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Abstract: The Smiles rearrangement is an intramolecular SNAr 

reaction, breaking a C–X single bond and forming a new C–X or 

C–C bond though ipso substitution. Its vast scope, in terms of 

nucleophile, leaving group, and ring-size of the transition state, 

make it a powerful tool for arene functionalization, as it can be 

employed strategically to switch easily-forged bonds with more 

difficult connections that would be challenging to realize in the 

intermolecular mode.  

The reaction has received significantly renewed attention in 

recent years, as advances in areas such as arene C–X bond 

formation and radical generation have been harnessed for new 

arene syntheses via Smiles chemistry. In addition, new reaction 

modes have been discovered such as the Clayden 

rearrangement of lithiated ureas, creating innovative applications 

for Smiles rearrangements in asymmetric arylation. This 

minireview will discuss advances in these areas in the recent 

literature, covering both two-electron, polar Smiles 

rearrangements along with single electron radical 

transformations. 

1. Introduction 

The Smiles rearrangement - intramolecular migration of an aryl 

ring acting as an electrophile - is an old reaction which has 

undergone a vigorous revival in recent years for the synthesis of 

valuable arene and heteroarene molecules (Scheme 1). A 

tremendously versatile reaction, it enables the functionalization 

of (hetero)aromatic rings across a very broad substrate scope, 

often under simple and economic reaction conditions. The 

reaction was originally reported in 1894 by Henriques,[1] and 

then by Hinsberg,[2] for naphtholsulfones. Subsequently, the 

nature and generality of the reaction was determined by Smiles 

in a series of papers published in the 1930s.[3] Several factors 

were considered key for rearrangement: the activation of the 

aromatic ring, the nucleofugality of the leaving group and the 

nucleophilicity of the entering group. 

 
Scheme 1. Generalized Smiles rearrangement. Y = nucleophile, X = leaving 

group. 

Historically, strongly electron-withdrawing nitro groups were 

primarily used to activate the migrating aromatic, although p-

sulfonyl, naphthyl, 2-pyridyl and anthraquinones were also 

demonstrated to be capable of migration. A comprehensive 

monograph, which outlines the functionality then reported to 

activate the migrating aromatic ring and the conditions required 

to achieve migration, was published in 1970 by Truce and co-

workers,[4] and further reviews have appeared on aspects of 

Smiles chemistry in the ensuing years.[5] Truce developed the 

carbanion Smiles rearrangement using a lithium base, which 

was effective for unactivated arenes 3 (Scheme 2); [6] this 

carbon-carbon bond formation is now commonly termed the 

Truce-Smiles rearrangement.  

 
Scheme 2 The Truce-Smiles rearrangement. 

The effects of the entering (Y) and leaving (X) group are 

intertwined. Early studies with diaryl compounds determined that 

increased nucleophilicity of Y facilitated the use of poorer 

leaving groups X.[3b] The deprotonation of the nucleophile has 

also been found to be significant in determining the outcome of a 

rearrangement (vide infra). As substitution of Y affects both the 

nucleophilicity and pKa, whilst enhancing nucleophilicity will 

facilitate deprotonation of the Meisenheimer intermediate (vide 

infra), a stable conjugate base of Y may be unable to perform 

the nucleophilic attack.[3e]  

The carbon linkage between the nucleophile and leaving group 

also exerts an influence upon the reaction, and can be 

manipulated to promote the rearrangement through Thorpe-

Ingold effects (e.g. amide 6 in Scheme 3) [7], [8] 

 
Scheme 3. Use of the Thorpe-Ingold effect. 

The mechanism of the Smiles rearrangement is thought to 

proceed via an anionic sigma complex – the Meisenheimer 

intermediate 9. This has been characterized by UV-Vis and 

NMR spectroscopy in a number of studies,[9, 10] with an example 

shown in Scheme 4.[11] The spiro-intermediates were confirmed 

by UV-Vis spectroscopy for each substrate 11-14, and the rate 

of Smiles rearrangement was found to depend upon the collapse 

of this intermediate, The rate of rearrangement decreases in the 

order of 14 > 13 > 12 > 11, and the rate of formation of the 

anionic σ-complex decreases in the order of 11, 13 > 14 > 12. 

[a] Ms C. Holden and Prof M. F. Greaney 

 School of Chemistry 

 University of Manchester 

 Oxford Rd, Manchester, M13 9PL, UK 

E-mail: michael.greaney@manchester.ac.uk 
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Scheme 4 The effect of ring electronics on the Smiles rearrangement. 

2-(p-Nitrophenoxy) ethylamines 15 have been used to study the 

rate of Smiles rearrangement with respect to pH (Scheme 5).[12] 

Rate were found to be linearly dependent on [OH−] below 0.01 M 

but insensitive to [OH−] above 0.1 M where it approached a 

maximum. It was concluded that at low base concentration the 

rate determining step is deprotonation of the Meisenheimer 

intermediate 16 and only at high concentration the formation of 

intermediate becomes rate limiting. This contrasts with earlier 

work, where it was assumed that the ability of a substrate to 

undergo a Smiles rearrangement primarily depended solely 

upon the electrophilicity of the ipso-carbon. N-Alkylation was 

also observed to accelerate the formation of the spiro-

intermediate due to increased nucleophilicity.[13] Further 

evidence that the rate of Smiles rearrangement is determined by 

the collapse of the Meisenheimer intermediate was provided by 

substrate R=CH2CH2NH2, for which intramolecular proton-

transfer should render the rearrangement insensitive to general 

base catalysis and exhibit the rate limit even at low 

concentrations of the base.[14] Specific base catalysis and a pH 

insensitive rate-plateau were observed, although the rate limit 

was again observed at high pH. These results corroborate the 

previously gathered evidence that Smiles rearrangement is 

dependent upon the collapse of the Meisenheimer intermediate 

(via deprotonation) at low base concentrations.  

 
Scheme 5 Formation and collapse of the Meisenheimer intermediate. 

