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a b s t r a c t

The first synthesis, characterization, and hydride reduction reactions of a series of PNP-pincer lig-

and supported molybdenum and tungsten carbyne complexes [(PNP)M(≡CAr)X(CO)] [M=Mo, W;

PNP=Ph2P(CH2)2N
(CH3)(CH2)2PPh2, R2P(CH2)2N

(H)(CH2)2PR2, R=Ph, Cy] are reported. Treatment of

[(PNP)M(≡CAr)X(CO)] with LiAlH4 led to full reduction of the carbyne carbon, giving PP-bidentate η6-

arene molybdenum and tungsten complexes. Alternatively, when NaBH4 was used as a reductant, the

carbyne ligand completely dissociated from the molybdenum center to yield toluene and dimolybdenum

biscarbonyl complex [(PNP)Mo(CO)]2. These PNP-pincer molybdenum and tungsten carbyne complexes

showed unique reactivity with hydride reagents preferably at the carbyne carbons, in contrast to the

metal centers of non-pincer molybdenum and tungsten carbyne complexes in previous reports.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Since the synthesis of transition metal carbyne/alkylidyne com-

plexes [LnM(≡CR)] were reported by Fischer and Schrock [1,2],

these species have been broadly applied in the fields of organic

synthesis and material chemistry [3–8]. For instances, metal car-

byne species had great potentials in catalytic hydrocarbon reform-

ing reactions [9–12]. Also, high-valence metal carbyne complexes

showed catalytic reactivity in alkyne metathesis reactions, thereby

attracting extensive attentions [13–16]. Molybdenum and tungsten

carbynes were widely studied in oxidative decarbonylation reac-

tions [17–19] and construction of varied metal-carbon-bond con-

taining compounds upon treatments with either nucleophiles or

electrophiles [20–23].

It is noteworthy that metal carbyne species were identified

as putative intermediates in Fischer–Tropsch process. Thus, re-

actions of metal carbyne complexes with dihydrogen or hydride

reagents might give clues to the underlying mechanism of CO re-

duction [24,25]. However, explorations on the reduction reactions

of metal carbynes were rather limited. Agapie et al. reported that a

molybdenum carbyne carbonyl intermediate was gradually reduced

by strongly reducing agent of KC8 to give a coupling product of

alkyne [26]. Only few reductive reactions of metal carbynes with
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milder hydrogen-based reducing agents were reported. Schrock,

Churchill and coworkers showed that tungsten carbynes [W(≡C-
tBu)Cl3L2 (L=PMe3)] reacted with molecular hydrogen to yield

the tungsten alkylidene hydride complexes [W(=CH-tBu)(H)Cl3L2]

(Scheme 1a) [27]. When sodium borohydride (NaBH4) was used as

a reducing reagent to react with monodentate phosphine and/or

CO supported tungsten carbynes, the corresponding dihydride-

bridged W(≡CMes)(η2-H2BH2)(CO)nL3-n compounds were sepa-

rated by Berke’s group, which was further transformed with quin-

uclidine to tungsten carbyne hydride species (Scheme 1b) [28].

Bidentate-phosphine-coordinated tungsten carbyne complex, trans-

W(≡CMes)Cl(dmpe)2, reacted with NaBH4 to form a monohydride-

bridged complex, [trans-W(≡CMes)(η1-BH4)(dmpe)2], and further

removal of BH3 with quinuclidine yielded the tungsten carbyne

hydride complex trans-W(≡CMes)H(dmpe)2 [29]. Of note, the for-

mation of metal-hydride bonds was favoured towards electrophilic

addition of the hydride to the carbyne carbon in the above-

mentioned reactions. So far, dissociation of the carbyne moiety

from the metal center has been rare due to the high bonding en-

ergy of metal carbynes [3,30–32], and complete reduction of the

carbyne carbon by hydrides remains elusive.

In order to achieve the reactivity on the carbyne carbon of

metal carbynes with hydride reagents, we speculated that tri-

dentate PNP-pincer ligands instead of previously-reported mono-

and bidentate ones might tune the reactive sites of metal car-
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Scheme 1. Reaction modes of metal carbynes and hydride reagents.

bynes with hydrides from the metal center to the carbyne car-

bon. Herein, we reported the first synthesis of a series of molyb-

denum and tungsten carbyne complexes bearing PNP-pincer lig-

ands (Scheme 1c). Contrary to previous reactivity on the metal

centers of mono- and bidentate tungsten carbynes with NaBH4,

tridentate PNP-pincer molybdenum and tungsten carbyne com-

plexes underwent complete reduction of the carbyne carbon

by hydride reagents. Specifically, PP-bidentate η6-arene molyb-

denum and tungsten complexes [(η6-arene)(PP)M(CO)] (M=Mo,

W) were selectively accessed when LiAlH4 was used as the re-

ductant. On the other hand, treatment with NaBH4 eventually

gave toluene product and the dimerized dimolybdenum carbonyl

complex [(PNP)Mo(CO)]2, which showcased the diverse reactivity

of PNP-pincer molybdenum and tungsten carbynes with hydride

reagents.

