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Abstract 

This review covers the recent advances in the synthesis of enantiomerically pure hydroxylamines 
employing nitrones as starting materials. Nucleophilic additions of organometallic reagents to nitrones are 
the most common way for introducing a hydroxyamino group into carbon skeletons with the concomitant 
formation of a new carbon-carbon bond. Addition of carbanions derived from enolates, cyanide or 
fluorinated derivatives allow the preparation of complex structures. Radical additions and, in particular 
samarium diiodide-mediated reductive coupling of nitrones with carbonyl compounds and α,β-
unsaturated esters have also been considered. All these approaches provide efficient methods of 
preparation of enantiomerically pure hydroxylamienes that are valuable synthetic intermediates. 
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1. INTRODUCTION 

Optically active hydroxylamines are important structural components of natural products with 
important biological properties,[1] which, in addition, are widely used in organic synthesis.[2] Therefore, 
a great amount of synthetic effort has been spent on the preparation of those compounds from simple 
starting materials.[3] Though several approaches to hydroxylamines, starting from oximes, [4] nitroso 
derivatives, [5] and α,β-unsaturated carbonyl compounds[6] have been developed, the use of nitrones as 
starting materials constitutes the most attractive and efficient alternative. Indeed, nucleophilic additions to 
nitrones leading to hydroxylamines, including hydride addition (reduction), have been known since the 
last century, their importance as synthetic reactions being noticed especially by Irvin[7] and Macaluso[8]. 
Since these early reviews, most new compilations have appeared with emphasis on the addition of 
organometallic compounds.[9] In 2000 we reviewed, for the first time, the use of chiral non-racemic 
nitrones in the preparation of enantiomerically pure hydroxylamines through nucleophilic additions[10] 
and later, we presented some of our own results in the field[11] including Mannich-type reactions[12] and 
application to the construction of nitrogenated heterocycles.[13] Thus, it is not intended to cover all 
aspects of stereoselective nucleophilic additions to nitrones but will restrict itself to the most recent 
studies. 

Nitrones can also be used as substrates in radical additions, like samarium-promoted couplings,[14] 
providing organic structures in which several functional groups (i.e. amino, hydroxy, carbonyl, etc.) are 
also present in addition to the hydroxyamino moiety. A variety of C-nucleophiles, including cyanide, 
fluorinated substrates and heterocycles (through Friedel-Crafts reactions) can also be used for the 
synthesis of the target hydroxylamines. (Figure 1).  
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Figure 1. Synthesis of hydroxylamines from Nitrones 

 

The scope of this review is to present the latest progress in the synthesis of optically active 
hydroxylamines using nitrones as starting materials in addition reactions in which a new carbon-carbon 
bond is created (reductions of nitrones are not covered). For the synthesis of nitrones, the reader should 
refer to recent comprehensive reviews.[15] 

 

2. NUCLEOPHILIC ADDITIONS TO NITRONES 
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2.1. Organometallic Reagents 

2.1.1. Grignard reagents 

Much attention has been focused on the stereoselective addition of Grignard reagents to chiral non-
racemic nitrones and a number of reports including alkyl, aryl, allyl and vinyl additions have appeared in 
the past few years. Nucleophilic addition reactions of alkyl Grignard reagents to diastereomeric cyclic 
nitrones 1, 3 and 5 (the enantiomer of 1) have been used for preparing a variety of alkaloids like (-)-
hyacinthacine A2,[16] (+)-steviamine[17] and brosussonetines I and J2.[18] In all cases, the Grignard 
reagent was prepared in situ and the reaction took place with excellent chemical yield and complete 
diastereoselectivity. The stereoselectivity is governed by the α-substituent to the nitrone carbon, the 
isomer corresponding to the attack by the opposite less hindered face being obtained (Scheme 1). 

 

Scheme 1 

 

A variety of alkyl Grignard reagents (e.g. methyl, benzyl, isopropyl magnesium halides, etc.) added to 
polyhydroxylated cyclic nitrones of five,[19] six[20] and seven[21] members to provide the 
corresponding cyclic hydroxylamines in very good yields and selectivities. As an example, nitrone 7 
reacted with alkyl Grignard reagents in a complete stereoselective fashion (Scheme 2).[22] 

 

 

Scheme 2 

 



5 
 

With more hindered alkyl Grignard reagents excellent results were also obtained. Cyclopropyl 
magnesium bromide added quantitatively and with total selectivity to C-galactosyl-N-benzyl nitrone.[23] 
On the other hand, the addition of adamantyl magnesium bromide to D-glyceraldehyde derived nitrone 9 
gave a 42:58 mixture of diastereomeric hydroxylamines in 52% yield. Upon addition of an equimolar 
amount of ditheylaluminium chloride, following the methodology initially developed in our group,[24] 
the anti isomer 10 was obtained as the only product of the reaction (Scheme 3).[25] On the other hand, 
acyclic C-(trifluoromethyl)nitrones with chiral substituents at the nitrone nitrogen underwent additions of 
Grignard reagents in very good yields but moderate selectivities. [26] Propargyl Grignard bromide led to 
mixtures of propargyl and allenyl derivatives as it was predicted by theoretical calculations;[27] however, 
when the alkyne was substituted at the terminal position only propargyl derivatives were obtained. 

 

 

Scheme 3 

 

The addition of aryl Grignard reagents has mainly been focused on the preparation of radicamines A 
and B, two polyhydroxylated pyrrolidines isolated from natural sources.[28] The addition of the 
corresponding aryl Grignard reagent to nitrone 5, easily available from D-arabinose, provided cyclic 
hydroxylamine 11, which was used as an advanced intermediate in the synthesis of Radicamine B 
(Scheme 4).[29] 

 

Scheme 4 

Actually, only Radicamine B has been prepared in the correct enantiomeric form.[19a] Starting from 
nitrone 1, derived from D-xylose, the corresponding enantiomers of both Radicamine A and B have been 
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prepared.[30] A library of radicamine analogues has also been synthesized following the same 
approach.[31] 

The addition of 4-fluorophenylmagnesium bromide to acyclic α-amino nitrone 12 afforded 
hydroxylamine 13 in 53% yield and moderate selectivity. This compound was used in the preparation of 
diamine ligands used in cytotoxic platinum(II) complexes with antitumoral activity. [32] The 
stereoselective synthesis of diamines from α-amino nitrones through the addition of Grignard reagents 
had been previously reported in our group.[33] The addition of a highly substituted aryl Grignard reagent 
to the serine-derived nitrone 14 gave rise to hydroxylamine 15 with complete syn selectivity (Scheme 
5).[34]  

 

Scheme 5 

 

N-glycosyl hydroxylamines are actually masked nitrones.[35] Those derived from pyranoses 
underwent addition of thiazolylmagnesium bromide to give open-chain α-(2-thiazolyl) hydroxylamines 
(Scheme 6).[36] The addition of a second Grignard reagent was possible by applying a sequential 
addition-oxidation-addition protocol.[37] Starting from N-glycosyl nitrones, easily accesible from the 
parent N-glycosyl hydroxylamines, and using 3.0 equivalents of Grignard reagent allowed a double 
addition, but mixtures of diastereomers were obtained.[38] These protocols were applicable for any sort 
of Grignard reagent, i.e. alkyl, (het)aryl, allyl, vinyl, and ethynyl. 

 

Scheme 6 
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The addition of vinylmagnesium bromide to  polyhydroxylated cyclic nitrones was the starting point 
for the synthesis of variety of alkaloids such as 4-azatriquinanes,[39] DMDP,[40] hyacinthacine A2 

[41]and (+)-lentiginosine,[42]and other substituted polyhydroxylated pyrrolidines with biological activity 
as chaperones for Gaucher disease.[43] 

In general, the addition took place with excellent trans-selectivity with respect to the substituent 
placed at α-position of the nitrone carbon to form the corresponding N-hydroxypyrrolidines 26a-32a 
(Scheme 7). When the reaction was carried out in the presence of a Lewis acid such as diethylaluminium 
chloride (DEAC), an anomalous behaviour was observed[44] and whereas a high selectivity was obtained 
even at 0ºC, in the presence of DEAC, a trend to invert the stereochemical course of the reaction was 
observed at lower temperatures (Scheme 7, Table 1).[45] This behavior and difference in selectivity was 
due to the high conformational barriers of the initially formed complex between nitrone, DEAC and 
vinylmagnesium bromide.[45] 

 

 

Scheme 7 

 

Table 1. Nucleophilic addition of vinylmagnesium bromide to nitrones 19-25 

e
ntry 

nitr
one 

T(
ºC) 

without DEAC with DEAC (1.0 eq) 

ref. t 
(h) 

a:b 
yiel
d 

t (h) a:b 
yiel
d 

1 11 0 1 93 : 7 90 n.g. 93 : 7 n.g. [44] 

2 11 -
30 

4 93 : 7 90 n.g. 86 : 14 n.g. [44] 

3 11 -
78 

1
2 

93 : 7 90 n.g. 55 : 45 n.g. [44] 

4 12 0 1 >98 : 
2 

qua
nt. 

