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Reaction between N-Alkylpyrroles and Alkyl-lithium Reagents. The Role 
of Nitrogen Substituent, Solvent, Alkyl-lithium, and Complexing Agents 

By Derek J. Chadwick," Robert Robinson Laboratories, University of Liverpool, Liverpool L69 3BX 
Ian A. Cliffe, Dyson Perrins Laboratory, Oxford University, South Parks Road, Oxford OX1 3QY 

Six N-alkylpyrroles have been metallated with Bu"Li under a variety of conditions. As the bulk of the nitrogen 
substituent increases, the total yield of lithiopyrroles decreases and the ratio of 2,4- to 2,5-disubstitution increases. 
Change of solvent from hexane to ethers generally accelerates metallation in the order hexane < diethyl ether 2,5- 
dimethyl-THF < 2-methyl-THF < TH F, though this is accompanied by increased solvent cleavage, especially at 
elevated temperatures. Metallation is also accelerated by the addition of complexing agents, the order of effective- 
ness being NNN'N'-tetramethylethylenediamine > diazabicyclo[2.2.2]octane > tris(dimethy1amino) phosphine > 
1,4,8,11 -tetramethyl-I ,4,8,11 -tetra-azacyclotetradecane. Change of lithiating agent from BunLi to ButLi leads to 
increased overall metallation. 

EARLY reports concerning metallation with alkyl- 
lithium reagents of furan,la)b thiophen,2 and N-methyl- 
pyrrole describe the formation of a-monolithio-deriva- 
tives in relatively low yields. 
of such metallations has established that the rate of 
hydrogen-lithium exchange is profoundly accelerated in 
solutions containing the chelating ligand NNN'N'- 
tetramethylethylenediamine (TMEDA) : i t  is now pos- 
sible to prepare 2-lithio- and 2,5-dilithio-derivatives of 
furan, thiophen, and N-methylpyrrole in yields approach- 
ing quantitative. A feature peculiar to  the N-methyl- 
pyrrole metallation is the emergence of a 2,4-dilithio- 
product : this compound is formed at the expense of the 
2,5-isomer when an excess of BunLi and extended reac- 
tion times are used. A recent attempt 7 to explore the 
effect of steric hindrance on the reaction between N- 
alkylpyrroles and BunLi, through analysis of the lithio- 
intermediates by reaction with 2,4,6-trichloro-s-triazine 
has been criticised on the grounds that N-alkylpyrroles 
react directly with the trapping reagent. 

This somewhat inadequate approach to the study of N-  
alkylpyrrole metallation, and the observation of the 
' anomalous ' 2,4-substitution pattern among the pro- 

Our recent reappraisal 

4 - 3  

R 

( 1 )  R = Me (2) R = Bun 
( 2 )  R = E t  ( 5 )  R = Bu' 
( 3 ) R  = P r i  (6) R = 1 - a d a m a n t y l  

ducts from A'-methylpyrrole lithiation together stimu- 
lated the present investigation into the factors con- 
trolling the extent and orientation of lithiation in N- 
alkylpyrroles. To this end, five such pyrroles were 
synthesised and subjected, along with commercially 
available N-rnethylpyrrole, to a variety of metallation 
conditions ; the mixtures obtained were analysed by 
conversion of the lithiopyrroles into carboxylic methyl 
esters whose propoItions were deduced from n.m.r. and 
g.1.c. studies. 

RESULTS AND DISCUSSION 

Experimental results are presented in Table 1. All 

appropriate compound number (e.g. 1 implies N-methyl- 
pyrrole, 2 N-ethylpyrrole, and so on), and experiments 
carried out under identical reaction conditions bear the 
same Roman numefal. In  the following sections the 
effects of the nature of the N-alkyl group, solvent, 
organolithium alkyl group, and complexing agent are 
discussed separately. 

(a) E f e c t  of N-Alkyl Group on the LitJzintion of N- 
Alkylpyvroles in Hexme.-The results of experiments 
(i)-(iv) demonstrate the influence of the N-alkyl group 
on the yields and ratios of lithio-products formed in 
hexane in the absence [experiment (i)] and presence 
[experiments (ii)-(iv)] of TMEDA. 

