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Transition-metal catalysed nucleophile addition to allenes is a very powerful tool for the synthesis of 
functionalised molecules containing heteroatoms, heterocycles in the intramolecular version, or allyl 
derivatives in the intermolecular. The reaction has been explored with a wide variety of metals, being 
silver one of the most effective. Although platinum has somehow been less explored, different reactivity 
has been observed with this metal, showing the great potential and versatility of this methodology. This 10 

review will highlight the reactions with these two metals, silver and platinum, when oxygen or nitrogen 
nucleophiles are employed. Although most of the examples describe the intramolecular version, some 
intermolecular reactions have been described with platinum, and will also be covered.  
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1. Introduction 
The addition of heteroatoms onto an activated C=C bond is a very 30 

useful method to gain access to a variety of functionalised 
molecules in an atom efficient manner. The reaction onto allenic 
systems has an added value as the regiochemistry can be 
controlled by using different metals or changing the substituents 
or the length of the chain between the allene and the heteroatom 35 

in the intramolecular case. In particular, the reaction with allenols 
and amino allenes provides a wide variety of heterocycles, and 
has been widely used for the synthesis of natural products. 

Many metals have been studied in these reactions and some 
reviews have already covered this reactivity with different type of 40 

unsaturated compounds.1 The purpose of this review is to give a 
state-of-the-art account of the reaction on allenic systems using 
silver and platinum complexes with oxygen and nitrogen 
nucleophiles from the first examples to the latest features of this 

useful transformation. The review has been organised first 45 

dividing the examples by metal (silver and then platinum), then 
by nucleophiles (oxygen, then nitrogen), and finally by intra- 
versus intermolecular processes. Some comments comparing 
reactions covered here with analogous gold-catalysed processes 
have been included in the discussion to enhance the interest of the 50 

manuscript for a general audience.2 

1.1. Silver 

Although the focus of this review is on silver-catalysed reactions, 
the reaction of silver with allenols and amino allenes using 
stoichiometric amounts of the metal has been known since the 55 

1980’s, and therefore examples of those reactions have been 
included in this review for a wider understanding of this 
transformation.  

There are no formal reported studies on the modification of the 
reaction conditions needed to turn the silver-mediated process 60 

into catalytic. However, by analysing the different described 
examples, it seems that stoichiometric amounts of silver salts (in 
general AgNO3 is the most used) are needed for more challenging 
transformations, such us synthesis of spirocycles, or bigger rings.  

Stoichiometric amounts of silver are also often employed when 65 

the intermolecular reaction is applied in the total synthesis of 
natural products, although some catalytic examples have also 
been reported.  

Silver was considered as a Lewis acid more than a transition 
metal complex in most of the earlier cases. Only more recently 70 

η2-silver complexes, vinyl silver or silver allyl cation 
intermediates have been proposed to explain the reactivity of 
these systems.3 However, not many details about the mechanistic 
considerations have been reported in the reaction with silver. 

All the silver- catalysed examples covered in this review are 75 



 

2  |  Journal Name, [year], [vol], 00–00 This journal is © The Royal Society of Chemistry [year] 

intramolecular reactions. No intermolecular addition of 
nucleophiles to allenes catalysed by silver salts is known to date. 

1.2. Platinum 

Intra- and intermolecular examples of platinum-catalysed 
addition of nucleophiles to allenes have been reported. Although 5 

platinum is supposed to have similar reactivity than gold, the 
reaction of allenes with nucleophiles catalysed by platinum 
complexes, has been less explored, especially in the case of 
nitrogen derivatives.  

It is very interesting to note that in many of the reported examples 10 

of platinum catalysis, divergent reactivity has been encountered, 
and new reaction modes have been proposed in the intra- and 
intermolecular version. 

1.3 General Mechanisms 

The general accepted mechanisms for the cyclisation of allenols 15 

and amino allenes in the presence of transition metal complexes, 
including silver and platinum, are summarised in Scheme 1. The 
metal can coordinate to one or the other double bonds of the 
allene in a η2-coordination mode, promoting the exo- or endo-
attack to the terminal or internal carbons to form different size 20 

heterocycles. Five- and six-membered rings are often preferred, 
but bigger rings have been obtained by modulating the 
substitution in the starting material and the metal employed. 

 
 25 

Scheme 1 Possible mechanisms for the metal-catalysed 
cyclisation of allenols and amino allenes. 

 
The scheme for the intermolecular reactions is not that general. 
Traditionally, intermolecular addition of nucleophiles onto 30 

transition metal-activated allenes give raise to allyl derivatives by 
attack of the nucleophile to one of the terminal carbons of the 
allene. Protonolysis of the vinyl metal intermediate furnishes the 
allyl derivative (Scheme 2 right).4 However, more recently, new 
reactivity has been observed with platinum to give double 35 

nucleophilic addition (Scheme 2 down), and will be discussed in 
the appropriate section. 
 

 
Scheme 2 General mechanisms for the metal-catalysed reaction 40 

of allenes and nucleophiles. 

 

2. Silver-Catalysed Reactions 
2.1. Intramolecular Addition of O-H 

The coinage metal-catalysed addition of O-H to unsaturated 45 

bonds has been recently reviewed by Brazier et al.3a In the 
present review we will highlight the silver catalysed process 
involving allenes, and we will include reactions with other 
oxygen nucleophiles (ketones, acid derivatives) not covered by 
Brazier’s review. 50 

The reaction of α-allenols in the presence of catalytic amounts of 
silver salts was first reported by Claesson in 1979.5 δ-Monoalkyl 
and δ,δ-dialkyl substituted α-allenols gave 2,5-dihydrofurans by 
5-endo attack to the distal double bond, when reacted in the 
presence of 3 mol% of AgBF4 in CHCl3 (Scheme 3a). However, 55 

unsubstituted derivatives needed harsher conditions (10 mol% of 
silver nitrate in mixtures of water/acetone, in the presence of 
CaCO3) to afford the products in moderate yields (Scheme 3b). 
 

 60 

Scheme 3 First reported silver-catalysed reaction of α-allenols. 
 
Silver nitrate has been the salt of choice in many transformations 
of α-allenols, but stoichiometric amounts have to be used in some 
challenging cases. For example, Wang et al. reported the 65 

cyclisation of 3-(trimethylsilyl)-substituted α-allenols to give 3-
(trimethylsilyl)-2,5-dihydrofurans in the presence of 1 equivalent 
of AgNO3 (Scheme 4a).6 Interestingly, tertiary alcohols gave α,β-
unsaturated ketones instead, probably due to formation of a 
tertiary carbocation (stabilised by the silicon group by 70 

hyperconjugation), followed by attack of water to the central 
carbon of the allene (Scheme 4b). 
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Scheme 4 Reaction of 3-(trimethylsilyl)-substituted α-allenols 

with silver. 

 5 

Spirocyclic dihydrofuran derivatives have been synthesised using 
similar conditions with stoichiometric amounts of silver. The 
reaction has been applied by Alcaide, Almendros et al. for the 
synthesis of spirocyclic oxindoles (Scheme 5a),7 and spirocyclic 
2-azetidinones (Scheme 5b).8 10 

 

 
Scheme 5 Silver-catalysed formation of spirocyclic 

dihydrofurans. 

 15 

The catalytic version of this reaction has been widely studied by 
Marshall et al.9 They reported that the reaction with 
enantioenriched α-allenols with catalytic AgNO3, gave 
stereospecific cyclisation to the corresponding dihydrofurans, and 
they presumed attack on the allenic double bond syn to the side 20 

chain containing the OH (Scheme 6). 

  
Scheme 6 Stereospecific cyclisation of α-allenols. 

 

The stereoespecificty of this cyclisation reaction can be used to 25 

assign the configuration of diastreometric mixtures of α-allenols. 
For example, Burger et al., carried out the silver-catalysed 
cyclisation of a 12:1 mixture of diastereomeric allenylcarbinols 
synthesised by MgBr2-Et2O promoted carbonyl-yne reaction of 
3,3,3-trifluoropiruvates, and they obtained a 12:1 mixture of 2,5-30 

dihydrofurans in 90% yield.10 1H and 19F NMR experiments 
confirmed the cis relationship between the CF3 group and the 
alkyl substituent in the major diastereomer which they related to 
the (RS,SR)-configuration of the major allenol (Scheme 7). 

 35 

Scheme 7 Assignment of configuration of α-allenols based on the 
silver-catalysed cyclisation. 