4 >98 : 2 qua
nt. 

[45] 

5 12 -
30 

4 >98 : 
2 

qua
nt. 

12 >98 : 2 91 [45] 

6 12 -
78 

1
2 

>98 : 
2 

qua
nt. 

48 >98 : 2 96 [45] 

7 13 0 1 88 : 96 3 92 : 8 qua [45] 
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12 nt. 

8 13 -
30 

4 87 : 
13 

90 10 65 : 35 93 [45] 

9 13 -
78 

1
2 

89 : 
11 

92 36 52 : 48 90 [45] 

1
0 

14 0 1 88 : 
12 

qua
nt. 

3 87 : 13 96 [45] 

1
1 

14 -
30 

4 91 : 9 94 10 70 : 30 94 [45] 

1
2 

14 -
78 

1
2 

93 : 7 93 36 31 : 69 92 [45] 

1
3 

15 0 1 55 : 
45 

96 36 92 : 8 93 [45] 

1
4 

15 -
30 

4 60 : 
40 

94 2 56 : 44 92 [45] 

1
5 

15 -
78 

1
2 

67 : 
33 

90 8 55 : 45 88 [45] 

1
6 

16 0 1 >98 : 
2 

92 24 14 : 86 86 [45] 

1
7 

16 -
30 

4 >98 : 
2 

93 4 >98 : 2 90 [45] 

1
8 

16 -
78 

1
2 

>98 : 
2 

91 12 >98 : 2 91 [45] 

1
9 

17 0 1 87 : 
13 

qua
nt. 

48 >98 : 2 91 [45] 

2
0 

17 -
30 

4 89 : 
11 

94 3 93 : 7 98 [45] 

2
1 

17 -
78 

1
2 

91 : 9 96 10 70 : 30 96 [45] 

2
2 

17 0 1 >98 : 
2 

qua
nt. 

36 55 : 45 91 [45] 

n.g.: not given 

 

The addition of vinylmagnesium bromide to acyclic C-furanosyl N-benzyl nitrones took place with 
good selectivity[46] to provide hydroxylamines which have been used as advanced intermediates in the 
synthesis of castanospermine,[47] uniflorine A[48] and derivatives of calystegine B2.[49] The selectivity 
coul be enhanced by activating the nitrone with TMSOTf and carrying out the reaction at -78ºC (Scheme 
8). 
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Scheme 8 

 

The addition of allylmagnesium bromide to chiral non-racemic acyclic nitrones took place with lower 
selectivity for both aldo-[50] and ketonitrones,[51] presumably because of the possibility of α- and γ-
addition.  In the case of C-glycosyl nitrones some differences in the selectivity was achieved by carrying 
out the reaction in the presence of Lewis acids as additives but a general behaviour could not be 
deduced.[52] It was the sugar residue at the nitrone carbon which mainly governed the stereochemical 
induction. Again, for nitrone 33 an enhancement of the diastereoselectivity was observed by activating 
the nitrone with TMSOTf which allowed to perform the reaction at -78ºC;[53] otherwise, the reaction 
needed to be conducted at higher temperatures and lower selectivities were observed. Cyclic nitrone 34 
showed a higher selectivity leading to hydroxylamine 35 in 70% and 92% ds (Scheme 9).[54] 

 

 

Scheme 9 

 

The addition of allylmagnesium bromide to cyclic nitrones 36 and 37 has been used in the synthesis of 
calystegines [55] and closely related nortropane alkaloids [56]. In these cases, excelent selectivities were 
observed with the employed substrates (Scheme 10); in general very good diastereofacial selectivities 
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were obtained in the allylation of ppolyhydroxylated cyclic nitrones.[57] Hydroxylamine 39 has also been 
employed in the synthesis of iminosugars inhibitors of trehalase.[58] 
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Scheme 10 

2.1.2. Organolithium compounds 

The addition of allyllithium has been used as an alternative to the addition of the Grignard reagent 
when low selectivities are obtained with the latter. In general, the use of the lithium derivative afforded 
higher selectivities, particularly when Lewis acids were employed as additives.[50] The allylsulfonylation 
of nitrone 42 at -80ºC and in the presence of HMPA afforded hydroxylamine 43 in an excellent 
diastereoselectivity. At higher temperature and in the absence of HMPA, only isoxazolidine 44 was 
obtained. The formation of compound 44 was explained on the basis of double bond isomerization in 43 
to form a vinylsulfone followed by an intramolecular Michael addition (Scheme 11). [59] 
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Scheme 11 

 

Alkyl and aryl organolithium compounds added to nitrones with good yields at -80ºC.[26] In the case 
of acyclic α-alkoxy nitrones the selectivity could be modulated by the use of Lewis acids as additives.[51] 
Vinyllithium derivatives, including lithiated enol ethers added to nitrone 42 in a complete sterecontrolled 
way depending on the use of Lewis acids[60] as previously reported (Scheme 12).[10] 

 

Scheme 12 

 

Lithium α-diazoacetates underwent nucleophilic addition to 42 with moderate selectivity (dr 3:1). 
Similar results were observed with C-furanosyl nitrones (dr 3:2).[61] On the other hand, the addition to 
cyclic nitrones proceeded quantitatively and with complete selectivity, only one isomer being isolated 
from the reaction mixture.[62] The addition of a lithiated purine to cyclic nitrones also proceeded with 
total selectivity. The resulting hydroxylamine was used for the preparation of analogs of forodesine, a 
human purine nucleoside phosphorylase inhibitor.[63] The total synthesis of (-)-hyacinthacine C5 and its 
epimers at C6 and C7 was achieved by means of a nucleophilic addition of a dithiane to a cyclic nitrone 
followed by a Cope-House cyclization as a key step.[64] Polyhydroxylated pyrrolidines were prepared in 
quantitative yield and complete diastereofacil selectivity through the addition of the Still's reagent[65] (a 
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carbinyl carbanion) to polyhydroxylated five-membered cyclic nitrones like 46 (Scheme 13).[19a,66] The 
same reaction was done with azepane nitrone 47 to give hydroxylamine 48 but with moderate yield and 
selectivity.[21] 

 

 

Scheme 13 

 

Polysubstituted β,γ-epoxyhydroxylamines are easily accessible by means of the addition of α-lithiated 
aryloxiranes. The reaction proceeded with good yields and selectivities (Scheme 13).[67] The resulting 
hydroxylamines 48 were easily transformed into 1,2-oxazetidines through a basic treatment. By using 
more complex substrates spirocyclic compounds were also accessible.[68] 

 

2.1.3. Organozinc derivatives 

Enantioselective alkynylations of N-gycosyl nitrones by alkynylzinc reagents formed in situ afforded 
the corresponding hydroxylamines in very good yields and excellent diastereomeric ratios (Scheme 
14).[69] This methodology was amenable to be used for the preparation of disaccharide mimics.[70] 

 

 

Scheme 14 

Asymmetric addition of diphenylzinc to C-alkynyl nitrones to afford optically pure hydroxylamines 
was achieved by using di(t-butyl) (R,R)-tartrate as a chiral auxiliary. By employing a mixed zinc reagent, 
PhZnMe, the enantioselection increased up to 92% ee.[71] Boron derivatives are good precursors of 
arylzinc reagents. Thus, the diethylzinc-mediated addition of alkoxyboronates to chiral nitrones afforded 
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hydroxylamines in high diastereomeric ratios.[71] The reaction could also be promoted by chiral ligands 
(used in an excess of 1.3 eq) to give enantioselectivities up to 97-99%ee.[72] An enantioselective addition 
of substituted vinylzinc reagents (also prepared from the corresponding boranes) was achieved by using 
ligand 53. While 0.1 eq of ligand afforded 84% ee, the use of 1.2 eq gave rise to an enhanced 
enantioselectivity of 95% (Scheme 15).[73] 
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2.1.4. Other organometallic compounds 

