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Abstract—This review describes reactions of the ﬂs-pyrro1y1
ligand with special emphasis on their application in syntheses

of substituted pyrroles.

INTRODUCTICON

Reactions of hydrocarbon w-ligands (e.q. nz—a1kene, n3-eny1, ﬂq-diene, etc.) in transition metal
complexes have been extensively studied and have found widespread use in modern organic synthes-
15.1 In contrast, surprisingly little is known about reactions of metal W-coordinated heterocy-
c1es.2 Among five-membered systems only ﬂﬁ-phosph01y1 and ns-thiophene complexes have been
studied in some detail, and recently reviewed3’4 both showing original! and rich reaction
chemistry. The aim of this article is tec bring into focus the chemistry of the transition metal

cocrdinated pyrrole system. Pyrroles form several types of metal w-complexes, the most important

being ns-pyrrolyl {1) and ﬂs-pyrr01e {2).

® O

The complexes 1 and 2 are isoelectronic with the corresponding ns—cyclopentadiene and ﬂs-arene
carbocyclic systems, respectively, The known ﬂs-pyrrole complexes are kinetically rather umnsta-
h1e5 and have so far not been explored. On the other hand, recent studies have shown that
ns-pyrrolyl complexes undergo a variety of highly selective reactions at the coordinated hetero-
cycle. In my opinion, these reactions constitute a formidable challenge for the chemistry

pyrroles e.g. enabling facile and selective introduction of substituents into this system. Tt

should be mentioned that despite the tremendous research in this area the selective substitution
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reactions of pyrroles remain relatively rare.6 It is often easier to prepare a specifically
substituted pyrrole (even a monosubstituted one) via ring synthesis {i.e. by cyclization of an
appropriate acyclic precursor) rather than by a substitution reaction.

The ﬂs-pyrr0]y1 ligand displays an interesting, activating effect on the reactivity of the metal

center. This area has been extensively explored and reviewed by Rasolo et a1.7

PREPARATION OF WS-PYRROLYL METAL COMPLEXES

The synthetic routes leading to basic types of ns-pyrroTyl transition metal complexes 3-8 are

summarized in Scheme 1. Only ring unsubstituted compeunds are shown for clarity,
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Syntheses of ns-pyrro1y1 transition metal complexes. Reagents:
2+ 5
(a} (WS-C5H5)CO(SMe2)3 ;D) FeCT,3 {c} (W -CEHS}Fe!CO\EI; (d) Mn(CO)SBr;
(&) Mn(CH,CN),(COVS"5  (F) (1°-C Hc)Fe(C0) ,1/di isopropylamine/hws  (g) Mn,(CO), s
{h} (Ph3P)2ReH7/3,3-dimethyT-1-butene; (i) (ﬂs-C5Me5)M(OCOCF3)2(H203.

Scheme 1.
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STRUCTURE AND STABILITY OF WS-PYRROLYL METAL COMPLEXES

The bonding mode of the ﬂE-pyrr01y1 1igand can be discussed in terms of wholly delocalized coor-
dination 1 (analogous to that of the QB-cyc1opentad1any1 1igand} or coordination involving nB_

azaally! and ﬂ2-01efinic subsystems §.

@
\/

3

The latter structure has been postulated for the manganese complex & on the basis of 55Mn NOR
data.18 More recently, a slippage of manganese from the pyrrolyl ring centroid toward nitregen
has been evidenced for the 3,4-dimethy! derivative of §.15 Such a slippage probably plays an
important role in CO substitution reactions of §.7 Nevertheless, for the szke of simplicity the
general representation of ns-pyrro1y1 complexes remains the structure 1.

