvents. Prolonged heating in 
toluene or R-x3ene co%erts the 3H-pyrroles (4) quantitatively into isomeric 4- 
esters (11) and E-esters (13) of l&-pyrroles-& competitive [1,5]sigmatropic 
rearrangexnts. Isolable amermediate 28-pyrrole-2-carboxylic esters (J2J are 
converted similarly into the same products, under the same conditions. Detection 
of 3H-pyrroles (4) as intermediates in the latter reaction demonstrates for the 
first time thr reversibility of the thernal %E-pyrrole to 3H-pyrrole 
interconversion. 

INTRODUCTION 

As an extension to our recently-reported synthesis of 3H-pyrroles via the Paal-Knorr 

reaction,l we were interested in preparing examples having an ester group at C-3. Besides 

being a novel class of 38-pyrrole, these conpounds might undergo competitive thermal 

[1,5]sigmatropic rearrangements to isomeric l&-pyrroles in a fashion analogous to the van 

Alphen-Butte1 rearranqements of 3&-pyrazoles.5 Thermal [1,5]sigmatropic rearrangements of 

2&-pyrroles to give ultinately 18-pyrroles have been well documented, and sometimes pass 

through (unobserved) 3H-pyrrole intermediates;6 likewise, during Diels-Alder cycloadditions, 

the 3B-isomers appear to exist in undetectably low concentrations in equilibrium with 2&- 

pyrroles.‘l In contrast, all known rearrangements starting from 3&-pyrroles have been 

reported to proceed by ionic mechanisms. Thus, IlcEwen and co-workers rationalised the 

observed Is-pyrrole products from the rearrangement of 2,3,3,5-tetra-aryl 3H-pyrroles in 

strong acid, or on fusion with potassium hydroxide, in terms of cationic or anionic 

intermediates, 8 while Kong and co-workers showed by kinetics studies that the conversion of 

2,3,3,4,5-penta-alkyl 38-pyrroles into the 2B-isomers was irreversible, and proceeded via an 

acid-catalysed Wagner-Heerwein type mechanism.’ 

We now report the preparation of a series of 3-ethoxycarbonyl-3B-pyrroles, and a study 

of their thermal rearrangements. 

RESULTS AND DISCUSSION 

Prenaration of 38-Pvrroles. - A general route for the preparation of the desired 3-ethoxy- 

carbonyl-3K-pyrroles (4J is shown in scheme 1. The diketo-esters (z)-(G) were prepared by 

first alkylating a B-keto-ester (7_) (Scheme 2) with the appropriate haloketone (8) in the 

presence of potassium carbonate and potassium iodide in acetone” to give the diketo-esters 
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(9), which were further reacted with sodium hydride in dimethyl sulfoxide (DUO) followed by 

methyl iodide to yield the products (1). Formation of compounds (2) (29-79%) by this method 

was more convenient than by that using sodium ethoxide in ethanol;l’ it was also 

reqioselective, as was the second alkylation to give the diketo-esters (G)-(g). However, 

for alkylation of compounds (9) having R3 f 8, both C- and &-methylated products were 

isolated, the former predominating as a nixture of diastereomers. Attempts to methylate the 

1-tert-butyl compound (2) under the same conditions led not to the product (lj), but rather 

to the rearranged isomer (le), formed presumably via a homo-enolate type mechanism analogous 

to that studied by Yates. 7-z Compound (lj) was subsequently prepared by alkylating the B- 

keto-ester (7~) sequentially with 3-bromopropyne and methyl iodide, followed by mercury(II) 
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catalysed hydration13 of the triple bond. Alkylation of diethyl 3-methyl-2-oxobutanedioate 

with the broaoketone (2) gave the diketo-diester (Ik) together with 30% of the &- 

phenacylisoner, while compounds (2) and (2) were prepared from ethyl 2- 

oxocyclohexanecarboxylate respectively by alkylation with 3-bromopropyne followed by 

nercury(I1) hydration,13 and by alkylation with the bromoketone (2). Physical, analytical, 

IR, and 1E NNR spectroscopic data for the diketo-esters !l_), most of which are novel, are 

given in Table 1. 

Previous experience had shown that, for 1,4-diketones (lJ having the ester group 

replaced by alkyl or pheny14 or by an acyl group forming with R’CO a cyclic 1,3-diketone 

moiety,14 reaction vith liquid ammonia gave mixed regioisomeric 2-hydroxy-3,4-dihydro-2B- 

pyrroles (hydroxypyrrolines). Bowever, for analoques having an acetyl or benzoyl group in 

place of the ester, fragmentation occurred to give simpler 1,4-diketones together with 

acetanide or benzamide. 15 The diketoesters (1) proved to be intermediate in behaviour. 

Reaction overnight with liquid ammonia4 gave high yields of mixed diastereomers of the 

regioisoneric hydroxypyrrolines (2) and (2 from examples (s), (E), (IL), (ll$-(G)! ($_)I 

and (z), while benzanide was formed from (s), (Id), and (rtf), trimethylacetanide from (g), 

and the half ester - half amide of oxalic acid fron (2). 

2,2-Dialkyl-1,4-diketones have been cyclized successfully to hydroxypyrrolines using 

ammonium acetate in acetic acid,16 although we have found that this method can lead directly 
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Table 1. Physical, analytical, IR, and ‘E NMR spectroscopic data for the diketo-esters (2. 
NHM 

Found, (I 
Conpound Y ielda B.p./nuEq (Required 1 vczo (cm-l) iE (CDC13) 

(Formula) (1) or m.p. (OC) C B (Film) 

(la) 
(c10a1604) 

(lb) 
(C1sE1a04) 

(1c) 
(C15E1a04) 

(ld) 
(c20E2004) 

(le) 
(‘13’22’4) 

(lf) 
(C18H2402) 

(li) 
(c16E2004) 

(lj) 
(C13E2204 

(lk) 
(c17E2006) 

(11) 
(C13H2004) 

(1s) 
(C18E2204) 

34 7410.5 

49 

78 118-120 
/0.05 

68 66-67’ 

79 

a4 

63-65 
/0.02 

120/0.07 

56d 

48f- 

49% 

a5 

45F 

a1 

60 

!L 

b 

LL 

b 

h 

75-80. 
IO.021 

92-93k- 

59.9 a.3 1740 and 1128 
(60.0 8.05) 

68.7 7.15 1740 1720 
(68.7 6.9) and i693 

68.9 6.65 1743 1726 
(68.7 6.9) and 1690 

73.9 6.25 1740 and 1685 
(74.05 6.2) 

