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CONS P EC TU S

T he transfer hydrogenation of organic compounds is a much safer and more environmentally benign process than reduction
reactions involving molecular hydrogen, metal hydrides, or dissolving metals. In transfer hydrogenation, 2-propanol is often

preferred as the source of hydrogen because it is cheap, easy to remove, and environmentally friendly. This class of transformation
has been mostly pursued through the use of expensive noble metals, such as Ru, Pd, and so forth; research involving cheaper
catalytically active metals has been relatively neglected.

On the other hand, alcohols have recently emerged as desirable alkylating agents, a useful alternative to organic halides, in reactions
of hydrogen autotransfer, also known as the “borrowing of hydrogen” methodology. For instance, the r-alkylation of ketones with
alcohols is an atom-efficient process that produces water as the only byproduct in the presence of a noble metal catalyst. Hydrogen
autotransfer is also successful in the synthesis of amines through a reductive aza-Wittig reaction, which involves an iminophosphorane
and primary alcohol under iridium catalysis. The in situ oxidation-Wittig olefination of primary alcohols with stabilized phosphorus
ylides is a commonly practiced method in organic synthesis that precludes the necessity of handling aldehydes. These reactions are
normally performed in one pot but sequentially; thus the course of the alcohol oxidation needs monitoring before the ylide addition.

In this Account, we describe the development of our discovery that nickel(0), in the form of nanoparticles, can replace the more
expensive noble metals in both transfer hydrogenation and hydrogen autotransfer reactions. These nanoparticles were found to
catalyze the transfer hydrogenation of olefins and carbonyl compounds, as well as the reductive amination of aldehydes, with
2-propanol as the hydrogen donor. All reactions proceeded in the absence of base, and the catalyst could be easily and successfully
reutilized in the case of the carbonyl compounds. The catalyst was fully characterized, and the reaction mechanism, kinetics, and
heterogeneous nature of the process were established through a variety of experiments. Moreover, the nickel nanoparticles
enabled the activation of primary alcohols for ther-alkylation of ketones and reductive aza-Wittig reaction, with the latter leading
to secondary amines. For the first time, these two reactions were achieved with a catalyst that was not one of the noble metals.

We also observed that nickel nanoparticles can activate alcohols in the presence of phosphorus ylides. In this case, although the
autotransfer of hydrogen failed, the reaction could be used as a key tool to construct carbon-carbon double bonds. In this respect,
we describe the one-pot synthesis of stilbenes from alcohols through a Wittig-type olefination reaction promoted by nickel
nanoparticles. We report a wide range of polymethoxylated and polyhydroxylated stilbenes, including the naturally occurring
polyphenol resveratrol. The utility of the nickel nanoparticles was exceptional in all of the aforementioned reactions when
compared with other forms of nickel, including Raney nickel.
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1. Introduction
Transition metal catalysis is dominated by the elements of

the three triads, where ruthenium, rhodium, iridium and,

above all, palladium, generally stand out from the others

because of their incomparable catalytic activity and effi-

ciency. These noble metals have darkened the role of the

first triad metals in catalysis until the recent revival of iron.1

Indeed, methodologies based on the “modest” transition

metals that can promote the organic transformations typi-

cally reserved to the noble metals are challenging and

praiseworthy. This assertion gains points when we compare

the relative prices of some transition metals referred to their

corresponding anhydrous chlorides (Figure 1). Thus, iridium

and rhodium are extraordinarily expensive; palladium and

ruthenium are somewhat cheaper, whereas nickel and iron

are 100-fold and more than 1000-fold cheaper than ruthe-

nium, respectively.
In 1996, due to our incipient interest in active metals,2 we

discovered the NiCl2 32H2O-Li-arene(cat.) combination as a

useful and versatile mixture able to reduce a broad range of

functionalities bearing carbon-carbonmultiple bonds, as well

as carbon-heteroatom and heteroatom-heteroatom single

and multiple bonds (Scheme 1).3 Two different and indepen-

dent processes were postulated to take part in the reduction

pathway:3b (a) the reduction of nickel(II) to nickel(0) by the

action of the radical anion or the dianion derived from the

activation of metal lithium by the arene (which acts as an

electron carrier) and (b) the generation of molecular hydrogen

by reaction of the excess of lithium and the crystallization

water present in the nickel salt (Scheme2). The combinationof

this molecular hydrogen with the highly reactive nickel(0)

