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Nickel-Catalyzed Cross-Coupling of Aldehydes with Aryl Halides 

via Hydrazone Intermediates 
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a
 Chen-Chen Li,

a
 Lu Li,

a
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Traditional cross-couplings require stoichiometric organometallic 

reagents. A novel nickel-catalyzed cross-coupling reaction 

between aldehdyes and aryl halides via hydrazone intermedaites 

has been developed, merging the Wolff-Kishner reduction and the 

classical cross-coupling reactions. Aromatic aldehydes, aryl iodides 

and aryl bromides are especially effective in the new cross-

coupling chemistry. 

The Wolff-Kishner reaction, discovered by Kishner in 1911
1
 and 

Wolff in 1912,
2
 is a synthetically effective method to reduce 

carbonyls into methylene derivatives through decomposition 

of the formed hydrazone intermediates.
3
 It is widely accepted 

that the reaction (Scheme 1a) begins with reversible formation 

of hydrazone and, then, the deprotonation gives an N-anionic 

intermediate.
4
 The subsequent transformation of this 

intermediate to carbanion is the rate-determining step, which 

is followed by rapid proton-transfer, evolution of nitrogen gas 

and protonation of the new carbanion to finally deliver the 

reduced product.
4
 However, Wolff’s and Kishner’s original 

protocols are inconvenient because the prepared hydrazones 

need to be mixed with hot solid KOH and porous platinized 

plate,
1
 or heated within a sealed tube at 160–200 

o
C.

2
 Thus, 

different modifications for this reaction were developed to 

replace these harsh conditions, of which a milestone was 

attained by Huang who operated the reaction by employing 

excessive safer and cheaper hydrazine hydrate (N2H4·H2O) as 

well as high-boiling-point solvents.
5
 This protocol is also 

problematic since a temperature of about 190 
o
C is required to 

achieve a satisfactory reaction rate.
5
 In this regard, Cram, 

Myers, Caglioti and Henbest further improved the reaction by 

lowering the temperature to room temperature,
4, 6

 66 
o
C

7
 and 

100 
o
C,

8
 respectively. However, under such temperature, these 

methods necessitate intractable isolation of generally unstable 

hydrazones ahead of their reduction,
4, 7

 or suffer from low 

yield (≤ 60 %) of the target products,
8
 or need laborious 

preparation of 1,2-bis(tert-butyldimethylsilyl)-hydrazine.
6
 

Therefore, continuing efforts to make the Wolff-Kishner 

reaction more practical by simultaneously lowering the 

reaction temperature, simplifying the operation procedure and 

achieving high yields is still highly desirable. 

Besides the Wolff-Kishner reduction, another essential tool 

in modern synthetic chemistry is the various transition-metal 

catalyzed cross-coupling reactions (Scheme 1b) between 

different electrophiles,
9
 or between nucleophiles and 

electrophiles such as the Suzuki coupling,
10, 11

 the Kumada 

coupling,
10

 the Stille coupling,
10, 11

 the Hiyama coupling,
10, 11

 

the Negishi coupling,
10, 11

  the Sonogashira coupling
11

 and 

decarboxylative coupling.
12

 The “carbanion equivalents” are R–

B(OH)2,
10, 11

 –Si(OR)3,
10, 11

 –MgBr,
10

 –ZnCl,
10, 11

 –Sn(Bu)3,
10, 11

 or 

–COOH,
12

 etc., while the electrophiles are generally Ar–I,
10, 11

 –

Br,
10, 11

 or –Cl.
10, 11

 We postulated that the hydrazones involved 

in the well-known Wolff-Kishner reaction might be intercepted 

as the carbanion equivalents in the classical transition-metal 

catalyzed cross-coupling reactions, thus providing the reduced 

products through the concurrent coupling with electrophiles. 

This new cross-coupling chemistry would bridge the classical 

Wolff-Kishner reduction and the transition-metal catalyzed 

cross-coupling reactions, and thus provide a new tool in 

organic syntheses. 