According to Mayr’s method [33], treatment of

[NMe4]
+[Mo(CO)5(CO)Ar]

- 1 (Ar=Ph, 4-fluorphenyl, 4-tolyl, 4-

methoxyphenyl) with a slight excess of oxalyl halide (COX)2
led to formation of trans-halotetracarbonylmetal carbyne com-

plexes [Mo(≡CAr)X(CO)4], which was converted to carbyne

complexes [Mo(≡CAr)X(CO)2(py)2] (X=Cl, Br) upon addi-

tion of pyridine. Subsequent addition of a PNP-pincer ligand

[Ph2P(CH2)2N
(CH3)(CH2)2PPh2; R2P(CH2)2N

(H)(CH2)2PR2, R=Ph,

Cy] smoothly produced the corresponding PNP-pincer coordi-

nated molybdenum carbyne complexes [(PNP)Mo(≡CAr)X(CO)],

which contained two interconvertible stereoisomers 2 and 2′
(Scheme 2). The reaction yields (45%−91%) of these complexes

were robust across various aromatic substituents (Ar) with

electron-withdrawing or electron-donating groups. For 2a, the

characteristic carbon signals (Mo≡C and CO groups) in the 13C

NMR spectrum appeared at 271.68ppm and 243.06ppm, respec-

tively (Fig. S7 in Supporting information). The two phosphorus

atoms of the PNP-pincer ligand in the molybdenum carbyne

product had the same chemical environment, exhibiting only one

peak at 38.60ppm in 31P NMR. Meanwhile, the single crystal

X-ray diffraction analysis confirmed the product structure and re-

vealed its eight-coordinate, distorted octahedral geometry (Fig. 1).

Scheme 2. Synthesis of PNP-pincer molybdenum carbyne complexes.

Fig. 1. Thermal ellipsoid drawing of the molecular structures of 2a, 2a′ , 4a, 5a, 6a
at 50% probability. H atoms, some of the phenyl substituents, disordered parts, and

solvent molecules are omitted for clarity.

Specifically, the Mo-C1 bond length of 2a was determined to be

1.808(4) Å (Table 1), which was in agreement with the Mo≡C

bond length [3,34]. The bond angle of C1-Mo1-Cl1 was 173.14(11)°,
indicating the chlorine atom was in a trans configuration to the

carbyne ligand. This configuration predominated in the products

presumably due to its more favorable electronic structure. Single

crystal X-ray diffraction analysis of isomeric complex 2a′ showed

that the bond angle of C1-Mo-Cl1 was 101.20(8)°, and the carbyne

ligand was nearly perpendicular to the Mo-Cl bond (Fig. 1 and

Table 1). In the 13C NMR spectrum of 2a′ , the ‘Mo≡C’ and ‘CO’

group showed signals at 288.97ppm and 237.80ppm, respectively

(Fig. S26 in Supporting information), and the phosphorus signal of

the PNP-pincer ligand was shown at 45.60ppm in 31P NMR.

Interestingly, when the congener tungsten precursor

[W(≡CAr)X(CO)2(py)2] was treated with the pincer ligand of

Ph2P(CH2)2N
(CH3)(CH2)2PPh2 at room temperature, a bright-yellow

tungsten carbyne complex 4a was obtained in 48% isolated yield,

in which the pincer ligand acted only as a bidentate PP-ligand
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Table 1

Selected core bond lengths (Å) and bond angles (deg) of molybdenum and tungsten carbyne complexes.