Several general conclusions may be drawn from experi- 
ment (i). As the size of the N-alkyl group increases (i) 
the yield of each lithio-product and the total yield of 
lithiated pyrroles decrease substantially, (ii) the 
[2,4] : [2,5] ratio increases rapidly, and (iii) the ratio of 
di- to mono-substituted products remains fairly constant. 
Effects (i) and (ii) are attributable to the increasing steric 
hindrance to formation of both the 2-mono- and 2,5- 
dilithio-intermediates. Effect (iii) may imply that for 
constant [BunLi] : [substrate] ratio, temperature, and 
reaction time, introduction of the P-lithio-atom into the 
a-monolithio-compounds in non-polar solvents is essent i- 
ally unaffected by the nature of the N-alkyl group and 
depends only on the concentration of the monolithio- 
species. 

The clear result of the investigation into the effect of 
N-alkyl group on the irreversible formation of mono- 
lithio-species [experiment (ii)] is that the reaction is un- 
affected by the size of the N-alkyl group (the zero yield 
observed for N-1-adamantylpyrrole may be accounted 
for either by the low solubility of this compound in 
hexane, or by the possibility that the six protons at the 
2-positions of the adamantyl group have an especially 
hindering effect to  reaction). 

Experiment (iii) was designed to explore the variation 
of the 2,4 : 2,5 substitution ratio with change of N-alkyl 
group, since the fall-off in concentration of the 2,5- 
intermediate in experiment (i) was too great to  permit 
detailed analysis. Experiment (iv) illustrates the effect 
of the N-alkyl group on the concentration of 2,5-di- 
substituted product formed under high-yield reaction 

experiments on a particular N-alkylpyrrole bear the  condition^.^ - The results of these two-experiments will 
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be discussed together since similar trends are apparent in 
both. (i) As the bulk of the N-alkyl group increases, the 
total yield of lithiopyrroles once again decreases, though 
this decrease is not in general so rapid as that found in 
experiment (i) (TMEDA absent). This necessarily 
arises from the reaction conditions used in experiments 
(iii) and (iv) which force rapid and almost quantitative 
formation of the monolithio-species prior to  dilithiation 
[cJ experiment (ii)]. Thus total yields greater than 50% 
would be expected and were obtained [with the exception 
of experiment 6(iii) for which special considerations 
apply]. (ii) In both experiments, the concentration of 
2,5-diester decreases as the size of the N-alkyl group 
increases, but the changes in concentration of the 2-mono- 
and 2,4-di-esters are variable. This effect is illustrated 
by the decrease in the dilithiation : monolithiation ratio 
which accompanies the change from a primary to a 
tertiary N-alkyl group. (iii) Both studies show an 
increase iii the 2,4 : 2,5 substitution ratio as the size of the 
N-alkyl group increases. This arises from a large 
decrease in concentration of the 2,5-dilithio-species 
together with only a slight change in Concentration of the 
2,4-compound. 

A cornparison of the experiments with and without 
TMEDA [experiments (i) and (ii)-(iv)] leads to the 
following general conclusions. (i) When TMEDA is 
absent, the formation of monolithiopyrrole, and the 
2,4 : 2,5 isomer ratio, are more sensitive to change in N- 
alkyl group than when TMEDA is present. (ii) When 
TMEDA is present, monolithiation is essentially quanti- 
tative at  room temperature (with the exception of N- 
adamantylpyrrole), the 2,5-isomer is always favoured 
over the 2,4-compound at reflux temperature, though the 
2,4 : 2,5 ratio increases with increasing bulk of the N- 
alkyl group, and the extent of dilithiation increases both 
with increase in reaction time and BunLi : substrate 
ratio. 

(b) Efect of Ethereal Solvents on the Lithintion of N- 
Alkyljbyrroles.-It was noted soon after the discovery of 
metallation by organolit hium compounds that the rate 
of the reaction was much greater in ether than in hydro- 
carbons. The reasons for this solvent effect may include 
depolymerisation of the organolithium oligomer (BunLi 
is a tetramer in ether and a hexamer in hexane), increase 
of carbanion character by solvation of the metal, and 
dielectric stabilisation of the transition state.g This 
increased reactivity is demonstrated by the results of 
experiments l(v) and l(vi), in which the metallation of 
N-methylpyrrole to give the 2-monolithio-species with 
ether as solvent is shown to occur in much greater 
yield than with hexane under the same condi- 
tions. 