would lead to a sort of nickel hydride species, which was

considered the real reducing agent. Interestingly, the analo-

gous deuterated combination, NiCl2 32D2O-Li-arene(cat.), al-

lowed the easy incorporation of deuterium in the reaction

products. In addition, a polymer-supported arene could be

used as electron-transfer agent, instead of the free arene, this

methodology facilitating the recovery and reuse of the arene

component. Alternatively, almost the same type of function-

alities mentioned above could be reduced by catalytic hydro-

genation utilizing active nickel, generated from anhydrous

nickel(II) chloride, and external molecular hydrogen at atmo-

spheric pressure [NiCl2-Li-arene(cat.)-H2 or NiCl2-Li-
(polymer-supported arene)(cat.)-H2].

4

Some years later, we demonstrated that the highly reactive

nickel, obtained by reduction of anhydrous nickel(II) chloride

with lithium powder and a catalytic amount of DTBB (4,40-
di-tert-butylbiphenyl) in THF at room temperature, was in the

form of nanoparticles (2.5 ( 1.5 nm).5 Similar systems to

NiCl2-Li-DTBB(cat.), utilized in reduction reactions, such as

NiCl2-Li-copolymer(cat.)-H2, NiCl2 32H2O-Li-DTBB(cat.),

NiCl2-Li-DTBB(cat.)-EtOH, or NiCl2-Li-copolymer(cat.)-
EtOH, were also disclosed to generate nanosized metallic

nickel in the absence of any antiagglomeration additive or

nucleation catalyst at room temperature.6 The introduction in

the reducing system of an alcohol as a source of molecular

FIGURE 1. Relative prices for some transition metals (Sigma-Aldrich).

SCHEME 1. Reduction of Organic Functionalities with the
NiCl2 32H2O-Li-Arene(cat.) System

SCHEME 2. Proposed Reduction Pathway with the
NiCl2 32H2O-Li-Arene(cat.) and NiCl2-Li-Arene(cat.)-EtOH Systems
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hydrogen, by reaction with Li (Scheme 2), was a very con-

venient method for the highly selective semihydrogenation

of alkynes and dienes7 and conjugate reduction of R,β-
unsaturated carbonyl compounds8 under mild reaction con-

ditions. We observed, however, that a hydrogen-transfer

process might be operating, at least in part, in the reactions

involving an alcohol. From this finding, we envisaged the

possibility of applying the nickel nanoparticles (NiNPs) in

hydrogen-transfer reactions.

It is noteworthy and somehow surprising that the combi-

nation of inexpensive transition metals with green and safe

sources of hydrogen has been practically unexplored until

recently. In this sense, the potential of nickel has been

undervalued in favor of the more “exotic” and attractive

catalytic systems containing noble metals. We want to

present herein the scope and versatility of an easily pre-

pared and simple catalytic system based on unsupported

nickel nanoparticles, as an alternative to noble-metal cata-

lysts in hydrogen transfer reactions. All the reactions dis-

cussed in this Account were effected with NiNPs prepared

from anhydrous nickel(II) chloride, metal lithium, and a

catalytic amount of DTBB (5 mol %) as an electron carrier

(Scheme 3). On one hand, we will deal with the transfer

hydrogenation of olefins and carbonyl compounds and

reductive amination of aldehydes, using 2-propanol as a

hydrogen donor. On the other hand, the activation of

alcohols for the R-alkylation of ketones and reductive aza-

Wittig reaction (through hydrogen autotransfer), as well as

for the Wittig reaction, will be described.

2. Discussion
2.1. Reduction Reactions by Hydrogen Transfer.

2.1.1. Introduction. The catalytic transfer hydrogenation of

organic compounds9 is an advantageous methodology with

respect to other reductionmethods for several reasons: (a) the

hydrogen source is easy to handle (no gas containment or

pressure vessels are necessary), (b) possible hazards are mini-

mized, (c) the mild reaction conditions used can afford

enhanced selectivity, and (d) catalytic asymmetric transfer

hydrogenation canbe applied in the presenceof chiral ligands.

Within the different types of hydrogen donors, 2-propanol is

probably themost popular one since it is cheap, nontoxic, and

volatile, possesses good solvent properties, and is transformed

into acetone, which is environmentally friendly and easy to

remove from the reaction medium.