ﬂs-Pyrro]yl complexes are as & rule less stable than their ﬂs-cyc1opentadieny1 counterparts.
a

Whereas ferrocene is stable up to 47U°C,1 azaferrocene 5 decomposes already at 80°C2n and
1,1'-dizzaferrocene 4 (unknown} is corsidered highly unstah]e.9 This intrinsic unstability is
due to the high electronegativity of nitrogen which tends to act as a monodentate Tigand on]y.21
Such behaviar can be illustrated by the reaction of azaferrocene 5 with W-acidic ligands L (CO,
PF3, jsonitriles) in which ﬂ5->n1 transformation of the pyrroly? ligand (but not the ﬂs-cyc1u-

pentadienyl 1igand) is observed.20

N 2
<®> ._\" //v 4

Le + 2L —m—— Fe

5
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Electron-withdrawing substituents in the pyrrole ring weaken its w-bonding ability and stabilize

the ﬂl-coordinated 5pec1’es.22 On the other hand, the introduction of alkyl substituents seems to
stabilize Hs—pyrro1y1 complexes. By virtue of such stabilization octamethyl-1,1'-diazaferrocene
has recently been synthesized as a hydrogen-bonded adduct with two molecules of the parent

pyrrole 19.9

REACTIONS OF THE HS-PYRROLYL LIGAND

Electrophilic attack at nitrogen

The Tone pair of electrons on nitrogen endows the n5~pyrro1y1 ligand with basic and nucleophilic

character., As expected, these properties depend largely on the nature of the metal center. For

10

example, whereas azaferrocene 5 displays basic properties in aqueous solutions (pKa = 4,6),”" the

manganese complexes 6 and (ns-pyrroTy])Mn(CO)?(PPhBJ are consfderably less basic and undergo N-
protonation only in CF3C00H or CF3COOH-CHZC12 med1‘a.23’24

Azaferrocene (5) reacts readily, at room temperature, with methyl iodide to afford rather

unstable nB-N-methylpyrro1e complex 11.10
T+
Me
(f%> h
Mel
Fe - Fe -
3 11
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Less nucleophilic complexes 6 and 7 are not affected by methyl jodide, However, 7 is methylated

at nitrogen by means of methyl triflate to give the cationic complex 12 in high yie1d.16
Me L
I
N N
<::§;:i;7 TfOMe (1:) _
- oTt

H

(PhP), ReH, (Ph.P,ReH,
z 12

25 It

The reaction of 7 with acyl halides affords the corresponding N-acylpyrroles in high yield.
can be ratfonalized by electrophilic attack at nitrogen, accompanied by Spontaneus decomplexa-
tion of heterocycle accelerated by the electron-withdrawing effect of the gcyl group. This reac-

tion constitutes therefore a mild method nf decomplexation of the pyrrole system.

N E:()H

(D)7 _reoc @ m

|
(Prplpet, (Prplfets,

1

$imilar, although uncomplete (30%) release of N-acylpyrrole was observed in the reaction of 6
with diphenylketene.Z8
The ns-pyrr01y1 1igand can act as a two electron donor nitrogen Tigand toward electrophilic metal
centers. In fact, chemistry of 6 is dominated by formation of bi- and trinuclear complexes con-

taining n],ns-bridging pyrrolyl ligand. Representative examples of such species are complexes

13-15,

(00 W-N({) oc_c__/, Le""@ ;.?Cr-v—N @

T o
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N-Coordinating properties of azaferrocene are less known, Only very recently it has been demons-
trated that it coerdinrates, similarly to pyridine, to the axial sites of cobalt (II) porphyrins

and alkylcobaloximes te form heterobinuclear complexes 16-17.

Etectrophilic attack at carbon

Electrophilic attack at carbon is less characteristic for the ns—nyrrolyl ligand since its most
nucleophilic site is situated at nitrogen. Moreover, the electrophilic addition to nitrogen can
deactivate the n5-pyrro1y1 Tigand towards subsequent electrophilic attack at carbon or results in
decomposition of the complex. Nevertheless, a few examples of electrophilic C-substitution of
the n5-pyrro1yT 1igand have been reported. The simplest one is the hydrogen-deuterium exchange
in (n5~pyrr01y1)Mn(C0)3 in acid media.30 Curiously, the rates of exchange in - and S-positions
are equal, Coordination of the pyrrole nitrogen in this complex to the H(C0)5 moiety (complex