The direct ethynylation of cyclic nitrones with organoaluminium reagents (alanes) provided the 
corresponding hydroxylamines with high diastereoselectivity, the best results being obtained with 2.0 
equivalents of organometallic derivative (Scheme 16).[74] The addition of either an excess of alane or 
DEAC as additive caused a notable decrasing of the diastereoselectivity (from 92% to 65%), presumably 
due to the same effect observed for the addition of vinylmagnesium bromide.[75] 

 

 

Scheme 16 

 

Allyltin added smoothly to chiral nitrones when activated with a Lewis acid such as boron trifluoride 
etherate and trimethylsilyl triflate, best selectivities being obtained with the former.[50a] The addition of 
substituted allyltin derivatives in the presence of acetyl bromide took place at α-position without 
migration of the double bond (Scheme 17).[76] 
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Scheme 17 

 

2.2. Carbanions 

2.2.1. Enolates (Mannich-type reactions) and related compounds 

The addition of enolates to nitrones has been recently reviewed[77] and the reader is referred to such a 
report for publications prior to 2011. Very recently, the mechanism of the Mannich reactions with 
nitrones has been elucidated[78] and it is observed a change of mechanism from stepwise to concerted 
(actually, one kinetic step but two stages) on passing from α-substituted enolates (derived from esters and 
ketones) to α-unsubstituted enolates (derived from aldehydes). Thus, the reaction between nitrones and 
enolates derived from aldehydes, unreported until now, is predicted to be concerted in a rather similar 
way to that between nitrones and lithium ynolates.[79] 

Highly diastereo- and enantioselective additions of homoenolates to nitrones have been achieved 
under organocatalysis with N-heterocyclic carbenes. The reaction, a formal [3+3] cycloaddition, gave rise 
γ-hydroxyamino ester derivatives after treatment with methanol (Scheme 18).[80] Application of this 
methodology to cyclic nitrones lead to the synthesis of polyhydroxylated pyrrolizidines and 
indolizidines.[81] 

 

 

Scheme 18 

 

2.2.2. Cyanides (Hydrocyanation) 

The stereoselective hydrocyanation of nitrones is known since 1995.[82] More recently, the 
hydrocyanation of polyhydroxylated five-membered cyclic nitrones has been used for preparing 
enantiopure 2-aminomethyl pyrrolidines of synthetic and biological interest[19a,66] such as nitrogenated 
analogues of glycosidase inhibitor DMDP[83] and stereoisomers of pochonicine inhibitors of β-N-
acetylhexosaminidases. [84] The addition of trimethylsilylcyanide to cyclic ketonitrones provided an 
entry to pyrrolidines bearing quaternary centers (Scheme 19).[85] 
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Scheme 19 

 

A magnesium-tartramide complex promoted the asymmetric hydrocyanation reaction of nitrones using 
acetone cyanohydrin as a source of cyanide. A catalytic amount of base was required and the chiral 
promoter should be used in stoichiometric amounts; very good enantioselectivities were observed for both 
C-alkyl and C-aryl nitrones (Scheme 20, Table 2). [86] 
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Scheme 20 

 

Table 2. Asymmetric hydrocyanation of nitrones (Scheme 20). [86] 

e
ntry 

R1 R2 t(
h) 

yield 
(%) 

ee 
(%) 

1 Ph Bn 22 80 89 

2 Ph Me 21 47 72 

3 Ph Ph 21 6 63 

4 Ph Ph2CH 21 58 96 

5 4-
MeOC6H4 

Bn 21 72 90 

6 4-ClC6H4 Bn 21 75 96 

7 4-BrC6H4 Bn 23 63 96 

8 1-
naphthyl 

Bn 41 89 85 

9 2-
naphthyl 

Bn 41 73 96 

1
0 

Me Bn 4 95 79 

1
1 

Me Ph2CH 2 94 97 
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1
2 

cyclohexy
l 

Bn 6 97 73 

1
3 

cyclohexy
l 

Ph2CH 21 87 90 

1
4 

tBu Bn 22 90 87 

1
5 

tBu Ph2CH 21 88 93 

 

 

2.2.3. Heterocycles (Friedel-Crafts reaction) 

 

Nitrones react with electron-rich aromatics in a typical Friedel-Crafts reaction, firstly reported in 
1982[87] and further investigated by Vallee and co-workers. [88] The addition of pyrrole 68 onto the 
chiral cyclic nitrone 67, promoted by hydrochloric acid, provided hydroxylamine 69 as the unique regio- 
and diastereoisomer. According to the expected reactivity for the heterocyclic nucleus, the addition to 
pyrrole took place at C-2. On the other hand, when such a position is occupied, as in 70, the addition 
requiresd higher temperature and it took place at C-3, hydroxylamine 71 being obtained. The reaction 
with indole 72 also occurred at C-3 in good agreement with the expected reactivity giving rise to 
hydroxylamine 73 (Scheme 21).[89] In the case of the reaction with N-triisopropylpyrrole treatment with 
MeOH in situ provided the corresponding open-chain α-hydroxyamino ester [90]  
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Scheme 22 

 

The reaction proceeds via the activated nitrone (becoming an electrophilic N-oxyiminium ion) and it 
can also be extended to cyclic nitrones and indole; in this case the addition took place at C-3 of the 
heterocyclic system. Activation of the nitrone was carried out with acetyl chloride and very good 
diastereomeric ratios were obtained in agreement with an attack by the less hindered face of the nitrone. 
The reaction with electron-rich benzene rings is also possible. As an example, Scheme 23 illustrates the 
reaction of nitrone 1 with indole 70 and 3,5-dihydroxybenzene 72.[91] 
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Scheme 23 

 

Activation of the reaction can also be exerted by microwave irradiation. Under these conditions 
pyrroles and indoles added with good chemical yields and excellent diastereoselectivities. [92] 

 

2.2.4. Fluorinated nucleophiles 

 

Trifluoromethylated analogues of polyhydroxylated alkaloids can easily be prepared by the 
nucleophilic addition of trimethyl(trifluoromethyl)silane to sugar-derived cyclic nitrones. Complete 
diastereoselectivities have been observed for both five-[93] and seven-membered[21] cyclic nitrones 
(Scheme 24). In a similar way, the difluoro(phenylsulfanyl)methyl group,  generated in situ from 
PhSCF2SiMe, could be added to cyclic nitrones with high diastereoselectivity.[94] 
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Scheme 24 

 

 

3. Radical Reactions 

Nitrones are excellent radical acceptors for carbon-carbon forming bond radical reactions. Several 
types of nitrones including cyclic and acyclic ones underwent radical additions with good 
diastereoselectivities (Scheme 25). [95] However, whereas low yields were observed for D-
glyceraldehyde-derived nitrone 9, nitrone 81 showed higher reactivity. In all cases some by-products were 
obtained in minor amounts.  

 

 

Scheme 25 

 

Nitrones are able to undergo reductive samarium diiodide-induced coupling with both carbonyl 
derivatives[96] and α,β-unsaturated esters.[97] Direct coupling between 1-pyrroline N-oxide and ketones 
afforded racemic N-hydroxy-α,α-disubstituted 2-pyrrolidiylmethanols that could be resolved by chemical 
resolution and crystallization.[98] Starting from chiral nitrones like 83, optically active substrates were 
obtained. The reaction, which can be done with aldehydes and ketones, required a proton source, usually 
water, although alcohols can also be used.  (Scheme 26).[99] For aromatic ketones (Table 3, entries 1-2) 
and aldehydes (Table 3, entries 3-7), the obtained compound corresponded to the attack by the less 
hindered face of the nitrone, the different diastereomeric ratios corresponding to the different substituents 
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of the carbonyl compound. On the other hand, for aliphatic aldehydes (Table 3, entries 8-10) mixtures of 
several diastereomers were obtained.  