Complex M1-C1 (Å) M1-C3 (Å) M1-Cl (Å) M1-N1 (Å) C1-C2 (Å) C1-M1-X1 (deg) C1-M1-C3 (deg)

2a 1.808(4) 1.978(4) 2.5698(9) 2.355(3) 1.432(6) 173.14(11) 85.19(18)

2a′ 1.796(3) 1.964(3) 2.5269(7) 2.464(2) 1.443(3) 101.20(8) 85.02(11)

4a

5a

6a

1.821(3)

1.817(3)

2.007(3)

2.023(3)

1.963(3)

2.138(3)

2.5504(7)

2.5445(7)

2.5482(8)

-

2.346(2)

2.313(3)

1.433(4)

1.443(4)

1.455(5)

169.33(9)

172.55(9)

90.29(10)

85.37(13)

85.27(12)

38.48(13)

Scheme 3. Synthesis of PP- and PNP-pincer tungsten carbyne complexes.

replacing two pyridine ligands of the precursor (Scheme 3). The

single crystal X-ray diffraction analysis of 4a indicated that the

chlorine atom adopted a trans configuration relative to the carbyne

ligand and two W-P bonds were perpendicular to each other,

different from the linear configuration of PNP-pincer mode (Fig. 1).

The bond length of the tungsten-carbon bond was 1.821(3) Å

(Table 1), confirming its carbyne structure [35]. The 13C NMR

spectrum of 4a revealed a triplet signal for the ‘Mo≡C’ group

at 266.24ppm, accompanied by two signals for the carbonyl

carbons (CO) at 210.37ppm and 210.02ppm (Fig. S40 in Support-

ing information). The 31P NMR spectrum of 4a showed that the

phosphine signal was at 8.58ppm. When the reaction temperature

was raised to 55 °C, the tridentate PNP-pincer tungsten carbyne

complexes 5a and 5b were isolated in high yields. Characterization

via 13C NMR of 5a displayed significant shifts of characteris-

tic carbon signals (W≡C and CO), observed at 259.92ppm and

241.79ppm, respectively in comparison with those of 4a (Fig.

S43 in Supporting information). Surprisingly, similar PP-bidentate

biscarbonyl tungsten carbyne species as 4a could not be afforded

when Ph2P(CH2)2N
(H)(CH2)2PPh2 was used in the reaction at room

temperature. Instead, a PNP-pincer η2-ketenyl complex 6a was

obtained as purple microcrystals. The single-crystal structure of

6a revealed that the ketene group (C=C=O) lied in the equatorial

coordination plane of tungsten (Fig. 1), with W-C1 bond elongated

to 2.007 Å and the bond angle of Cl1-W1-C1 almost vertical

[90.29(2)o] (Table 1). It was further found that complex 6a slowly

extruded CO to provide PNP-pincer tungsten carbyne complex 5c

when warmed up to 65 °C, which was in agreement with previous

results reported by Hill and coworkers [36,37]. When the reaction

temperature was directly raised to 65 °C, complex 5c was obtained

via a one-pot procedure in 43% isolated yield.

To get more insights of the bonding nature and the reactivity

properties of the carbyne carbon, computational studies of 2a was

carried out using Gaussian16 program (version RevC.01) [38]. The

analysis of computation result was realized by Multifwn (Ver. 3.8)

[39]. The optimized structures were in good agreement with the

single-crystal XRD results, with small mean deviations for the bond

lengths in the core coordination geometry, Mo1-C1 for 1.800 Å. The

orbital diagram and corresponding energy level are shown in Fig. 2.

HOMO orbital was stabilized due to the overlap of the dxz orbital

of Mo with the antibonding orbital of the CO fragment (Fig. 2a),

and HOMO-1 and HOMO-2 orbitals participated in the π bond

of the Mo≡C bond (Figs. 2c and d). LOL [40] was also used to

Fig. 2. Key molecular orbitals for the components of 2a.

Fig. 3. (a) LOL color-filled diagram of 2a. (b) fw
+ isosurface map of 2a.

determine the bonding characterization (Fig. 3a), and it is worth

noting that the orbital localization component between Mo and

C was polarized toward C atom of carbyne, and calculated Fuzzy

bond order was 2.247, which showed a typical Mo≡C strength [41].

Electrophilic strength analysis using Fukui function (Fig. 3b) [42]

showed that the fw
+ was mainly located on Mo and C of carbyne,

indicating that these two atoms were electrophilic sites.
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Scheme 4. (a) Reaction of PNP-pincer Mo/W-carbyne complexes with LiAlH4. (b) D-

Labelling experiments with LiAlD4. (c) Reaction of PNP-pincer Mo-carbyne complex

with NaBH4.