1735 and 1705 

(:!:i: ;::5) and 1735 1685 1705 

61.8 
(61.65 !::5) 

1732 and 1713 

1732 1720 
and 1708 

69.7 1736 1712 
(69.55 :::) and id82 

64.55 9.2 1720 and 1690 
(64.45 9.15) 

63.8 1757 1730 
(63.75 “6% and 1685 

1735 1726 
and f710 

1716 and 1680 

a From immediate precursor. 
ethanol; IR 

h Oil;&purified by column chromatography (SiO,). ’ eFrO;i;z; 
spectrum in Nujol. &-Nethylated isomer (9%) also formed. 

diastereoaers; major isonerhfirst. f. O_-Hethylated isomer (6%) also formed. 1 &-Eethylated 

isomer (10%) also formed. - Einor diastereomer 
L Q-Pbenacyl isomer (10%) also formed. 
IR spectrua in Wujol. 
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to 38-pyrroles, or to isomeric 2B-pyrroles by rearrangesent. Again, the diketoesters (3 

proved to be intermediate in behaviour, giving bydroxypyrrolines (L) and (A) in some cases, 

and in others 3E-pyrroles (4) alone, or in admixture with compounds (2_) and (A). Results for 

both synthetic methods are suanarized in Table 2. Where hydroxypyrrolines were isolated, the 

Table 2. Products from the reaction of diketoesters (1) with liquid ammonia, or ammonium 
- 

acetate and acetic acid. 

Compound Conditions& 

Product ratioh 

(2 : (2 : ‘2 

(2) A 

(2) A 

(21 A 
B 

(2) A 
B 

(2) A 

(S) 
; 

(2) A 

(2) A 

(2) A 

(2) 
; 

CC! A 
B 

(2) A 

(12) A 

a A: Liquid NE3, 16 h; 

3 1 

1 3 

0 0 
3 7 0 

i 
0 
0 1 

7 3 

i 00 1 

c 

c 
c 

; 1; 1 

1; 0 
0 1 

19 1 

19 1 

Other products 

PhCONE2 

PhCONE2 

PhCONH2 

But CONB2 

Et02CCONB2 

B: AcONE.~, AcOH, 60-70°C, 16 Eh. h Determined fron ‘II NHR 
(3) as mixed diastereomers. Complex mixture of isomeric 

,1\- 
integrals: isomers (2J and 
hydroxypyrrolines (k) and ‘2,. 

major regioisomer was the thermodynamically more stable one. Mixed diastereomers were 

observed in all cases, except for examples (2) and (%), where presumably only the isomers 

vitb u-fused rings were formed. In most cases the najor regioisoaer could be obtained pure 

by recrystallisation, and could be distinguished by the coupling constant for the IH NKR AB 

quartet corresponding to the ring methylene group: J Q.. 17 Ez for isomers (2) and ~a. 14 Rz 
+%.. 

for isomers (L). nixed diastereoners could not be separated. 

Host hydroxypyrrolines tiere dehydrated successfully using basic alumina in refluxing 

dichloromethane, as described previously.4 3K-Pyrroles (4J were formed as the major products, 

together with exocyclic isomers (5J and/or (2 i.here substituents RI and R4 bore an a- 

hydrogen atom (R5 = R1 - CE2; R6 = R4 - CE2). However, the mixed isomers (2) and (z) 

required prolonged refluxing in the hiqber-boiling benzene: and the regioisoaer (2) gave the 

mixed isomers (2) and (6j) only on refluxing with acidic alumina in toluene for 24 h, or 
- 
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formed the de-m-butyl-lH-pyrrole (lOa) on heating with ammonium acetate in acetic acid. 

The hydroxypyrroline (2k) on pralonqedhc;;eating with ammonium acetate in acetic acid yielded a 

small amount of the 3Tpyrrole (G) together with the l&-pyrroles (2) and (Ilk), or on 

refluxinq with acidic alumina in toluene for 48 h, gave a mixture of the three isxers (z), 

(s), and the 2&-pyrrole (E). The isomers (Ilk) and (12) must arise from miqrations of 

the 3-ester group during the reaction. DetailsTisoaer distributions are given in Table 3. 

Me 

‘fi’ R = Me 
(z' R=Ph 

Table 3. Products from the dehydration of hydroxypyrrolines (2J and (3_). 

Product ratiob 

Compounds Conditions& (3 : (2 : ifJ 

C 50 45 5 

C 60 40 

D 15 25 

C 70 30 

C 98 2 0 

C 33 0 67 

C 98 2 

C,D,R c 

E c 

C 10 90 0 

C 70 30 

a C: Basic A1203, CH Cl 
AcOE, 60-70°C , 

12 f. 2, Leeflux, 24 h; D: Basic A1203, PhB, Lre;;;xte;8_ h; E: AcONH4, 
DetermIned from H NNR integrals. 

In contrast with 3H-pyrroles bearing only alkyl or aryl substituents,4 the 3- 

ethoxycarbonyl compounds (4J could generally be separated from the exocyclic isomers (2 and 

(6) by AYJI& passage throuqh a neutral alumina column using petroleum ether/diethyl ether as 

eluent: exceptions were compounds (2) and (2). Prolonged residence on the column resulted 

in loss of the 3-ester group, or hydration of the ring. 3H-Pyrroles prepared directly from 

the diketoesters (1) were likewise purified by column chromatography, or by pH partition. 

Exocyclic isomers (2) and (6_) could not be obtained pure, but xere readily identified from 

‘E NNR signals in the 4-6 p,p.m. range. ‘II and r3C NHR spectroscopic data for 38-pyrroles 
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Table 4. 
- 

‘E and 13C NHR spectroscopic data (6; CDC13) for 38-pyrroles (4). 

Comp’d +i 6C 

13.92 
122.7 
128.6 
155.7 

13.87 

“k2;1 
1 67:9 

l.O6(3H t 
2q 1 

6.48 
8. 14H,m) 

4i) 
CII 

4j) 

43 2 1 
81.36 

33.26 

34 
s,c-2 

6 
1 

1.7-1.8 4E,0 
m), 4.19 28,q I 

1.70(3B,S 

7”“54 
8, 6.58’ 

.0(2E,rn) 

17.44 
125.73 

6 
% 

29.14 ) 
I 168. 2( 

( 4&) 

(fi) 

(4n) 

a 4JNe .3 Ez. b Inseparable mixture vith exocyclic isomer. c 5JEE 0.9 Hz. 

are in Table 4, and physical, UV, IR, and mass spectroscopic data for those obtained largely 

free from isomers are in Table 5. In most cases it proved impossible to remove all traces of 

impurities; only tvo examples vere obtained analytically pure. 

