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Ambient Reductive Hydrogenation of Aryl Alkynes with NaBH,
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Abstract The traditional reductive hydrogenation of alkynes usually requires the use of suitable catalysts with high activity,
sometimes under harsh reaction conditions like high temperature and high pressure. To improve the reaction efficiency, vari-
ous catalysts have been developed, such as metallic, nonmetallic, metal-organic frameworks and porous materials, efc. Espe-
cially, the efficient catalysts that can catalyze the hydrogenation of alkynes under mild reaction conditions have attracted
increasing attention. In recent years, with the rapid development of nanotechnology, more and more nanomaterials have been
successfully applied in conventional organic reactions as catalysts, achieving exciting results. Gold nanomaterials are one of
the typical metal nanomaterials. Their synthesis and application have always been a hot topic. Gold nanowires (AuNWs) are
a unique class of one-dimensional nanostructures with large specific surface areas and multiple active sites, thus exhibiting
excellent catalytic efficiency. In this work, AuNWs are applied to the hydrogenation of aryl alkynes with sodium borohydride
(NaBHa4) at ambient conditions. The results indicate that C=C bonds on alkynes are reduced to C=C and C—C smoothly.
Here, AuNWs with different length are synthesized by using 1,3,5-triethynylbenzene as the ligand, which effectively reduces
the adverse effects of competitive adsorption of ligand and substrate in subsequent catalytic reactions. The reductive hydro-
genation was firstly investigated with 4-ethynylbiphenyl (17.8 mg, 0.1 mmol) as the model substrate. The results indicated
that the reduction products, including olefins and alkanes, were successfully obtained with AuNWs (0.76 mol%) as the cata-
lyst and NaBH4 (2 equiv.) as the reducing agent in 1.5 mL of ethyl acetate solvent. By high performance liquid chromatog-
raphy (HPLC) analysis, the overall yield of products is determined to be 92% after 4 h of reaction, and the molar ratio of
olefins to alkanes is 72 : 28. Furthermore, it is noted that the proportion of alkanes increases with the reaction time and sur-
passes olefins after 12.5 h of reaction. It means that the selectivity of the hydrogenation of alkynes can be adjusted to a cer-
tain extent by reaction time. The reaction is applicable to various aryl alkyne substrates, including mono-alkynes,
poly-alkynes, heteroaryl alkynes and internal alkynes. In conclusion, AuNWs exhibit high catalytic activity in the reductive
hydrogenation of aryl alkynes, thus achieving the transformation under mild reaction conditions. It can be foreseen that
AuNWs will have more excellent performances in organic catalysis due to their unique properties.

Keywords ambient condition; aryl alkyne; reductive hydrogenation; gold nanowires; sodium borohydride
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RIE R T KEAE 1000 nm(BEA% 6.5+3.5 nm)/A A (1K)
AuNWs(ILE 1d), {EfEHIXLE AuNWs FEAT R, &
PR 74%, BRET L 1,3,5-= L5 28 AR A ]
HIKE N 1338134 nm ) AuNWs(JLE 1b, 72
82%). FATHEN, X—IL R T REZ H THR B 3-MBA
BCAa R AR IIEALRE /), SR T AuNWs KI5
TGP, AT BELAS 1 B Ja JEC 40 10 W B 0 s S P 3t 4T
M2 R, FARIERAS R AuNWs B, HTEYS
Fe A5 M AR LS AuNWSs R ECAL 5 AR, A 250k
o T IR R, TR BR T RN R G A T
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B i 1,3,5-= 2t R AR % mk)gjj(a) 452412 nm. (b) 1338434 nm Fl(c) 2446+ 63 nm [ AuNWs [F1F4 Hi 7 B35 (SEM) B (d)fi
FH 3-3i 52 F R (3-MBA) L A1) 4 (K J 54 1000 4223 nm f) AuNWs ) SEM [&]; (e) 60 nm ) AuNPs f¥] SEM [&; (f)K: /% ¥ 100 nm fJ AuNFs f¢] SEM
K (2)I 205 115 nm f) AuNRs ] SEM [H; (h) S49RA R ETR@ELTIERELIN 0.76 mol%), 877 F N Mike(2a)MkEke(3a)H) HPLC /73
AN 3 REFEE)

Figure 1 SEM images of AuNWs with (a) 452412 nm length, (b) 1338434 nm length, and (c) 2446+ 63 nm length using 1,3,5-triethynylbenzene
ligand, and (d) 1000+23 nm length using 3-mercaptobenzoic acid (3-MBA) ligand; SEM images of (¢) 60 nm AuNPs, (f) 100 nm (length) AuNFs, and (g)
115 nm (length) AuNRs; (h) catalytic efficiency of gold nanomaterials (catalyst loading of 0.76 mol%). The yield is overall HPLC yield of alkenes (2a)
and alkanes (3a) (average value of 3 times)
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Table 1 Optimization of reaction conditions”
Pz
2 AuNWs (0.76 mol%)
O NaBH4 (2 equiv.)
O EtOAc, rt., 4 h
Standard Conditions

1a
e, QA
® e

2a 3a
- o e b 2a 5 3a i
Entry SirHEA R ZR FEER DY, WL ¢
1 c 92 72/28
2 NaBH, (1 equiv.) 88 84/16
3 NaBH, (3 equiv.) 90 80/20
4 76 AuNWs TR N —
5 AuNWs (0.38 mol%) 90 88/12
6 AuNWs (1.52 mol%) 89 74126
7 AuNWs (2.28 mol%) 49 95/5
8 EtOH &t EtOAc 9 —
9 DMSO #ft EtOAc 6 —
10 CH,Cl, %1t EtOAc T —
11 THF %X EtOAc 65 65/35
12 H, #1% NaBH, TN —

9 Reaction conditions: 4-ethynyl-1,1'-biphenyl (17.8 mg, 0.1 mmol), NaBH,
(7.56 mg, 2 equiv.) and AuNWs with 45212 nm length (0.15 mg, 0.76
mol%) were mixed in EtOAc (1.5 mL) and stirred at room temperature for 4 h.
> By HPLC analysis.