A comparison of yields of lithio-products obtained in 
the reactions of N-alkylpyrroles and BunLi in ether 
[experiment (v)] with the yields obtained in hexane 
[experiment (i)] leads to the following general conclusions. 
(i) The total amount of lithium incorporated into primary 
and secondary N-alkylpyrroles is greater in ether than in 
hexane; the reverse is, however, true for metallation of 

N-t-butylpyrrole. (ii) In both solvents, the total yield 
decreases as the size of the N-alkyl group increases, 
but the effect is more pronounced in ether. The con- 
centration of dilithio-intermediate in ether appears to be 
insensitive to the nature of the N-alkyl group; the rapid 
decrease in concentration of total lithio-product is caused 
by the rapid fall-off in concentration of monolithio- 
compound (from 50 to 1%). This effect differs from 
that observed in hexane where, because the amount of 
monolithio-species present is so small, it is the variation 
in concentration of the dilithio-compounds which 
dominates the decrease in total concentration of lithio- 
pyrrole. These effects are demonstrated by the dilithi- 
ation : monolithiation ratio which, with increasing bulk of 
the N-alkyl group, increases rapidly in the case of ether, 
but remains fairly constant in the case of hexane. 
(iii) As the yields of lithiopyrrole obtained in ether are of 
the same order as or greater than those obtained in 
hexane, and since the boiling points of ether and hexane 
are 36 and 69" respectively, it may be concluded that the 
reactivity of alkyl-lithium compounds is greater in ether 
than in hexane, as expected. (in) The very small 
amount of dilithiation which occurs with ether as solvent 
may be due solely to the effect of temperature: the low 
yields obtained mean that little can be said about the 
significance of the 2,4: 2,5 product ratio since small 
errors in the concentration measurements are greatly 
magnified in the ratios. 

The best solvents for deprotonation reactions at low 
temperatures are found to  be those containing ethers lo 

of which ether-THF (80 : 20) l1 and Trapp's mixture 
[ether-THF-light petroleum (4 : 4 : l ) ]  l2 are perhaps the 
most effective. At higher temperatures, however, 
cleavage of ethers by organolithium compounds becomes 
a competitive reaction, e.g. diethyl ether is itself decom- 
posed to ethylene and lithium et1~0xide.l~ Similarly, 
T H F  undergoes cleavage to ethylene and the lithium 
enolate of acetaldehyde.l4a? 

I t  was the half-lives of such cleavage processes 14a915 

that led to the choice of reaction conditions for experi- 
ments (vii)-(xiv) in which the effects of different solvents 
and different reaction temperatures on the lithiation of 
N-methylpyrrole were studied. 

The conclusion to be drawn from experiments (vii)- 
(x) is that T H F  accelerates the metallation. This 
result agrees with the view that an increase in the sol- 
vating power of the medium would enhance the basicity 
of the organometallic compound. 

The data in experiments (vii) and (x)-(xii) show that 
the yield of monolithio-material obtained increases in the 
order of solvent: ether < 2,5-dimethyl-THF < 2- 
methyl-THF < THF. This series bears an inverse 
relationship to that for the half-lives of BunLi in these 
solvents : it therefore seems reasonable to suppose that 
activation of the alkyl-lithium by solvent will be 
reflected both in a reduction of half-life (attackon solvent) 
and in an increase in the yield of monolithiopyrrole 
(attack on substrate). The differences observed for sub- 
stituted tetrahydrofuran derivatives arise from the 
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reduced solvating ability of 2- and 2,5-alkylated THFs 
compared with T H F  itself: this may be due to steric 
hindrance to lithium complexing. 

In experiments (xii)-(xiv) the effect of temperature 
on the reaction in 2,5-dimethyl-THF was studied. This 
solvent was chosen because (i) it has the longest half-life 
of the cyclic ethers studied, (ii) it gave better yields of 
monolithiopyrrole a t  19" than did ether, and (iii) its 
high boiling point (91") permitted high-temperature 
studies. The following conclusions may be drawn. At 
36", the extent of lithiation observed in2,5-dimethyl-T€lF 
[experiment 1 (xiii)] and ether [experiment 1 (v)] was 
comparable. This implies that  solvent cleavage becomes 
an increasingly important side-reaction above room 
temperature. Increase in reaction temperature to that 
of 2,lj-dimethyl-THF boiling under reflux allowed only a 

Expt. 