However, such a hypothesis poses a tremendous challenge 

because there have been extensive research works on the 

cross-coupling between hydrazones and electrophiles, but 

none of them accessed such cross-coupling products.
13-16

 

Specifically, Mauger reported a cross-coupling of hydrazone 

with aryl halides catalyzed by palladium to produce the N-

arylation products, azines, exclusively in 2005.
13

 Immediately 

afterwards, a palladium-catalyzed cross-coupling between N-

tert-butylhydrazone and bromobenzene was developed by 

Hartwig to synthesize aryl ketones.
15

 In addition, various N-

tosylhydrazones have been adopted in cross-coupling 
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reactions to construct substituted olefins
14

 and cyclic 

compounds.
16

 Nevertheless, we felt confident that through 

elaborate choice of transition-metal catalyst, ligand, solvent 

and base, we might be able to tune the cross-coupling from N-

selectivity to C-selectivity, thereby leading to the reductive C-

cross-coupling products upon loosing of nitrogen (Scheme 1c). 

 

Scheme 1. Conceptual design for cross-coupling between hydrazone and aryl 

halides 

To begin our study, the hydrazone generated in situ from 

benzaldehyde (1a) and iodobenzene (2a) were selected as the 

model substrates.  Recently, we reported the ruthenium-

catalyzed nucleophilic addition of aldehyde hydrazone to 

carbonyl compounds,
17, 18

 arylimines,
19

 or conjugated carbonyl 

compounds.
20

 However, the ruthenium-catalyzed system does 

not work for the designated cross-coupling (ESI†, Table 1S, 

entries 1–10).  Thus, other transition metal catalysts such 

palladium (ESI†, Table 2S, entries 1–30), copper (ESI†, Table 

3S, entries 1–8), cobalt (ESI†, Table 3S, entries 9–13) and iron 

(ESI†, Table 3S, entries 14–22) complexes were tested due to 

their great success in the previous cross-coupling reactions.
10, 

21
 Unfortunately, the desired cross-coupling product 3aa was 

detected only in trace amounts for these catalysts, with azines 

and benzene as the major byproducts. Lastly, we resorted to 

nickel catalysts to further study the reaction. Interestingly, 

while NiCl2, NiBr2, NiF2, Ni(acac)2, Ni(PPh3)4 and Ni(CO)2(PPh3)2 

catalysts  all only gave a trace of 3aa (ESI†, Table 4S, entries 1–

25), Ni(COD)2 showed marked efficiency in catalyzing this 

cross-coupling reaction. Subsequently, we focused our 

optimization of the reaction on Ni(COD)2 catalyst under 

different conditions (Table 1).  

Notably, this protocol was designed to conduct the reaction 

at 50 
o
C in such a way that the in situ formed hydrazones were 

used directly without isolation (See Supporting Information for 

experiment details). It was found that phosphine ligand, base 

and solvent are all key factors for the success of this reaction. 

It should be noted that no cross-coupling product 3aa was 

detected without Ni(COD)2 catalyst. Without the ligand, quite 

low yield (19%) of 3aa was obtained (Table 1, entry 1). 

Employing phosphine ligands like PPh3, PPh2Me and PPhMe2 

(Table 1, entries 2–4) gave increased yields of 31%, 44% and 

59%, respectively. Among the ligands examined, PMe3 gave 

the highest yield (Table 1, entry 5).  We tentatively attributed 

this high reactivity to both the electron-donating and the small 

size of methyl group in the ligand. Thus, a similarly electron-

rich ligands PEt3 and PCy3 (Table 1, entry 6 and 7) only gave a 

trace of 3aa, which could be ascribed to the increased steric 

effect of the ethyl and cyclohexyl groups, shielding the active 

sites of the nickel catalyst from attack by the substrates. It is 

noteworthy that a much lower yield of 20% was observed for 

the methyldiphosphine analogue, dmpe ligand (Table 1, entry 

8). The poor reactivity is likely due to the strong chelating 

effect between dmpe and nickel catalyst, which slowed down 

its dissociation from the metal centre during the catalytic 

cycle. The base is indispensable to the cross-coupling 

chemistry since no 3aa product was obtained without base 

(Table 1, entry 9). DBU as base provided the optimal yield, 

while the use of inorganic bases such as KO
t
Bu, KOH or K3PO4 

resulted in much lower yields (Table 1, entries 10–12). The 

solvent also plays a vital role as THF was found to be the 

choice compared with dioxane, ethyl acetate, toluene and 

acetonitrile (Table 1, entries 13–17). 