Whilst the Smiles rearrangement was once characterized by the 

migration of nitroarenes between oxygen, nitrogen and sulfur, 

the scope of the rearrangement has now expanded to 

encompass electronically varied aromatic rings and is achieved 

through an interesting variety of reaction conditions. This 

minireview will concentrate on recent developments in the 

Smiles rearrangement; the reaction can proceed through both 

one and two electron pathways, and we will organize the review 

accordingly. Further, the transformation bifurcates between 

arene migration to a carbon or a heteroatom terminus, leading to 

carbon-carbon or carbon-heteroatom bond formation, 

respectively. 

 

 

Catherine Holden received her 

undergraduate degree in chemistry 

from the University of Oxford, 

completing her final year in the group 

of Prof. Michael Willis. She then 

joined the research group of Prof. 

Michael Greaney to undertake her 

PhD at the University of Manchester, 

working on aryne chemistry and 

Truce-Smiles rearrangements.  

Prof. Michael Greaney took his 

chemistry degree at the University of 

Oxford, completing his part II 

research project in the group of Prof. 

Sir Jack Baldwin in 1996. He then 

moved to London to carry out PhD 

work with Prof. William Motherwell at 

UCL, followed by postdoctoral work 

with Prof. Jeffrey Winkler at the 

University of Pennsylvania as a 

GlaxoWellcome fellow. He returned 

to the UK in early 2002, to a lectureship position at the 

University of Edinburgh, and in 2011 moved to the University 

of Manchester to a personal chair in organic chemistry. His 

laboratory focusses on new synthetic methods for organic 

chemistry. 

2. Two Electron Smiles Rearrangement 

2.1 CX bond formation 

The classical Smiles rearrangement in which an electron 

deficient aromatic ring migrates from one heteroatom to another 

is primarily driven by the formation of a more stable anion. This 

anion can then be trapped and the transformation has been 

used to prepare a multitude of heterocyclic compounds through 

multicomponent, domino and cascade processes. A notable 

development in recent years has been the incorporation of 

Smiles rearrangements into transition metal-catalyzed 

sequences. 

2.1.1 In combination with transition metal catalysis 

Snieckus observed an unanticipated Smiles rearrangement 

during a domino copper iodide catalyzed synthesis of tricyclic 

dibenzoxazepinones 21 (Scheme 6) from 2-iodobenzamides and 

2-bromophenols.[15] The substitution patterns of the isolated 

products indicated that a rearrangement of the phenolic arene 

had occurred prior to a second, Ullman-type annulation. Little to 

no activation of the migrating ring with electron withdrawing 

groups was required, and electron rich aromatics also 

rearranged. The Snieckus group then developed an equivalent 

transition metal free process from 2-fluorobenzamides, which 

proceeded via an SNAr/Smiles/SNAr cascade process.[16] No 

migration of electron-rich or electron-neutral arenes were 

reported in this case and exceedingly high temperatures were 

required (220 °C), but the reaction times were reasonable (2 h). 
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Scheme 6. A Smiles rearrangement / interrupted copper-catalyzed domino 

preparation of dibenzoxazepinones. Dbm = dibenzoylmethane. 

Ganguly et al. described a similar copper-catalyzed cross 

coupling/rearrangement/cyclization process to afford 

dibenzoxazepinones 26 in the pyridyl series (Scheme 7).[17] 

Electron rich, neutral and heterocyclic rings were well tolerated, 

and removable groups could be used to protect the nitrogen 

atom. 

 
Scheme 7. A “ligandless” copper catalyzed domino preparation of 

dibenzoxazepinones. 

Zhu used a reagent-controlled Smiles rearrangement to access 

different regioisomers of dibenzoxazepinones (Scheme 8).[18] 

Amide 27, containing the Daugulis quinoline auxiliary, enabled 

copper catalyzed CH etherification followed by Goldberg 

coupling to afford a single regioisomeric product 29.  

 
Scheme 8. Switchable Smiles rearrangement to accesses regioisomeric 

dibenzoxazepinones. 

Alternatively, CH etherification and t-BuOK promoted Smiles 

rearrangement, followed by cyclization cleanly afforded the 

regioisomeric product 30. An initial reversal in selectivity had 

been observed following a catalyst switch from Cu2(OH)2CO3 

(non-rearranged) to Cu(OAc)2 (rearranged); this was then 

optimized to the final conditions using a strong base. Only 2-

bromo-4-chlorophenol 28 was demonstrated to participate in 

both the rearrangement and non-rearranged transformation. 

Ullman coupling/rearrangement/cyclization cascades are not 

limited to benzamides and Zhang et al. reported a related 

reaction with 2-arylindole 31 to afford a penta-cyclic ring system 

33 as a single regioisomer (Scheme 9).[19] A range of 

halogenated phenols 32 were used for the rearrangement and a 

single halogen is sufficient for activation (i.e. I 90% and Br 58%). 

 
Scheme 9. A copper catalyzed one-pot synthesis of fused 

dibenzo[b,f][1,4]oxazepines. 

2.1.2 Miscellaneous / N to O 

Many conventional Smiles rearrangements undergo oxygen to 

nitrogen migration of the arene. Recently, reversal of this 

reactivity has been achieved. Schnermann developed an 

electrophile integrating Smiles rearrangement in which a 

nitrogen to oxygen aryl migration occurs with C4′-O-alkyl 

heptamethine cyanine fluorophores 34 (Scheme 10).[20]  

 
Scheme 10. The nitrogen to oxygen transfer of a conjugated π-system. 

The base promoted Smiles rearrangement was rendered 

irreversible through preferential trapping of the more nucleophilic 

amine with an electrophile. The migrating component was not an 

aromatic system, but rather an extended conjugated π-system.  

