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Abstract: N-Alkylation of amines with alcohols through a borrowing hydrogen strategy is a green route to amines. Heterogeneous bimetallic
Pt-Sn/y-Al,O3 catalyzed the reactions of primary (secondary) amines with alcohols in the absence of external hydrogen source, efficiently
affording secondary (tertiary) amines with water and a small amount of imines as the by-products. Various functional groups in the substrates
were tolerated in the catalytic system. The Pt-Sn/y-Al,O5 catalyst was easily recycled, suggesting its potential application in the production of

secondary and tertiary amines.
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Scheme 1. Borrowing hydrongen strategy.
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Scheme 2. N-Alkylation of aniline with benzyl alcohol.
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Al %% H N R, N 1a (108 mg, 1 mmol), 2a (93
mg, 1 mmol), Pt-Sn/y-Al,O3 f# 1k 75| (98 mg, Pt:Sn £
JREE N 1:3), 4B FFZE (5 ml) A1 TRk 1 G T
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Wk LW L lE = 20:1 (MR AR LL); 7= 4 Re=0.6) 15 %I
N-ZRHE e (3a), 7= W 2 A% il 3L AR e v A, 7 i
R 97%.
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Table 1 Screening of catalysts

Pt:Sn Time Yield® (%)
Entry Catalyst . s —
(molar ratio)  (h) 3a 4

1 PtCl, — 24 — —
2 Pt/y-Al,0; (1) — 24 14 19
3 Pt-Sniy-AlLO; (11) 1:1 8 80 14
4 Pt-Sn/y-ALO; (111) 1:2 8 94 6
5 Pt-Sn/y-AlLO; (1V) 1:3 8 97(95° 3
6 Pt-Sn/y-Al0; (V) 1:5 8 94 6
7 Pt-Sn/y-AlLO; (V1) 1:7 8 93 7
8  Pt-Sn/y-Al0s (VII) 1:9 8 91 9
9 Pt-Sniy-ALO; (VIII) 111 8 90 10
10 Pt-Snfy-AlLO; (1V) 1:3 8 65° 10
11 Pt-Sniy-ALO; (1V) 1:3 8 97¢ 3
12 Pt-Sn/TiO; (1X) 1:3 8 55 9
13 PtSn-Kiy-AlLO; (X)*  1:3:1f 8 96

14 Pt-Sn-KA-ALO; (XI)  1:3:1f 8 60 17

Reaction conditions: 1 mmol 1a, 1 mmol 2a, 0.25% Pt, 5 ml o-xylene,
145 °C, p(N,) = 0.1 MPa. The Pt content in catalysts 1-XI is 0.5 wt%.
*Determined by GC analysis. "Isolated yield in parentheses. °0.10% Pt.
90.50% Pt. °Catalyst X has lower acidity than catalyst XI. ‘Molar ratio
Pt:Sn:K = 1:3:1.
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Fig. 1. The effect of Sn:Pt molar ratios on the reaction of 1a with 2a.
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Table 2 The effect of solvents @A N RO/NHZ (0.25 mol% Pt) N TR o
Entry Solvent Yield of 3a® (%) ljSXleCHSC " !
3
1 toluene 75
2 o-xylene 97 Oﬂ @ : Jféaﬁiﬂo J@
3 H,O — 145°C,24h R ; N @
4 DMSO 17 o-xylene 3
5 MeOH 33
5 1,4-dioxane 35 100 L
Reaction condition: 1 mmol 1a, 1 mmol 2a, 0.25% Pt (catalyst 1V, 98 95 rr
mg), 145 °C, 5 ml solvent, 8 h, p(N,) = 0.1 MPa. *Determined by GC 90
analysis. g 85j
© 80
L 5 L
100 = 750
— - 2 H
S\i 80 |- > 70L
s f 65 - —o— Reaction (1)
7 L .
E’ 60 L 60 L —e— Reaction (2) p-NO;
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Temperature (°C)
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Fig. 2. The effect of temperature. Reaction condition: 1 mmo 1la, 1
mmol 2a, 5 ml o-xylene, 8 h, p(N,) = 0.1 MPa. 0.25% Pt (catalyst 1V,
98 mg). Yield and conversion was determined by GC analysis.

AT HNWT . 5 e 4 2K B 1 AR 3 A1 ) B AR 2 o 4
KNI K A p-NO, (0.778) > m-Cl (0.373) > p-Cl
(0.227) > p-F (0.062) > H (0) > m-Me (-0.069) >
p-Me (-0.170) > p-OEt (-0.250) > p-OMe (-0.268).
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Fig. 3. The substituent effect. Reaction conditions: 1 mmol 1a, 1
mmol 2, 0.25% Pt (catalyst 1V, 98 mg), 5 ml o-xylene, 145 °C, p(N,) =
0.1 MPa. Yield of 3 was determined by GC analysis.
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Fig. 4. Reusability of the catalyst. Reaction conditions: 1 mmol 1a, 1

mmol 2a, 0.25% Pt (catalyst 1V, 98 mg), 5 ml o-xylene, 145 °C, p(N,)
= 0.1 MPa. Yield of 3a was determined by GC analysis.
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Scheme 3. Direct synthesis of secondary and tertiary amines from the reactions of 1 with 2.
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