Table 1. Optimization of the Ni(COD)2-catalyzed cross-coupling of benzaldehyde 

hydrazone with iodobenzene

I

solvent, 50 oC, 36 h

3aa ( )

1a

entry ligand base solvent

2

3

4

6

8

10

11

12

PPh3

PPh2Me

PPhMe2

dmpea

PEt3

13

14

15

PMe3

PMe3

PMe3

PMe3

PMe3

PMe3

71

DBU

DBU

DBU

DBU

KOtBu

KOH

K3PO4

DBU

DBU

DBU

DBU

THF

THF

THF

THF

THF

THF

THF

dioxane

ethyl acetate

toluene

THF

THFDBU

31

44

59

20

29

trace

trace

43

41

24

trace

2a (0.1 mmol)

CHO
solvent, 25 C

90 min

N2H4 H2O

16

17

PMe3

PMe3

DBU

DBU

acetonitrile

hexane

15

trace

3aa

PMe35

9 PMe3 - THF 0

1 - DBU THF 19

N
NH2

7 PCy3 DBU THF trace

Ni(COD)2 (10 mol%)

ligand (50 mol%)

base

 

Reaction conditions: 1a (0.4 mmol), N2H4·H2O (0.48 mmol), 2a (0.1 mmol), 

Ni(COD)2 (0.01 mmol), ligand (0.05 mmol), DBU (0.2 mmol), THF (450 μL), 50 
o
C, 

36 h, under N2. See supporting information for experimental details. Yields of 

3aa were determined by 
1
H NMR of the crude reaction mixture using 1,3,5-

trimethoxybenzene as internal standard. Trace yields of 3aa were detected by 

GC-MS. [a]
 
The amount of dmpe (1,2-bis(dimethylphosphino)ethane) is 0.025 

mmol.  

With the optimized conditions in hand, we then investigated 

the substrate scope of this novel cross-coupling reaction. A 

broad scope of aromatic aldehydes were proven effective for 

such transformations (Table 2). Aromatic aldehydes with 

electron-withdrawing groups performed more efficiently than 

those with electron-donating ones. Specifically, the Me- and 

MeO-substituted aldehydes provided the corresponding 
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products in 20–82% yields (Table 2, 3ba, 3ca, 3da, 3ea, 3fa, 

3ga, 3ha and 3ia). Surprisingly, the target products were 

obtained in excellent yields for the 2-F and 2-Cl benzaldehydes 

(93% and 91% respectively) even with smaller loading of 

catalyst (5 mol%) within a shorter reaction time (24 h) (Table 2, 

3ja and 3ka). Under the same conditions, 3-F and 3-Cl 

substituted benzaldehydes also gave excellent yields of 95% 

and 92%, respectively (Table 2, 3la and 3ma). Lower yields 

were obtained for the para-substituted aromatic aldehydes 

(Table 2, 3na and 3oa). However, only 20% yield was afforded 

for the 4-CF3 aromatic aldehyde, which possesses a strong 

electron-withdrawing group (Table 2, 3pa). Similarly, 

increasing the number of –Cl group also resulted in lower 

yields of the corresponding target products (Table 2, 3qa and 

3ra). To our delight, when 1-naphthaldehyde was used, 95% of 

the target product was achieved (Table 2, 3sa). A slightly 

decreased yield of 80% was obtained with 9-

phenanthrenecarboxaldehyde (Table 2, 3ta). This optimized 

protocol can also be applied to heterocyclic aldehydes and 

excellent to moderate yields were obtained for 2-furaldehyde 

(90%, Table 2, 3ua) and 3-thiophenecarboxaldehyde (62%, 

Table 2, 3va), respectively. The catalytic system, however, 

converts phenylacetaldehyde and propionaldehyde to the 

desired products in trace yields (Table 2, 3wa and 3xa). 

Encouragingly, 8% or 30% yields were obtained by using the 

longer chain 2-pentenal and cinnamaldehyde substrates, 

respectively (Table 2, 3ya and 3za). 

Table 2. Substrate scope investigation for aldehydes 

 

Reaction conditions: 1 (0.4 mmol), N2H4·H2O (0.48 mmol), 2a (0.1 mmol), 

Ni(COD)2 (0.01 mmol), PMe3 (0.05 mmol), DBU (0.2 mmol), THF (450 μL), 50 
o
C, 

36 h, under N2. See supporting information for experimental details. Yields of 

isolated product 3 are given unless otherwise noted. Trace yields of 3 were 

detected by GC-MS. [a] Yields were determined by GC-MS and 
1
H NMR of the 

crude reaction mixture using 1,3,5-trimethoxybenzene as internal standard 

because of difficult isolation of 3. 