 

Scheme 26 

 

Table 3. Coupling of nitrone 83  with carbonyls (Scheme 26).[99] 

e
ntry 

R1 R2 t(
h) 

yield 
(%) 

dr 

1 Me Ph 1.
5 

84 79:21 

2 Ph Ph 1.
2 

83 ------ 

3 Ph H 1.
2 

93 61:39 

4 4-
MeOC6H4 

H 1.
5 

95 62:38 

5 2-ClC6H4 H 1.
2 

72 67:33 

6 4-ClC6H4 H 1.
3 

95 63:37 

7 2,4-
Cl2C6H3 

H 1.
2 

93 61:39 

8 nBu H 1.
2 

80 43:36:11:
10 

9 iBu H 1.
5 

88 45:36:19 

1
0 

nHex H 0.
8 

88 40:35:10:
15 

 

The same reaction can be extended to other polyhydroxylated cyclic nitrones with similar results.[100] 
Coupling has been also reported with acyl chlorides but in that case moderate diastereofacial selectivities 
are observed.[101] 

Excellent diastereoselectivities were found in the reductive coupling of nitrones 85 bearing a chiral 
auxiliary and ethyl acrylate (Scheme 27).[102] 
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Scheme 27 

 

Optically active cyclopropyl nitrones have been tested in the coupling with ethyl acrylate and the 
corresponding α-cyclopropyl carbinylamine derivatives have been obtained in good chemical yields and 
diastereoselectivities. [103] 

α-Alkoxy acyclic nitrones also underwent samarium diiodide-mediated coupling with ethyl acrylate. 
The reaction course strongly depends on the structure of the starting chiral nitrone. For instance, nitrone 9 
derived from D-glyceraldehyde afforded the corresponding hydroxylamine in good yield and acceptable 
diastereoselectivity (Scheme 28).[104] On the other hand, whereas similar results were obtained with a C-
furanosyl nitrone derived from D-ribose, very low yield was observed with a nitrone derived from D-
xylose which underwent undesired reductive deoxygenation of the starting nitrone. However, an epimeric 
acyclic nitrone derived from D-ribose provided the expected product in excellent yield and 
selectivity.[105] 

 

 

Scheme 28 

 

Coupling of five-membered cyclic nitrone 5 with ethyl acrylate afforded hydroxylamine 90 in 64% 
yield and 90% ds. Compound 90 was used for the synthesis of (+)-hyacinthacine A2 (Scheme 29).[106] 
The same reaction with substituted ethyl acrylate 89, but in the presence of 12 equiv. of lithium bromide, 
afforded hydroxylamine 91 which was reduced in situ en route to (+)-australine. [107] This synthetic 
strategy was applied to other ppolyhydroxylated nitrones and the resulting hydroxylamines were used as 
valuable synthetic intermediates in the preparation of compounds of biological interest such as 1,4-imino-
D-galactitols.[108] 
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Scheme 29 

 

The reductive coupling of nitrones mediated by samarium diiodide can be extended to chiral 
sulfinylimines (Scheme 30).[109] The methodology is of a great synthetic utility in the preparation of 
unsymmetrical vicinal diamines. 

 

 

Scheme 30 

 

5. CONCLUDING REMARKS 
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Nitrones are excellent starting materials for the synthesis of hydroxylamines by means of nucleophilic 
additions and radical coupling processes. Hydroxylamines are valuable synthetic intermediates which 
possess a nitrogen atom in an intermediate oxidation state that allows i) easy reduction to the amine 
function and ii) to transfer the oxygen atom to a different position in the molecule through further 
chemical elaborations. The synthetic utility of hydroxylamines has been amply demonstrated through 
their  use in a variety of synthesis of products of interest.  The use of chiral nitrones allows the obtention 
of enantiomerically pure hydroxylamines increasing their added value as synthetic intermediates. 
Excellent values of diastereoselectivities can be achieved, particularly with cyclic nitrones. However, 
there are so few asymmetric catalytic processes involving nitrones and directed to the enantioselective 
preparation of optically active hydroxylamines. Undoubtedly, the future in the synthesis of chiral non-
racemic hydroxylamines should be focus on the development of new efficient catalytic procedures that 
provide high enantioselectivities. 

 

ACKNOWLEDGEMENTS 

We thank for their support of our programs:  MINECO (Madrid, Spain) and FEDER Program (Project 
CTQ2013-44367-C2-1-P) and the Government of Aragon (Group E-10). H.H. thanks UE (Erasmus 
program) for a mobility grant. M.G. thanks MECD for a FPU pre-doctoral grant 

 

REFERENCES 

[1] Ashani, Y.; Silman, I. Hydroxylamines and oximes: biological properties and potential uses as therapeutic agents. Chem. 
Hydroxylamines, Oximes Hydroxamic Acids, 2009, 609-651. 

[2] (a) Bates, R. W.; Boonsombat, J.; Lu, Y.; Nemeth, J. A.; Sa-Ei, K.; Song, P.; Cai, M. P.; Cranwell, P. B.; Winbush, S. N,O-
heterocycles as synthetic intermediates. Pure Appl. Chem., 2008, 80, 681-685. (b) Khlestkin, V. K.; Mazhukin, D. G. Recent 
advances in the application of N,O-dialkylhydroxylamines in organic chemistry. Curr. Org. Chem., 2003, 7, 967-993. (c) 
Kouklovsky, C. Synthetically derived auxiliaries: amines (including diamines), hydrazines and hydroxylamines, and amino 
alcohols. Compr. Chirality, 2012, 3, 486-527. 

[3] (a) Schmidt, A. N-arylhydroxylamines. Sci. Synth., 2007, 31b, 1739-1772. (b) Geffken, D.; Koellner, M. A. Product class 5: 
hydroxylamines. Sci. Synth., 2009, 40b, 937-1082. 

[4] (a) Laczkowski, K. Z.; Pakulski, M. M.; Krzeminski, M. P.; Jaisankar, P.; Zaidlewicz, M. Asymmetric synthesis of N-
substituted N-hydroxyureas. Tetrahedron Asymmetry, 2008, 19, 788-795. (b) Dion, I.; Vincent-Rocan, J.-F. o.; Zhang, L.; 
Cebrowski, P. H.; Lebrun, M.-E.; Pfeiffer, J. Y.; Bédard, A.-C.; Beauchemin, A. M. Studies on Difficult Intramolecular 
Hydroaminations in the Context of Four Syntheses of Alkaloid Natural Products. J. Org. Chem., 2013, 78, 12735-12749. (c) 
Raimondi, W.; Lettieri, G.; Dulcere, J.-P.; Bonne, D.; Rodriguez, J. One-pot asymmetric cyclocarbohydroxylation sequence 
for the enantioselective synthesis of functionalized cyclopentanes. Chem. Commun., 2010, 46, 7247-7249. 

[5] (a) Kano, T.; Shirozu, F.; Maruoka, K. Practical Approach for Asymmetric Hydroxyamination of Aldehydes with in Situ 
Generated Nitrosocarbonyl Compounds: Application to One-Pot Synthesis of Chiral Allylamines. Org. Lett., 2014, 16, 1530-
1532. (b) Kano, T.; Shirozu, F.; Maruoka, K. Metal-Free Enantioselective Hydroxyamination of Aldehydes with 
Nitrosocarbonyl Compounds Catalyzed by an Axially Chiral Amine. J. Am. Chem. Soc., 2013, 135, 18036-18039. (c) Shen, 
K.; Liu, X.; Wang, G.; Lin, L.; Feng, X. Facile and Efficient Enantioselective Hydroxyamination Reaction: Synthesis of 3-
Hydroxyamino-2-Oxindoles Using Nitrosoarenes. Angew. Chem., Int. Ed., 2011, 50, 4684-4688, S4684/1-S4684/59. (d) 
Merino, P.; Tejero, T. Organocatalyzed asymmetric alpha-aminoxylation of aldehydes and ketones--an efficient access to 
enantiomerically pure alpha-hydroxycarbonyl compounds, diols, and even amino alcohols. Angew. Chem. Int. Ed., 2004, 43, 
2995-2997. 

[6] (a) Ibrahem, I.; Rios, R.; Vesely, J.; Zhao, G.-L.; Cordova, A. Organocatalytic asymmetric 5-hydroxyisoxazolidine synthesis: 
a highly enantioselective route to β-amino acids. Chem. Commun., 2007, 849-851. (b) Bentley, S. A.; Davies, S. G.; Lee, J. 
A.; Roberts, P. M.; Russell, A. J.; Thomson, J. E.; Toms, S. M. Conjugate addition of lithium N-tert-butyldimethylsilyloxy-
N-(α-methylbenzyl)amide: asymmetric synthesis of β2,2,3-trisubstituted amino acids. Tetrahedron, 2010, 66, 4604-4620. 

[7] Irvin, L. Aliphatic Diazo Compounds, Nitrones, and Structurally Analogous Compounds. Systems Capable of Undergoing 
1,3-Additions. Chem. Rev. (Washington, DC, U. S.), 1938, 23, 193-285. 