Biju and co-workers have recently reported a Smiles 

rearrangement in the multicomponent reaction of benzyne (from 

precursor 36), benzaldehyde and N,N-dimethylaniline to afford 

2-aminobenzohydrol products 39 (Scheme 11).[21] The most 

notable aspect of this transformation with respect to Smiles 

rearrangement chemistry is the unusual nitrogen to oxygen aryl 

migration. This is a consequence of a quaternary ammonium ion 

40 which forms upon nucleophilic addition of the N,N-dimethyl 

aniline to benzyne. The formation of a quaternary ammonium 

salt is sufficient to activate the arene for rearrangement, and no 

additional activating substitution of the migrating aromatic is 

required.  
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Scheme 11. A multicomponent Smiles rearrangement with an unusual N to O 

aryl transfer. 

2.1.3 Isocyanide Multicomponent reactions (iMCR) 

 

The well-known Passerini and Ugi multicomponent reactions of 

isocyanides with carboxylic acids and aldehydes or imines have 

seen extensive application to programs of combinatorial 

synthesis and high throughput screening. The key step in iMCR 

reactions involves irreversible Mumm rearrangement transferring 

an acyl unit from the ester group in 41 to the amine, driving the 

reaction to completion. El Kaïm and Grimaud proposed 

replacing the acid component in Ugi and Passerini iMCRs with a 

nitro-phenol, thereby utilizing a Smiles rearrangement of 42 as 

the key step (Scheme 12).[22] 

 
Scheme 12. A comparison of the classical Ugi and Ugi-Smiles reactions. 

As with the original iMCRs, either aldehydes or imines 

participate leading to the Passerini-Smiles and Ugi-Smiles 

iMCRs respectively (Scheme 13). The El Kaïm laboratory has 

established both processes as powerful routes for the production 

of functionalized heteroaromatic amine (44, Ugi) and phenolic 

(45, Passerini) products with obvious relevance to medicinal 

chemistry.[23] 

 
Scheme 13. The Ugi-Smiles and Passerini-Smiles reactions. 

2.1.4 Julia-Kocienski olefination 

The Smiles rearrangement is a key step of the Julia-Kocienski 

olefination, employing significantly milder conditions than the 

classical Julia-Lythgoe reaction (Scheme 14). The mechanism 

involves a sulfur to oxygen aryl migration of the heteroarene 48 

(often benzothiazole (BT) or phenyltetrazole (PT)), and 

desulfonative elimination to provide the olefin 50. The procedure 

has been reviewed generally,[5d, 24] and a key application is the 

synthesis of fluorinated olefins.[25] Outlined below are some 

notable recent developments from the Jørgensen group that 

introduce organocatalytic processes for novel alkene and alkyne 

formation. 

 

Scheme 14. Julia-Lythgoe and Julia-Kocienski olefination procedures. 

Jørgensen treated α,β-unsaturated aldehydes with 

phenyltetrazole sulfones to give adducts 53 in high ee (Scheme 

15).[26] To achieve alkenylation (conditions A), the aldehyde was 

first protected in acetal form followed by base promoted enolate 
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formation on the ketone, then a Smiles rearrangement and 

elimination to afford the alkyne 54. Simple reduction of the 

ketone (conditions B) promoted a similar Smiles rearrangement 

elimination sequence affording the alkene 55. 

 
Scheme 15. An organocatalyzed alkynylation and alkenylation of α,β-

unsaturated aldehydes. 

The same group used a thiourea-based catalyst to promote the 

enantioselective addition of β-keto benzothiazolesulfones to N-

Boc-protected imines 56.[27] The ketone products of this 

organocatalyzed reaction could then be reduced, causing a 

Smiles rearrangement and elimination to afford enantioenriched 

allylic amines 58 (Scheme 16). Alternatively, the intermediates 

could simply be desulfonylated with no Smiles rearrangement to 

afford enantioenriched β-amino ketones. 

 
Scheme 16. Asymmetric organocatalyzed allyl amine synthesis. 

The same approach with β-keto benzothiazolesulfones could be 

used in a formal Sonogashira reaction to afford nitro-phenyl 

alkynes 61 through an SNAr addition to arylate the sulfones 

(Scheme 17).[28] The alkenylations could be performed in one 

pot with K2CO3 at 65 °C, or if a brief work up was conducted 

after the Cs2CO3 mediated SNAr with NaHCO3 at 45 °C, albeit 

with slightly reduced yields.  

 
Scheme 17. Formal transition metal free Sonogashira reaction. 

These transformations demonstrate that classical Smiles 

rearrangements which form new C–X bonds can be used in 

conjunction with a diverse range of transition metal catalyzed 

and organocatalyzed reactions to access valuable small 

molecules. 

2.2 CC bond formation 

The first carbanion Smiles rearrangement was reported by Truce 

in 1958, involving rearrangement of an organolithium species 

(vide supra, Scheme 2).[6] Notably, these rearrangements did not 

require the presence of a strongly activating group on the 

migrating arene. The Truce-Smiles rearrangement has been 

previously reviewed,[4,5c] here we will discuss recent 

developments in the literature.  

2.2.1.1 Phenyl ether enolate rearrangement 

Erickson and McKennon reported an unexpected phenyl ether 

migration via Truce-Smiles rearrangement of 2-(2-

pyridloxy)phenylacetic acid esters 62, resulting in the formation 

of 3-pyridyl-2-benzofuranones 63 (Scheme 18).[29] This 

rearrangement proceeded via a 5-membered transition state, 

whilst other rearrangements for this class of substrates 

predominantly proceed through 6-membered transition states 

(vide infra). 

 
Scheme 18. Truce-Smiles rearrangement of a phenyl ether.  

Keto-enolates may also participate in aryl ether rearrangements 

(Scheme 19). The reaction of electron deficient aryl fluorides 

with o-hydroxy acetophenone 65 was observed to give C-

arylated products 66 rather than the expected O-arylated 

products by Mitchell and Barvian (Scheme 19, Conditions A).[30] 

The transformation was then shown to proceed at ambient 

temperatures in DMSO, and more fully explored with respect to 

compatible functionality by Snape (Scheme 19, Conditions B).[31] 

However, only the 2-nitro functionality was investigated as an 

activating group. The process was shown to be a two-step 

reaction through an SNAr O-arylation of the acetal-protected 

ketone, which could then be revealed under acidic conditions, 

without rearrangement. This transformation was used as a key 

step in the preparation of the core of a 2,3,6-trisubstituted indole 

on large (>50 kg) scale by a process chemistry group led by 

Alorati and Gibb at Merck Sharp and Dohme.[32]  

 

 
Scheme 19. α-Arylation of aryl ketones via an enolate Truce-Smiles 

rearrangement. 