An attempt to characterize the 3B-pyrrole (4d) as a salt by treating vith fluoroboric 

acid in diethyl ether led instead to the salt of the isoleric 2H-pyrrole (12d) by 
.-.PX 
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Table 5. Physical, 
- 

UV, IR, and mass spectroscopic data for 38-pyrroles N. 

Yield& W.p. uv (95% EtOH) IR (Film) 

Comp’d (%) (OC) x sax./au (log E, vsax./cl-l K+ 

12 

33 

55 

64 

41 

20 

32 

8 

11 

14 

36 

Oil 

Oil 

?O-7lC 

Oil 

Oil 

Oil 

Oil 

Oil 

Oil 

Oil 

Oil 

1735vs, 1628~ 1583w, 1228s, 1176s, 
1086s, and 1061s 

181 

214(4.00), 300(4.00) 1735vs, 1623~ 1545u, 1528n, 122Os, 
1078s, 9901, /58a, and 668s 

243 

218 
321 

215 

225 

257 

245 

253(4.57) 1727vs, 15891, 1556v, 1528~,~122O~s, 305 
1079s, lOOOn, 756x1, and 665s 

4.08), 300(4.02) 1728vs, 16041, 1535m, 1234vs, 1102s, 285 
10241, 788a, and 698s 

1730~s 165Ov, 15891, 124Os, 1109s, 
and 10/5a 

195 

1727~s 1647v, 158On, 1239vs, 1107s, 
and 1015m 

221 

4.10), 275(3.69) 173Ovs, 1618w, 16001, 1491v, 1223vs, 257 
llOSs, 10221, 777s, and 700s 

3.38) 1730~s 1631n, 1550m, 1231s, llOls, 
and 10178 

223 

4.39), 308(3.41) 1741~s 172Ovs, 1611w, 1598m 
1233~s: 108Ovs, 766s, and 706s 

1573x1, 301 

1726vs, 1657a, 1234s, 1158s, and 207 
102711 

1726vs, 16021, 1572w, 1221s, 1091x+, 269 
1025m, 76Os, and 698s 

a Isolated, pure ppduct. 
8, 6.25: N, 4.6%. 

b Found: C, 78.7i 8, 6.45; W, 4.55. C20E1yU~2 requires C, 78.65; 
From light petroleum. - IR spectrum in Nu]ol. Found: C, 76.05; 

B, 8.15; N, 4.75. C18E23N02 requires C, 75.75; E, 8.1; N, 4.9%. 

rearrangerent. 3H-pyrrole-3-carboxylic esters appear to rearrange more readily in this 

fashion under acid catalysis than do analogues having only alkyl or aryl substituents at 

c-3.4 

Thermal Rearranaeuents of 3E-Pvrroles. - To eliminate possible ionic pathways for 

rearrangement, 38-pyrroles were heated either in solvents of low polarity, or vithout 

solvent. Reaction of the nixture of isomers (s), (5~), and (E) in refluxinq dry e-xylene 

under nitroqen for 48 h qave essentially quantitatively a mixture of only two products, which 

were shovn from spectroscopic data to be the IL-pyrrole isomers (1s) and (12) in a ratio of 

8:5 (Scheme 3). The same nixture vas formed after 120 h in refluxinq toluene. Other 3a- 

pyrroles, or their aixtures vitb exocyclic isomers, rearranged similarly; results are 

A 
(4) - (5) * ‘VI- CCI (61 - LI 

(11) $l3_l 

SCHEME 3 
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Table 6. 
- 

Thermal rearrangenent of 38-pyrroles (4J and isomers (5J and (6). 
h 

Product ratiob 

3H-Pyrrole Isomers Conditions& Tine/h 

1: 
II 

II 

1: 
II 

II 

III 

III 

II 

I 

I 

II 

120 
48 

96 3 : 

24 17 : 

24 0 : 

24 0 : 

48 0 : 

a2 3 : 

72 c 
69 23 : 

55 
1 

1 

: 

2 

3 

1 

1 

1 

1 

2 

h 1 q reflux in dry toluene, under W2; II = 
III = heat in absence of solvent at 140°C, under N2. 

fleflux in dry p-xyiene under N2; 

L Complex mixture of products, 
From integrals of I-l WNR spectra. 

including a small amount of 18-pyrrole (QJ). 

summarized in Table 6. The ll-pyrroles were separated readily by column chromatography (Si02; 

eluent light petroleum/diethyl ether), the isoaers being easily distinguished from IR and 13C 

NhR spectra: for (s), veax. m 3300(NB) and 1670 cm-’ (C=O), 6C ~a. 166 (C--O); and for 

(g), “uax. m. 1740 cm-1 (C=O), 6c ~a. 152 (C=O). The major isoners (11) were solids, being 

readily purified for microanalysis. However, the minor isoaers (2) we; obtained as oils in 

only milligram quantities; they are thus characterised by spectroscopic data. ‘ll and 13C NNR 

spectroscopic data a ‘e in Table 7. 

Table 7. ‘E and 13C NHR spectroscopic data (6; CDC13) for the ll-pyrroles (2) and (l3_). 

Comp’d 68 

(fi) 

(El 

(1lC) ira~llf::I: “il~5”~l:4~5~;:P13~r~~, 

I 

(lld) 
::.!36!:86; iOE,a), 8[3 (IR,br) t 

2.41(38 s 1 4.16(2R,n) 
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Table 7. (cont’d) 
- 

Comp’d 

(llf) 

(Ilk) 

(111) 

(13a) 

(13b) 

(13c) 

(fi) 

(13S) 
- 

(13f) 

(139) 

(13h) 

(G) 

1.38 3u,t , 1.48 
4.31 28,q , 7.24 

b ’ (la, r) 

, 1.73 
, 4.24 

48,M 
2E,¶ 

x h,m), 9.‘f7 1 
2.60(38 s), 

, 1.75 48,rn 

l9lii7 2,ffq 6 

, 2.48 5H,s+m), 
, 7.96 lE,br) I 

2.46(2B m), 
: 7.21-1.49 

2.36(38 s) 
: 7.18-7.55 

0.78 3B,t 
3.94 2u,q I 
(51,6) 