100
—— 1a
80 —a— 2a
—e— 3a
2 60
k=4
2
> 40}
20 H
0 - + = T T = d
0 5 10 15 20

Time/h

B2 AuNWs AL 4-ZH-1,1- R S AL S SERE I ] R A2
Figure 2 Temporal evolution of the hydrogenation of 4-ethynyl-1,1'-
biphenyl catalyzed by AuNWs
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IR P B BRI O AR 5N R BRI R 2 A 5 R R
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Table 2 Hydrogenation of aryl alkynes with NaBH, catalyzed by

AuNWs*®
Rr h R-F D
| + L
3

& AuNWSs (0.76 mol%)
N NaBH4 (2 equiv.)
R > EtOAc, r.t., t

\_/

-
N

a, 92%, 8 h
2a:3a =60:40

b, 82%°, 24 h

c, >99%° 62 h
\/©/R OO

e, R = -H/-OCHy/-CHy/-Br/

d, 65%, 12 h -Bu,N.D., 12 h
2d:3d = 55:45 f,N.D., 12 h
OO
_ N = s = %
h, 27%, 48 h i. X=F/Cl
g,N.D., 12 h 2h:3h = 1:99 N.D., 8h
Iy
@W\PJ o7 (jw@
j, 92%, 12 h
2j:3j = 78:22 k,N.D., 12 h

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ Reaction conditions: aryl alkynes (0.1 mmol), AuNWs with 452+12 nm
length (0.15 mg, 0.76 mol%) and NaBH,4 (7.56 mg, 2 equiv.) were mixed in
EtOAc (1.5 mL) and stirred at room temperature. * Overall yields and product
ratios were determined by HPLC analysis. ¢ A mixture of various hydrogena-
tion products. N.D.=not detected.

P35 7E AUNWs 1, 75 AuNWs AR5 AL /E R, IR
FIFAT IR IR AR B, F4h, MR SCHRHRTE, NaBH, tH
AIHEMR P FE AuNWs [3RTH, 7 4E[Au-H]"MI[Au-BHs] .
B, [Au-H]" S5 ISP C=C B A SEZ N
B, TR R AR, Z A (AR R A AuNWSs R TH B
AR ORI, i — 7, &Ik AL ] e
AuNWs R _E K5 —[Au-H] 3 — 5 KA IR
N, AR R A, AR5 T8 AR B O R R AR e
FErE). X — AT R I AL A 3 B,

3 g

g5 LR, fEHIRFE IR, Bl NaBH, /it
57 AuNWs FERHEALT, BATRIISEIL T 95 e prE
TSN, 53T AuNWs MUARF YA 2o, B
ELE 0.76 mol%MIHEALTI &, S thBEAIHEAT,
HEERANE 92%. FrRAR R SO ) A A
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Figure 3 Possible mechanism for the hydrogenation of the aryl alkynes catalyzed by AuNWs
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L AR B T BRI TERE. IXeE R e L
fh < R AR AT RHEAT LG R (2 — 22 B SR 2%

4 SKIERSY

41 EFF5nm)BRHNE R

B2, ¥ 1 mL 1) HAuCL /K&K E 10 mg/mL)
F199 mL M4l 7K In N BIEC £ A EER 1) 250 mL =31k
. K SR AN E RIRORE, B A 3 mL
PIFTER IR (CA) KBTS 2L 1%). FFZEER 30 min
J&, BERA R =R, I 15 nm ME9PKBURE
T
42 AuNWSs(KFE 452412 nm)#I& %

B, HHSE TREGE SR (D 1 em?) kb
10 min, DIRASEKMERT. BEE, BEER N 1.5 mL
¥ 3-G L P 3 = 2 S IR R (APTES A (W B 9 5 X
1073 mol/L ] HoO/EtOH JRA A, AR 11 1), 1Rifd
30 min, PASCILRME AL T Relh. B, B ER
% 1.5 mL FI&F7(15 nm)#E 7, 1298 1 h UK & Fh
T. ZJa, FKMSEER =k, LEBZ RS F.
BJE, BERER BN 1.5 mL AR, i &k
FERCAR 1,3,5- = LR FET R BE 5.5X107* mol/L)~ A
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HAuCL(KJE 1.7X 107 mol/L)RIEJE5 L-Hi¥A B2 (K
4.1 X 1073 mol/L), ¥ 774 HoO/EtOH J& & ¥ L (AR L
1:1). K 0.5 h G, FERIE R KE AuNWs(KAE
452+12 nm). HJa, HKERIFET PTG, Kt
A {E BtOAc B ALEE, SR1G B0 HK AuNWs(K
452+12 nm).

4.3 AuNWs LS ERETRRSUHN L ST

0.1 mmol 75 IEHIE. 7.56 mg ¥ NaBH4 (2.0
equiv.)LL & 17.8 mg ] AuNWs (0.76 mol%)7E 1.5 mL ]
LR CBEHIRG, JFEET N RFEHHE, DI Z (il
(TLC)krill ) Rk RE. RBLFERUE, TIN5 mL (7KK
S B, i AN UK (S mL X 3)%F A LA T Ve
w, JEHTEK MgSO4 #HT FIRALHE. 20d ARG A,
I I A (DL IE CU5E AN 2R 216 A5t i 70)) o) P A5HE
FEMNREAT Ak, RIRTAS H BRI R M Q) AT R R 1 (3)
R A,
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