13) decreases the rate of exchange by a factor of about 40, conserving the lack of regioselecti-

vity.27

The attempted acetylationm of 6 by means of the acetic anhydride-phosphoric acid system gave the
binuclear complex 19 containing the expected 2-acetylpyrrole ligand as & chelating species.
However, half of the starting material remained unaffected, serving only as a nl-N Tigand

stabilizing the intermediate l§.31

— 388 —




HETEROCYCLES, Vol 37, No. 2, 1990

N s E—]\/
e | T g

| (0Q)Mn | N
6 (O w0,

18 19

Up to now, all attempts to achieve electrophilic C-suhstitution of azaferrocene have beem un-

successful,
Obviously, it may be expected that metallation {1ithiation) would result in erhancement of C-nu-

cleophilicity enabling electrophilic C-substitution:

N N i E+ N E
o/ — — :
M M M

The evidence that such an appreach is feasible has been supported only very recently. The com-

plex 6 is rot well suited for this scope since the metallating agemt (n-Buli) attacks the coordi-

nated C0 instead of the heterocyclic 1igand, to affard the triruclear complex 29.32
0 0 O
Q@ O

N n-BuLi e N O
<& @),

|\|a|n(co}3

7 Mn[_GO]2

LnbOk

Bu-n
£ 20

On the other hand, the ns-pyrroly1 ligand in azaferrocene 5 can be readily metallated at the
-position by means of n-Buli. Unfortunately in this case, however, the competitive Tithiation
of the ﬂ5-Cp ligand takes place, leading, after quenching with an electrophile, to the complex

reaction mixtures 21-22.33
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The exclusive Tithiation of the n5-pyrro?y1 ligand in a transition metal complex was observed
only very recently.34 The treatment of the rhenium comptex 7 with n-Buli in THF at -78°C afford-
ed the 2-Tithio derivative 24, which reacted smoothTy with alkyl iodides to give 075-2-a1ky]—

pyrrolyl) complexes 25 in high yield.

o G O

i RI
n—Buli Lo
LReH, -78°C LReH, -78°C Fe%,

<&

l L=PPh,

LAeHLi

26
Fortunately, in this case the hydrooen migration 24— 26 (very characteristic for the ring-de-

protonated ﬂs-cyclopentadienyl metal hydrides)35 does not occur at -78°C,

Nucleaphilic attack at carbon

Pyrroles having no electron-withdrawing substituents (and obviously the corresponding pyrrolyl
anions) are inert to nucleophilic addition or substitution reactfons.6 However, it may be
expected that such reactions could be promoted by coordination of the pyrrole systemlfo a strong
electrophilic metal center (inversion of the charge affinity or "umpolung”), This expectation

16

was confirmed in 1985. The ﬂ5-pyrroTy1hydridoiodnrhenium complex 27 {readily accessible from
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7 by treatment with 12-K2603) reacts with alkyl- and aryllithiums to afford fﬂs—ZR-pyrro1y1)—

rhenium dihydrides 28 in high yields and excellent (> 98%) regioselectivity.

N | -K R N R
(::) CO Rl.l -K (:() (::>
' 2, RLi
L.R H
2 e L ReHl L ReH LGeHz
7 27 25 28
L=PPh,

This very unusual reaction consists of nucTeophilic attack at C-2, migration of hydrogen from
this carbon atom to rhenium and the elimiratior of a gond nucleofuge (iodide}. Tt proceeds
either as an entirely concerted rucleophilic process (structure 29 or is initfated by eTectron

transfer from RLi to 27.

The most imrteresting feature of this transformation is that it can be easily repeated allowing
the introduction of a second substituent into the ns-pyrro1y1 ligand (transformation 25— 28).
The isolation and purification at the hydridoiodo intermediate is not reguired and the reaction
can he performed under "one flask" conditions,

Unfortunately, attempts to repeat this procedure a third time and introduce a third substituent
to the ﬂ5-pyrro1y1 Tigand failed. Although the ifodination takes place normally, the reaction
with RLi is very slow and gives complex untractable mixtures.