 
Interestingly, the reaction seems to be also chemoselective. For 
example, Ma et al. reported that bis-allyl substituted α-allenols 40 

can be converted to the 2,5-dihydrofuran derivatives by attack of 
the oxygen onto the allene, without involvement of the extra 
double bonds in the reaction (Scheme 8).11  
 

 45 

Scheme 8 Preferred attack of the oxygen onto the allene versus 
alkene. 
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However, Lee et al. found that when an alkyne is present in the 
reaction of allenyne-1,6-diols, the silver tends to be more 
alkynophilic than allenophilic, and nucleophilic attack of the 
homoallenyl alcohol occurs onto the activated triple bond to give 
substituted furans (Scheme 9).12 In this reaction Ag(I) exhibited 5 

the opposite reactivity than Au(III), which has a higher 
preference in the activation of the allene versus the alkyne, and 
gives dihydrofurans as products. The α-allenyl hydroxyl group 
seems to be more nucleophilic due to possible coordination of the 
other hydroxyl group to the silver salt.  10 

 

 
Scheme 9 Preferred attack of oxygen onto alkyne versus allene. 

More interestingly, α-allenols with two aryl groups at the α-
position have been reported by Gandon et al. to undergo a silver-15 

catalysed Nazarov-type cyclisation, with no involvement of the 
hydroxyl group.13 In this reaction, dihydrofurans are obtained as 
by-products in a few cases, and the 4π electrocyclisation of the 
aryl prop-2-ene-1-yl cations involving one of the aromatic rings 
and the allene takes place to form benzofulvenes (Scheme 10). 20 

 

 
Scheme 10 Nazarov-type cyclisation of aryl-substituted α-

allenols. 
 25 

The regioselectivity of the reaction has been studied with 
α,α’−allenediols containing primary, secondary and tertiary 
hydroxyl groups. Marshall et al.14 and Aurrecoechea et al.15 
reported independently preferential complexation of the Ag+ to 
the less congested end of the allenic system, and therefore 30 

cyclisation with the more substituted alcohol was favoured 
(Scheme 11). 
 

 

Scheme 11 Regioselectivity in the reaction of α,α’−allenediols. 35 

 
In an example reported by Hammond et al., when a carbinol 
allenoate is employed, the reaction in the presence of silver 
occurs preferentially by nucleophilic addition of the acidic 
oxygen onto the allene and formation of a γ-lactone (Scheme 40 

12).16 
 

 
Scheme 12 Formation of lactone from a carbinol allenoate. 

 45 

Reaction of bis(α-allenols) has been explored by Krause et al. to 
give mono- or bis-cyclisation with axis-to-centre chirality 
transfer, depending on the reaction conditions and the substitution 
in the starting material.17 In this case, the steric effects have a big 
influence and bis-cyclisation was achieved effectively for the less 50 

substituted derivative with 30 mol% of AgNO3 after prolonged 
reaction times (Scheme 13). 
 

 
Scheme 13 Silver-catalysed reaction of bis(α-allenols). 55 

 
Althought there are no examples of enantioselective reaction of 
α-allenols in the presence of silver salts, recently Hong et al. 
have reported a chiral silver phosphate-catalysed cycloisomeric 
kinetic resolution of different substituted α-allenols to give the 60 

2,5-dihydrofurans and recovered starting materials with high 
enantioselectivity.18 The reaction works best with a 3,3-
disubstituted Binap-phosphate derivative ((S)-dipPAg), at -10 oC 
in DCM with times between 20 h and 10 days, and 
enantioselectivities from 32 to 99.8% depending on the substrates 65 

(Scheme 14).  
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Scheme 14 Silver phosphate-catalysed cycloisomeric kinetic 

resolution of α-allenols. 
 

The authors proposed coordination of the silver to the allene in a 5 

η2-complexation so when the α-allenol approaches the metal 
centre, the R-enantiomer coordinates preferentially to the silver 
since the bulky R-group would lie in the unhindered area, while 
the S-enantiomer remains in the reaction mixture (Scheme 15). 
The bonded R-enantiomer suffers cycloisomerisation, and after 10 

protodematalation and ligand exchange with another R-
enantiomer of the allenol, the enantiomerically enriched 2,5-
dihydrofuran is formed. 

 
Scheme 15 Proposed model for kinetic resolution. 15 

Cyclisation of α-allenols in the presence of silver salts has been 
widely used as key step in many total syntheses of natural 
products. Reissig et al. have prepared 3-alkoxy-2,5-dihydrofurans 
in two steps using silver-catalysis in the reaction of α-allenols 
derived from carbonyl compounds and lithiated alkoxyallenes.19 20 

This transformation needed a higher loading of silver salt (25-
50% AgNO3 or AgBF4), and the reaction was cleaner in the 
absence of the base. However, gold(I) salts seemed to work better 
in most cases with these substrates, and AuCl was the catalyst of 
choice for the preparation of the 3-alkoxy-2,5-dihydrofuran 25 

utilised in the synthesis of the natural product annularin H 
(Scheme 16). 

 
Scheme 16 Key step in synthesis of annularin H. 

 30 

Standaert et al. reported a concise synthesis of (+)-furanomycin 1 
in seven steps, where one of the key steps is the silver-catalysed 
cyclisation of an α-allenol (Scheme 17).20 
 

 35 

Scheme 17 Key step in synthesis of (+)-furanomycin 1. 

 

Fürstner et al. have used this methodology in several syntheses of 
natural products containing furan-derivatives, such as 
amphidinolide X and Y (Scheme 18a),21 and more recently 40 

Leiodolide B (Scheme 18b).22 In their elegant approach, they use 
the transfer of chirality from the corresponding allenes as a relay 
to obtain the desired stereochemistry in the highly substituted 
tetrahydrofurans in the early stages of the syntheses.  
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Scheme 18 Key steps in synthesis of furan-containing natural 

products. 
 

Similarly to α-allenyl alcohols, α-allenyl aldehydes, ketones23 5 

and acids24 can react in the presence of silver salts to form furans. 
Marshal et al. developed this reaction during the 1990’s, and 
applied it to the synthesis of 2,5-furano macrocyclic natural 
products9c like kallolide A25 and kallolide B (Scheme 19).26 

  10 

Scheme 19 Key step in the synthesis of furan-macrocyclic natural 
products. 

 
Although the initial conditions for the cyclisation of α-allenic 
ketones were the same used for the α-allenols, Marshall et al. 15 

discovered that the reaction worked better in the absence of the 
base and significant rate acceleration was observed decreasing the 
water content.23c The proposed mechanism consisted in 
coordination of the silver to the distal double bond of the allene 
and attack of the carbonyl group in a 5-endo fashion, to form a 20 

vinyl-silver cation, which after loss of a proton would give a 
Ag(I)-furan intermediate. Deuteration studies suggested a direct 
SE protonolysis with loss of Ag(I) as the preferred pathway to 
explain the formation of furan derivatives (Scheme 20). 
 25 

 
Scheme 20 Mechanism of the silver-catalysed cyclisation of α-

allenic ketones. 
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2-hydroxy-2,5-dihydrofurans were observed as products, which 
then suffered dimerization to form bisfuranomethane derivatives 
(Scheme 21).23b 

  
Scheme 21 Silver-catalysed dimerization of 2-hydroxy-2,5-5 

dihydrofurans. 
 

Gevorgyan et al. have reported the synthesis of tri- and 
tetrasubstituted furans by tandem silver-catalysed formation of 
allenyl ketones from alkyne derivatives followed by the silver-10 

catalysed cyclisation as described before (Scheme 22).27 
 

 
Scheme 22 Silver-catalysed formation of substituted 

alkoxyfurans. 15 

 
As mentioned before, acid derivatives can also been employed in 
the silver-catalysed cyclisation. Reaction of α-allenic 
carboxamides is interesting as oxygen and nitrogen can act as 
nucleophile in the cyclisation. Brandsma et al. reported that 20 

reaction of simple allenic carboxamide in the presence of silver 
acetate or silver nitrate gave mixtures of the products form 
oxygen (2-(5H)-furanylidenamine, A) and nitrogen addition 
(dihydro-2H-pyrrol-2-ones, B), being the furanylidenamines the 
major components.28 However reactions were sluggish and full 25 

conversion was not achieved in all the cases. Reaction with 
derivatives containing a methoxy group in the allenic system 
underwent smooth cyclisation under mild conditions to give 
exclusively the furanylidenamines derivatives (A, Scheme 23). 
 30 

 

 

Scheme 23 Oxygen versus nitrogen attack in α-allenic 
carboxamides. 

 35 

Very recently, Wan et al. have reported the silver-catalysed 
cyclisation of allenyl-tosylamides containing an acyloxy group 
for the synthesis of vinyloxazoles (Scheme 24).29 In this case the 
nucleophile is in β-position, and instead of the 5-endo cyclisation, 
the 5-exo is favoured with attack of the amidic oxygen onto the 40 

central carbon of the allene. Although this type of attack to the 
central carbon is less common, the elimination of both, the 
sulfonyl and the acyloxy group, favour the formation of the 5-
memebered ring in this case, to generate the final product. 