1.37 38,t 
4.34 28,q I 

9B,S 
if 

2.00(3H s), 
lE,S I 7.21-7.40 

1.87(6B,s), 2.30(68,s), 

)yt ;yi; 6 

1.86 3H,S 
4.00 28,q I 

’ 

1.95(38 s), 
: 7.20-1.40 
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Tw. (cont’d) 

Comp’d 6Il 6C 

Several observations can be made. First, with the exception of compounds (2)-(G), 

where R3 # B, products from ester-migration to both C-4 and N are formed. This is the first 

time that competitive rearranqements of this type, common among 3L-pyrazoles,5 have been 

observed with 38-pyrroles. Second, where R3 = 8, migrations to C-4 to qive the C-ester (11) 

are uniformly favoured over those that give the L-ester (g), the weiqhtinq being enhanced?y 

bulky substituents, particularly at C-2, and less so at 

accuracy of the ‘H NWR integrals, the product ratio appears 

and fourth, the thermal equilibrium between 38-pyrroles 

again l7 demonstrated by the quantitative conversion of the 

to the products (tit, and (2). 

c-5. Third, within the limited 

to be independent of temperature; 

and their exocyclic isomers is 

mixtures of (4J with (5J and (6J 

When reactions were stopped after ~a. one third of the time shown in Table 6, additional 

‘E NRR peaks corresponding to the 2H-pyrrole isomers (2) were frequently observed; notably, 

for R2 = We and R3 = 8, a doublet and a quartet were seen in the ranqes 6 2.0-2.2 and 6.0-6.7 

respectively, with 4&e 1.3 Ez. Some 2g-pyrroles were separated successfully fron III-isomers 

by pH partition, or by column chroaatoqraphy, while others were present in too small amounts 

to be isolated. None was obtained analytically pure; however, their structures were 

confirmed spectroscopically. ‘El and 13C NHR spectroscopic data for the 2H-pyrroles (2) are 

in Table 8. 

Thermolysis of the pure 2H-pyrroles (E) and (2) in refluxinq R-xylene also qave 

mixtures of the corresponding isomeric 18-pyrroles (11) and (13) in essentially the same 

ratios as in Table 6. This demonstrates conclusively the intermediacy of the 21-pyrroles in 

the transformation of the 3H-pyrroles (4J into the 18-isomers (g), and suqqests that the 

interconversion of the 2%- and 38-pyrrole isomers is reversible under the reaction 

conditions. Proof for the latter was obtained from nonitorinq the thermolysis of Zfl-pyrrole 

(12b) in refluxinq toluene by ‘E NHR. After 2 h, peaks due 

[r6,41(s)] and the exocyclic isomer (2) [6W 

to the 3&-pyrrole (2) 

5.01 and 5.45(2s)] were observable in addition 

to those for the 2H-pyrrole. These remained in roughly the same relative amounts as peaks 

due to the 18-pyrrole isomers (2) [6R 8.14(s,br)] and (zb) [6R 6.02(s)] appeared and grew 

in intensity. After 120 h, only the lg-pyrroles (tlb) and (13b) were present. 
- - 
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Table 8. ‘E and 13C WIIR spectroscopic data (6: CDC13) for the 28-pyrroles (12). 
- 

Comp’d 6% 6C 

(12a) 

(2) 

(12f) 

(129) 
- 

(12h) 

(2, 

1.18 
2.02 

I 3n,t 
38,d 

1.22 
1.89 I 

3n,t 

2.65 
38,t 
28,~ 

, 1.24 9B,s 
, 4.09 28,q 1 

, 1.48 
, 6.21 

, 1.85 
, 4.41 

6) 
92.91 

4) 
162.19 

These experiments confirm for the first time the reversibility of the thermal 3R_-pyrrole 

to 2&-pyrrole interconversion, by producinq nixtures of both species when heating either in 

the absence of the other. We also conclude from the conditions of these experiments, and 

from the intermediates and products observed, that the mechanism of the rearrangements 

involves a sequence of competitive (1,5]siqnatropic shifts. This is summarized in Scheme 4 

for examples vhere R3 = 8. The interconversions betveen 38-pyrroles (A), (unobserved) 3L- 

pyrroles (E), and 2K-pyrroles (2) are believed to be reversible under the reaction 

conditions, whereas the formation of lH_-pyrroles (ll) and (2) may be taken to be 

irreversible, since the compounds lie in potential energy wells. Finally, since the la- 

pyrrole product (2) is favoured over its isomer (s), even vhen startinq from the SE-pyrrole 

(s), it appears that the aromaticity of the product (5) develops late in what must be a 

relatively higher energy transition state. 
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[1,51 shift 

IL 
[1,51 shift 

* 

SCHEME 4 

EXPERIKENTAL 

Details of spectroscopic measurements are as reported earlier.4 

Preoaration of the Diketoesters (&).‘O - 
sol) [and potassium iodide (3.3 g, 

To a solution of the B-ketoester (7J (0.1 
0.02 mol) for haloketones (b; X = Cl)] in dry acetone (100 

ml) was added slowly anhydrous potassium carbonate (27.6 g, 0.2 sol). The mixture was heated 
under reflux for a few minutes, and a solution of the appropriate haloketone (8) (0.11 1101) 
in dry acetone (30 al) was added dropwise, and refluxing was continued for 48 h.- The nixture 
was filtered, the residue was washed with acetone, and the combined filtrate and washings was 
evaporated. The residue was dissolved in diethyl ether (150 ml), and the solution was washed 
with water (3 x 100 ml), dried (HgSO,) and evaporated. The residue was purified by column 
chromatography on Si02 (eluent light petrolelulm/diethyl ether 2:1), or by vacuum distillation 
where the products were sufficiently stable. 

(lit. 
Prepareod by this nethod we;! the known dlilketoesters (9a)11, 505%, b.p. 66OC/O.O3 naEg 

150°C/0.43 mmEg); (9d), 
63-73 C/O.18 ~~Egli ‘7~!, ll.p41%b3-(6~~~ (,:,‘:; P;P;.~~:otfg C:~kP,3’8ns~~% (‘~I~, 1~:: 

74’C/O.O5 amE (1it.“98-1000C/0.8 mmllg); (,9$,11 44% as mixed diaste=omers; (b), 29%, 
b.p. 90-105°C/0.001 snag (lit. 129-145 C/2 mmtig), and (9i),11 51%; IR and ‘E NHR 
spectroscopic data matched literature values. Also preparx was ethvl 2-benzovl-5.5- 
disethvl-4-oxohexanoate (9f), 
requires C, 70.3; 8, 7.65q; ” 

57%, b-p. 132’C/O.O3 mnEg (Found: 
(Fila) 1746, 1710, and 1693 cm 

E1.7~‘4)c~~17i5:‘14~~~E2~~4 

1.19(98, s), 3.26(18, d, J 7 H:~;*3.28(lE, d, J 7 Ez), 4.12(28, g), h.9R+I, t3, J ; Es),’ 7.51 
7.6(3E, m), and 8.0-8.1(2B, m); 6 (CDC13) 13.76(q), 26.38(3C, q), 36.40(s), 43.82(t), 
48.75(d), 61.43(t), 128.50(2C, d), 1$8.71(2C, d), 133.32(d), 136.19(s), 169.18(s), 194.75(s), 
and 212.57(s). 