The range of activating groups which could be employed for this 

rearrangement was expanded upon by Ma and Ma to include 

heteroarenes, nitriles, trifluoromethyl, and halogen functionality 

under similarly mild conditions (Scheme 20).[33]  
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Scheme 20. The cascade SNAr, Truce-Smiles rearrangement to prepare α-

arylated ketones. 

Snape reported preliminary results in the development of an 

asymmetric α-arylation, which exploited an amide chiral auxiliary 

71. However, only low levels of diastereoselectivity (1:1.6) were 

obtained (Scheme 21).[34] The propensity for racemization at the 

chiral center in question under the reaction conditions indicated 

that this may be a consequence of thermodynamic equilibration 

in the product.  

 
Scheme 21. Diastereoselective Truce-Smiles rearrangement. 

2.2.1.2 Phenyl ether/nitrile rearrangements 

A series of reports describing the Smiles rearrangement of 

phenyl ethers, promoted by deprotonation of an alkyl nitrile 

substrate 74 (Scheme 22) were made by Okuda and Sasaki.[35] 

These reactions culminate in cyclization and aromatization to 

afford polycyclic heteroaromatic products. The migration of non-

aromatic systems (activated alkenes 76) can be achieved with 

NaH/DME, albeit in moderate yields.[35b] 

 
Scheme 22. Deprotonation/rearrangement/condensation cascade of nitrile 

phenyl ethers. 

The rearrangement of phenyl ethers promoted by α-nitrile 

deprotonation was expanded through the development of milder 

reaction conditions (Scheme 23) by Wood.[36] The 

rearrangement could be conducted at lower temperatures (up to 

60 °C) using various electron withdrawing groups on the aryl ring 

(nitroso, nitrile, ketone, halogens). 

 
Scheme 23. Phenyl ether to α-nitrile aryl migration. 

2.2.1.3 Biaryl preparation 

Truce-Smiles rearrangements of aryl anion equivalents to form 

biaryls are quite rare in the literature.[37] An elegant example was 

recently reported by Quayle, who observed Truce-Smiles 

rearrangement during their preparation of potential benzyne 

precursors 82 (Scheme 24).[38] The TBAF mediated de-silylation 

of nitrobenzene sulfonate esters resulted in a desulfonative 

rearrangement of the aryl anion equivalent to afford biaryl 

phenols 83. 

 
Scheme 24. Quayle’s desulfonative biaryl nitro-phenol synthesis. One or both 

of X and Y is a nitro group. 

Greaney developed a benzyne-mediated desulfonative 

Truce- Smiles reaction for the synthesis of 2-aminobiaryls from 

phenylsulfonamides 84 (Scheme 25).[39] N-Arylation of electron 

poor sulfonamides with benzyne generates an incipient aryl 

anion that can rearrange to the biaryls 85. Several electron-

withdrawing functionalities were productive in activating the 

migrating arene, in addition to heteroaromatic ring systems. 

Further, highly hindered biaryls including those displaying axial 

chirality (e.g. 86) were readily prepared. As with the Quayle 

system, this transformation creates the biaryl C–C bond with no 

requirement for expensive Noble metal catalysts or 

organometallic intermediates. 
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Scheme 25. An aryne mediated Truce-Smiles biaryl synthesis. 

2.2.1.4 Sulfonamide/enolate rearrangement 

The rearrangement of nosyl protected amino acids 90 was 

observed in 1999 by Wilson and co-workers (Scheme 26).[40] 

The rearrangement proceeded rapidly at ambient temperature 

with 50% Bu4NOH in dioxane. Several non-polar amino acids 

were shown to be susceptible to rearrangement to afford the α-

arylated quaternary center-containing amino acid esters 91. 

Para-nitrobenzene sulfonamides were more reactive than the 

corresponding ortho-nitrobenzene sulfonamides. 

 
Scheme 26. The first sulfonamide enolate aryl migration. 

This transformation was expanded upon by Penso and Lupi 

through in situ alkylation and deprotonation of Fukuyama 

sulfonamides 92,[41] which lead to desulfonative rearrangement 

to afford α-quaternary amino acid derivatives (Scheme 27).[42] 

Enantiomerically-pure starting materials were, under certain 

conditions, converted to products 93 in moderate to good 

enantiomeric excess. The mechanism for this retention of 

chirality was proposed to be through “memory of chirality” 
leading to a non-symmetric enolate intermediate. Doping the 

reaction with a non-alkylated chiral sulfonamide additive 

enhanced the retention of chirality, with this ester being 

recovered with 100% ee. Phenyl glycine was recovered with 

particularly poor ee, due to the faster rate of racemization of 

these substrates.  

 
Scheme 27. N-alkylation/aryl migration to afford α-aryl amino acids. 

This work was extended to the enantioselective rearrangement 

of proline sulfonamides 94 (Scheme 28),[43] where highly 

enantioenriched α-arylated rearrangement products 95 were 

isolated. A memory of chirality mechanism was also invoked 

here with the high enantioselectivity compared to the non-cyclic 

enolates rationalized by the greater rigidity of the system. The 

optimal conditions used NaH with ammonia gas; it was proposed 

that ammonia abstracts the sodium ion from the intermediate 

enolate enabling the formation of a loose ion pair which is more 

reactive than the unsolvated sodium enolate tight ion pair. 

Strongly electron withdrawing groups were required (nitro or 

nitrile), although 2,4-dinitrobenzene gave only a mixture of by-

products. In addition, sterically hindered substrates were not 

viable under the reaction conditions.  