1 (i) 

3 (i) 
4 (i) 

6 (1) 
1 (11) 
2 (ii) 
3 (ii) 
4 (ii) 
5 (ii) 
6 (ii) 
1 (iii) 
2 (iii) 
8 (iii) 
4 (iii) 
5 (iii) 
6 (iii) 
1 (iv) 

no. 

2 (i) 

5 (i) 

2 (jv) 
3 (1v) 
4 (iv) 
5 (iv) 
6 (iv) 
1 (v) 
2 (v) 
4 (v) 
5 (v) 
1 (vi) 
1 (vii) 
1 (viii) 
1 (ix) 

1 (xi) 
1 (xii) 
1 (xiii) 
1 (xiv) 

1 (x) 

1 (xv) 
5 (XVl) 

1 (xvii) 
1 (xviii) 
1 (xix) 
1 (X.1 

HuLi 
(n = 

normal, BuLi : 

(n : 1) 
t = Sol- C,H4NR 

C,H4NK a tertiary) vent 
Me 
E t  
BU*L 
Prl 
But 
Ad 
Me 
E t  
Bur1 
Pr' 
But 
Ad 
Me 
E t  
Bun 
Pr' 
But 
h d 
Me 
E t  
Burl 
Prl 
But 
Ad 
Me 
Et 
Pr' 
But 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
But 
Me 
Me 
Me 
Me 

n 
n 
n 
n 
n 
n 
n 
n 
n 

n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
t 
t 
n 
n 
n 
n 

n 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
2 
3 
4 
5 
6 
7 
7 
7 
8 
8 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2.5 
2.5 
2.5 
2.5 
4.5 

small amount of further pyrrole lithiation to occur. It 
follows that at such an elevated temperature all the 
BunLi must have been consumed by solvent before much 
further reaction with N-methylpyrrole could occur. 
Very little dilithiation was observed at  this temperature 
(7 yo 2,5-diester) which may mean that the monolithio- 
intermediate is preferentially stabilised by this solvent 
compared with the dilithio-compound. 

(c) Efect of the Alkyl Group in the Organolithium Com- 
pound o ? ~  the Lithiation of N-Alky1pyrroles.-The yields 
of lithiopyrroles obtained when BunLi and ButLi were 
used under the same reaction conditions [experiments 
(vi) and (xv)] illustrate that ButLi is the more effective 
metallating agent, which is in agreement with previous 
work on the metallation of clibenzofuran l6 and tri- 
pheny1inetha1ie.l~ This may be due either to the 

TABLE 1 
lieactions with N-alkylpyrroles 

Temp. 
("C or 
Re = 

Com- reflux, 
plexing Am = Time 
agent ambient) (h) 
x 
X 
X 
X 
X 
X 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
11 
B 
C 
D 
D 

Re 
Re 
Re 
Re 
Re 
Re 
Am 
Am 
Am 
Am 
Am 
Am 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
Re 
36 
Am 
Am 
Am 
A m 
Am 
Am 
36 
91 
Re 
Am 
Re 
Re 
Re 
Re 

3 
3 
3 
3 
3 
3 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
1 
1 
1 
1 
1 
3 
3 
3 
0.5 
0.5 
0.5 
0.5 
3 

Yields (mole 7;) 
Cp--h -7 

Mono- 
ester 

3 
1 
1 
0.7 
0.5 
0 

91 
77 
85 
87 
88 
0 

37 
32 
3 1 
52 
50 
0 
0 
3 
4 
5 
9 
0 

50 
26 
27 
1 
1 
9 

16 
36 
57 
48 
24 
50 
43 
3 

24 
61 
35 
12 
5 

Di-esters 
r-h-7 

2,4 
17 
12 
11 

7 
5 
5 
0 
0 
0 
0 
0 
0 
5 
5 
6 
3 
3 
3 
0 
6 
7 
4 
8 

10 
0.2 
2 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
0 
0 

12 
13 

%,5 
10 
1 
1 
0.4 
0.5 
0 
0 
0 
0 
0 
0 
0 

46 
50 
51 
26 
16 
9 

95 
72 
70 
64 
52 
52 
5 
9 
6 
2 
0 
0 
0 
0 
0 
0 
0 
0 
7 
3 
3 
3 
0 

16 
34 

Total 
30 
14 
1 3 
8 
6 
5 

91 
77 
85 
87 
88 
0 

88 
87 
88 
81 
69 
12 
95 
81 
81 
73 
69 
62 
55 
37 
36 
3 
1 
9 

16 
36 
57 
48 
24 
50 
50 
7 

38 f 
64 
35 
40 
52 

P i 1  
[Mono] 