Preuaration of the Diketoesters (la)-(li). - A solution of the appropriate diketoester 
(9) (0.045 sol) in dry DtiSO (50 al) w= adxd to a suspension of sodium hydride (2.0 g; 60% 
i? oil; 0.05 sol) in dry DHSO (50 ml) under N,. 
methyl iodide (9.4 g, 0.b54 sol) as added dropwise, 

The mixture was stirred at 25’C for 2 h, 
and stirring was continued at 25OC for a 

further 16 h. The mixture was diluted with water (100 ml), extracted with diethvl ether 13 x 
60 ml), and the ether extracts were washed with wate;.(3 x 100 ml), dried’ (NgSO,) ‘and 
evaporated. The residue was purified by vacuum distillation, or by column chromatogra hy on 
Si02 (eluent light petroleun/diethyl ether, 2:l); physical, analytical, and IR and P E NIB 
data are in Table 1. Prior to distillation and recrystallisation, the crude product from the 
diketoester ,(9dJ was triturated with 95% ethanol, giving a small anount of a byproduct 3- 
methyl-2,5-diphenylfuran; 6R (CDC13) 2.15(3B, s), 6.74(18, s), and 7.3-7.9(108, a). 
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pr a eD (li). - Reaction between ethyl 4,4-dimethyl-3- 
oxopentanoate (7~) (8.0 g, 0.047 sol) aira 3-bromopropyne (6.0 g, 0.05 001) under reflux in 
acetone for 24 hoLin the presence of anhydrous potassium carbonate, folloved by work-up as for 
compounds (9J, gave eth 4- 
61*C/O.O5 mmlig (Found: 

A, 8.5 g (87%), b.p. 
C, 68.9: 8, 8.7. 

1737, 1709, and 1180 cm-l; 
C12Bl O3 requires C, 68.55; II, 8.65%): vmax 3384, 

6R (CDCl ) 1.21(9l! 1.25(3B, t), 2.02(1H, t, J 2:6 Ez), 
2.67(18, m), 2.74(1H, m), 4.15(38, i), and 4117s()iR, q) ; 6c (CDCl,) 13.87(q), 19.07(t), 
26.11(3C, q), 44.96(s), 51.30(d), 61.43(t), 70.10(d), 80.82(s), 167.99(s), and 208.19(s). 
Rethylation with methyl iodide, using sodium hydride in DHSO, as for compounds (la)-(li) 
followed by column chromatography (SiO,), gave 1 
pentanoate, 61% (Found: C, 69.7; II, 9.0. 
3280, 1745, 1695, 1200, and 1020 cm-l; 

Cl382003 requires C, 69.6; II, 9.0%); -Vmax (film) 
6R (CDC13) 1.21(9E, s), 1.28(38, t), 1.52(‘3If, s), 

2.04(lR, t, h 2.6 Ez), 2.74(21, d, h 2.6 Rz), and 4.21(28, q), AC (CDC13) 14.0(q), 20.0(q), 
26.9(t), 28.4(3C, q), 45.7(s), 57.9(s), 61.4(t), 71.8(d), 79.5(s), 171.7(s), and 210.1(s), 
together vith a small amount tf 
1709, 1612, 1234, and 1110 cm 

ethyl 2-&_&-butyl-5-methylfuran-3-carboxylate, vmax. (film) 
; 6H (CDC13) 1.33(3B, t), 1.41(98, s), 2.23(38, d, & 1.3 Hz), 

4.25(2B, q), and 6.26(18, q, J 1.3 82); 6c (CDC13) 12.62(q), 14.08(q), 28.11(3C, q), 
34.18(s), 59.59(t), 108.18(d), 112.62(s), 147.57(s), 163.55(s), and 166.41(s). Wercury(I1) - 
catalysed hydration of the triple bond using Stevens’s 0ethod13 gave the diketoe- (s), 
which was purified by chromatography on Si02 (eluent light petroleum/diethyl ether 2:l). 

Pre r tion 0 pa (lk) and (10).2O - The appropriate B-ketoester (0.1 
001) vas alkylated with a-bromoacetophenone (0.~001) using sodium hydride in DHSO as for 
compounds (la)-(li) above. - _ Products were purified by column chromatography on Si02. 

Preoaration (11). - The method of Beth and co-workers21 was used. 
Alkylation of ethyl 2-oxocyclohexanecEboxylate with 3-bromopropyne gave the 1-(prop-2-ynyl) 
derivative (79%), b.p. 66-68°C/0.02 m0Eg (lit. 74-77’C/O.l nmlig) whose IR and 1, HWR spectra 
matched those reporteda21 Nercury(I1) catalysed hydration13 yielded the diketoester (11). 