 45 

 
Scheme 24 Silver-catalysed cyclisation of allenyl-tosylamides. 

 
There are few examples of silver-catalysed reaction of β-allenols. 
The first example was reported by Claesson in 1979 in the same 50 

paper were they report the reaction of α-allenols.5 They reported 
that these substrates needed the more active conditions (10 mol% 
of silver nitrate in mixtures of water/acetone in the presence of 
CaCO3) to afford 5,6-dihydro-2H-pyrans (Scheme 25). Formation 
of six-membered rings is favoured here by attack of the oxygen to 55 

the terminal carbon of the distal double bond of the allene in a 6-
endo cyclisation. 
 

 
Scheme 25 Silver-catalysed cyclisation of β-allenols. 60 

 
A few years later, Gore et al. reported the reaction of β,β- and 
β,γ-allene-diols and observed favourable reaction of the β-
hydroxy group versus the γ-hydroxy group in all cases.30 Reaction 
of unsubstituted β,β-allenediols under the conditions reported by 65 

Claesson, gave preferentially bicyclic acetals by attack to the 
central carbon of the allene, together with the expected 
dihydropyran (Scheme 26a). Unsubstituted β,γ-allene-diols also 
gave bicyclic acetals, together with dihydropyran from the attack 
of the β-hydroxyl group (Scheme 26b). Interestingly, when the 70 

β,γ-allene-diol had a methyl group in the terminal carbon of the 
allene, only the dihydropyran from the attack of the β-hydroxy 
group was observed (Scheme 26c). 
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Scheme 26 Regioselectivity on the silver-catalysed reaction of 

β,β- and β,γ-allene-diols. 
 
Silver-catalysed reaction of γ-allenols has been reported by Hii et 5 

al.31 The regioselectivity of the reaction was modulated by using 
different Lewis acids. Silver salts promoted the 5-exo-trig 
cyclisation to give vinyl-substituted tetrahydrofurans, while 
TfOH, Sn(OTf)2 or Zn(OTF)2 favoured the 6-exo-dig to give 
tetrahydropyran rings (Scheme 27). 10 

 

 
Scheme 27 Silver-catalysed reaction of γ-allenols. 

 
DFT calculations showed that in the reaction with silver salts, the 15 

C-O bond formation occurred with concomitant deprotonation of 
the hydroxyl group by the counterion on the silver followed by 
protonolysis of the vinyl-silver intermediate (Scheme 28). 
Interestingly, modifying the counterion from TfO- to TFA 
reduced the energy barrier by 1.5 kcal mol-1. This was in 20 

accordance with the experimental results, where reaction with 15 
mol% of AgOTf occurred in 16 h, while reaction with Ag(TFA) 
gave similar yield at room temperature in only 2 h. 
 

 25 

Scheme 28 Cyclisation assisted by silver counterion. 
 
This effect on the silver counterion led to develop the 
enantioselective version of this reaction by the same group using 
silver salts of chiral acids.32 Enantioselectivities up to 73%ee 30 

were obtained with oxophosphorous(V) phosphinate (β-
CgPOOH) and phosphate (TADDOL-POOH) complexes of 
silver, by weakly attractive non-covalent interactions between the 
ligand and the substrate in the transition state structures. The 
reaction works for γ-allenols and γ-allenic acids to form 35 

tetrahydrofurans or lactones respectively (Scheme 29). 
 

 
Scheme 29 Enantioselective silver-catalysed cyclisation of γ-

allenols. 40 

 
This chiral counterion strategy has also been employed in gold 
chemistry, and high enantioselectivities (up to 99% ee) have been 
obtained in the intramolecular hydroxylation and hydroamination 
of allenes.33 In reported examples, chiral silver salts of Binol-45 

derived phosphates have been employed in combination with 
gold(I) complexes to induced asymmetry by interaction of the 
cationic catalyst with the chiral counterion associated with the 
metal in a ion pair, in reactions where chiral ligands in the gold 
failed to give good enantioselectivities. X-Ray absorption fine 50 

structure spectroscopy (XAFS) and NMR studies suggest that 
there is a strong bond between the phosphate oxygen and the gold 
cation during the catalytic cycle, and phosphate assisted proton 
transfer, similar to the one proposed for the silver-catalysed 
reaction as shown in Scheme 28, can not be ruled out as the 55 

stereochemical determining step in gold catalysis.  
 
Reaction with δ-allenols has been reported only with 
stoichiometric amounts of silver salts to give tetrahydropyrans by 
6-exo attack. Gore et al. reported substitution in the allenic 60 

system to have a big influence in the reaction, and up to 6 
equivalents of silver were needed in the more challenging 
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substrates (Scheme 30).34 
 

 
Scheme 30 Silver-promoted cyclisation of δ-allenols. 

 5 

Gallaguer et al. showed that the reaction is stereoselective and 
cis-2,6-disubstituted tetrahydropyrans are obtained when 
secondary alcohols are employed in the reaction (Scheme 31).35 
They proposed a chair like conformation for the reversible 
cyclisation and irreversible protonation of the cis-intermediate. 10 

 

 
Scheme 31 Stereoselective synthesis of tetrahydropyrans. 

 
(Ζ)−γ-Allenyl oximes give also 6-exo attack via the oxygen, to 15 

form oxazines when reacted with 1 equivalent of AgBF4 (Scheme 
32).36 In contrast, E-isomers give the 5-exo attack through the 
nitrogen to give nitrone derivatives with moderate yields (See 
below, Scheme 48). 
 20 

  
Scheme 32 Reaction of (Ζ)−γ-Allenyl oximes through the 

oxygen. 
 
Although seven-membered rings are normally more challenging 25 

to obtain, silver-promoted 7-endo cyclisation of β-allenic oximes 
through the oxygen, has also been reported to give 4,7-dihydro-
1,2-oxazepines (Scheme 33).37 
 

  30 

Scheme 33 7-Endo cyclisation of β-allenic oximes through the 
oxygen. 

 

2.2. Intramolecular Addition of N-H 

 35 

Reactions with amino allenes have been also described, and in 

general follow the same trends as the oxygen derivatives to give 
preferentially 5- and 6-membered rings. In the presence of silver 
salts, the endo cyclisation with attack to the terminal carbon of 
the distal double bond is preferred with α- and β-amino allenes, 40 

while γ- and δ-amino allenes favour the exo-attack to the terminal 
carbon of the proximal double bond. 
 
The first example of silver-catalysed intramolecular addition of 
α-N-H nucleophiles to simple allenes was reported by Claesson 45 

et al.38 They reported the cyclisation of different substituted 
primary and secondary α-amino allenes in the presence of 
catalytic AgBF4, to give 3-pyrrolines (Scheme 34). 
 

 50 

Scheme 34 Silver-catalysed cyclisation of α-amino allenes. 
 
A few years later, Ibuka et al. reported39 similar 5-endo attack to 
the distal double bond in α-amino allenes, to form pyrrolidine 
derivatives stereoselectively (Scheme 35). 55 

 

  
Scheme 35 Stereoselective synthesis of pyrrolidines. 

 
In the same year, Reissig et al.40 reported the synthesis of α-60 

aminoallenes by reaction of methoxyallenes and imines, and then 
submitted them to reaction with AgNO3 in acetone. 2,5-
Dihydropyrrole derivatives were obtained in good yields, and 
when the reaction was performed with an enantiopure derivative 
from the (R)-glyceraldehyde, excellent diastereofacial selectivity 65 

was observed (Scheme 36). 
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Scheme 36 Silver-catalysed reaction of methoxy aminoallenes. 

 
They applied this methodology efficiently for the synthesis of the 
azaspirane core of the tricyclic natural product FR 901483 5 

(Scheme 37).41 
 

  
Scheme 37 Key step in the synthesis of FR 901483. 

 10 

Synthesis of Δ3-pyrrolines using the silver-catalysed cyclisation 
of α-aminoallenes has been consequently reported by several 
groups, and in some cases, divergent reactivity from other metals 
has been observed. For example, reaction of Cbz-protected 
simple α-aminoallenes with AgBF4 (Scheme 38a),42 or reaction of 15 

substituted derivatives with AgNO3 gave pyrrolidines in good 
yields (Scheme 38b),43,44 while the reaction with Pd(0) tends to 
form arylated pyrrole derivatives instead.44  
 

  20 

Scheme 38 Synthesis of substituted pyrrolidines. 
 

Brummond et al. have used this methodology to create an 80-
member library of 3,4-dehydroproline amide derivatives for 
biological evaluation.45 They used silver-catalysed cyclisation of 25 

α-amino allenes derived from amino acids that proceeded with 
complete transfer of chirality from the allenes to the pyrrolidines 
(Scheme 39). 
 