9 
13 
12  
10 
11 
L 
0 
0 
0 
0 
0 
0 

1.38 
1.72 
1.84 
0.56 
0.38 
L 
L 

26.0 
19.3 
13.6 
6.7 
L 

0.10 
0.42 
0.33 
2.00 
0 
0 
0 
0 
0 
0 
0 
0 
0.16 
1.33 
0.27 
0.05 
0 
2.33 
9.40 

C2Jr?l 
1.7 

12.0 
11.0 
17.5 
10.0 
1 
0 
0 
0 
0 
0 
0 

0.11 
0.10 
0.12 
0.12 
0.19 
0.33 
0 

0.08 
0.10 
0.06 
0.15 
0.16 
0.04 
0.22 
0.50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.33 
0.66 
0 
0 
0.75 
0.38 

Ad = adamantyl. a Solvents 1, hexane; 2, ether; 3, ether-THF (4 : 1); 4, Trapp's solvent; 5, T H F ;  6, S-methyltetrahydro- 
The presence (in 1 : 1 molar ratio with BuLi) of complexing agent is denoted 

X represents the absence of complexing 
Mole 04, yields are based on the initial amount of N-alkylpyrrole present and are quoted to  the nearest integer except 

f 3-Monoester (6%) and 2.3-diester (3%) were also 

furan; 7, 2,5-dimethyltetrahydrofuran; 8, pentane. 
by an alphabetical label. 
agent. 
when yields were less than 1%. 
formed. 

A is TMEDA, B is DABCO, C is TMTATD, D is TDMAP. 

L represents a large (>50) mole ratio. 
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greater basicity of the t-butyl carbanion or to the in- 
herently different oligomeric structures of the two carbon solvents). 

organolithium compounds (ButLi is a tetramer in hydro- 

TABLE 2 
New compounds 

R' 
Et 

R2 

C0,Me 
R3 R4 

H H 

Et C0,Me C0,Me H 

Et 

Bun 

C0,Me 

C0,Me 

H C0,Me 

H H 

Bun C0,Me C0,Me H 

Bun 

Pri 

C0,Me 

C0,Me 

H C0,Me 

H H 

M.p. 
[B.p. (bath 

temp.] 

[40-42 
(0.5 mmHg)] 

("C) 

62-64 

46-48 

[103-105 
(2 mmHg)l 

49-50 

23--25 

[SO-82 
(14 mmHg)l 

Analytical figures (%) Abundance 
h - r 

Found 
C,H,,NO, requires 

Found 
C,,Hl,N04 requires 

Found 
C,,H,,NO, requires 

Found 
C,,H,,NO, requires 

Found 
C12H1,N04 requires 

Found 
C,,H,,NO, requires 

Found 
C,H,,NO, requires 

C 
62.9 
62.7 

57.1 
56.9 

57.0 
56.9 

65.8 
66.3 

60.4 
60.2 

60.5 
60.2 

64.35 
64.65 

H 
7.2 
7.2 

6.2 
6.2 

6.1 
6.2 

8.1 
8.3 

7.2 
7.2 

7.2 
7.2 

8.0 
7.8 

N '  N.m.r. (7 values) 
8.9 3.12 (dd, J 2.0 
9.1 and 4.0, 3-H) 

3.22 (dd, J 2.0 
and  3.1, 5-H) 

3.97 (dd, J 3.1 
and  4.0, 4-H) 

5.71 (9, NCH,) 
6.27 ( s ,  OCH,) 
8.68 (t, CCH,) 

6.6 2.52 (d, 
6.6 J 1.8, 5-H) 

2.78 J 1.8, (d, 3-H) 

5.64 (q, NCH,) 
6.21 (s, OCH,) 
6.23 (s, OCH,) 
8.62 (t, CCH,) 

6.6 3.22 (s, 3- and 

5.17 (q, NCH,) 
6.18 (s, OCH,) 
8.64 (t, CCH,) 

7.5 3.07 (dd, J 1.8 
7.7 and  4.0, 3-H) 

3.18 (dd, J 1.8 
and 2.6, 5-H) 