Preoarationof (2J and (3J. - From diketoesters (1) and liauid 
ammonia. - The appropriate compound (1) (1 g) vas dissolved in liquid amnon (60-70 11) 
in an insulated container, the solvent hying alloved to evaporate slowly overnight. The last 
traces of ammonia were removed under reduced pressure, to give a crude mixture of hydroxy- 
pyrrolines (2) and (3). The ratio of products is given in Table 2. The diketoester (la) 
gave compounds (2) ??nd (z) as a mixture of four isomers, oil, 100%; Vmax. (film) 3250, 
1735, 1652, 1265, 1140, 1080, and 1002 cm-l; 6c (CDCl ) inter 21.12, 21.45, 21.88, 
22.58(4q), 28.38, 28.60, 28.82, 29.52(4q), 84.35, 84. 8, 98.76, 99.24(4s), and 172.76, 3 
172.97, 173.14, and 173.25(4s); the diketoester (2) gave initially a mixture of four 
isomers, which after recrystallisation from benzene yielded the tvo diastereomers of 
hvdroxvovrrolin e (2J) (ratio ~a. 11:8), 76% (Found: C, 68.85; 8, 7.35; N, 5.4. C15R19RO3 
requires C, 68.95; B, 7.35; N, 5.35%): R/z 261 (K+‘); Vmax (Nujol) 3150, 1737, 1621, 1616, 
1300, 1160, 1136, and 1102 cm-l; 6R (CDC13) inter alia 2.79’ and 3.97(28, ABq, h 17 Rz), and 
2.92 and 3.69(28, ABq, h 17 Bz); 6c (CDCl ) major isomer 21.62(q), 23.57(q), 55.26(s), 
60.78(t), 102.50(s), 173.41(s), and 173.90(s f : minor isomer 20.04(q), 24.87(q), 56.34(s), 
60.95(t), 101.31(s), 170.54(s) and 174.71(s); common 14.19(q), 45.72(t), 128.12(d), 
128.45(d), 131.32(d), and 133.49; similarly, mixed diastereoaers of COnDOUnd (Ze) (ratio &L. 
11:9) were obtained from recrystallizing the initial product from the diketoester (le), from 
light petroleum, 78% (Found: C, 64.8: 8, 9.4; N, 5.65. 
N, 5.8%); ~0 x (Nujol) 3195, 

C13E23N03 requires C, 64.7TE, 9.6: 

3 
1729, 1632, 1301, 1165, 1131, and 1105 cm-l; 6R (CDC13) inter 

alia 2.37 an 3.47(2R, ABg, J_ 17 Hz), and 2.50 and 3.23(28, ABq, h 17 Ez): 6c (CDCl,) major 
isomer 21.02(q), 23.57(q), 55.09(s), 60.51(t), 102.06(s), 174.00(s), and 185.00(s): minor 
isomer 19.50(q), 24.75(q), 56.12(s), 60.67(t), 100.60(s), 174.87(s), and 182.67(s); common 
14.19(q), 27.74(q), 35.92(t), and 44.31(t); from diketoester (11) vas isolated a single 
product (21) as only one diastereomer, 90%, 0.p. l13-l15°~ (light-petroleum-dichloro@ethane) 
(Found: “F, 63.8; 8, 8.45: N, 6.15. C12ElgN03 requires C, 64.0; 8, 8.5: N, 6.2%): Vma 
(Nujol) 3150, 1722, 1637, 1251, 1202, 1162, 1085, and 1040 cm-l; 6 

d 
(CDC13) 1.29(38, t), 1.51 

2.2(8E, m), 2.07(38, s), 2.32 and 3.35(2B, ABq, L 17 Hz), an 4.20(2R, q); 6c (CDCl ) 
14.19(q), 20.42(q), 21.18(t), 21.72(t), 34.35(t), 34.89(t), 49.35(t), 54.99(s), 60.62(& 
99.57(s), 173.84(s), and 178.28(s); and similarly the hvdroxvnvrroline (2) vas obtained as a 
single diastereomer, 959, m.p. 128-131°C (light petroleum-dichloromethane) (Found: C, 70.95: 
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H, 7.4; N, 4.65. C17E21N03 re_$uires C, 71.05, 8, 7.35; N, 4.85%); vmax. (Nujol) 3150, 1720, 
1607, 1203, 1085, and 1029 cm ; 6 (CDC13) 1.31(3B, t), 1.2-2.3(88, m), 2.86 and 3.73(28, 
ABq, E 17 Hz), 4.24(2B, q), 5.21(1%, br), 7.3-7.5(38, m), 
14.25(q), 21.29(t), 21.83(t), 34.18(t), 35.16(t), 45.51(t), 

and 7.8-7.9(2B, I); 6c (CDCl ) 
54.72(s), 60.89(t), 99.79(s , 1 

128.01(2C, d), 128.50(2C, d), 131.37(d), 134.08(s), 174.17(s), and 175.36(s). 

From diketoesters (A) with ammonium acetate and acetic acid. The appropriate 
diketoesters (0.002 mol) and amnonium acetate (0.54 q, 
acetic acid (1 ml) for 12 h in an oil bath at 60-70°C. 

0.007 aol) were heated in glacial 
The mixture was cooled, treated with 

aqueous ammonia (4 ml; 33%), and extracted with diethyl ether (2 x 15 ml). The ether 
extracts were dried (NgSO,) and evaporated. Prepared by this method were a nixture of 
hydroxypyrrolines (2) and (2) each as two diastereomers, the mixture being separated by 
column chromatography on SiO, (eluent diethyl ether) to give mixed diastereoners of comnound 
(3~) (ratio m. 4:3), 25% (Found: 
H:7.35; N, 5.35%); 

C, 69.05; 8, 7.45; N, 5.25. 
(Nujol) 1725, 

1.14(38, t), L65(3E,‘m:f; 1.71(38, s) 
1615, 1181, and 1142 cm 

2.22 and 2.54(28, ABq, 
7.5(31, m), and 7.7-7.8(28, m); and mikor isomer 1.19(38, t), 1.55(38, s), 1.68(38, s), 2.13 
and 2.64(2H,ABq, h 14 Hz), 4.19(28, q), 7.3-7.5(3E, m), and 7.7-7.8(28, m); 6c (CDC13) major 
isomer 23.02(q), 30.07(q), 59.48(s), 61.54(t), 85.38(s), 130.34(d), and 168.86(s); minor 
isomer 24.00(q), 29.47(q), 59.92(s), 61.38(t), 85.27(s), 130.24(d), and 168.97(s); and common 
13.92(q), 52.01(t), 128.07(d), 128.39(d), 132.84(s), and 174.66(s); mixed diastereomers of 
compounds (2 ‘) and (?;j), 
(2) I 83% ti 

which on trituration with light petroleum gave the hvdroxvnv rroline 
( ound: C, 64.75; 8, 9.8: N, 6.05. C 3B23N03 requires C, 64.7; 8, 9.6: N, 5.8%): 

V (Nujol) 3195, 
2.!$E, 

1729, 1631, 1282, 1162, an a 1025 cm-l; 6 (CDCl,) inter alia 1.94 and 
ABq, J 14 Ez), and 2.01 and 2.37(28, ABq, J_ 14 Jz); 6c (CDC13) major isomer 