 
Scheme 28. Enantioselective arylation of prolines via a Truce-Smiles 

rearrangement. 

A desulfonative intramolecular arylation of amino acid 

derivatives 96 was developed for the synthesis of a library of 

advanced intermediates for heterocycle synthesis by Krchňák 
(Scheme 29).[44] The regioselectivity of aryl ring migration 

depended upon both the substitution pattern and the amino acid 

carboxyl-terminal functionality. A free NH (X = NH) facilitates a 

dual Smiles rearrangement to afford N-arylated products 98. For 

substrates with no free NH (X = O, NR4), regioselectivity 

depends upon the electronics of the N-benzyl group (R1), with 

arylation occurring at either the benzylic 97 or α-carbonyl carbon 

99. The reactions were conducted on a solid support resin in the 

presence of DBU in DMF at ambient temperature for 16 hours. 

The α-arylation of amino acid derivatives from alcohols and 

nitrobenzene sulfonyl chlorides was then described for a large 

library of compounds.[44a] The reactions were all observed to 

proceed with epimerization of the quaternary center. 

Scheme 29. Desulfonative aryl migration of amino-acid derivatives for the 

combinatorial preparation of heterocycles. 

A Pd(II) catalyzed cascade reaction, in which an alkyl bromide is 

coupled with N-sulfonylated acrylamides 100, was reported by Li 

(Scheme 30).[45] The reaction was envisaged to proceed through 

a Heck-type mechanism where the initial alkene 

carbopalladation product undergoes ipso-cyclization to form the 

dearomatized spirocyclic palladium intermediate, followed by 

desulfonation and re-aromatization. The transformation is 

related to the copper-catalyzed radical Truce-Smiles 

transformations reported by Nevado and others (vide infra). 

Here also, electron rich arenes migrated with a better yield than 

the electron deficient arenes. The differing reactivity of N-aryl 
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and N-alkyl substrates is also consistent with that of the radical 

regime, whereby N-alkyl substrates undergo subsequent N-

arylation to afford oxindoles 102. 

 
Scheme 30. Oxidative Heck/desulfonative Truce-Smiles rearrangement. 

Canesi recently demonstrated the use of nosyl groups in several 

intramolecular Michael addition / Truce-Smiles rearrangement 

reactions.[46] Intramolecular addition of the nosyl-amine in 103 to 

the enone led to Truce-Smiles rearrangement, however, the final 

product 104 was a result of a retro-Michael and second 1,4-

addition of the amine (Scheme 31, a). This concept was also 

demonstrated with the addition of sulfones to enones and 

dienamines under the same reaction conditions. Finally, if the 

sulfonyl moiety was incorporated into the dienamine 105, a 

Michael addition of dimethylmalonate (Scheme 31, b) could 

trigger the Truce-Smiles rearrangement. 

 
Scheme 31. Tandem Michael addition / Truce-Smiles reactions. 

2.2.1.5 Aryl amide/enolate rearrangement 

Kündig observed an unexpected rearrangement of aryl amides 

108 during the investigation of parallel transition-metal catalyzed 

processes (Scheme 32).[47]  This rearrangement proceeds via a 

4-membered spirocycle 110 and DFT calculations indicated that 

the unobserved substitution step was no more energetically 

disfavored than the observed rearrangement. Rather, that the 

differences in energy were very small and reaction progress was 

likely easily effected by substitution pattern. The reaction gave 

good to excellent yields for halogenated aza-heterocycles. A 

pyridyne intermediate, via an elimination pathway, was ruled out 

through deuterium labelling experiments.  

 
Scheme 32. A Truce-Smiles rearrangement via a four membered spirocycle, 

followed by cyclization. 

Al-awar reported another amide enolate Truce-Smiles 

rearrangement also via a four membered transition state, but 

under mildly basic conditions (Scheme 33).[48] However, only 3-

substituted pyridines 112 were viable substrates, and 

substitution at the 2-position lead solely to the N-acylated 

products. Notably, the rearrangement of a nitro-phenyl analogue 

did not occur under these reaction conditions, and so it was 

proposed that activation of the pyridine occurred through 

acylation or protonation of the pyridine nitrogen.  

 
Scheme 33. An electrophile-activation promoted Truce-Smiles rearrangement. 

2.2.2 Clayden Rearrangement 

Whilst investigating the lithiation of N-benzyl ureas, Clayden and 

co-workers discovered an unprecedented intramolecular aryl 

migration, which has subsequently developed into a rich area of 

chemistry for lithiated ureas, carbamates and thiocarbamates 

(Scheme 34).[49] Upon lithiation of 115 (either through direct 

lithiation or nucleophilic addition of an organolithium to an 

unsaturated CC bond), a 1,5-aryl shift takes place to give the 

secondary benzylic derivative 116. The migration of the distal 

aryl group can proceed stereospecifically, although with different 

senses of stereochemistry depending upon the type of 

substrate. Stereoselective lithiation, therefore, results in the 

synthesis of enantio-enriched tertiary amines, alcohols, and 

thiols upon hydrolytic cleavage of the carbonyl moiety. 
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Scheme 34. Lithiation/aryl migration of ureas and (thio)carbamates. 

2.2.2.1 Deprotonation promoted Clayden rearrangement 

2.2.2.1.1 Ureas 

The first nitrogen to carbon aryl migration was observed during 

the investigation of the regiospecific lithiation of ureas 119 

(Scheme 35).[50] Both lithiated benzyl and alkenyl ureas 

underwent rearrangement to give aminodiaryl-methanes and 

aminoarylalkyl-methane products 120. The migration was shown 

to be stereospecific and proceed with retention at the carbon 

center. However, re-protonation of lithiated 119 was unselective 

and overall stereoselectivity depended upon the reaction 

solvent. In some cases, the spirocyclic intermediate could be 

isolated through oxidation or methylation giving evidence for a 

Smiles-type rearrangement. However, in contrast to the 

requirement for highly electron poor aryl groups for classical 

Smiles rearrangements, electron rich and neutral substrates 

gave the best yields. Subsequently, α-pyridylation of chiral 

amines was also reported using this method.[51] The reaction 

was also applied to cyclic amines; secondary amines 

(tetrahydroisoquinoline) readily underwent aryl migration under 

standard conditions whereas addition of DMPU was required to 

affect benzylic lithiation for the more hindered tertiary amines.[52] 

 
Scheme 35. A lithiation induced stereospecific nitrogen to carbon aryl transfer 

of ureas. 