3.90 (dd, J 2.6 
and 4.0, 4-H) 

5.68 (t, NCH,) 
6.20 (s, OCH,) 
8.23 (m, 

NCH,CH,) 
8.71 (m, 

6.6 4-H) 

NCzH4CH2) 
9.08 (t, 

NC3H6CH,) 
5.7 2.55 (d, J 1.8, 
5.85 5-HI 

2.72 (d, J 1.8, 
3-H) 

5.68 (t, NCH,) 
6.19 (s, OCH,) 
6.19 (s, OCH,) 
8.26 (m, 

NCH,CH,) 
8.71 (m, 

NC,H,CH,) 
9.07 (t, 

5.9 3.14 (s, 3- and 
NC3H6CH3) 

5.85 4-H) 
5.15 (t, NCH,) 
6.14 (s, OCH,) 
8.24 (m, 

NCH,CH,) 
8.60 (m, 

9.05 (t, 

8.1 2.98 (dd, J 1.9 
8.4 and 2.8, 5-H) 

3.05 (dd, J 1.9 
and 4.0, 3-H) 

3.86 (dd, J 2.8 
and 4.0, 4-H) 

4.53 (septet, 

6.19 ( s ,  OCH,) 
8.57 (d. CCH.) 

NC2H4CHz) 

NC3H6CH3) 

CH) 

( % I  of 
M +  
100 

53 

100 

45 

26 

33 

49 
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TABLE 2 (Continued) 

M.p. 
[R.p. bath 

temp.] 

72-74 
("C) 

53-55 

[ 122-1 24 
(11 mmHg)l 

Analytical figures (%) Abundance 
'Yo)+"' 

51 

21 

22 

34 

27 

13 

4 

55 

12 

11 

C 
58.8 
58.65 

58.8 
58.65 

66.5 
66.3 

H 
6.65 
6.7 

6.7 
6.7 

8.4 
8.3 

N' N.m.r. (7 values) 
6.3 2.34 (d, J 1.8, 

2.68 (d, J 1.8, 

4.55 (septet, 

6.20 (s, OCH,) 
6.22 (s, OCH,) 
8.54 (d, CCH,) 

6.15 3.14 (s, 3- and 

4.15 (septet, 

6.15 ( s ,  OCH,) 
8.40 (d, CCH,) 

7.9 2.90 (dd, J 2.0 
7.7 and 3.6, 3-H) 

2.91 (dd, J 2.0 
and 3.1, 5-H) 

3.98 (dd, J 3.1 
and 3.6, 4-H) 

6.21 (s, OCH,) 
8.28 (s, CCH,) 
2.54 (dd, J 1.8 

3.24 (dd, J 2.4 
and 3.0, 5-H) 

3.43 (dd, J 1.8 
and 3.0, 4-H) 

6.22 (s, OCH,) 
8.48 (s, CCH,) 
3.22 (dd, J 3.2, 

3.52 (dd, J 3.2, 

6.10 (s, OCH,) 
6.23 (s, OCH,) 
8.41 (s, CCH,) 

5.8 2.30 (d, J 1.8, 

2.48 (d, J 1.8, 

6.17 (s, OCH,) 
6.17 (s, OCH,) 
8.26 (s, CCH,) 

5.9 3.44 (s. 3- and 

6.24 (s, OCH,) 
8.29 (s, CCH,) 

7.0 3.14 (pseudo-t, 2- 
7.0 and 5-H) 

3.85 (pseudo-t, 3- 
and 4H) 

7.79-8.24 (m, 

6.2 5-H) 

3-H) 

CH) 

6.2 4-H) 

CH) 

and 2.4, 2-H) 

6-H) 

4-H) 

5.85 5-H) 

3-H) 

5.85 4-H) 

4.2 
4.4 5-H) 

3-H) 

2.27 C'OH',) (d, J 1.9, 

2.49 (d, J 1.9, 

6.19 (s, OCH,) 
6.19 (s, OCH,) 
7.75-8.23 (m, 

4.5 3.35 (s, 3- and 

6.15 (s, OCH,) 
7.56-8.30 (m, 

C'OH,,) 

4.4 5-H) 

C10H15) 

R' 
Pr' 

Pr' 