 30 

Scheme 39 Library of 3,4-dehydroproline amide derivatives. 
 
Similarly to the reactions of α-allenoic acids, nitrogen derivatives 
such as amides or carbamates are able to participate in the silver-
catalysed cyclisation. We have already mentioned the reaction of 35 

α-carboxamides that gave mixtures of the products from oxygen 
(2-(5H)-furanylidenamine) and nitrogen addition (dihydro-2H-
pyrrol-2-ones), being the furanylidenamines the major 
components (see Scheme 23).28 However, reactions through the 
nitrogen nucleophile have also been reported. For example 40 

pyrroloisoindolones and the corresponding pyrroles can be 
obtained in moderate yields by reaction of allenyl 1-
isoindolinones with 40 mol% of AgNO3 (Scheme 40a),46 Δ1-
carbapenems have been obtained by reaction of 4-
allenylazetidones with AgBF4 (0.5-2 equivalents) (Scheme 45 

40b),47 and pyrrolidine azasugar precursors have been synthesised 
from allenyl carbamates (Scheme 40c).48 
 

 
Scheme 40 Silver-catalysed or promoted reactions of amino 50 

allene derivatives. 
 
The only example in the literature of reaction of β-amino allenes 
was reported by Alcaide, Almendros et al. using an allene-β-
lactam derivative to form the tetrahydrofuro[3,2-b]piperidine core 55 

present in several natural products (Scheme 41).49 The reaction 
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was proposed to proceed by hydrolysis of the lactam ring to give 
a β-amino ester, which cyclised via a 6-endo attack to the 
terminal carbon of the allenic system. 
 

  5 

Scheme 41 Silver-promoted reaction of a β-amino allene. 
 
In contrast, several examples of silver-catalysed reaction of γ-
amino allenes and γ-amino allene-derivatives have been reported. 
As in the oxygen analogues, the 5-exo cyclisation is the preferred 10 

pathway with formation of 2,5-disubstituted vinyl pyrrolidines, 
by attack of the nitrogen to the terminal carbon of the proximal 
double bond of the allene.  
Gore et al. reported the reaction with 1.2 equivalents of AgNO3 
of different substituted secondary γ-amino allenes, and they 15 

showed that while monosubstituted allenes gave the cyclisation at 
room temperature in 5 h, the more substituted analogous needed 
12 h at 60 oC for high conversions (Scheme 42).50 
 

 20 

Scheme 42 Silver-promoted reaction of γ-amino allenes. 
 
Gallagher et al. used 0.1-1 equivalents of AgBF4 to give 
stereoselectively the cis-2,5-disubstituted pyrrolidines, when 
secondary γ-amino allenes were used.51 The primary amine, 25 

however, gave both isomers, suggesting that the physical bulk 
and not the electronic nature of the substituent in the nitrogen was 
responsible for the stereoselectivity (Scheme 43). 
 

 30 

Scheme 43 Stereoselective synthesis of cis-2,5-disubstituted 
pyrrolidines. 

These results led to the same group to investigate the reaction of 
γ-amino allenes bearing a chiral benzylic residue on the 

nitrogen.52 They found that the concentration of silver salt was 35 

more important for the diastereoselectivity than the nature of the 
counterion (BF4 vs TfO). With an optimal 50 mol% of silver salt, 
they observed that the diastereoselectivity increased with the 
ability of the coordinating residue on the benzylic substituent to 
complex the silver. The best result was obtained with amino-40 

derivatives up to 9:1  (80% d.e.), where the major isomer was the 
one with the phenyl and the vinyl groups on the same side. This 
was explained by a chair-like conformation intermediate 
involving addition of silver to the si-face of the allene 
(pseudoequatorial conformer preferred), and interaction of the 45 

silver with the benzylic residue. Cyclisation at this point should 
involve a backside attack by the amine to the π-complex, and a 
second molecule of amino allene might be involved in this step 
(Scheme 44). 
 50 

 
Scheme 44 Diastereoselective synthesis of pyrrolidines from 

chiral derivatives. 
 

More recently, Hii et al. exploited the enantioselective version of 55 

the reaction using complexes of silver with chiral counterions 
derived from oxophosphorous(V) phosphinate (β-CgPOOH) and 
phosphate (TADDOL-POOH, see Scheme 29).32 In comparison 
with the reaction of the oxygen derivatives, γ-amino allenes gave 
slower reactions, probably due to slow proton transfer after 60 

cyclisation (see Scheme 28). It was found that pyridine speeds up 
the reaction with the β-CgPOOAg complex, giving the product in 
24 h with up to 68% ee (Scheme 45). However, reaction with the 
TADDOL derivative and pyridine was inhibited. 
 65 

 
Scheme 45 Enantioselective silver-catalysed cyclisation of γ-

amino allenes. 
 
Several examples have been reported with γ-N-allene derivatives 70 

such us carbamates, oximes or hydroxylamines. In all these cases, 
the possibility of oxygen versus nitrogen attack exists, and in all 
the cases attack of the nitrogen in a 5-exo mode to the proximal 
double bond occurs.  
Tamaru et al. reported that silver-catalysed reaction of O-(2,3-75 

butadienyl) N-tosyl carbamates occurs regio- and 
stereoselectively to give trans N-tosyl-4-vinyl-2-oxazolidinones 
as major or only isomer, in the presence of catalytic triethylamine 
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(Scheme 46).53 
 

 
Scheme 46 Silver-catalysed reaction of O-(2,3-butadienyl) N-

tosyl carbamates. 5 

 
The group of Bates et al. has used extensively the silver-catalysed 
cyclisation of allenic hydroxylamine derivatives in the total 
synthesis of piperidine alkaloids, such us sedamine (Scheme 
47a),54 sedinine (Scheme 47b),55 porantheridine (Scheme 47c),56 10 

and nupharamine (Scheme 47d).57 The vinyl pyrrolidine is 
obtained in all the cases, and then expanded by breaking the N-O 
bond with the construction of the 6-memebred ring present in the 
natural product by different methods in each case. 
 15 

  
Scheme 47 Silver-catalysed cyclisation of allenic hydroxylamine 

derivatives in the total synthesis of piperidine alkaloids. 
 
Similarly, Gallagher et al. reported the regioselective synthesis of 20 

cyclic nitrones by silver-catalysed cyclisation of (E)-γ- (Scheme 
48a) and δ−allenyl oxime derivatives (Scheme 48b).36,58 In 
contrast to the β-allenic derivatives (see Scheme 33), and the (Z)-
γ-allenyl oxime (see Scheme 32), in this case 5- or 6-memebred 
rings were obtained with attack of the nitrogen in all cases. 25 
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Scheme 48 Regioselective synthesis of cyclic nitrones. 

 
Reaction with δ-amino allenes in the presence of stoichiometric 
amounts of silver salts has been reported to form piperidines by 5 

6-exo attack of the nitrogen.50 As in the case of the γ-amino allene 
derivatives (see Scheme 42), monosubstituted allenes gave the 
cyclisation at room temperature in 5 h, but the more substituted 
analogous needed 12 h at 60 oC for high conversions (Scheme 
49). 10 

 

 
Scheme 49 Silver-catalysed cyclisation of δ-amino allenes. 

 
This methodology has been also efficiently applied to the 15 

synthesis of natural products containing the piperidine ring, such 
us, pinidine (Scheme 50a),59 coniine (Scheme 50b),60 or 
clavepictines A and B (Scheme 50c).61 
 

 20 

Scheme 50 Key Steps in the synthesis of piperidine containing 
products. 

 
7-Membered rings containing nitrogen are more difficult to 
obtain than 5- or 6-membered rings. The more challenging 25 

cyclisation of ε-amino allenes with AgOTf has been so far 
unsuccessful. However, the simple ε-allenyc oxime derivative 
gave the 7-exo cyclisation to form a cyclic nitrone, which, 
although unstable, could be trapped in situ by 1,3-dipolar addition 
with N-methylmaleimide (Scheme 51).36 30 
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Scheme 51 Silver-mediated formation of 7-memebred ring 

nitrone trapped in situ. 
 

2.3. Intramolecular Haloamination 5 

 
In all the examples described for the intramolecular silver-
catalysed hydroamination of allenes, coordination of the silver to 
one of the double bonds, and attack of the nitrogen to form a 
vinyl-silver intermediate is proposed. In the hydroamination 10 

reaction, protonolysis is the final step to release the product and 
regenerate the catalysts. However, in recent years, addition of 
halogenated electrophiles has been employed to break the C-Ag 
bond and forma a C-X (X = halogen), which will give alkenyl 
halide moieties, as very useful building blocks for further 15 

functionalization (Scheme 52). 
 