2.1.2. Hydrogen-Transfer Reduction of Alkenes. The

transfer hydrogenation of olefins has been little studied in

comparisonwith that of carbonyl compounds, using alcohols,

formic acid, or hydroaromatic compounds, mainly in the

presence of noble-metal catalysts.10 The transfer hydrogena-

tion of styrenes has been recently reported using hydrazine

as the hydrogen source and a catalyst consisting of

clay-entrapped nickel nanoparticles.11 To the best of

our knowledge, however, only two reports describe the

application of nickel and 2-propanol to the transfer

SCHEME 3. Synthesis of the Nickel Nanoparticles SCHEME 4. Transfer Hydrogenation of Alkenes

aReported data with Raney nickel.12
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hydrogenation of olefins. In the first one, Raney nickel

(10-50 wt % of total substrate) was used under reflux,

showing high conversions for cinnamates and cyclic olefins

and lowconversions for acyclic olefins.12 In the second report,

activatedmetallic nickel, prepared by thermal decomposition

of in situ generated nickel diisopropoxide in boiling 2-propa-

nol, was more effective in the reduction of nonfunctionalized

and nonactivated olefins (10-30 mol % Ni, 95-100 �C).13

We demonstrated that NiNPs can effectively catalyze the

heterogeneous transfer hydrogenation of olefins using

2-propanol as the hydrogen donor.14 Raney nickel behaved

similarly to theNiNPs in the reduction of 1-octene but longer

reaction time was needed in order to achieve the same

conversion at 76 �C, while the activity of the former drasti-

cally dropped at room temperature. Other commercially

available nickel catalysts, such as Ni-Al, Ni/SiO2-Al2O3, or

NiO, were totally inactive under the above-mentioned con-

ditions. A variety of nonfunctionalized and functionalized

olefins were successfully reduced under the optimized reac-

tion conditions (20 mol % NiNPs, i-PrOH, 76 �C) (Scheme 4).

The process was shown to be highly chemoselective for

substrates that are prone to undergo isomerization (allylic

alcohols) or hydrogenolysis (allyl benzyl ether or allylcyclo-

hexylamine), where a clear superiority of the NiNPs was

manifested with respect to other nickel catalysts. Moreover,

the monoterpene (()-linalool, which contains both a mono-

and a trisubstituted carbon-carbon double bond, was trans-

formed into tetrahydrolinalool in moderate isolated yield

after prolonged heating. Unfortunately, an important

decrease in the conversion of the olefins was observed in

the second cycle when reutilization of the catalyst was

attempted, due to progressive deactivation.

2.1.3. Hydrogen-Transfer Reduction of Carbonyl Com-

pounds. The transfer hydrogenation of carbonyl com-

pounds has been mostly accomplished using 2-propanol

as hydrogen donor, under homogeneous conditions in the

presence of noble-metal complexes (such as those of Ru, Rh,

or Ir).15 In this field, ruthenium complexes have been by far

the most studied catalysts, especially for the asymmetric

transfer hydrogenation of aromatic ketones16 and from the

SCHEME 5. Transfer Hydrogenation of Carbonyl Compoundsa

aData in parentheses refer to the use of 20 mol % NiNPs. The dashed bond indicates the original position of the carbon-carbon double bond.
bDiastereomeric ratio: (-)-menthol/neoisomenthol/neomenthol 77:9:14.
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mechanistic point of view.17 Nickel has been used either

under homogeneous18 or heterogeneous conditions,13,19

mainly for aromatic substrates. In all these cases, the addi-

tion of an external base was mandatory for the reaction to

take place. More recently, an excess of Raney nickel in

refluxing 2-propanol, containing a trace of HCl, reduced a

series of aliphatic aldehydes and ketones to the correspond-

ing primary and secondary alcohols, respectively.20

We reported on the application of NiNPs to the transfer

hydrogenation with 2-propanol of an array of carbonyl

compounds in the absence of any added base at 76 �C. Both
a stoichiometric21a and a substoichiometric (20 mol % Ni)

version21b were studied and compared. Modest-to-good

yields of the corresponding alcohols were obtained in rela-

tively short reaction times (Scheme 5). The reduction of

substituted acetophenones was shown to be very depen-

dent on the electronic character and position of the sub-

stituent, whereas, in general, better yields were attained for

aliphatic ketones. The reducing system was shown to be

diastereoselective for most of the cyclic ketones studied,

with the stereoselectivity achieved with 20 mol % NiNPs

being somewhat lower than that achieved with stoichio-

metric NiNPs. TheNiNPs exhibited a superior performance in

comparison with other forms of nickel under the same

reaction conditions. Moreover, the NiNPs could be easily

separated by decantation with an extra amount of 2-propa-

nol and reutilized up to five times, maintaining a high

activity in a very simple reaction medium composed of the

NiNPs, 2-propanol and the substrate, with no base (Figure 2).