Fig. 4. Thermal ellipsoid drawing of the molecular structures of 7a, 9 at 50% prob-

ability. H atoms, some of the phenyl substituents, disordered parts, and solvent

molecules are omitted for clarity. Selected bond lengths (Å) and angles (deg): 7a,

Mo-C2 2.301(2) Å, Mo-C3 1.950(2) Å, C1-C2 1.510(3) Å, Mo1-C2-C1 129.17(17)o, C2-

Mo1-C3 88.60(9)°. 9, Mo1-Mo2 2.5795(3), Mo1-C1 1.922(3), Mo1-C2 1.910(3), P1-

Mo1-P2, 94.81(2)°, P3- Mo1-P4, 122.42(2)°.

With the successful synthesis of PNP-pincer molybdenum and

tungsten carbynes in hand, we commenced to investigate their re-

duction reactions with hydride reagents. It turned out that treat-

ment of these metal carbyne complexes with excess amounts of

LiAlH4 in toluene at 80–90 °C yielded a series of unexpected PP-

bidentate η6-arene molybdenum and tungsten complexes 7a-d, 8

(Scheme 4a). It is noteworthy that the substituents on the carbyne

ligands were observed to appear on the η6-arene moiety of the

products, suggesting that the η6-arene moiety was derived from

the carbyne ligand and did not exchange with the toluene sol-

vent in the reactions. Meanwhile, complex 7a was also obtained

in 79% NMR yield by treatment of 2a with NaBHEt3 in a THF

solution (Fig. S55 in Supporting information). The 1H NMR spec-

trum of 7a in C6D6 showed that the benzene ring originated from

the carbyne ligand changed to 4.08ppm (2H), 3.86ppm (1H), and

3.54ppm (2H), while the signal of hydrogenated carbyne carbon

was at 1.98ppm (3H) (Fig. S52 in Supporting information). The

single-crystal structure of complex 7a revealed that the Mo-N dis-

tance was elongated, and the π-bond of η6-benzene molybdenum

complex was nearly equal to six benzene carbons (Fig. 4). The Mo-

C(O) and Mo-P bond lengths remained unchanged and slight elon-

gation of C1-C2 [1.510(3) Å] was observed. The deuterium-labelling

experiments further confirmed that the carbyne carbons in com-

plexes 2 were completely reduced by hydrides (Scheme 4b). Specif-

ically, after treatment of 2a with LiAlD4, the
1H NMR spectrum of

product 7a-D showed that the hydrogenated methyl peak of com-

plex 7a at 1.98ppm almost disappeared. The integration ratio of

this peak to the methyl group on the PN(CH3)P ligand was 0.07/1

indicating a 93% deuterium ratio, which was consistent with the

95% deuterium ratio of LiAlD4 (Fig. S70 in Supporting information).

Similar deuterium-labelling result was obtained for 7b. The η6-

arene ring of complex 7b corresponded to the signals at 3.71ppm

(4H) and 1.75ppm (6H) for the two methyl groups in 1H NMR (Fig.

S56 in Supporting information). After the deuterium-labelling ex-

periments, the integration of the two methyl signals at 1.75ppm

changed from 6 H to 3 H in 7b-D (Fig. S72 in Supporting informa-

tion).

To our surprise, when NaBH4 was used as the reductant in-

stead of LiAlH4 to react with PNP-pincer molybdenum carbyne

complex 2a, a reduction pathway distinct from the previously ob-

served reactions occurred and a dimolybdenum biscarbonyl com-

plex [(PNP)Mo(CO)]2 9 was isolated after recrystallization in 43%

yield (Scheme 4c). The single crystal X-ray diffraction analysis on

the structure of 9 revealed complete detachment of the original

carbyne ligand in 2a (Fig. 4). Further analysis of the reaction mix-

ture using GC–MS detected the formation of toluene with a yield

of 47%, in a good agreement with the fact that the carbyne carbon

was fully reduced with hydrides.

In summary, a series of PNP-pincer molybdenum and tung-

sten carbyne complexes were successfully synthesized and fully

characterized for the first time. Furthermore, it was showed

that PP-bidentate η6-arene molybdenum and tungsten complexes

were easily accessed from the reduction reactions of these

PNP-pincer molybdenum and tungsten carbyne complexes with

LiAlH4. Meanwhile, toluene and dimolybdenum biscarbonyl com-

plex [(PNP)Mo(CO)]2 with the carbyne ligand fully reduced and

detached, were generated when employing NaBH4 as the hy-

dride reductant. Such reactivity on the carbyne carbons of PNP-

pincer molybdenum and tungsten carbyne complexes with hydride

reagents are in sharp contrast to previous reactivity on the metal

centers of monodentate and bidentate molybdenum and tungsten

carbyne complexes with hydrides. Further investigations on new

reactions and catalytic reactivity of these metal carbyne complexes

are underway in our lab.
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