But  

R2 
C0,Me 

C0,Me 

C0,Me 

R3 
C0,Me 

H 

H 

R4  
H 

COaMe 

H 

Found 
CI1Hl5NO4 requires 

Found 
Cl,Hl,N04 requires 

Found 
C,oHl,NO, requires 

But H COaMe H 41-43 b 

C0,Me C0,Me d But H b 

But C0,Me C0,Me H 117-119 Found 
C,,H,,NO, requires 

60.2 
60.2 

7.1 
7.2 

But 

Ad 

C0,Me 

H 

H 

H 

C0,Me 

H 

Found 
C,,Hl,N04 requires 

60.5 
60.2 

7.3 
7.2 

36-38 

95-97 Found 
C,,H,,N requires 

83.5 
83.5 

9.5 
9.5 

Ad C0,Me C0,Me H 88-90 Found 
Cl,H,,N04 requires 

68.2 
68.1 

7.3 
7.3 

Ad C0,Me H C0,Me 132-133 C,,H,,NO, Found requires 7.3 
7.3 

68.1 
68.1 

Recorded on dilute solutions in CDCl, (100% D) at 90 MHz with Me,Si as internal standard (J in Hz) . Sample purified by 
Insufficient material for g.1.c. ; insufficient material for microanalysis. 

b.p. measurement. m/e 239.1157 ( M + ;  C1,Hl,N04 requires m/e 239.1157). 

The reaction between N-t-butylpyrrole and ButLi observed 3-mOnO- and 2,3-di-esters. The formation of 
the 3-lithiated compounds may be solely a consequence 
of the steric bulk of the organolithium reagent; their 

m/e 181.1102 (M+; CloHl,NO, requires m/e 181.1103). 

under relatively mild conditions [experiment 5(xvi)] gave 
a mixture of five esters, including the previously un- 
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presence in the product mixture suggests that the pos- 
tulated system of reactions for N-alkylpyrrole metal- 
lation may be more complicated than at first thought. 

(d) Effect of Complexing Agent on  the Lithiation of N- 
Methyl9yrrole.-Experiments 1 (iii) and 1 (xvii)-(xx) 
demonstrate the role of complexing agents in the 
lithiation of N-methylpyrrole. 

The total yields obtained with TMEDA [experiment 
1 (iii)] and diazabicyclo[2.2.2]octane [DABCO, experi- 

I 

I 

I 
P-N, 

N- \ 
I 

T M E D A  D A B C O  T M T A T D  TDMAP 

ment l(xvii)] compare favourably with previous work in 
which the order of reactivity for metallation of benzene 
in the presence of tertiary amines was shownls to be 
TMEDA > NNN’N’-tetramethylpropane- 1,2-diarnine 
> DABCO and 2-methyltriethylenediamine > NNiV”N’- 
tetramet hylbut ane- 1,4-diamine $ ”””-tetra- 
met hylmethylenediamine and N,N’-dimet hylpiperazine. 

1,4,8,1 l-Tetramethyl-l,4,8,1 l-tetra-azacyclotetrade- 
cane (TMTATD) readily forms complexes with Ni2+ and 
Cu2+ cations.lg As these cations and Li+ are of roughly 
comparable size it might be expected that strong com- 
plexation of an alkyl-lithium would occur. Use of this 
complexing agent in the met allation procedure [experi- 
ment l(xviii)] gave a relatively low yield of monolithio- 
product (35%). This may be due either to weak co- 
ordination (resulting in reduced reaction rate) or to 
strong complexation leading to metallation of the 
chelate. 

Results of experiments with tris( dimet hylamino) phos- 
phine (TDMAP) [l(xix) and ~ ( x x ) ]  show that it is not as 
effective a complexing agent as DABCO or TMEDA. 

EXPERIMENTAL 

The method of Elming and Clauson-Kaas 2o (reaction 
between a primary amine and 2,5-dimethoxy-THF in the 

presence of glacial acetic acid) was used, with minor modi- 
fications, for the preparation of the N-alkylpyrroles 
required in the present study. Ethereal solutions of BunLi 
were prepared a t  -70” by the slow addition of ethereal 
solvent to hexane-free BunLi (the solvent was removed 
from commercially available hydrocarbon solutions by 
gentle distillation tn vacuo) . General procedures (prepar- 
ation of heterocyclic lithio-derivatives, carboxylic acids, 
and methyl esters) are given in an earlier paper.4 The 
experimental results are given in Table 1 and physical data 
for new compounds are summarised in Table 2. 
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