 
Scheme 52 Protonolysis versus halogenolysis of vinyl-silver 

intermediates. 20 

 
Although this review covers the addition of N-H bonds to allenes, 
addition of N-X bonds to unsaturated mooieties has become 
increasingly important due to the high potential of the products 
formed for further functionalization, and therefore, we consider 25 

that mention to these reactions is pertinent in this review. 
 
Two examples have been reported for the silver-catalysed 
aminochlorination and aminofluorination of α-aminoallenes to 
give functionalised pyrrolines. The chloroamination reaction was 30 

catalysed by [Ag(phen)OTf] in the presence of NCS (N-
chlorosuccinimide) and 2,6-lutidine as base to prevent formation 
of the dehalogenated product. The reaction seems general for 1,1-
disubstituted α-aminoallenes, and tolerates a variety of functional 

groups (Scheme 53).62 35 

 

 
Scheme 53 Silver-catalysed chloroamination of aminoallenes. 

 
Although chlorination on the nitrogen of the amino allene was 40 

observed, mechanistic investigations showed that this was not 
involved in the reaction either as intermediate or chlorinating 
agent. The base was proposed to deprotonate the intermediate 
after cyclisation, to avoid protonolysis and favour the 
chlorination step (Scheme 54). 45 

 

 
Scheme 54 Role of the base in the silver-catalysed 

chloroamination of allenes. 
 50 

The fluoroamination of α-amino allenes has been reported to 
proceed with catalytic AgNO3 and NFSI, in the presence of 2 
equivalents K2CO3 as base.63 The reaction works well for N-tosyl 
derivatives with aromatic or electron-withdrawing substituents in 
the allene, but alkyl substituted ones gave lower yields. Six-55 

membered rings could also be obtained by reaction with β-amino 
allenes (Scheme 55). 
 

 
Scheme 55 Silver-catalysed fluoroamination of aminoallenes. 60 

 
Preliminary mechanistic hypothesis involves oxidation of the 
vinyl-Ag(I) to a vinyl-Ag(II) fluoride, which suffers reductive 
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elimination. Multinuclear silver complexes might be involved to 
facilitate the one-electron redox chemistry (Scheme 56). 
 

 
Scheme 56 Multinuclear silver complexes involved in the redox 5 

process. 
 

3. Platinum-Catalysed Reactions 
3.1. Intramolecular Addition of O-H 

Similarly to the silver process, intramolecualr addition of oxygen 10 

nucleophiles to allenes catalysed by platinum is a very versatile 
tool for the construction of oxygen-heterocycles. The advantage 
of platinum is that only small catalytic amounts are needed, and 
no stoichiometric quantities have to be employed even in the 
more challenging cases. Different ring-sizes can be obtained 15 

depending on the substitution pattern of the starting material and 
the platinum complex employed. 
The reaction of α-allenols gives preferentially dihydrofurans by 
5-endo attack of the oxygen to the distant double bond. 
Interesting examples have been reported by Alcaide, Almendros 20 

et al.,49,64 where the reaction proceeds even with β-lactam based 
enallenols, possessing an extra double bond in the molecule. 
They found high chemo-differentiation depending on the metal 
used, and while platinum and gold tend to activate the allene, 
when FeCl3 was used, activation of the double bond was 25 

observed (Scheme 57a). The reaction also works for non-β-
lactam allenols, always favouring the attack to the distant carbon 
of the allenic system (Scheme 57b and 57c). 

 
Scheme 57 Platinum-catalysed reaction of α-allenols. 30 

 

However, when the catalytic system was changed to 
PtCl2/AgOTf, a complete switch in selectivity was observed, and 
α,β-unsaturated ketones were obtained through a rearrangement 
process (Scheme 58).65 35 

 
Scheme 58 Change in selectivity with Pt/Ag systems. 

 
It is very interesting to note that when the reaction was done with 
a silver free Pt-catalysts, preformed by mixing a 1:1 mixture of 40 

PtCl2 and AgOTf and filtering the AgCl, the dihydrofuran was 
obtained and none of the ketone was observed. Although the 
nature of the active catalytic species remain unknown, silver 
alone does not catalysed the reaction, pointing to the crucial role 
of silver salts in metal catalysed reactions.66 18O- and 2H-labeling 45 

studies were carried out by performing the reaction with 1 
equivalent of H2

18O and D2O. No 18O-incorporation was observed 
in the final ketone, and 33% deuterium incorporation was 
observed in the carbon of the allene in the E-ketone. This 
suggests a 4-exo-dig cyclisation with attack of the oxygen to the 50 

central carbon of the allene, giving rise to an oxetane 
intermediate. Electrocyclic opening of the oxetane generates a 
zwitterioninc α,β-unsaturated ketone, which after demetalation – 
proton transfer, gives the product and regenerate the catalytic 
cycle (Scheme 59). When an isolated oxetane was resubmitted to 55 

the reaction conditions, the ketone was obtained with moderate 
yields, supporting these structures as intermediates in the 
catalytic cycle. 

 
Scheme 59 Mechanistic proposal for the formation of α,β-60 

unsaturated ketones. 
 
Ma et al reported the reaction of 1-(indol-2-yl)-2,3-allenols in the 
presence of PtCl2. However, instead of forming polycyclic 
products with the attack of the α-hydroxy group and the indole, 65 

they obtained carbazoles as the only product in good yields 
(Scheme 60).67 
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Scheme 60 Synthesis of carbazoles from 1-(indol-2-yl)-2,3-

allenols. 
 
In this reaction only the indole acts as the nucleophile, and the 5 

hydroxyl group is loss as water helping to gain aromaticity after 
cyclisation. 
Interestingly, metal-catalysed cyclisation of oxyallenes C3-linked 
indoles proceeds in different ways depending on the metal and 
the group on the nitrogen. For example, oxycyclisation to give 10 

hydrofurans is observed with gold catalysts when the nitrogen is 
protected, but with N-H derivatives, benzannulation and Nazarov 
type chemistry are the preferred pathways with gold and 
palladium.68 
 15 

Similarly to α-allenyl alcohols, α-allenyl ketones can react in the 
presence of platinum complexes to form furans. The vinyl 
platinum intermediates proposed in these reactions have some 
character of platinum carbene, and in the presence of extra 
unsaturations, can give tandem reactions to form more complex 20 

structures. Xu et al. described the synthesis of naphtho[1,2-b]-
furans using this methodology (Scheme 61).69  

 
Scheme 61 Platinum-catalysed reaction of α-allenyl ketones. 

 25 

Platinum-catalysed reaction of β-allenols has been less explored. 
In 2009, Ma et al. reported the Pt(IV)-catalysed reaction of 
indoles with β-allenols. In this reaction indoles containing a six-
membered ring ether at the C-3 position were obtained in 
moderate yields (Scheme 62).70 30 

 
Scheme 62 Platinum-catalysed reaction of β−allenols. 

 
The proposed mechanism, based in deuterium labelling studies, 
starts with formation of an indolyl platinum trichloride, which 35 

could go carbometallation with the allenol to give a vinyl-
platinum intermediate. This intermediate can suffer β-H 
elimination and generate an indole containing allenol. To explain 
the observed deuterium incorporation, instead of 6-endo direct 
attack of the oxygen into the allenic system, the authors proposed 40 

a series of β-H elimination/hydrometalation steps with H/D-PtCl3 
generated in situ, to give a π-allyl platinum complex that can 
undergo intermolecular allylic substitution with the oxygen 
nucleophile. The complete saturation in the six-membered ring is 
explained by hydrometalation of the formed double bond and 45 

protonolysis of the dihydropyran intermediate (Scheme 63). 
 

 
Scheme 63 Mechanistic proposal for the platinum-catalysed 

reaction of indoles withβ-allenols. 50 

 
Alcaide, Almendros et al. have studied in depth the reaction of β-
, β,γ- and γ,δ-allenols derived from D-glyceraldehyde in the 
presence of several metals, finding divergent reactivity depending 
on the metal, reaction conditions and substitution in the starting 55 

allenic system.  
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Unexpected 5-exo cyclisation to form a furan derivative was 
observed in the reaction with β-allenols with the complex 
[PtCl2(CH2=CH2)]2 and TDMPP (Scheme 64).71 The reaction 
seems to proceed by attack of the oxygen into the central carbon 
of the allene (not a very common reactivity) to give a 5 

dihydrofuran that aromatises under the reaction condition. 