[8] Hamer, J.; Macaluso, A. Nitrones. Chem. Rev., 1964, 64, 473-495. 
[9] (a) Merino, P.; Franco, S.; Merchan, F. L.; Tejero, T.: Asymmetric nucleophilic additions to chiral nitrones: Scope and 

applications. In Recent Research Developments in Organic Chemistry; Pandalai, S. G., Ed.; Transworld Research Network: 
Trivandrum, India, USA, 1998; Vol. 1; pp 109-121. (b) Lombardo, M.; Trombini, C. The reaction of nitrones with 
organometallic compounds: Scope, limitations and synthetic applications. Current Organic Chemistry, 2002, 6, 695-713. (c) 
Lombardo, M.; Trombini, C. Nucleophilic additions to nitrones. Synthesis-Stuttgart, 2000, 759-774. (d) Merino, P.; Tejero, T. 
Polyalkoxy nitrones as chiral building blocks in asymmetric synthesis. Molecules, 1999, 4, 169-179. 

[10] Merino, P.; Franco, S.; Merchan, F. L.; Tejero, T. Nucleophilic additions to chiral nitrones: New approaches to nitrogenated 
compounds. Synlett, 2000, 442-454. 



23 
 

[11] Merino, P. New developments in nucleophilic additions to nitrones. Comptes Rendus Chimie, 2005, 8, 775-788. 
[12] Merino, P.; Tejero, T. Mannich-type reactions of nitrones, oximes, and hydrazones. Synlett, 2011, 1965-1977. 
[13] Merino, P.: Nucleophilic Additions to Nitrones: An Alternative Gateway to Isoxazolidines, Pyrrolidines and Related 

Compounds. In Targets in Heterocyclic Systems - Chemistry and Properties; Attanasi, O. A., Spinelli, D., Eds.; Italian 
Society of Chemistry: Rome, Italy, 2003; Vol. 7. 

[14] Cardona, F.; Goti, A. The discovery of novel metal-induced reactions of nitrones: Not only electrophiles and reagents for 
[3+2] cycloadditions. Angewandte Chemie-International Edition, 2005, 44, 7832-7835. 

[15] (a) Merino, P.: Nitrones and Cyclic Analogues. In Compounds with Two Carbon–Heteroatom Bonds: Heteroatom Analogues 
of Aldehydes and Ketones; Pawda, A., Bellus, D., Eds.; Georg Thieme Verlag: Stuttgart-New York, 2004; Vol. 27; pp 511-
580. (b) Merino, P. Nitrones and cyclic analogues (update 2010). Sci. Synth., Knowl. Updates, 2011, 325-404. 

[16] Hu, X.-G.; Jia, Y.-M.; Xiang, J.; Yu, C.-Y. Exploratory studies en route to 5-alkyl-hyacinthacines: synthesis of 5-epi-(-)-
hyacinthacine A3 and (-)-hyacinthacine A3. Synlett, 2010, 982-986. 

[17] Hu, X.-G.; Bartholomew, B.; Nash, R. J.; Wilson, F. X.; Fleet, G. W. J.; Nakagawa, S.; Kato, A.; Jia, Y.-M.; van Well, R.; 
Yu, C.-Y. Synthesis and Glycosidase Inhibition of the Enantiomer of (-)-Steviamine, the First Example of a New Class of 
Indolizidine Alkaloid. Org. Lett., 2010, 12, 2562-2565. 

[18] Zhao, H.; Kato, A.; Sato, K.; Jia, Y.-M.; Yu, C.-Y. Total Synthesis and Glycosidase Inhibition of Broussonetine I and J2. J. 
Org. Chem., 2013, 78, 7896-7902. 

[19] (a) Merino, P.; Delso, I.; Tejero, T.; Cardona, F.; Marradi, M.; Faggi, E.; Parmeggiani, C.; Goti, A. Nucleophilic additions to 
cyclic nitrones en route to iminocyclitols - total syntheses of DMDP, 6-deoxy-DMDP, DAB-1, CYB-3, nectrisine, and 
radicamine B. Eur. J. Org. Chem., 2008, 2929-2947. (b) Chang, Y.-F.; Guo, C.-W.; Chan, T.-H.; Pan, Y.-W.; Tsou, E.-L.; 
Cheng, W.-C. Parallel synthesis of natural product-like polyhydroxylated pyrrolidine and piperidine alkaloids. Mol. Diversity, 
2011, 15, 203-214. 

[20] Chan, T.-H.; Chang, Y.-F.; Hsu, J.-J.; Cheng, W.-C. Straightforward Synthesis of Diverse 1-Deoxyazapyranosides via 

Stereocontrolled Nucleophilic Additions to Six-Membered Cyclic Nitrones. Eur. J. Org. Chem., 2010, 5555-5559, S5555/1-
S5555/73. 

[21] Zhao, W.-B.; Nakagawa, S.; Kato, A.; Adachi, I.; Jia, Y.-M.; Hu, X.-G.; Fleet, G. W. J.; Wilson, F. X.; Horne, G.; Yoshihara, 
A.; Izumori, K.; Yu, C.-Y. General Synthesis of Sugar-Derived Azepane Nitrones: Precursors of Azepane Iminosugars. J. 
Org. Chem., 2013, 78, 3208-3221. 

[22] Archibald, G.; Lin, C.-P.; Boyd, P.; Barker, D.; Caprio, V. A Divergent Approach to 3-Piperidinols: A Concise Syntheses of 
(+)-Swainsonine and Access to the 1-Substituted Quinolizidine Skeleton. J. Org. Chem., 2012, 77, 7968-7980. 

[23] O'Dowd, H.; Lewis, J. G.; Gordeev, M. F. Novel 6-position modified 1-thioalkyl-lincosamines. Tetrahedron Lett., 2008, 49, 
2979-2981. 

[24] (a) Dondoni, A.; Junquera, F.; Merchan, F. L.; Merino, P.; Tejero, T. Stereoselective aminohomologation of chiral a-alkoxy 
aldehydes via thiazole addition to nitrones. Application to the synthesis of N-acetyl-D-mannosamine. Tetrahedron Letters, 
1992, 33, 4221-4224. (b) Dondoni, A.; Franco, S.; Merchan, F.; Merino, P.; Tejero, T. Stereocontrolled addition of 2-
thiazolyl organometallic reagents to C-galactopyranosylnitrone. A formal synthesis of destomic acid and lincosamine. Synlett, 
1993, 78-80. (c) Dondoni, A.; Franco, S.; Junquera, F.; Merchan, F. L.; Merino, P.; Tejero, T.; Bertolasi, V. Stereoselective 
homologation-amination of aldehydes by addition of their nitrones to C-2 metalated thiazoles - a general entry to a-amino 
aldehydes and amino sugars. Chem. Eur. J., 1995, 1, 505-520. 

[25] Baskakova, A.; Frey, W.; Jaeger, V. Synthesis of adamantylglycine using a diastereoselective Grignard-to-nitrone addition. 
Synthesis, 2010, 3693-3699. 

[26] Milcent, T.; Hinks, N.; Bonnet-Delpon, D.; Crousse, B. Trifluoromethyl nitrones: from fluoral to optically active 
hydroxylamines. Org. Biomol. Chem., 2010, 8, 3025-3030. 

[27] Garcia, S; Daru, A.; Tejero, T.; Delso, I.; Merino, P. unpublished results 
[28] Shibano, M.; Tsukamoto, D.; G., K. Polyhydroxylated Alkaloids with Lipophilic Moieties as Glycosidase Inhibitors from 

Higher Plants. Heterocycles, 2002, 57, 1539-1553. 
[29] Merino, P.; Delso, I.; Tejero, T.; Cardona, F.; Goti, A. Nucleophilic additions and redox reactions of polyhydroxypyrroline 

N-oxides on the way to pyrrolidine alkaloids: total synthesis of radicamine B. Synlett, 2007, 2651-2654. 
[30] (a) Yu, C.-Y.; Huang, M.-H. Radicamines A and B: Synthesis and Revision of the Absolute Configuration. Org. Lett., 2006, 

8, 3021-3024. (b) Gurjar, M. K.; Borhade, R. G.; Puranik, V. G.; Ramana, C. V. Total synthesis of (-)-radicamine B. 
Tetrahedron Lett., 2006, 47, 6979-6981. 

[31] Tsou, E.-L.; Chen, S.-Y.; Yang, M.-H.; Wang, S.-C.; Cheng, T.-R. R.; Cheng, W.-C. Synthesis and biological evaluation of a 
2-aryl polyhydroxylated pyrrolidine alkaloid-based library. Bioorg. Med. Chem., 2008, 16, 10198-10204. 

[32] Dullin, A.; Dufrasne, F.; Gelbcke, M.; Gust, R. Synthesis and cytotoxicity of enantiomerically pure [1,2-diamino-1-(4-
fluorophenyl)-3-methylbutane]platinum(II) complexes. ChemMedChem, 2006, 1, 644-653. 