According to some deuteration experiments, the reaction

seemed to proceed through a dihydride-typemechanism, in

which the two hydrogens of the donor are transferred to the

metal, thus losing their original identity and becoming

equivalent (Scheme 6). After our work, several reports

emerged describing the application of supported NiNPs,

prepared by different methods, to the transfer hydrogena-

tion with 2-propanol of aromatic ketones.22

2.1.4. Hydrogen-Transfer Reductive Amination of Al-

dehydes. The reductive amination of aldehydes and ke-

tones, an important transformation in biological systems, is

a direct and convenient route to amines.23 The reductive

amination with metal hydrides24 or by catalytic hydrogena-

tion25 are widespread methods, whereas transfer hydroge-

nation is more restricted to the reduction of preformed

imines.26 It is worthy of note that, in contrast with other

transition metals, nickel has been scarcely used in reductive

aminations or in the transfer hydrogenation of imines.

Reductive aminations involving nickel were performed with

hydrazineandborohydride exchange resin-nickel acetate27-

a or with stoichiometric nickel boride in methanol.27b On the

other hand, the transfer hydrogenation of preformed imines

was carried out with 2-propanol and excess aluminum iso-

propoxide in the presence of Raney nickel (the reaction failed

in the absence of aluminum isopropoxide)28a or with sodium

isopropoxide catalyzed by a nickel(0)/N-heterocyclic carbene

complex.28b

To the best of our knowledge, however, nickel-mediated

reductive-amination reactions by transfer hydrogenation

had not been reported previously. We proved that NiNPs

can catalyze the reductive amination of aldehydes by trans-

fer hydrogenation, using 2-propanol as the hydrogen source

in the absence of any added base (Scheme 7).29 The process

was especially effective in the reductive amination of aro-

matic aldehydes, most of the corresponding secondary

amines being obtained in good-to-excellent yields. The

application to aliphatic aldehydes was, however, more

limited. Although any attempt to reuse the NiNPs failed, this

methodology can be considered advantageous because (a)

the preparation step of the imine is avoided, aldehydes and

amines being directly used as starting materials, (b) the

source of hydrogen is 2-propanol, a cheap and environmen-

tally friendly solvent, and (c) the NiNPs were shown to be

superior to other nickel catalysts in this reaction.

FIGURE 2. Reutilization of the NiNPs.

SCHEME 6. The Dihydride-Type Mechanism
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2.1.5. Characterization and Nature of the Catalyst. The

NiNPs utilized in the transfer hydrogenations with 2-propa-

nol were characterized by TEM, EDX, XPS, XRD, EPR, and BET

area.30 Spherical, monodisperse, and highly uniform nano-

particles were obtained with a narrow size distribution

(0.75-2.88 nm, ca. 1.75 ( 1.00 nm) (Figure 3). Notably,

the morphology and size distribution were very similar

irrespective of the reaction time (1, 4, 8, and 24 h). Therefore,

the presence of 2-propanol at 76 �C was shown to exert a

beneficial effect in the generation of the NiNPs as regards

their size, uniformity, and stabilization. The only XPS peak at

852.2 eV, corresponding to the Ni 2p3/2 level, was charac-

teristic of Ni(0), with the broad and low intensity peaks in the

XRD diffractogram corresponding to face-centered cubic

nickel. These data were in agreement with the observation

of diffuse intensity rings in the selected area electron diffrac-

tion pattern (SAED), thus suggesting a very small size for the

crystalline domains or an amorphous character. The surface

area of a NiNP sample was determined to be 33.04 m2/g.