A deprotonation, rearrangement cascade sequence was 

demonstrated with N-allyl ureas 121 (Scheme 36).[53] Initial 

Clayden rearrangement of 121 gave 122, with the double bond 

moving into conjugation after a second lithiation/protonation. 

Palladium catalyzed N-arylation formed urea 123, which 

underwent stereoselective deprotonation with a chiral lithium 

amine, then a second nitrogen to carbon aryl migration to give 

diaryl allyl amines 124 with excellent er. The stereochemical 

outcome of the reaction was proposed to be a result of the 

enantioselective formation of a configurationally stable planar 

chiral allyl lithium and stereospecific rearrangement, as opposed 

to stereoselective reaction of a configurationally labile allyl 

lithium species. In principle, these diarylallylamine ureas could 

be oxidized to provide access to amino acid derivatives. The 

rearrangement of N-allyl ureas was also reported for the 

multigram synthesis of 1-arylcycloalkenamines.[54] 

 
Scheme 36. Sequential double arylation of N-allyl ureas. 

The Clayden rearrangement suggests a direct route to α-

arylated non-natural amino acids using amino acid-derived 

ureas 125. However, the direct transformation of ureas to these 

valuable products was complicated by hydantoin (126) formation 

following aryl migration of amino acid enolates (Scheme 37).[55] 

Fortunately, upon oxidation of the N-PMB protecting group and 

hydrolysis, the desired amino acid derivatives could be revealed. 

Extensive mechanistic investigations were conducted using in 

situ IR spectroscopy, however no direct evidence for a non-

aromatic spirocyclic intermediate could be acquired, despite the 

observation of several lithiated intermediates. 

 
Scheme 37. Aryl migration and cyclization to form hydantoins. 

An asymmetric α-arylation of amino acid derivatives 127 using 

the rearrangement was developed by Kawabata (Scheme 38).[56] 

As with the Truce-Smiles rearrangement of nitrobenzene 

sulfonamide protected amino acids reported by Lupi and 

Penso[42] (vide supra) this approach involved a memory of 

chirality mechanism. The axially chiral enolate intermediate 129 

has a limited half-life, and so the reaction of the enolate with an 

electrophile can compete with racemization of the chiral 

enolates. The migration of the arene proceeds with inversion 

and the final product is also a hydantoin 128. Typical conditions 

used LiHMDS, as KHMDS typically improved the yield, but 

decreased the enantioselectivity of the reaction. The solvent, 

time and temperature were optimized for some substrates 
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(including warming to ambient temperature over 12 hours). The 

4-MeOC6H5 substrate did not rearrange, and so was used to 

determine a barrier to racemization of the intermediate enolate 

of 15.2 kcal/mol at ‒78 °C, leading to an estimated value of half-

life to racemization of 5 minutes. 

 
Scheme 38. Asymmetric α-arylation of amino acid derivatives using memory 

of chirality. 

The use of a pseudoephedrine chiral auxiliary was also shown to 

enable enantioselective α-arylation of amino acid derivatives by 

Clayden and co-workers (Scheme 39).[57] The rearrangement of 

131 leads to the formation of hydantoin 132 through cyclization 

and expulsion of the pseudoephedrine auxiliary, which could be 

readily recovered. Initial investigations of strong bases gave very 

poor er in the hydantoin product. The addition of LiCl, however, 

whilst employing LDA as a base, lead to a reasonable e.r. at 

small scale. The coordination environment of the nitrogen was 

hypothesized to cause the erosion of enantioselectivity. Optimal 

conditions were determined following extensive investigations 

into the use of both LiCl and TMSCl additives. These conditions 

were complex (Scheme ) but provided the hydantoin in 98:2 er, 

however in the opposite sense to when just a LiCl additive as 

used. The conditions could be applied to a variety of amino 

acids, furthermore, nitrogen and sulfur containing amino acids 

could tolerate the reaction conditions. Various electron rich, 

neutral, and poor aromatics were shown to migrate, including 

heteroaromatic substrates. The hydantoins could then be 

converted to the quaternary amino acids using basic hydrolysis 

(4 M NaOH, heat). 

The direct lithiation Clayden rearrangement has also been 

applied to proline derivatives,[58] piperidines,[59] and pyrrolines.[59]   

2.2.2.1.2 Carbamates and thiocarbamates 

Lithiation promoted aryl migrations have also developed for 

carbamates 133 (Scheme 40).[60] The diaryl methanol carbamate 

products 134 were not configurationally stable under the 

reaction conditions and so erosion of enantiomeric enrichment 

was initially observed, but the exclusion of coordinating solvents 

such 

 
Scheme 39. Chiral auxiliary direct preparation of enantioenriched hydantoins. 

as THF and DMPU enabled the reaction to proceed with greater 

enantioselectivity. The method was used to prepare (S,S)-

clemastine through an invertive nitrogen to carbon aryl migration 

(cf the rearrangement of ureas, which proceed with retention).[61]  

 
Scheme 40. Carbamate aryl migration and (S,S)-clemastine synthesis. 

Aryl migration from nitrogen to carbon was also reported for 

thiocarbamates 135 (Scheme 41).[62] Lithiation at the benzylic 

position promoted aryl migration, the products of which could be 

hydrolyzed with sodium ethoxide to reveal secondary and 

tertiary thiols. In contrast to most urea and carbamate 

rearrangements, electron-deficient substituents gave a greater 

yield. The migration was determined to proceed with retention at 

the carbanion center in the case of α-substituted substrates. 