[33] (a) Merino, P.; Lanaspa, A.; Merchan, F. L.; Tejero, T. Stereoselective Grignard reactions to a-amino nitrones. Synthesis of 
optically active a-aminohydroxylamines and 1,2-diamines. Tetrahedron: Asymmetry, 1997, 8, 2381-2401. (b) Merino, P.; 
Lanaspa, A.; Merchan, F. L.; Tejero, T. Stereocontrolled synthesis of 2,3-diaminobutanoic acids. Tetrahedron Letters, 1997, 
38, 1813-1816. (c) Merino, P.; Lanaspa, A.; Merchan, F. L.; Tejero, T. Totally stereocontrolled synthesis of a,b-diamino acids 
by addition of Grignard reagents to nitrones derived from L-serine. Tetrahedron: Asymmetry, 1998, 9, 629-646. 

[34] Kaniskan, H. U.; Garner, P. An Efficient Synthetic Approach to Cyanocycline A and Bioxalomycin β2 via [C+NC+CC] 
Coupling. J. Am. Chem. Soc., 2007, 129, 15460-15461. 



24 
 

[35] Merino, P.; Franco, S.; Merchan, F. L.; Tejero, T. A Facile Synthesis of Glycosyl Hydroxylamines. Synth. Commun., 1997, 
27, 3529-3537. 

[36] Dondoni, A.; Nuzzi, A. Access to Piperidine Imino-C-glycosides via Stereoselective Thiazole-Based Aminohomologation of 
Pyranoses. J. Org. Chem., 2006, 71, 7574-7582. 

[37] Bonanni, M.; Marradi, M.; Cicchi, S.; Goti, A. Formal mixed double addition to N-glycosylnitrones through addition-
oxidation-addition to N-glycosylhydroxylamines. Synlett, 2008, 197-202. 

[38] Bonanni, M.; Marradi, M.; Cicchi, S.; Faggi, C.; Goti, A. Double Addition of Grignard Reagents to N-Glycosyl Nitrones: A 
New Tool for the Construction of Enantiopure Azaheterocycles. Org. Lett., 2005, 7, 319-322. 

[39] Bandaru, A.; Kaliappan, K. P. Synthetic utility of sugar-derived cyclic nitrones: a diastereoselective synthesis of linear 4-
azatriquinanes. Synlett, 2012, 23, 1473-1476. 

[40] Li, Y.-X.; Huang, M.-H.; Yamashita, Y.; Kato, A.; Jia, Y.-M.; Wang, W.-B.; Fleet, G. W. J.; Nash, R. J.; Yu, C.-Y. l-DMDP, 
l-homoDMDP and their C-3 fluorinated derivatives: synthesis and glycosidase-inhibition. Org. Biomol. Chem., 2011, 9, 
3405-3414. 

[41] Delso, I.; Tejero, T.; Goti, A.; Merino, P. Synthesis of D-arabinose-derived polyhydroxylated pyrrolidine, indolizidine and 
pyrrolizidine alkaloids. Total synthesis of hyacinthacine A2. Tetrahedron, 2010, 66, 1220-1227. 

[42] Cardona, F.; Moreno, G.; Guarna, F.; Vogel, P.; Schuetz, C.; Merino, P.; Goti, A. New Concise Total Synthesis of (+)-
Lentiginosine and Some Structural Analogues. J. Org. Chem., 2005, 70, 6552-6555. 

[43] Cheng, W.-C.; Weng, C.-Y.; Yun, W.-Y.; Chang, S.-Y.; Lin, Y.-C.; Tsai, F.-J.; Huang, F.-Y.; Chen, Y.-R. Rapid 
modifications of N-substitution in imino-sugars: Development of new β-glucocerebrosidase inhibitors and pharmacological 
chaperones for Gaucher disease. Bioorg. Med. Chem., 2013, 21, 5021-5028. 

[44] Lombardo, M.; Fabbroni, S.; Trombini, C. Entropy-Controlled Selectivity in the Vinylation of a Cyclic Chiral Nitrone. An 
Efficient Route to Enantiopure Polyhydroxylated Pyrrolidines. J. Org. Chem., 2001, 66, 1264-1268. 

[45] Delso, I.; Marca, E.; Mannucci, V.; Tejero, T.; Goti, A.; Merino, P. Tunable Diastereoselection of Biased Rigid Systems by 
Lewis Acid Induced Conformational Effects: A Rationalization of the Vinylation of Cyclic Nitrones En Route to 
Polyhydroxylated Pyrrolidines. Chem. - Eur. J., 2010, 16, 9910-9919, S9910/1-S9910/23. 

[46] (a) Merino, P.; Anoro, S.; Franco, S.; Gascon, J. M.; Martin, V.; Merchan, F. L.; Revuelta, J.; Tejero, T.; Tunon, V. A general 
method for the vinylation of nitrones. Synthesis of allylhydroxylamines and allylamines. Synthetic Communications, 2000, 
30, 2989-3021. (b) Merino, p.; Anoro, S.; Castillo, E.; Merchan, F.; Jejero, T. Direct vinylation and ethynylation of nitrones. 
Stereodivergent synthesis of allyl and propargyl amines. Tetrahedron: Asymmetry, 1996, 7, 1887-1890. 

[47] Karanjule, N. S.; Markad, S. D.; Shinde, V. S.; Dhavale, D. D. Intramolecular 5-endo-Trig Aminomercuration of β-Hydroxy-
γ-alkenylamines: Efficient Route to a Pyrrolidine Ring and Its Application for the Synthesis of (+)-Castanospermine and 
Analogues. J. Org. Chem., 2006, 71, 4667-4670. 

[48] Karanjule, N. S.; Markad, S. D.; Dhavale, D. D. Synthesis of Pentahydroxy Indolizidine Alkaloids Using Ring Closing 
Metathesis: Attempts To Find the Correct Structure of Uniflorine A. J. Org. Chem., 2006, 71, 6273-6276. 

[49] Lo Re, D.; Franco, F.; Sanchez-Cantalejo, F.; Tamayo, J. A. Total Synthesis of 3-O-Benzyl-1,3,5-tri-epi-calystegine B2 from 
L-Sorbose. Eur. J. Org. Chem., 2009, 1984-1993. 

[50] (a) Merino, P.; Delso, I.; Mannucci, V.; Tejero, T. High stereocontrol in the allylation of chiral non-racemic a-alkoxy and a-
amino nitrones. Tetrahedron Letters, 2006, 47, 3311-3314. (b) Merino, P.; Mannucci, V.; Tejero, T. Exploring nitrone 
chemistry: towards the enantiodivergent synthesis of 6-substituted 4-hydroxypipecolic acid derivatives. Eur. J. Org. Chem., 
2008, 3943-3959. 

[51] Murga, J.; Portoles, R.; Falomir, E.; Carda, M.; Marco, J. A. Stereoselective addition of organometallic reagents to a chiral 
acyclic nitrone derived from L-erythrulose. Tetrahedron Asymmetry, 2005, 16, 1807-1816. 

[52] Marca, E.; Delso, I.; Tejero, T.; Vazquez, J. T.; Dorta, R. L.; Merino, P. Intramolecular 1,3-dipolar cycloaddition of N-
alkenyl nitrones en route to glycosyl piperidines. Tetrahedron Letters, 2009, 50, 7152-7155. 

[53] Dhavale, D. D.; Jachak, S. M. The 5-endo-trig cyclization of D-glucose derived γ-alkenylamines with mercury (II) salts: 
synthesis of 1-deoxycastanospermine and its 8a-epi-analog. Molecules, 2005, 10, 893-900. 

[54] Bande, O. P.; Jadhav, V. H.; Puranik, V. G.; Dhavale, D. D.; Lombardo, M. Stereo-controlled approach to pyrrolidine 
iminosugar C-glycosides and 1,4-dideoxy-1,4-imino-L-allitol using a D-mannose-derived cyclic nitrone. Tetrahedron Lett., 
2009, 50, 6906-6908. 

[55] Kaliappan, K. P.; Das, P.; Chavan, S. T.; Sabharwal, S. G. A Versatile Access to Calystegine Analogues as Potential 
Glycosidases Inhibitors. J. Org. Chem., 2009, 74, 6266-6274. 

[56] Delso, I.; Tejero, T.; Goti, A.; Merino, P. Sequential nucleophilic addition/intramolecular cycloaddition to chiral nonracemic 
cyclic nitrones: A highly stereoselective approach to polyhydroxynortropane alkaloids. J. Org. Chem., 2011, 76, 4139-4143. 