Catalytic and kinetic studies in the transfer hydrogenation

of acetophenone revealed that the reaction rate was depen-

dent upon the amount of acetophenone with a negative

slope, not proportional to the amount of 2-propanol, and

independent of the LiCl concentration.30 The fastest conver-

sion was reached at 76 �C (88.5% in 8 min). Based on TPO

experiments, Raman spectroscopy, TG, and XPS analysis, the

SCHEME 7. Reductive Amination of Aldehydes

FIGURE 3. TEM micrograph and size distribution of the NiNPs.
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deactivation of the catalystwith reiterative reusewas ascribed

to surface oxidation, while the formation of coke was ruled

out. Moreover, the NiNPs were demonstrated to be the true

catalyst in this reaction, the heterogeneous nature of the

process being unequivocally established on the basis of

TEM, kinetic, poisoning, and filtration experiments.

2.2. Carbon-Carbon and Carbon-Nitrogen Bond For-

mation by Alcohol Activation.
2.2.1. Introduction. In general, alcohols exhibit a limited

reactivity unless they are properly activated. Alcohols can be

activated by reaction with a base, to form a nucleophilic

alkoxide, or by transformation into good leaving groups. An

alternative to the activation of alcohols is their temporary

oxidation to the corresponding carbonyl compounds. Carbo-

nyl compounds are more reactive than alcohols, which

behave as electrophiles in nucleophilic addition reactions

or as nucleophiles through their enolates. The oxidation of

an alcohol to a carbonyl compound is especially interesting

when, catalytically, a hydrogen transfer occurs from the

alcohol to a derivative of the carbonyl compound in situ

generated (Scheme 8). This type of process has been defined

as “hydrogenautotransfer”or “borrowingof hydrogen”and is

useful to formcarbon-carbonand carbon-nitrogenbonds.31

2.2.2. r-Alkylation of Ketones. The R-alkylation of ke-

tone enolates with alkyl halides is probably the most fre-

quently usedmethod for the synthesis of ketones.32 In recent

years, alcohols have emerged as potential alternative alkylat-

ing agents of ketones by proper activation with a transition-

metal catalyst. This strategy can improve both the atom

efficiency and the regioselectivity of the process producing

only water as a side product. Until recently, this research was

carried out onlywith catalysts containing somegroup8noble

metals, such as ruthenium, iridium, and palladium. The pre-

sence of a sacrificial hydrogen acceptor (such as 1-dodecene

or 1-decene) was, however, mandatory in many cases in

order to avoid the over-reduction of the alkylated ketone.

We discovered that NiNPs were a potential alternative to

the aforementioned noble-metal catalysts in this reaction.33

A variety of acetophenoneswere successfully alkylatedwith

aliphatic and benzylic alcohols to give the corresponding

products in moderate-to-high yields (Scheme 9). We must

highlight that ethanol and n-propanol were used for the first

time as alkylating agents in this reaction. The alkylation of

alkylmethyl ketoneswas, in general, less efficient and could

only be applied to benzylic alcohols. Deuterium labeling

experiments brought some evidence about a dihydride-type

reaction mechanism operating in these reactions, as de-

picted in Scheme 10. Furthermore, the NiNPs were shown

to be superior to other common nickel catalysts and poten-

tially alternative to noble-metal containing catalysts

(Scheme 11). In addition, all reactions proceeded in the

absence of any hydrogen acceptor, ligand, or added base.

2.2.3. Reductive Aza-Wittig Reactions. The aza-Wittig

reaction is another important tool in organic synthesis

SCHEME 8. Examples of Alcohol Activation by Borrowing of Hydrogen
or Hydrogen Autotransfer

SCHEME 9. R-Alkylation of Ketones with Primary Alcoholsa

aGLC yield, isolated yield in parentheses.
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directed toward the construction of acyclic and cyclic com-

pounds that has experienced a tremendous development in

recent years.34 In this reaction, phosphazenes (imino-

phosphoranes) react with carbonyl compounds, in an analo-

gous manner to phosphorus ylides in the Wittig reaction, to

give carbon-nitrogen double bonds. At the time we were

carrying out the research, the conversion of alcohols into N-

alkyl anilines through a reductive aza-Wittig reaction was

only described under iridium catalysis by Williams et al.35 In

this research, several benzylic alcohols reacted with N-(tri-

phenylphosphoranylidene)aniline in the presenceof 2mol%

[IrCl(COD)]2, 5 mol % 1,10-bis(diphenylphosphino)ferrocene,
and K2CO3 at 110 �C for 24 h. To our delight, the NiNPs were

also active in the reductive aza-Wittig reaction of a series of

primary alcohols with commercially available N-(triphenyl-

phosphoranylidene)aniline (Scheme 12). The expected N-al-

kylated anilines were obtained (under similar reaction condi-

tions as those described for the R-alkylation of ketones with

alcohols) inmoderate yields but with awider substrate scope,

milder conditions, and simpler reaction system than under

iridium catalysis. A reaction pathway, akin to that proposed

for the alkylation of ketones, was invoked for the reductive

aza-Wittig reaction.