23.73(q), 29.65(q), 37.11(s), 52.22(t), 60.35(s), 61.05(t), 99.46(s), 174.60(s), and 
182.46(s), minor isomer 22.59(q), 29,04(q), 37.22(s), 52.82(t), 60.78(s), 61.60(t), 99.03(s), 
174.82(s), and 182.24(s), and common 13.92(q), and 29.80(q); and a single diastereomer of 
hvdroxvnv rroline (2k), which was separated from a small amount of 3E-pyrrole (%I, by column 
chromatography onTO,. Yield 70%, m.p. lll-112.5°C (Found,: C, 64.15; 8, 6.8; 11, 4.35. 
C 7E2LN05 requires C,-63.95; 8, 6.65; N, 4.4%); E/z 319 ( l! 
1 3 21, 1612, 1273, 1152, and 1037 cm-l; 6E (CDC13) 1.19(38, t 
and 3.84(2H, ABq, J 17 Ez), 4.17(48, q), 4.64(18, br), 7.3-7 
(CDCl,) 13.87(q), 14.03(q), 22.43(q), 47.24(t), 50.39(s), 
128.12(2C, d), 128.55(2C, d), 131.75(d), 133.37(s), 171.78(s 

t. 
1 (Nujol) 3120 1732 
1.27&“t) 1.44(38 s’) 3.1; 

;(38, m),‘and’7.8-8.0(;8, A); 6c 
61.11(t), 62.52(t), 102.17(s), 
, 174.44(s), and 174.87(s). 

hvdroxv-nvrrolines (2) and (3). 
(0.002 mol) was rTfluxed?n 

Preoaration of JB-Pvrroles (4). - Bv dehvdration of 
The appropriate hydroxypyrrolf;;e, or mixed isomers, 
dichloroaethane (50 ml) or benzene (50 ml) in the presence 

- 

of base-washed Al203 (2 g; grade 
I), or for hydroxypyrrolines (2) and (c) in toluene using acid-washed A1203. Water was 
removed continuously with a Soxhlet apparatus filled with 411 molecular seives; the course of 
the reaction was nonitored by ‘Fl NNR. Conditions, and product ratios are in Table 3. The 
solution was filtered and evaporated, and the residue freed from exocyclic isomers (A) and 
(6) by rapid column chromatography on neutral A1203 (eluent light petroleum/diethyl ether) 
m-pyrroles (c), (4_~), (y), (Q), (5)) and (4211, or by pE partition as described in 
ref. 4 [ 3E-pyrroles (2) and (4L)]. 

Fran diketoesters (ld), and (If), or hvdroxvnvrrolines (9) and (2k), and ammonium 
acetate in acetic acid. x describe7 for the preparation and isolation Of’Tiydroxypyrrolines 
above, only heating was continued for 16-24 h. Products were purified by rapid column 
chromatography on neutral A1203 (eluent light petroleum/diethyl ether). 

Conditions and product ratios are in Tables 2 and 3, and spectroscopic, physical, and 
analytical data are in Tables 4 and 5. From 2\ydroxJpyrroline (3A) was isolated the la- 
pyrrole (El, 60%, a.p. 123OC (95% EtOtI) (lit. 
and 1110 cm 

125 C); “max. (Nujol) 3310, 1660, 1275, 

2.6 Ez), 
* 6E (CDC13) 1.34(38, t), 2.24(38, s), 2.30(38, s), 4.30(2B, q), 5.78(18, d, b 

and ‘9.26(18, br) ; and from hydroxypyrrolines (&) the lE-pyrrole (12) 22%, rn:f. 
113-114 (light petroleum) (lit.23 114-115’C); vmax, (Nujol) 3310, 1673, 1275, and 1112 cm ; 
6E (CDC13) 1.33(31, t), 2.37(38, s), 4.31(28, q), 6.36(18, d, J 2.6 Ez), 7.2-7.6(58, m), and 
9.66(18, br). 
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a * 

I( Generally exocyclic isomers were identified by ‘Ii NHR spectroscopy 
(COCl’): re:etans”2gyals being as’ follows: for (5a) 6N 
(6a) ia inter alia 

inter alia 4.83 and 5.24(2s); for 
4.76 and 5.20(2t); for (5b) 6E 1.24(38, t), 1.51(3H, s), 2.95 and 3.87(28, 

A&, h 18 Bz), 4.18(28, q), 5.01(1H, s), 5.%(lH, s), 7.4-7.5(38, a), and 7.9-8.0(28, m); for 
(6~) 6 jnter alia 1.50(S), 4.80 and 5.40(2t, L 2 Bz); for (2) 6B 1.24(98, s and 3i1, t), 
122(38, s), 2.54 and 3.43(28, ABq, L la Ex), 4.14(28, q), 4.85(18, s) and 5.29(18, s); 6C 
13.99(q), 25.03(q), 28.01(3C, q), 36.13(s), 46.16(t), 50.44(s), k16(t) , 102.50(t), 
167.77(s), 174.17(s), and 188.52(s); for (a) 6 inter 
5.76(181, m); for (9) 6B 1.26(98, s and 38, 

alia 1.33(38, s), 2.00(3H, s), and 
t!, 1.46(38, s), 2.51(1H, 

3.05(1E, dt, 
dt, L 17, 2 Hz), 

L 17, 2 Iie), 4.16(2B, (I), 4.76(18, t, 3 2 Es), and 5.26(18, t, J 2 Hz); for (51) 
6E 1.22(3lI, t), 1.2-2.8(88, m), 2.15(38, s), 2.51 and 2.97(2H, ABq, & 18 Ha), 4.12(28, qT, 
and 5.76(18, t, J 4 Bx); and for (51) 6E inter alia 

-U. 2.86 and 3.48(2H, ABq, L la az), and 
6.00(18, t, J 4 He). 

Thermal Bearranaements of 3H- Pvrroles (3. - Jso lation of lE-pvrroles. The 3E-pyrrole 
U) I or its mixture with exocyclic isomers (5J and/or (6J (0.4 g) was heated under N2 in 
refluxing toluene or E-xylene (20 ml), or without solvent on an oil bath, for various periods 
of time (Table 6); the progress of the reaction was monitored by 1, NNR. The solvent was 
evaporated, and the residual lE-pyrroles (11) and (13) were se 
chromatography on Si02 (eleuent light petroleum/Eethyl etha, ‘ii and PS 

rated by column 
C NKR data are in 

Table 7; additional data follow. 