[57] Hayes, H.; Daru, A.; Ghirardello, M.; Delso, I.; Tejero, T.; Merino, P. unpublished results 
[58] Bini, D.; Forcella, M.; Cipolla, L.; Fusi, P.; Matassini, C.; Cardona, F. Synthesis of Novel Imino-sugar-Based Trehalase 

Inhibitors by Cross-Metathesis Reactions. Eur. J. Org. Chem., 2011, 2011, 3995-4000, S3995/1-S3995/4. 
[59] Merino, P.; Mannucci, V.; Tejero, T. Nucleophilic additions of lithiated allylphenylsulfone to nitrones: experimental and 

theoretical investigations. Tetrahedron, 2005, 61, 3335-3347. 
[60] (a) Pfrengle, F.; Reissig, H.-U. Addition of lithiated enol ethers to nitrones and subsequent Lewis acid induced cyclizations to 

enantiopure 3,6-dihydro-2H-pyrans - an approach to carbohydrate mimetics. Beilstein J. Org. Chem., 2010, 6, No 75, No pp 
given, No 75. (b) Pfrengle, F.; Lentz, D.; Reissig, H.-U. A New Ring Closure Approach to Enantiopure 3,6-Dihydro-2H-
pyrans: Stereo-divergent Access to Carbohydrate Mimetics. Org. Lett., 2009, 11, 5534-5537. 



25 
 

[61] Lieou Kui, E.; Kanazawa, A.; Poisson, J.-F.; Py, S. Unprecedented base-promoted nucleophilic addition of diazoesters to 
nitrones. Tetrahedron Lett., 2013, 54, 5103-5105. 

[62] Lieou Kui, E.; Kanazawa, A.; Poisson, J.-F.; Py, S. Transition-Metal-Catalyzed Ring Expansion of Diazocarbonylated Cyclic 
N-Hydroxylamines: A New Approach to Cyclic Ketonitrones. Org. Lett., 2014, 16, 4484-4487. 

[63] Kamath, V. P.; Xue, J.; Juarez-Brambila, J. J.; Morris, C. B.; Ganorkar, R.; Morris, P. E., Jr. Synthesis of analogs of 
forodesine HCl, a human purine nucleoside phosphorylase inhibitor-Part I. Bioorg. Med. Chem. Lett., 2009, 19, 2624-2626. 

[64] Zhang, W.; Sato, K.; Kato, A.; Jia, Y.-M.; Hu, X.-G.; Wilson, F. X.; van Well, R.; Horne, G.; Fleet, G. W. J.; Nash, R. J.; Yu, 
C.-Y. Synthesis of Fully Substituted Polyhydroxylated Pyrrolizidines via Cope-House Cyclization. Org. Lett., 2011, 13, 
4414-4417. 

[65] Still, W. C. Stannylation/destannylation. Preparation of .alpha.-alkoxy organolithium reagents and synthesis of dendrolasin 
via a carbinyl carbanion equivalent. J. Am. Chem. Soc., 1978, 100, 1481-1487. 

[66] Marradi, M.; Cicchi, S.; Ignacio Delso, J.; Rosi, L.; Tejero, T.; Merino, P.; Goti, A. Straightforward synthesis of enantiopure 
2-aminomethyl and 2-hydroxymethyl pyrrolidines with complete stereocontrol. Tetrahedron Letters, 2005, 46, 1287-1290. 

[67] Capriati, V.; Florio, S.; Luisi, R.; Salomone, A.; Cuocci, C. Stereoselective Synthesis of Novel β,γ-Epoxyhydroxylamines and 
4-Hydroxyalkyl-1,2-oxazetidines. Org. Lett., 2006, 8, 3923-3926. 

[68] Capriati, V.; Degennaro, L.; Florio, S.; Luisi, R.; Punzi, P. Stereoselective Synthesis of Novel 4,5-Epoxy-1,2-oxazin-6-ones 
and α,β-Epoxy-γ-amino Acids from β-Lithiated Oxazolinyloxiranes and Nitrones. Org. Lett., 2006, 8, 4803-4806. 

[69] Topic, D.; Aschwanden, P.; Faessler, R.; Carreira, E. M. ZnCl2-mediated stereoselective addition of terminal alkynes to D-
(+)-mannofuranosyl nitrones. Org. Lett., 2005, 7, 5329-5330. 

[70] Liu, C.; Kang, H.; Wightman, R. H.; Jiang, S. Stereoselective synthesis of a novel Galf-disaccharide mimic: β-d-
galactofuranosyl-(1-5)-β-d-galactofuranosyl motif of mycobacterial cell walls. Tetrahedron Lett., 2013, 54, 1192-1194. 

[71] Wei, W.; Hamamoto, Y.; Ukaji, Y.; Inomata, K. Asymmetric addition of phenylzinc reagents to C-alkynyl nitrones. 
Enantiomeric enhancement by a product-like additive. Tetrahedron Asymmetry, 2008, 19, 476-481. 

[72] Wang, S.; Onaran, M. B.; Seto, C. T. Enantioselective Synthesis of 1-Aryltetrahydroisoquinolines. Org. Lett., 2010, 12, 2690-
2693. 

[73] Wang, S.; Seto, C. T. Enantioselective Addition of Vinylzinc Reagents to 3,4-Dihydroisoquinoline N-Oxide. Org. Lett., 2006, 
8, 3979-3982. 

[74] Pillard, C.; Desvergnes, V.; Py, S. Diastereoselective addition of alkynylalanes to carbohydrate-derived nitrones. Tetrahedron 
Lett., 2007, 48, 6209-6213. 

[75] Delso, I.; Marca, E.; Mannucci, V.; Tejero, T.; Goti, A.; Merino, P. Tunable Diastereoselection of Biased Rigid Systems by 
Lewis Acid Induced Conformational Effects: A Rationalization of the Vinylation of Cyclic Nitrones En Route to 
Polyhydroxylated Pyrrolidines. Chem. Eur. J., 2010, 16, 9910-9919. 

[76] Cheng, H.-S.; Seow, A.-H.; Loh, T.-P. Homoallyllic Nitrone Isomerization: Convenient Enantioselective Synthesis of 
Homoallylic Nitrones and Homoallylic Hydroxylamines. Org. Lett., 2008, 10, 2805-2807. 

[77] Merino, P.; Tejero, T. Mannich-type reactions with Nitrones, Oximes and Hydrazones. Synlett, 2011, 1967-1977. 
[78] Roca-López, D.; Polo, V.; Tejero, T.; Merino, P. Mechanism Switch in Mannich-type Reactions. ELF and NCI Topological 

Analyses of the Reaction between Nitrones and Lithium Enolates. Eur. J. Org. Chem., 2015. 
[79] Roca-López, D.; Polo, V.; Tejero, T.; Merino, P. Understanding Bond Formation in Polar One-Step Reactions. Topological 

analyses of the Reaction between Nitrones and Lithium Ynolates. J. Org. Chem., 2015, 80, 4076-4083. 
[80] Phillips, E. M.; Reynolds, T. E.; Scheidt, K. A. Highly Diastereo- and Enantioselective Additions of Homoenolates to 

Nitrones Catalyzed by N-Heterocyclic Carbenes. J. Am. Chem. Soc., 2008, 130, 2416-2417. 
[81] Xu, W.-Y.; Ren, I.; Jia, Y.-M.; Zhang, W.; Kato, A.; Yu, C.-Y. NHC-mediated cross-coupling of sugar-derived cyclic 

nitrones with enals: general and efficient synthesis of polyhydroxylated pyrrolizidines and indolizidines. Org. Biomol. Chem., 
2013, 11, 4622-4639. 

[82] (a) Merchan, F. L.; Merino, P.; Tejero, T. Stereoselective addition of cyanide reagents to nitrones. Tetrahedron Lett., 1995, 
36, 6949-6952. (b) Merino, P.; LAnaspa, A.; Merchan, F. L.; Tejero, T. Diastereoselective Hydrocyanation of Chiral 
Nitrones. Synthesis of novel α-(hydroxyamino) nitriles. J. Org. Chem., 1996, 61, 9028-9032. 

[83] Tsou, E.-L.; Yeh, Y.-T.; Liang, P.-H.; Cheng, W.-C. A convenient approach toward the synthesis of enantiopure isomers of 
DMDP and ADMDP. Tetrahedron, 2009, 65, 93-100. 

[84] Zhu, J.-S.; Nakagawa, S.; Chen, W.; Adachi, I.; Jia, Y.-M.; Hu, X.-G.; Fleet, G. W. J.; Wilson, F. X.; Nitoda, T.; Horne, G.; 
van Well, R.; Kato, A.; Yu, C.-Y. Synthesis of Eight Stereoisomers of Pochonicine: Nanomolar Inhibition of β-N-
Acetylhexosaminidases. J. Org. Chem., 2013, 78, 10298-10309. 