2.2.4. Wittig-Type Reactions. In a typical Wittig reaction,

carbonyl compounds are reacted with phosphorus ylides to

give the corresponding alkenes and phosphane oxide.36

Sometimes, however, the carbonyl compound is not readily

available andhas to bepreparedbyoxidationof the precursor

alcohol. In fact, the oxidationof primary alcohols to aldehydes

and subsequent Wittig reaction is a common practice in

organic synthesis. This strategy is advantageous since it

avoids the handling of aldehydes, especially when they are

volatile, toxic, or highly reactive. In addition, alcohols are, in

general, cheaper,more commercially available, less toxic, and

more stable than the corresponding aldehydes. In this sense,

about 10 oxidizing systems have been implemented for the

in situ oxidation-Wittig olefination of primary alcohols.37

These procedures are primarily applied to stabilized ylides,

and though in all cases the reactionsare performed inonepot,

some of them are sequential. Therefore, the course of the

alcohol oxidation needsmonitoring before the ylide addition.

The activation of alcohols for the formation of carbon-
carbon single bonds through an indirect Wittig olefination

was pioneered by Williams et al.31b,c In this methodology,

stabilized ylides or phosphonates were combined with ben-

zyl alcohols in a domino Wittig-type olefination-transfer

SCHEME 10. The Dihydride-Type Reaction Mechanism

SCHEME 11. R-Alkylation of Acetophenone with Different Catalytic
Systems

SCHEME 12. Reductive Aza-Wittig Reaction
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hydrogenation, under either iridium or ruthenium homoge-

neous catalysis. As a result, products with a new car-

bon-carbon single bond, together with variable minor

amounts of the corresponding aromatic aldehydes and

alkenes, were obtained. More recently, Park et al. have

reported the one-pot synthesis of R,β-unsaturated esters

from primary alcohols and stabilized Wittig reagents cata-

lyzed by Ru/AlO(OH) in the presence of oxygen as the

terminal oxidant without any additive.38

We foundout that theNiNPs could promote theWittig-type

reaction of primary alcohols and phosphorus ylides giving rise

to the corresponding olefins.39 The ylides could be previously

prepared from the corresponding phosphonium salts by

deprotonation with n-BuLi or, more interestingly, generated

in situ with the same lithium metal used for the generation of

the NiNPs. The reaction worked especially well for benzyl

alcohols and semistabilized benzyl ylides, whereas the sub-

strate scope was more limited in the case of alkyl alcohols or

nonstabilized ylides (Scheme 13). In the former case, a wide

range of stilbenes were obtained in modest-to-high isolated

yields, depending on the electronic character of the substitu-

ent and position in the aromatic ring. As expected for semi-

stabilized phosphorus ylides, the process exhibited, generally,

low diastereoselectivity, albeit the Z/E mixtures could be

separated, in some cases (by column chromatography), or

quantitatively transformed into the E stereoisomers by iodine-

catalyzed or radical isomerization. Furthermore, the reaction

proceeded in the absence of any additive as a hydrogen

acceptor, and the NiNPs were shown to be catalytically super-

ior to other forms of nickel in this reaction. It is worthwhile

mentioning that the success of this olefination methodology

resides in the fact that the hydrogen transfer from the alcohol

SCHEME 13. Wittig-Type Olefinationa

aValues in brackets correspond to the in situ generation of the phosphorus ylide with lithium metal, in parentheses the isolated yield for each stereoisomer.
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to the corresponding alkene was not effective. From different

experiments and observations, it could be inferred that cata-

lyst deactivation by poisoning with phosphorus compounds,

together with some nanoparticle agglomeration were, very

likely, the main reasons that accounted for this particular

performance. To the best of our knowledge, this is the first

metal-mediated chemoselective Wittig-type olefination reac-

tion with alcohols, in which there is no standard redox step

(i.e., thealcohol isoxidizedbutno reducedspeciesaredetected).