 
Scheme 64 Platinum-catalysed reaction of β−allenol derived 

from D-glyceraldehyde. 
 10 

However, the reaction of the analogous β,γ-allenol by removal of 
the TPS-group, under the similar reaction conditions gave chemo- 
and regioselective cyclisation of the secondary hydroxyl group 
(β−OH) at the distal double bond (6-endo), with concurrent 
oxidation to give the dihydropyran-aldehyde derivative (Scheme 15 

65).72 This aldehyde was not very stable, but could be trapped in 
situ by a stabilised Wittig reagent.  
 

 
Scheme 65 Platinum-catalysed reaction of β,γ−allenol derived 20 

from D-glyceraldehyde. 
 
The mechanism proposed for the formation of the oxidised 
product goes via the 6-endo oxyplatination of the activated π-
complex to form, in the first instance the expected 25 

(dihydropyranyl)methanol derivative. This intermediate can be 
transformed into the aldehyde by aerobic oxidation. When 
isolated (dihydropyranyl)methanol, which is the product from the 
gold-catalysed reaction, was reacted in the presence of the 
platinum catalyst in oxygen atmosphere, the aldehyde was 30 

formed in 70% yield (Scheme 66). 
 

 
Scheme 66 Mechanism to explain formation of the oxidised 

product. 35 

 
Reaction of the analogous γ-allenol, with the β-hydroxy group 
protected as an acetate under the same conditions gave the 
tetrahydrooxepine by activation of the distal double bond and 7-
endo cyclisation with concomitant isomerisation of the double 40 

bond (Scheme 67).71 

 

 
Scheme 67 Platinum-catalysed reaction of γ−allenol derived from 

D-glyceraldehyde. 45 

 
DFT calculations support a mechanism where after 7-endo 
cyclisation, a 1,3-H shift will give the π-complexed oxalacycle, 
which is the regioisomer obtained in the gold-catalysed reaction. 
This intermediate suffers a 1,2-H migration assisted by a halide 50 

ligand, a platinum-catalysed β-H elimination to regenerate the 
platinacycle intermediate and final protonolysis to give the 
isomerised product (Scheme 68). Platinum has a higher tendency 
to undergo β-H elimination and form platinum-hydrides than 
gold, which is in accordance with the experimental results 55 

obtained by the two metals. 
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Scheme 68 Mechanism for the platinum-catalysed 7-endo 

cylcisation. 
 
Reaction of the γ,δ-allenic unprotected diol, although reacting 5 

through the γ-hydroxy group selectively, didn’t give the 7-endo 
product. In this case, the γ-hydroxy group attack in a 5-exo-
cylcisation to give the tetrahydrofuran in low yield and 
diastereoselectivity (Scheme 69). This was also the preferred 
product in the gold(III)- and lanthanide-catalysed reactions, and 10 

the reaction worked in better yields.72 

 
Scheme 69 Platinum-catalysed reaction of γ,δ−allenol derived 

from D-glyceraldehyde. 
 15 

Similarly, reaction of β-lactam based γ-allenols gave low yield 
and diastereoselectivity towards the 5-exo cyclisation in the 
presence of platinum and silver salts (Scheme 70).73 These 
compounds were much better substrates for gold, palladium and 
even lanthanide-catalysed reactions, to give regioselectively 20 

tetrahydrofurans, dihydropyrans or tetrahydrooxepines depending 
on the metal employed and the substitution pattern in the allene. 
 

 
Scheme 70 Platinum-catalysed reaction of β-lactam based γ-25 

allenols. 
 

Widenhoefer et al. also reported low reactivity of a simple γ-
allenols in the presence of platinum and silver catalysts.74 In their 
example, AgNO3 catalysed the 5-exo cyclisation in very low yield 30 

and conversion, while the platinum complex gave preferentially 
the 6-endo product in moderate yield (Scheme 71). Again, gold 
catalysts showed better results with this type of substrates. 
 

 35 

Scheme 71 Platinum-catalysed reaction of simple  γ-allenols. 
 

3.2. Intermolecular Addition of O-H 

As we have mentioned in the introduction, intermolecular 
reaction of allenes and nucleophiles have been explored with 40 

platinum catalysis, and different reactivity has been encountered 
depending on the nucleophile and the catalytic system employed. 
 
The first reported example of the intermolecular platinum-
catalysed reaction of allenes and alcohols is the work by Panunzi 45 

et al.75 In their paper instead of attack of the oxygen at the 
nucleophile, the authors reported the reaction of 1,1-dimethyl 
allenes with phenols to give the regiospecific C-alkenylation of 
the aromatic ring (Scheme 72). They also isolated chroman 
derivatives, but they proposed they are formed after the 50 

alkenylation by reaction of the phenol with the alkene catalysed 
by the platinum complex. 
 

 
Scheme 72 Platinum-catalysed reaction of allenes and phenols. 55 

 
The authors invoke formation of vinyl-platinum intermediates by 
the attack of the phenol, as the electron-rich aromatic 
nucleophile, to the less substituted carbon of the allene, activated 
by the platinum complex (Scheme 73, path a). However, the 60 

attack of the oxygen to the more substituted carbon followed by a 
Claisen rearrangement, would give also the same product 
(Scheme 73, path b). The corresponding ethers were not detected 
in the reaction, and therefore the mechanism of C-attack to the 
less substituted terminus of the allene was preferred. 65 
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Scheme 73 Possible mechanisms to obtain C-alkenylation. 

 
More recently our group has discover a new reactivity in the 
reaction of allenes and alcohols in the presence of platinum 5 

chloride.76 In our work, instead of mono addition and formation 
of allyl ethers, as reported with other metals, like gold, addition 
of two molecules of alcohol to the terminal carbon of the allene 
with complete saturation of the second double bond was 
observed, to give aliphatic acetals (Scheme 74). 10 

 

 
Scheme 74 New reactivity in the platinum-catalysed reaction of 

allenes and alcohols. 
 15 

The reaction works only for mono-substituted allenes with 
different alcohols, including diols to give cyclic acetals. The 
construction of aldehydes was possible when the reaction was 
carried out in water. 
Preliminary mechanistic studies ruled out the involvement of allyl 20 

ethers and alkynes as intermediates in this reaction. Deuteration 
studies showed total incorporation of two deuterium atoms, one 
on the central carbon and the other one in the internal more 
substituted carbon of the allene. This suggested a different 
mechanism involving activation of the allene by the coordination 25 

of the platinum to the central carbon, like in a zwitterionic 
platinum carbene, and 1,3 addition of the alcohol to the allene to 
form a platinum carbene as the key intermediate. 1,2-H-shift from 
this intermediate, assisted by the oxygen atom, and attack of the 
second molecule of alcohol will furnish the intermediate ready 30 

for protonolysis to give the acetal and regenerate the platinum 
complex (Scheme 75).77 
 

 
Scheme 75 Mechanistic proposal for the platinum-catalysed 35 

formation of acetals. 
 

3.3. Intermolecular Addition of N-H 

In contrast to the example with alcohols as nucleophiles, the 
reaction of allenes with amines in the presence of platinum seems 40 

to follow the normal reactivity pattern to give allyl amines as 
products. In the stoichiometric reaction of η2-allene-Pt complexes 
with amines reported by Panunzi et al.,78 vinyl-platinum 
complexes from the attack of the amine to the less substituted 
carbon of the allene were isolated (Scheme 76). Reaction of the 45 

vinyl-platinum intermediates with HCl gave the corresponding 
allyl amines. 
 

 
Scheme 76 Stoichiometric reaction of allenes and platinum 50 

complex to form isolable vinyl-platinum complexes. 
 
More recently, Widenhoefer et al. have developed the catalytic 
version of this reaction using (dppf)PtCl2/AgOTf as catalyst.79 
The reaction works for secondary alkylamines and the best yields 55 

and selectivity towards the E-allyl amines were obtained using 
bisphophine ligands, such us dppf in the platinum catalyst. The 
scope is limited to mono-substituted allenes (Scheme 77). 
 

 60 

Scheme 77 Platinum-catalysed hydroamination of allenes. 
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The proposed mechanism involves formation of a cationic 
platinum complex and η2-coordination to the less substituted 
double bond of the allene. Outer-sphere mechanism with attack of 
the amine to the terminal carbon of the activated double bond 
would give the vinyl-platinum intermediate similar to the one 5 

isolated by Panunzi (Scheme 78). 
 

 
Scheme 78 Mechanistic proposal for the platinum-catalysed 

formation of allyl amines. 10 

 

4. Conclusions 
In this review, the silver and platinum-catalysed reaction of 
allenes and oxygen and nitrogen nucleophiles have been covered. 
We have shown that both metals are very useful for the synthesis 15 

of functionalised molecules containing oxygen and nitrogen, and 
the intramolecular version has been applied in the synthesis of 
many natural products.  