[85] Zeng, Q.; Zhang, L.; Yang, J.; Xu, B.; Xiao, Y.; Zhang, J. Pyrroles versus cyclic nitrones: catalyst-controlled divergent 
cyclization of N-(2-perfluoroalkyl-3-alkynyl)hydroxylamines. Chem. Commun. (Cambridge, U. K.), 2014, 50, 4203-4206. 

[86] Sakai, T.; Soeta, T.; Endo, K.; Fujinami, S.; Ukaji, Y. Magnesium-Tartramide Complex Mediated Asymmetric Strecker-Type 
Reaction of Nitrones Using Cyanohydrin. Org. Lett., 2013, 15, 2422-2425. 

[87] Banerji, A.; Mukhopadhyay, A. K. Reactions of some indole-derivatives with nitrones. Indian J. Chem. Sect. B: Org. Chem. 
Med. Chem., 1982, 21, 239-241. 

[88] (a) Chalaye-Mauger, H.; Denis, J.-N.; Averbuch-Pouchot, M.-T.; Vallee, Y. The reactions of nitrones with indoles. 
Tetrahedron, 2000, 56, 791-804. (b) Routier, J.; Calancea, M.; David, M.; Vallee, Y.; Denis, J.-N. Heterolignans: 
Stereoselective synthesis of an 11-amino analog of azaelliptitoxin. Eur. J. Org. Chem., 2008, 5687-5691. (c) Berini, C.; 
Minassian, F.; Pelloux-Leon, N.; Denis, J.-N.; Vallee, Y.; Philouze, C. Efficient stereoselective nucleophilic addition of 
pyrroles to chiral nitrones. Org. Biomol. Chem., 2008, 6, 2574-2586. 



26 
 

[89] Murat-Onana, M. L.; Berini, C.; Denis, J.-N.; Poisson, J.-F.; Minassian, F.; Pelloux-Leon, N. Concise preparation of optically 
active heteroaryl α-(hydroxyamino) esters. Eur. J. Org. Chem., 2014, 2014, 3773-3776. 

[90] Berini, C.; Pelloux-Leon, N.; Minassian, F.; Denis, J.-N. From N-triisopropylsilylpyrrole to an optically active C-4 
substituted pyroglutamic acid: total synthesis of penmacric acid. Org. Biomol. Chem., 2009, 7, 4512-4516. 

[91] Su, J.-K.; Jia, Y.-M.; He, R.; Rui, P.-X.; Han, N.; He, X.; Xiang, J.; Chen, X.; Zhu, J.; Yu, C.-Y. A rapid synthesis of 2-aryl 
polyhydroxylated pyrrolidines. Synlett, 2010, 1609-1616. 

[92] Li, X.-L.; Qin, Z.-B.; Wang, R.; Chen, H.; Zhang, P.-Z. Stereoselective synthesis of novel C-azanucleoside analogs by 
microwave-assisted nucleophilic addition of sugar-derived cyclic nitrones. Tetrahedron, 2011, 67, 1792-1798. 

[93] Khangarot, R. K.; Kaliappan, K. P. Stereoselective Synthesis of Trifluoromethyl Analogues of Polyhydroxypyrrolidines. Eur. 
J. Org. Chem., 2013, 2013, 2692-2698. 

[94] Korvorapun, K.; SoorukramC, D.; Kuhakarn, h.; Tuchinda, P.; Reutrakul, V.; Pohmakotr, M. Stereoselective Nucleophilic 
Addition of PhSCF2SiMe3 to Chiral Cyclic Nitrones: Asymmetric Synthesis of gem-Difluoromethylenated 
Polyhydroxypyrrolizidines and -indolizidines. Chem Asian J., 2015, 10, 948-968. 

[95] Ueda, M.; Miyabe, H.; Teramachi, M.; Miyata, O.; Naito, T. Diastereoselective Intermolecular Radical Addition to Nitrones. 
J. Org. Chem., 2005, 70, 6653-6660. 

[96] Masson, G.; Py, S.; Vallee, Y. Samarium diiodide-induced reductive cross-coupling of nitrones with aldehydes and ketones. 
Angew. Chem., Int. Ed., 2002, 41, 1772-1775. 

[97] (a) Masson, G.; Cividino, P.; Py, S.; Vallee, Y. Samarium diiodide-induced umpolung of the C:N bond: first reductive 
conjugate addition of nitrones to α,β-unsaturated esters. Angew. Chem., Int. Ed., 2003, 42, 2265-2268. (b) Riber, D.; 
Skrydstrup, T. SmI2-Promoted Radical Addition of Nitrones to α,β-Unsaturated Amides and Esters: Synthesis of γ-Amino 
Acids via a Nitrogen Equivalent to the Ketyl Radical. Org. Lett., 2003, 5, 229-231. 

[98] Burchak, O. N.; Philouze, C.; Chavant, P. Y.; Py, S. A direct and versatile access to α,α-disubstituted 2-pyrrolidinylmethanols 
by SmI2-mediated reductive coupling. Org. Lett., 2008, 10, 3021-3023. 

[99] Wu, S.-F.; Zheng, X.; Ruan, Y.-P.; Huang, P.-Q. A new approach to 3-hydroxyprolinol derivatives by samarium diiodide-
mediated reductive coupling of chiral nitrone with carbonyl compounds. Org. Biomol. Chem., 2009, 7, 2967-2975. 

[100] Zhang, H.-K.; Xu, S.-Q.; Zhuang, J.-J.; Ye, J.-L.; Huang, P.-Q. A flexible enantioselective approach to 3,4-dihydroxyprolinol 
derivatives by SmI2-mediated reductive coupling of chiral nitrone with ketones/aldehydes. Tetrahedron, 2012, 68, 6656-
6664. 

[101] Wu, S.-F.; Ruan, Y.-P.; Zheng, X.; Huang, P.-Q. Samarium diiodide-mediated reductive couplings of chiral nitrones with 
aldehydes/ketones and acyl chlorides. Tetrahedron, 2010, 66, 1653-1660. 

[102] Cividino, P.; Py, S.; Delair, P.; Greene, A. E. 1-(2,4,6-Triisopropylphenyl)ethylamine: A New Chiral Auxiliary for the 
Asymmetric Synthesis of γ-Amino Acid Derivatives. J. Org. Chem., 2007, 72, 485-493. 

[103] Burchak, O. N.; Masson, G.; Py, S. SmI2-mediated reductive cross-coupling reactions of α-cyclopropyl nitrones. Synlett, 
2010, 1623-1626. 

[104] Rehak, J.; Fisera, L.; Podolan, G.; Kozisek, J.; Perasinova, L. Samarium diiodide induced reductive coupling of D-threose- 
and D-erythrose-derived nitrones with methyl acrylate. Synlett, 2008, 1260-1264. 

[105] Rehak, J.; Fisera, L.; Kozisek, J.; Bellovicova, L. Synthesis of trihydroxylated pyrrolizidine and indolizidine alkaloids based 
on SmI2-induced reductive coupling of chiral nitrones with methyl acrylate. Tetrahedron, 2011, 67, 5762-5769. 

[106] Desvergnes, S.; Py, S.; Vallee, Y. Total Synthesis of (+)-Hyacinthacine A2 Based on SmI2-Induced Nitrone Umpolung. J. 
Org. Chem., 2005, 70, 1459-1462. 

[107] Gilles, P.; Py, S. SmI2-Mediated Cross-Coupling of Nitrones with β-Silyl Acrylates: Synthesis of (+)-Australine. Org. Lett., 
2012, 14, 1042-1045. 

[108] Desvergnes, S.; Desvergnes, V.; Martin, O. R.; Itoh, K.; Liu, H.-w.; Py, S. Stereoselective synthesis of β-1-C-substituted 1,4-
dideoxy-1,4-imino-D-galactitols and evaluation as UDP-galactopyranose mutase inhibitors. Bioorg. Med. Chem., 2007, 15, 
6443-6449. 

[109] Zhang, B.; Wang, H.; Lin, G.-Q.; Xu, M.-H. Ruthenium(II)-Catalyzed Asymmetric Transfer Hydrogenation Using 
Unsymmetrical Vicinal Diamine-Based Ligands: Dramatic Substituent Effect on Catalyst Efficiency. Eur. J. Org. Chem., 
2011, 2011, 4205-4211, S4205/1-S4205/9. 

 