This cross-coupling chemistry also demonstrated its 

sensitivity to the electronic properties of the substituted 

iodobenzene (2) (Table 3). Electron-donating groups such as 4-

OMe, 4-Me, 2-Me, and 4-NH2 on 2 mediated the reaction with 

yields up to 71%, but longer reaction time of 48–72 h is 

required (Table 3, 3ba (X = I), 3fa, 3ga and 3ab). In contrast to 

iodobenzene, chlorobenzene did not react with benzaldehyde 

hydrazone to produce 3aa under the optimized conditions 

(Table 3, 3aa, X = Cl). Thus, using 4-chloroiodobenzene as the 

substrate gave a 55% of the iodo-coupling product while 

keeping the chloro group intact (Table 3, 3oa). Furthermore, 

other substituted iodobenzenes bearing electron-withdrawing 

groups including 4-fluoro-iodobenzene, 2-fluoro-iodobenzene 

and 3-trifluoromethyl-iodobenzene were also investigated to 

afford yields of 46–60% within the reaction time of 24–36 h 

(Table 3, 3na, 3ja, 3ac). Moreover, the reaction was shown 

influenced by steric effect, as 2 with 2-F and 2-Me groups 

(Table 3, 3ja and 3ga) gave lower yields than those of 4-F and 

4-Me counterparts (Table 3, 3na and 3fa), respectively. The 

cross-coupling reaction proceeded also well with 1-

iodonaphthalene (Table 3, 3sa), but inefficiently with 1-

iodobutane (Table 3, 3ad) as the target product yields of 57% 

and trace were obtained, respectively. Gratifyingly, the cross-

coupling was applicable to iodo-substituted heterocycles such 

as 2-iodopyridine (Table 3, 3ae) and 2-iodothiophene (Table 3, 

3af), which delivered yields (unoptimized) of 20% and 40%, 

respectively. It is particularly attractive that bromobenzene 

(Table 3, 3aa (X = Br)) and 4-methoxy bromobenzene (Table 3, 

3ba (X = Br)) also provided good yields of 73% and 71%, similar 

to their iodobenzene analogues. At last, 2-CF3 (Table 3, 3ag) 

and 3-F (Table 3, 3la) substituted bromobenzene were 

investigated for this reaction, which gave yields of 18% and 

60%, respectively, within reaction time of 60–72 h. 
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Table 3. Substrate scope investigation for alkyl halides 

 

Reaction conditions: 1a (0.4 mmol), N2H4·H2O (0.48 mmol), 2 (0.1 mmol), 

Ni(COD)2 (0.01 mmol), PMe3 (0.05 mmol), DBU (0.2 mmol), THF (450 μL), 50 
o
C, 

24, 36, 48, 60, 72 or 120 h, under N2. See supporting information for 

experimental details. Yields of isolated product 3 are given unless otherwise 

noted. Trace yields of 3 were detected by GC-MS. [a] Yields were determined by 

GC-MS and 
1
H NMR of the crude reaction mixture using 1,3,5-

trimethoxybenzene as internal standard because of difficult isolation of 3. 

To investigate the synthetic potential of this reaction, we 

applied the optimized protocol to synthesize 1,2,3-trimethoxy-

5-(4-methoxybenzyl)benzene (Scheme 2, 3b), an important 

antimitotic agent.
22

 With 3,4,5-trimethoxybenzaldehyde 1b 

and 4-methoxyiodobenzene 2b as substrates, 75% yield of 3b 

was obtained, which is higher than the reported one (60%).
22

 

The result extends the applicability of this cross-coupling 

reaction. 

 

Scheme 2 Synthesis of 1,2,3-trimethoxy-5-(4-methoxybenzyl)benzene. Reaction 

conditions: 1b (0.4 mmol), N2H4·H2O (0.48 mmol), 2b (0.1 mmol), Ni(COD)2 (0.01 

mmol), PMe3 (0.05 mmol), DBU (0.2 mmol), THF (450 μL), 48h, under N2. Yield of 

isolated product is given. 

Conclusions 

In summary, a novel nickel-catalyzed cross-coupling reaction 

between aldehydes and aryl halides has been developed via 

the Wolff-Kishner hydrazone intermediates. The method 

provides a simple and efficient strategy for cross-couplings 

using naturally abundant aldehydes and readily accessible 

hydrazine, complementary to the use of organometallic 

reagents in the classical cross-coupling reactions. It merges the 

two powerful synthetic methods in chemistry and opens up 

new routes in designing chemical synthesis. Further studies on 

increasing the substrate scope, scalable capacity, synthetic 

applications and catalytic mechanism of this novel cross-

coupling chemistry are underway in our laboratory. 
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