The intramolecular silver-catalysed or promoted reaction has 
been known for a long time, and predictable trends are generally 20 

followed: when α- and β-allenosl or amino allenes are used, 5- or 
6-endo attack of the heteroatom to the terminal carbon of the 
distal double bond of the allene occur. However, with longer 
chains, as in γ- and δ-derivatives, the 5- or 6-exo attack to the 
terminal carbon on the proximal double bond takes place. These 25 

reactions are in most cases stereoselective, but only recently, 
important advances towards enantiomeric examples using chiral 
counterions in the silver have been reported. Controlling the 
stoichiometry of the reaction with silver for the most challenging 
cases is also a remaining task that will have to be confronted in 30 

the near future if we want this reaction to be efficiently applied in 
the synthesis of natural products. 

Platinum catalysis, although follow similar trends than silver, is 
less predictable, and recent examples have shown new 
reactivities: in the intramolecular reaction, 4-exo cyclisation, 5-35 

exo cyclisation with attack to the central carbon, or 7-endo 
cyclisations have been reported; and in the intermolecular 
versions new interaction allene-metal have been proposed. 
However, although transfer of chirality has been shown to occur, 
as in the examples by Alcaide, Almendros et al. with derivatives 40 

of the D-glyceraldehyde, the platinum-catalysed enantiometic 
version with chiral ligands is still to be uncovered. 

While silver and platinum are sometimes neglected in favour to 

the more fashionable gold catalysis, they keep showing to be very 
versatile metals and many new examples have appeared in the 45 

past five years as shown in this review. Many avenues remain to 
be explored and it will be interesting to see the surprises that this 
too metals, and platinum in particular will bring in the following 
years. 

 50 

Notes and references 
a School of Chemistry, University of East Anglia, NR4 7TJ, Norwich, UK. 
Fax: +44(0)1603592003; Tel: +44(0)1603597157; E-mail: m.munoz-
herranz@uea.ac.uk 
  55 
 

 
1  (a) N. Krause, Ö. Aksin-Artok, M. Asikainen, V. Breker, C. Deutsch, 

J. Erdsack, H.-T. Fan, B. Gockel, S. Minkler, M. Poonoth, Y. 
Sawama, Y. Sawama, T. Sun, F. Volz, C. Winter, J. Organomet. 
Chem., 2012, 704, 1-8. (b) N. T. Patil,

 
R. D. Kavthe, V. S. Shinde, 

Tetrahedron, 2012, 68, 8079-8146. (c) C. Aubert, L. Fensterbank, P. 
Garcia, M. Malacria, A. Simonneau, Chem. Rev., 2011, 111, 1954-
1993. (d) B. Alcaide, P. Almendros, The Chemical Record, 2011, 11, 
311-330. (e) N. T. Patil, and Y. Yamamoto, Chem. Rev., 2008, 108, 
3395-3442. (f) R. W. Bates, V. Satcharoen, Chem. Soc. Rev., 2002, 
31, 12-21. (g) A. S. K. Hashmi, in Modern Allene Chemistry, Vol 2 
(Ed. N. Krause and A. S. K. Hashmi), Chap. 15, Wiley-VCH Verlag 
GmbH & Co. KGaA, Weinheim, 2004, pp.877-924.  

2  For selected reviews covering gold-catalysed reactions of allenes and 
nucleophiles, see: (a) A. S. K. Hashmi, M. Bührle, Aldrichim. Acta, 
2010, 43, 27-33. (b) H. Huang, Y. Zohou, H. Liu, Belstein J. Org. 
Chem., 2011, 7, 897-936. (c) N. Krause, C. Winter, Chem. Rev., 
2011, 111, 1994-2009. 

3  (a) E. M. Barreiro, L. A. Adrio, K. K. Hii, J. B. Brazier, Eur. J. Org. 
Chem., 2013, 1027-1039. (b) N. Krause, Ö. Aksin-Artok, M. 
Asikainen, V. Breker, C. Deutsch, J. Erdsack, H.-T. Fan, B. Gockel, 
S. Minkler, M. Poonoth, Y. Sawama, Y. Sawama, T. Sun, F. Volz, C. 
Winter, J. Organomet. Chem., 2012, 704, 1-8. (c) N. Krause, Ö. 
Aksin-Artok, V. Breker, C. Deutsch, B. Gockel, M. Poonoth, Y. 
Sawama, Y. Sawama, T. Sun, C. Winter, Pure Appl. Chem., 2010, 
82, 1529-1536. (d) P. Belomon, E. Parker, Eur. J. Org. Chem., 2009, 
6075-6089. (e) M. Alvarez-Corral, M. Muñoz-Dorado, I. Rodríguez-
García, Chem. Rev., 2008, 108, 3174-3198. 

4  (a) M. P. Muñoz, Org. Biomol. Chem., 2012, 10, 3584-3594. (b) R. 
A. Widenhoefer, X. Han, Eur. J. Org. Chem., 2006, 4555-4563.  

5  L.-I. Olsson, A. Claesson, Synthesis, 1979, 743-745. 
6  S. S. Nikam, K.-H. Chu, K. K. Wang, J. Org. Chem., 1986, 51, 745-

747. 
7  B. Alcaide, P. Almendros, R. Rodríguez-Acebes, J. Org. Chem., 

2006, 71, 2346-2351. 
8  B. Alcaide, P. Almendros, T. Martínez del Campo, R. Rodríguez-

Acebes, Adv. Synth. Catal., 2007, 349, 749-758. 
9  (a) J. A. Marshall, X.-j. Wang, J. Org. Chem., 1991, 56, 4913-4918. 

(b) J. A. Marshall, R. H. Yu, J. F. Perkins, J. Org. Chem., 1995, 60, 
5550-5555. (c) J. A. Marshall, C. A. Sehon, J. Org. Chem., 1995, 60, 
5966-5968. 

10  A. S. Golubev, N. N. Sergeeva, L. Hennig, A. F. Kolomiets, K. 
Burger, Tetrahedron, 2003, 59, 1389-1394. 

11  B. Chen, Z. Lu, G. Chai, C. Fu, S. Ma, J. Org. Chem., 2008, 73, 
9486-9489. 

12  S. Kim, P. H. Lee, Adv. Synth. Catal., 2008, 350, 547-551. 
13  P. Cordier, C. Aubert, M. Malacria, E. Lacôte, V. Gandon, Angew. 

Chem. Int. Ed., 2009, 48, 8757-8760. For a recent review on the 
allenic Nazarov reaction, see: M. A. Tius, Chem. Soc. Rev., 2014 
DOI: 10.1039/c3cs60333d. 

14  J. A. Marshall, K. G. Pinney, J. Org. Chem., 1993, 58, 7180-7184. 
15  J. M. Aurrecoechea, M. Solay, Tetrahedron, 1998, 54, 3851-3856. 
 

 

•
R R'2NH

R

NR'2

•
R Pt(P-P)

Cl

R
(P-P)PtCl

NHR'2

R
(P-P)PtCl

NR'2

Pt(P-P)
Cl

NHR'2

R'2NH

R'2NH

R'2NH2
R'2NH2



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  21 

 

 
16  B. Xu, G. B. Hammond, Angew. Chem. Int. Ed., 2008, 47, 689-692. 
17  M. Poonoth, N. Krause, Adv. Synth. Catal., 2009, 351, 117-122. 
18  Y. Wang, K. Zheng, R. Hong, J. Am. Chem. Soc., 2012, 134, 4096-

4099. 
19  (a) O. Flögel, H.-U. Reiβig, Eur. J. Org. Chem., 2004, 2797-2804. (b) 

M. Brasholt, H.-U. Reissig, Synlett, 2007, 1294-1298. 
20  M. P. VanBrunt, R. F. Standaert, Org. Lett., 2000, 2, 705-708. 
21  (a) O. Lepage, A. Fürstner, J. Am. Chem. Soc., 2004, 126, 15970-

15971. (b) A. Fürstner, E. Kattnig, O. Lepage, J. Am. Chem. Soc., 
2006, 128, 9194-9204.  

22  A. Larivée, J. B. Unger, M. Thomas, C. Wirtz, C. Dubost, S. Handa, 
A. Fürstner, Angew. Chem. Int. Ed., 2011, 50, 304-309. 

23  (a) J. A. Marshall, E. D. Robinson, J. Org. Chem., 1990, 55, 3450-
3451. (b) J. A. Marshall, X.-j. Wang, J. Org. Chem., 1991, 56, 960-
969.  (c) J. A. Marshall, G. S. Bartley, J. Org. Chem., 1994, 59, 7169-
7171. 

24  J. A. Marshall, M. A. Wolf, E. M. Wallace, J. Org. Chem., 1997, 62, 
367-371.  

25  J. A. Marshall, J. Liao, J. Org. Chem., 1998, 63, 5962-5970. 
26  (a) J. A. Marshall, X.-j. Wang, J. Org. Chem., 1992, 57, 3387-3396. 