High fidelity of the chiral information was attributed to the 

stability of S-benzylic thiocarbamates up to 0 °C. The loss of 

enantiomeric enrichment was observed to be time dependent 

and thus was proposed to be due to partial racemization of the 

benzyl lithium intermediated rather than incomplete retentive 

migration. The transformation has also been extended to S-

allylic thiocarbamates with similar results.[63] 

 

 
Scheme 41. Thiocarbamate aryl migration. 
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2.2.2.2 Clayden rearrangement promoted by nucleophilic 

addition 

The nucleophilic addition of an organolithium to vinyl ureas, 

carbamates and thiocarbamates is also observed to promote 

nitrogen to carbon aryl migration, affording tertiary alcohol, 

amine, and thiol products upon hydrolysis. 

The tandem β-alkylationα-arylation of vinyl ureas 137 was the 

first example of the formation of two carbon-carbon bonds using 

the aryl migration of ureas (Scheme 42).[64] Carbolithiation with 

various alkyl-, alkenyl and aryl-lithiums gave rearrangement to 

product  138, with an overall syn addition to (Z)- and (E)-

alkenes. 

 
Scheme 42. Carbolithiation-migration of vinyl ureas. 

An enantioselective carbolithiation / aryl migration was 

developed[65] using (-)sparteine or a (+)sparteine surrogate to 

prepare enantiomerically-enriched benzyl lithium species. The 

addition of DMPU to these lithiated intermediates caused 

nitrogen to carbon aryl migration to afford enantioenriched 

benzylic tertiary amine derivatives, which could be hydrolyzed to 

the chiral tertiary alkyl amines. The reaction was successfully 

extended to carbamates and thiocarbamates, although 

enantioselective rearrangement was more challenging for these 

substrates.[66],[67],[68]  

2.2.2.3 Mechanism 

The facility of electron rich arenes to migrate with higher yields 

than electron deficient arenes in some examples of the Clayden 

rearrangement is unusual in Smiles chemistry, although not 

unprecedented with respect to some Truce-Smiles processes (cf 

Scheme 2).[6] The mechanistic underpinnings have been studied 

in some depth by the Clayden group, with one explanation 

proposed being the identification of a reverse Truce-Smiles 

rearrangement - electron deficient arenes can undergo the 

reverse carbon to nitrogen migration with weaker bases 

(Scheme 43).[69] Furthermore, only catalytic quantities of the 

base were required to promote the reverse migration. The 

electron rich aryls were unable to migrate, and competition 

reactions identified the most electron deficient ring as migrating 

preferentially. The carbon-to-nitrogen migration was only 

observed in the presence of lithium cations, whilst the reverse 

migration could take place in the presence of both metallic and 

non-metal counter-cations (DMU, TBAF). As in the nitrogen to 

carbon migration, no transient dearomatized spirocyclic 

intermediates were detected.  

 
Scheme 43. A reverse Truce-Smiles aryl migration of ureas. 

Excellent evidence for a spiro-cyclic Meisenheimer intermediate 

was described in the initial disclosure, where a dearomatized 

species was obtained by exposing the reaction of 141 to dry air 

(Scheme 44).[50] X-ray crystallography confirmed the absolute 

stereochemistry of this product and provided evidence for a 

retentive rearrangement. 

 
Scheme 44. Oxidation of the Meisenheimer intermediate to afford a spirocyclic 

enone. 

The potential dearomatized intermediate which is formed during 

the arene migration has not, however, been detected though in-

situ IR experiments or NMR spectroscopy, nor located using 

DFT calculations.[70,[71],[72] The naphthyl substrate is an 

exception, as a significantly de-shielded proton (δ 9.4) was 
observed whilst monitoring the reaction by 1H NMR 

spectroscopy, and assigned to 144. DFT calculations also 

located a short-lived spiro-cyclic intermediate which collapsed to 

eliminate a lithiated urea. The migration of the solvated lithium 

cation from the benzylic anionic center to a site close to the 

adjacent phenyl ring allows attack of the benzylic anion on the 

more remote aromatic ring. This occurs with the concomitant 

migration of the solvated lithium cation which stabilizes the 
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migrating negative charge.  

3. Single Electron Smiles Rearrangement 

Although Smiles rearrangement reactions are classically two 

electron processes, many one electron processes have also 

been developed in recent years. This area has been recently 

reviewed;[5a, 5b] here we focus on a representative selection of 

radical Smiles rearrangements from the current literature that 

offer a complimentary approach to the polar transformations 

described in section 2.  

 

3.1 CX bond formation 

Smiles migration of an arene to a heteroatom, with C-C bond 

cleavage, is uncommon. Shi reported an example involving the 

formation of a nitrogen centered radical, generated from the 

triflamide 146 through oxidation with catalytic AgOAc and 

stoichiometric PhI(OCOCF3)2. This triggers aryl transfer from 

carbon to nitrogen leading to the formation of a stabilized 

benzylic radical which is further oxidized to the benzylic cation 

and quenched with the TFAO anion (Scheme 45).[73] The most 

electron rich arene is transferred preferentially. 

 
Scheme 45. A long distance carbon to nitrogen radical aryl migration. 

3.2 CC Radical Truce-Smiles reactions  

Most radical Smiles rearrangements result in carbon-carbon 

bond formation. Electron withdrawing arene functionality is not 

required for arene migration, which can be initiated through 

many radical forming processes. As with the polar Truce-Smiles 

reaction (sections 2.2.1.3 and 2.2.1.4), the use of aryl 

sulfonamide derivatives is a powerful method for aryl transfer 

through the extrusion of SO2. This drives the reaction, prevents 

the reverse migration, and enables cascade processes to be 

designed which access less stable radical species as 

intermediates.  

Formative work in this area came from Speckamp[74] and 

Motherwell,[75] who demonstrated radical Smiles type 

rearrangement in the synthesis of biaryl derivatives. Recent 

work from Sapi and co-workers incorporated this chemistry into 

a cascade reaction for the synthesis of oxindoles 149 (Scheme 

46).[76] Some side reactions were observed, including the 

addition of the amidyl radical to the newly formed indole to afford 

dearomatized products. 