Due to the abundance of polymethoxylated stilbenes in

nature, a variety of this type of compound was synthe-

sized by applying the above-mentioned methodology

(Scheme 14). The highest yield was achieved for the olefina-

tion reaction of piperonyl alcohol, with the maximum

stereoselectivity reached being Z/E 1:7. Then, we turned

our attention to the synthesis of some stilbenes of promi-

nent biological activity such as resveratrol,40 M5, and DMU-

212, which were synthesized using this novel Wittig-type

olefination as the key step.39b,41 Thus, the precursor of

resveratrol was obtained in 81% yield by NiNP-promoted

olefination of the appropriate benzyl ylide and alcohol

partners (Scheme 15). Subsequent Z to E isomerization,

followed by demethylation, furnished resveratrol in 51%

overall yield (Scheme15). Following a similar strategy, DMU-

212 was obtained in two steps and 84% overall yield after a

quantitative and stereoselective olefination reaction.

Finally, we dealt with the synthesis of the highly poly-

methoxylated and polyhydroxylated stilbenoids dehydrobritto-

nin A and M8, respectively.39b,41 Compound M8 has been

recently found to exhibit remarkable manifold biological

effects42 including (a) much higher antioxidant activity than

resveratrol indifferent leukemic cell lines, (c) apoptosis induction

at concentrations significantly lower than resveratrol in HL-60

human promyelocytic leukemia cells, and (d) apoptosis induc-

tion and cell cycle arrest in prostate cancer and HT29 human

colon cancer cells. Dehydrobrittonin A is a symmetrically sub-

stituted highly polymethoxylated stilbene, which could be used

as a precursor of brittonin A, a natural dihydrostilbene isolated

from Frullania brittoniae subsp. truncatifolia (F. muscicola).43

3,4,5-Trimethoxybenzyl alcohol was used as the only

starting material in these syntheses, which served both as

the precursor of the corresponding ylide and as its partner in

SCHEME 14. Synthesis of Polymethoxylated Stilbenesa

aIn parentheses, the isolated yield for each stereoisomer
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SCHEME 16. Synthesis of Dehydrobrittonin A, M8, and Brittonin A

SCHEME 15. Synthesis of Resveratrol, M5, and DMU-212
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the Wittig-type olefination (Scheme 16). This reaction was

shown to be slower, in comparison with the homologues

with less methoxy substituents, leading to dehydrobrittonin

A in moderate yield as a mixture of diastereoisomers.

Quantitative radical Z to E isomerization followed by de-

methylation afforded the resveratrol analogueM8, whereas

near quantitative NiNP-catalyzed transfer hydrogenation of

dehydrobrittonin A furnished brittonin A.14

3. Conclusion
Wehave summarized the applicationof easily preparedNiNPs

to some organic transformations, which are typically imple-

mented by noble-metal-based catalysts. A simple catalytic

system composed of NiNPs and 2-propanol exhibited a high

performance in the transfer hydrogenationof olefins, carbonyl

compounds, and reductive amination of aldehydes. To the

best of our knowledge, this represents the first transition-

metal-catalyzed transfer hydrogenation in 2-propanol per-

formed in the absence of any base or acid.We also discovered

that the NiNPs could activate primary alcohols for the

R-alkylation of ketones and reductive aza-Wittig reaction, a

field hitherto restricted to noble-metal catalysts. The particular

reactivity of the NiNPs was further exploited in the one-pot

oxidation-olefination of alcohols in the presence of phos-

phorus ylides. Awide range of olefins, stilbenes, polymethoxy-

lated stilbenes, resveratrol, and analogues was synthesized

using this novel Wittig-type olefination as the key step. It is

remarkable that all reactions involving the activation of alco-

hols took place in the absence of any additive, such as base,

ligand, or hydrogen acceptor. Moreover, in all the reactions

practiced, the unsupported NiNPs exhibited reactivity much

superior to other nickel catalysts, including Raney nickel. The

results presented herein open an array of possibilities for

further research in reactions where the more expensive, and

sometimes sophisticated, noble-metal catalysts might be

replaced by the cheaper and easy-to-prepare NiNPs.
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