(b) J. A. Marshall, E. M. Wallace, J. Org. Chem., 1995, 60, 796-797. 
27  A. W. Sromek, A. V. Kel’in, V. Gevorgyan, Angew. Chem. Int. Ed., 

2004, 43, 2280-2282. 
28  N. A. Nedolya, N. I. Schlyakhtina, V. P. Zinov’eva, A. I. Albanov, L. 

Brandsma, Tetrahedorn. Lett., 2002, 43, 1569-1571. 
29  Y. Hu, R. Yi, F. Wu, B. Wan, J. Org. Chem., 2013, 78, 7714-7726. 
30  J. J. Chilot, A. Doutheau, J. Gore, A. Saroli, Tetrahedron Lett., 1986, 

27, 849-852. 
31  J. L. Arbour, H. S. Rzepa, A. J. P. White, K. K. Hii, Chem. Commun., 

2009, 7125-7127. 
32  J. L. Arbour, H. S. Rzepa, J. Contreras-García, L. A. Adrio, E. M. 

Barreiro, K. K. Hii, Chem. Eur. J., 2012, 18, 11317-11324. 
33  For some representative examples, see: (a) G. L. Hamilton, E. J. 

Kang, M. Mba, F. D. Toste, Science, 2007, 317, 496-499. (b) B. N. 
Nguuyen, L. A. Adrio, E. M. Barreiro, J. B. Brazier, P. Haycock, K. 
K. (Mimi) Hii, M. Nachtegaal, M. A. Newton, J. Szlachetko, 
Organomet., 2012, 31, 2395-2402. 

34  P. Audin, A. Doutheau, J. Gore, Tetrahedron Lett., 1982, 23, 4337-
4340. 

35  T. Gallagher, J. Chem. Soc., Chem. Commun., 1984, 1554-1555. 
36  R. Shaw, D. Lathbury, M. Anderson, T. Gallagher, J. Chem. Soc., 

Perkin Trans. I, 1991, 659-660. 
37  J. Grimaldi, A. Cormos, Tetrahedron Lett., 1985, 26, 825-828. 
38  A. Claesson, C. Sahlberg, K. Luthman, Acta Chem. Scand., 1979, 

309-310. 
39  H. Ohno, A. Toka, Y. Miwa, T. Taga, E. Osawa, Y. Yamaoka, N. 

Fuji, T. Ibuka, J. Org. Chem., 1999, 64, 2992-2993. 
40  M. O. Amombo, A. Hausherr, H.-U. Reissig, Synlett, 1999, 1871-

1874. 
41  S. Kaden, H.-U. Reissig, Org. Lett., 2006, 8, 4763-4766. 
42  M. Billet, A. Schoenfelder, P. Klotz, A. Mann, Tetrahedron Lett., 

2002, 43, 1453-1456. 
43  R. K. Dieter, N. Chen, H. Yu, L. E. Nice, V. K. Gore, J. Org. Chem., 

2005, 70, 2109-2119. 
44  R. K. Dieter, H. Yu, Org. Lett., 2001, 3, 3855-3858. 
45 (a) B. Mitasev, K. M. Brummond, Synlett, 2006, 3100-3104. (b) S. 

Werner, D. Kasi, K. M. Brummond, J. Comb. Chem., 2007, 9, 677-
683. 

46  S. Kaden, H.-U. Reissig, I. Brüdgam, H. Hartl, Synthesis, 2006, 
1351-1359. 

47  J. S. Prasad, L. S. Liebeskind, Tetrahedorn Lett., 1988, 29, 4253-
4256. 

48  K. Schierle, R. Vahle, E. Steckhan, Eur. J. Org. Chem., 1998, 509-
514. 

49  B. Alcaide, P. Almendros, T. Martínez del Campo, M. C. Redonde, I. 
Fernández, Chem Eur. J., 2011, 17, 15005-15013. 

50  S. Arseniyadis, J. Gore, Tetrahedron Lett., 1983, 24, 3997-4000. 
 

 

 

 
51  R. Kinsman, D. Lathbury, P. Vernon, T. Gallagher, J. Chem. Soc., 

Chem. Commun., 1987, 243-244. 
52  D. N. A. Fox, T. Gallagher, Tetrahedron, 1990, 46, 4697-4710. 
53  M. Kimura, K. Fugami, S. Tanaka, Y. Tamaru, Tetrahedron Lett., 

1991, 32, 6359-6362. 
54  R. W. Bates, J. A. Nemeth, R. H. Snell, Synthesis, 2008, 1033-1038. 
55  R. W. Bates, Y. Lu, Org. Lett., 2010, 12, 3938-3941. 
56  R. W. Bates, Y. Lu, J. Org. Chem., 2009, 74, 9460-9465. 
57  R. W. Bates, C. J. Lim, Synlett, 2010, 866-868. 
58  D. Lathbury, R. Shaw, P. A. Bates, M. B. Hursthouse, . Gallagher, J. 

Chem. Soc., Perkin Trans. I, 1989, 2415-2424.  
59  S. Arseniyadis, J. Sartoretti, Tetrahedron Lett., 1985, 26, 729-732. 
60  D. Lathbury, T. Gallagher, J. Chem. Soc., Chem. Commun., 1986, 

114-115. 
61  J. Du, J. K. Cha, J. Am. Chem. Soc., 1999, 121, 10012-10020. 
62  M. Sai, S. Matsubara, Org. Lett., 2011, 13, 4676-4679. 
63  a) T. Xu, G. Liu, Synlett, 2012, 23, 955-958. b) T. Xu, X. Mu, H. 

Peng, G. Liu, Angew. Chem. Int. Ed., 2011, 50, 8176, 8179. 
64  B. Alcaide, P. Almendros, T. Martínez del Campo, Chem Eur. J., 

2008, 14, 7756-7759.  
65  B. Alcaide, P. Almendros, I. Fernández, T. Martínez del Campo, T. 

Naranjo, Adv. Synth. Catal., 2013, 355, 2681-2685. 
66  For the effect of silver salts in gold catalysis, see: D. Wang, R. Cai, 

S. Sharma, J. Jirak, S. K. Thummanapelli, N. G. Akhmedov, H. 
Zhang, X. Liu, J. L. Petersen, X. Shi, J. Am. Chem. Soc., 2012, 134, 
9012-9019. 

67  W. Kong, C. Fu, S. Ma, Chem. Commun., 2009, 4572-4574. 
68  B. Alcaide, P. Amendros, J. M. Alonso, I. Fernández, J. Org. Chem., 

2013, 78, 6688 
69  H. Wei, H. Zhai, P.-F. Xu, J. Org. Chem., 2009, 74, 2224-2226. 
70  W. Kong, J. Cui, Y. Yu, G. Chen, C. Fu, S. Ma, Org. Lett., 2009, 11, 

1213-1216. 
71  B. Alcaide, P. Almendros, T. Martínez del Campo, E. Soriano, J. L. 

Marco-Contelles, Chem Eur. J., 2009, 15, 9127-9138. 
72  B. Alcaide, P. Almendros, R. Carrascosa, T. Martínez del Campo, 

Chem Eur. J., 2010, 16, 13243-13252. 
73  (a) B. Alcaide, P. Almendros, T. Martínez del Campo, Angew. Chem. 

Int. Ed., 2007, 46, 6684-6687. (b) B. Alcaide, P. Almendros, T. 
Martínez del Campo, E. Soriano, J. L. Marco-Contelles, Chem Eur. 
J., 2009, 15, 1901-1908. 

74  Z. Zhang, C. Liu, R. E. Kinder, X. Han, H. Qian, R. A. Widenhoefer, 
J. Am. Chem. Soc., 2006, 128, 9066-9073. 

75  A. de Renzi, A. Panuzi, A. Saporito, A. Vitagliano, J. Chem. Soc., 
Perkin Trans. II, 1983, 993-996. 

76  M. P. Muñoz, M. C. de la Torre, M. A. Sierra, Adv. Synth. Catal., 
2010, 352, 2189-2194.  

77  This new reactivity has also been reported with indoles as 
nucleophiles to give bis(indolyl)alkanes: M. P. Muñoz, M. C. de la 
Torre, M. A. Sierra, Chem. Eur. J., 2012, 18, 4499-4505. 

78  A. de Renzi, B. di Blasio, A. Panuzi, C. Pedone, A. Vitagliano, J. 
Chem. Soc., Dalton Trans., 1978, 1392-1397. 

79  K. L. Topus, R. A. Widenhoefer, Chem. Commun., 2010, 46, 1712-
1714. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