The presented approach opens some novel opportunities for synthesis of substituted ﬂs-pyrrolyl
rhenium complexes and corresponding pvrroles, For exampTe, it enables the easy introduction te
the pyrrote system of one or two aryl or/and alkenyl substituents, that up to now have constitut-
ed a difficult synthetic problem. However, it should be noted that complex 27 is reactive only
towards highly nucTeophilic alkyl- or aryllithium reagent and fail to react with less nucleo-

philic species e.g. enolates,.
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Decomplexation methods

The only ns—pyrr07y1 complexes studied for the purpcses of developping of mild and efficient
methods of decompiexation of the co-ordinated heterocycle are rhenium complexes 7, 25 and Z§.25
These complexes are surprisingly stable {up to 150°C). Their pyrrolysis at higher temperatures
leads to the liberatfon of triphenylphosphine rather than pyrrole. Only in the case of complexes

having bulky t-butyl substituents formation of the corresponding pyrrole was observed16 e.g.:

| Bu-t
Oy e [y

(PhiPiReH,

A more general decomplexation method consists of the reactior of these complexes with an electro-

phile, followed by treatment with DMSO, which remplaces the kinetically labile n5-pyrro1e 1igands

25

(Scheme 2). In the case of RCOC] decomplexation of N-acylpyrrole proceeds spontaneously.

H DMSO A _N._-R
I

N y

R Me
Q TfOMe/ DMSO R r'q: e
(Ph4P)ReH, -

=

Decomplexation of pyrroles from (ns—pyrroTyl)bis(tripheny1phosphine]rhenium

dihydrides.

Scheme 2.
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Concluding remarks

The results presented here {especially those obtained for rhenium complexes} clearly indicate
that qs—pyrro1y1 transition metal comlexes are versatile intermediates in synthesis of substitut-
ed pyrroles via suhstitution reactions. Either classical electrophilic as nucleophilic C-substi-

tution is possible {Scheme 3).

2 ey
b b
X N N X
[ Nu E Nu u l N
Nu N E . ‘“1<:§;;i;7” ‘*~<:z;;§;;7—'4“ . Nu N u
| | - [ | —— I
L,ReH, LReH,

Synthesis of substituted pyrroles from 7. L = PPh E = alkyl; Nu = alkyl, alkenyl,

3;
aryl; X = H, alkyl, acyl.
Reagents: (a) 1. n-BuLi/RI; (b} 1.1,-K,C05 2. RLi; (c) HBF ,/DMSO or TfOMe/DMSO

or RCOCT.
Scheme 3.

Although determimation of the scope ard limitations of these reactions is in need of further

studies, their synthetic potential is already considerabTe. A1l processes involved in Scheme 3
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occur in high, virtually quantitative yields and with excellent regioselectivity. A1l rhenium
complexes shown are crystalline yellow or orange air stable compounds, which under mild condi-
tions easily loose the corresponding NH or N-substituted pyrroles. To complete, the starting

complex 7 is easily accessible from commercially available perrhenic acid:

4 pyrro]e/t-BuCH=CH2
34 16
HReO4 ------------ > {PhBP)zRenC]3 ---------- > (Ph3P)299H7 ---------------------- > 7

CHBCOOH-HCI

However, the relatively high cost of this reagent should be noted [7-8 US $/g at Aldrich}, which
constitutes a serious limitation of the applicatior of this approach to large-scale preparations
of pyrroles. It can be therefore expected that future trends ir this field will concentrate on
the use of cheaper transition metals {e.g. iron). Amano numerous problems that may be resolved
in the near future by using HS-DYrro1y1 metal comlexes one can mention the activation of the
Tateral aTkyl chain in pyrroles towards the proton loss and the use of homochiral pyrraly]

complexes in enantioselective syntheses of pyrroles and pyrrolidines,
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