LEH-Pvrrole-3-carboxvlic esters (4). 
1oo-105°c); E/L lai (Et. ); 

For ester (12) yield 43i, m.p. 101-102°C (lit.24 
3310, 1662, and 1255 cm-‘; for ester (llb) yield 

45%, m.p. ioa-109°c (a08 Ne0u8fax(Iit. 
(Nqiol) 

1665, and 1160 cm-l; 
109.5-111.5°C); L/R 243 (Et’); v 

E/z 243 (Et’); v 
for ester (a) yield 45%, m.p. 120-121°C (WeOli) (limta.‘26 

(num) 3295, 
120-121.5°C); 

(Nujol) 3325, 

::I;; N, 4.6%): E/e 305 (E ‘): v 
112-113’C (95Pa%fOE) (Found: 

1667, 1260, and 1115 cm-l; for -*(l&l) yield 55%, 
C, 78.65; 8, 6.1; N, 4.6 C20B19N02 recl?jires C, 78.65; 8, 

yield 488; v 
(Nujol) 3270, 1666, 1262, and 1076 cm ; for ester (g%) 

(film) 3370, 16?!1:*1275, and 1083 cm-l 
93’C (95% Et8if’(Found: c, 75.5; 8, 8.25; N, 4.95. 

; for ester (1s) yield 601, m.p. 92- 

4.9%); vma 
C14823N02 requires C, 75.75: 8, 8.1; N, 

(Nujol) 3350, 1672, 1271, and 1097 cm-‘; 
114.5’C (RO%‘EtOH) (Found: 

for ester (llJ) yield 39%, m.p. 113.5- 

N, 4.65%): B/z. 301 (Et’); 
C, 67.9; Ii, 6.4; N, 4.85. C17E19N04 requires C, 67.8; Ii, 6.35; 

(Nujol) 3290, 1704, 1675, 
(1s) yield 59, m.p. 127.5-119m.aT?C (lit.27 

1256, and 1068 CI-~; for ester 

1108 cm-l; 
133OC); Vmax 

and for ester (l& yield 40#, map. 
(Nujol) 3340, 16621a 1268, 1155, and 

lll-l12°C 
(Nujol) 3270, 1662, 1281, and 1136 cm-l. 

(95% EtOE) (lit. .107OC); Vmax* 

va 1748, 1310, 1132, 
For ester (12) yield 168, oil: e/z 181 (&+‘); 

(!rlti) 1740; 1316, 1199, and 1078 cm-1; 
for ester (l3& yield 99, oil: L/E 243 (l”); vmax., 
for ester (e) yield 68, oil: a/r 243 (Et’); vmax 

(film) 1746, 1312, 1200, and 1080 cm-l; for ester (la) yield 2%, oil; E/a 305 (F+‘); vmax: 
(film) 1748, 1305, 1192, and 1040 cm-l; for ester (12) yield 248, oil: I/L 223 (11 ‘); 
(film) 1743, 1332, 1265, 1190, and 1025 cm-1; for ester (13f) yield 2%, oil; 
(ht.); 

&/&“!15 
1747, 1303, 1278, 1190, and 1060 cm”; for (139) ymd 408, oil: a/z 195 (Et’); 

vmax (i!!i) 1730, 1263, 1146, and 1065 cm-‘; for ester (Tjh) yield 608, oil: &/a 221 (Lt.); 
vmax: (film) 1735, 1320, 1138, and 1070 cm-l; for ester (1s) yield 389, oil; s/a 257 (!L+‘); 
vmax. (film) 1737, 1327, 1202, and 1075 cm-‘; for ester (13k) yield lo%, oil: a/r 301 (lL+‘); 

(film) 1767, 1701, 1280, 1223, and 1088 cm-l; 
iTy269 (Et’); Vmax, (film) 1739, 

and^for ester (z) yield 3\, oil: 
1322, 1298, 1197, and 1045 cm-l. 

Isolation of 2H- Pvrroles 
exocyclic isomers, 

(l2). The appropriate 3&-pyrrole (4J, or its mixture with 
was heated in refluxing toluene or p-xylene, untrl peaks arising from the 

28-pyrrole isomer in the 15 NNR spectrum of the crude mixture reached maximum intensity. The 
solvent was removed, and the 28-pyrrole was isolated by column chromatography for product 
(1&), or by pH partition for the remaining products. 
(toluene 48 h), oil: h/2_ la1 (g”); vnax. 

For 28-pyrrole (12) yield 359 
1249, and 1110 cm-‘; for 

(12b), yield 30% (e-xylene 20 h), oil: pi/z 243 
lee cm-l: 

(film) 1738, 1630, 1232, and 

for (a) yield 38% (toluene 48 h), 
1545, 1249, and 1105 cm-l; 

(film) 1731, 1632, 

for (g) yield 8% (toluene 8 h), oil; i.xaxia5 P (Et’): for (a) 
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yif{d 32% (toluene 24 h), oil; B/e 195 (Lt.); \) ax (film) 1738, 1639, 1552, 1250, and 1105 
cm ; and for (2) max. yield after 48 h ref ux’ in toluene. 91 The 28-pyrrole (3) was 
obtained from the dehydration product of the hydroxypyrroline (&!, after refluxing in 
toluene with acid-washed A1203 for 48 h, by column chronatogffphy on S102; yield 5%, oil; B/z 
301 (K+.); Vnax* (film) 1736, 1629, 1530, 1257, and 1060 cm . 

Prenaration of PE-Pyrrole (G). - To a cooled solution of the 3B-pyrrole (s) (0.2 g, 
6.5 x 10e4 mol) in diethyl ether (5 ml) was added dropwise 48% HBP4 in diethyl ether (1 ml), 
and the mixture was stirred at 25OC for 24 h. The solvent was evaporated, the residue was 
dissolved in water (5 ml), and the solution was extracted with dichloromethane (2 x 20 ml). 
The extracts were dried (MgSO,j and evaporated to give the HBP4 
gum, 0.12 g, 46%, 6B (CDCl ) 1.26(3B, t), 2.26(31, 

salt of 2&-pyrrole (z) as a 

a 8.0-8.2(28, m). 
d, J 1.3 Hz), 4.30(2E, q), 7.03(1H, d, J 

1.3 Ez), 7.2-7.6(88, n), an The salt was redissovled in dichloromethane (30 
ml), ex,cess anhydrqus K2C03 was added, and the mixture was stirred at 25’C for 24 h. 
Filtration of the mixture and evaporation of the filtrate gave the 28-pyrrole (q), which 
solidified on trituration with diethyl ether: yield 26%, m.p. 115-117’C, B/Z_ 305 (LI ‘);vmax. 
(Nujol) 1719, 1634, 1236, and 1055 cm-l. 
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