 

Scheme 46. A radical cascade process involving a Truce-Smiles 

rearrangement. TTMSS: tris(trimethylsilyl)silane; ACCN 2,2’-
azocyclohexanecarbonitrile. 

Nevado and co-workers have developed a highly versatile aryl 

migration/desulfonation cascade based upon copper catalyzed 

1,4-addition of, initially, a trifluoromethyl radical to an α,β-

unsaturated amide 150.[77] The resultant radical 151 can then 

undergo Smiles rearrangement, with the fate of the product 

amidyl radical 152 dependent on the substitution pattern (aryl, 

alkyl), with either hydrogen abstraction or cyclization reactions 

possible. This cascade has been developed to encompass 

numerous radical sources, and the amidyl radical can be 

trapped by various intra- and intermolecular electrophiles 

resulting in a rich variety of multicyclic molecular scaffolds 

(Scheme 47).[78] Whilst anionic Truce-Smiles rearrangements are 

principally initiated through deprotonation rather than 

comparatively rare conjugate-addition, several examples of 

radical mediated rearrangements, initiated by addition to alkenes 

and alkynes have now been reported by the Nevado group. 

 

 
Scheme 47. Nevado’s generation of amidyl radicals though conjugate addition 
/ Smiles rearrangement. 

Zeng et al. reported a copper mediated reaction of alkynes with 

N-fluorosulfonylimide (NFSI) and alcohols to produce valuable α-

amino--aryl ketone 154 or -alkyloxyl--diaryl imine products 

156 (Scheme 48).[79] These products were formed through a 

cascade process initiated by the addition of a nitrogen-centered 

sulfonimidyl radical to an alkyne to form a highly unstable 

alkenyl radical. An aryl migration and desulfonation (radical 

Truce-Smiles) followed by oxygenation with alcohols gave an 

alkyloxyl-α,α-diaryl imine (156), whilst a subsequent semi-

pinacol rearrangement afforded the α-amino-α-aryl ketones 154 

upon heating. In the case of unsymmetrical sulfonimides, the 

more electron rich aromatic was preferentially transferred.  
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Scheme 48. Alkyne radical cascade involving a Truce-Smiles aryl migration 

Shenvi employed a manganese mediated hydrogen atom 

transfer (HAT) reduction of an alkene 157 in order to initiate aryl 

transfer in sulfonated menthol derivatives 158,[80] which resulted 

in the formation of all carbon quaternary centers in some cases 

(Scheme 49).  

 
Scheme 49. Hydrogen atom transfer-induced Truce-Smiles rearrangement. 

Stephenson reported a visible-light-mediated process to initiate 

radical formation through photoredox-catalyzed homolytic 

cleavage of the CBr bond in 159 (Scheme 50).[81] 

Difluoroarylethanol 160 derivatives could thus be prepared from 

sulfonates of bromodifluoroethanol, which is readily accessed by 

reduction of bromodifluoroethylacetate. Subsequently, it was 

found that this reaction proceeded via a radical chain 

propagation which could be initiated with either a 300 W white 

LED or heat. This knowledge enabled the reaction to be 

conducted on 100 g scale.[82] The scope of aryls which can be 

transferred in this process is much broader than many of the 

corresponding two electron processes.  

Scheme 50. The radical chain protonated Truce-Smiles aryl migration toward 

difluroaryl ethanols. 

Brachet and Belmont applied photoredox catalysis to the 

carboamination of alkynes to form phthalazine derivatives 161 

via a desulfonative hydroamination / Smiles rearrangement 

cascade (Scheme 51).[83] Oxidation of the sulfonamide anion 

with Ru(bpy)3Cl2 under visible light generates a sulfonaminyl 

radical, which undergoes 6-exo-dig cyclization. The resultant 

alkenyl radical is then primed for a radical Smiles rearrangement 

to afford the final phthalazine products. Aryl and alkyl substituted 

alkynes are compatible with the reaction, except for a p-

nitrophenyl example, and a one-pot two-step process was 

demonstrated in which initial condensation of the sulfonyl 

hydrazine and the requisite benzaldehyde, and then subjection 

to the photo-redox catalysis conditions, afforded the phthalazine 

products 162 in good yields.  
 

 

Scheme 51. Photoredox-catalyzed synthesis of phthalazines. 

4. Summary and Outlook 

The Smiles rearrangement has been revived in the recent 

literature as a method of preparing diverse sets of molecules 

containing aryl functionality. Recent progress in heteroatom 

arylation, in particular, has been a key enabling step for this 

chemistry, as O, N and S-arylation can now be reliably achieved 

to set-up aryl transfer through Smiles processes. It is instructive 

to note that many of these arene transformations were 

unexpected discoveries, underlining the versatility of the Smiles 

rearrangement to take place under mild conditions without the 

requirement for special measures to prime substrates for ipso-

substitution. Indeed, the variation in the electronic character of 

migrating aryl groups is a powerful feature, with an extremely 

broad substrate range being accommodated across the various 

one and two electron systems. 

The Truce-Smiles reaction has entered a new dimension 

whereby control of absolute stereochemistry can now be 

achieved through asymmetric lithiation chemistry. Exemplified by 

the Clayden rearrangement, a rich variety of N, O, and S-

functionality can be employed to direct the construction of 

secondary and tertiary benzylic stereocenters, fundamental 

features of pharmaceuticals and natural products. The 

application of asymmetric catalysis to this area is a potential 

challenge for the future.  

Finally, the radical Smiles transformation has grown significantly 

with discoveries in radical generation unlocking some highly 

original bond constructions. The desulfonylative-Smiles reaction, 

where loss of sulfur dioxide drives the reaction forward, has 

been a particularly rich area of exploitation. Further discoveries 

can be expected in this area as mild precursors, and generative 

methods such as photoredox catalysis, enable new arene 

functionalizations using the Smiles transformation. 
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