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Figure S1. TEM (A) and SEM (B) images of GO-GOOH. 
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Figure S2. (A~D) TEM images of GOF; (E) the typical EDX pattern of GOF.
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Figure S3. (A, B) TEM images, (C) the typical EDX pattern, and (D~F) SEM images of Pd2+-
GOF. 

Figure S4. The typical EDX pattern of Pd-rGOF.
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Figure S5. (A) TEM images and (B) SEM images of Pd-rGOF after 10 th cycles.

Figure S6. (A) XPS spectrum wide scan, (B) XRD pattern, and (C) Raman spectrum of Pd-rGOF of the 
3D Pd-rGOF after 10 th cycles. Inset of D shows the pore size distribution of the 3D Pd-rGOF.
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1. Methyl 2-acetylpent-4-enoate 

O
O O

                             
1H NMR (400 MHz, CDCl3) δ 2.18 (s, 3H), 2.51-2.56 (m, 2H), 3.50 (t, 1H), 3.68 (s, 3H), 
4.97-5.07 (m, 2H), 5.63-5.73 (m, 1H) 
13C NMR (100 MHz, CDCl3) δ 29.3, 32.3, 52.5, 59.1, 117.6, 134.2, 169.8, 202.9
MS (EI) m/z (%): 113 (M+-CH3CO), 97, 81, 71, 55, 43 (100)

Methyl 2-acetyl-2-allylpent-4-enoate

O
O O

                             
1H NMR (400 MHz, CDCl3) δ 2.14 (s, 3H), 2.56-2.67 (m, 4H), 3.74 (s, 3H), 5.09-5.14 (m, 
4H), 5.54-5.65 (m, 2H) 
13C NMR (100 MHz, CDCl3) δ 27.0, 36.0, 52.4, 63.4, 119.3, 132.2, 171.9, 202.9
MS (EI) m/z (%): 154 (M+-CH3CO), 149, 137, 123, 111, 95, 81, 71, 57, 43 (100)

2. Ethyl 2-acetylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 1.22 (t, J = 7.1Hz, 3H), 2.18 (s, 3H), 2.54 (quint, 2H), 3.46 (t, 
J = 7.4Hz, 1H), 4.15 (q, J = 7.1Hz, 2H), 4.97-5.06 (m, 2H), 5.63-5.74 (m, 1H) 
13C NMR (100 MHz, CDCl3) δ 14.0, 29.0, 32.0, 59.1, 61.3, 117.3, 134.1, 169.1, 202.3
MS (EI) m/z (%): 127 (M+ -CH3CO), 99, 81, 55, 43 (100)

Ethyl 2-acetyl-2-allylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 1.27 (t, J = 7.1Hz, 3H), 2.14 (s, 3H), 2.61 (quint, 4H), 4.20 (q, 
J = 7.1Hz, 2H), 5.08-5.13 (m, 4H), 5.55-5.65 (m, 2H) 
13C NMR (100 MHz, CDCl3) δ 14.2, 26.9, 35.9, 61.4, 63.2, 118.2, 132.2, 172.1, 203.8
MS (EI) m/z (%): 168 (M+ -CH3CO), 123, 95, 79, 67, 43 (100)

3. Isopropyl 2-acetylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 1.25 (d, 6H), 2.24 (s, 3H), 2.59 (quint, 2H), 2.47-2.51 (m, 1H), 
5.04-5.13 (m, 3H), 5.70-5.80 (m, 1H) 
13C NMR (100 MHz, CDCl3) δ 21.8, 29.1, 32.2, 59.5, 69.2, 117.5, 134.3, 168.9, 202.4
MS (EI) m/z (%): 141 (M+-CH3CO), 124, 99, 92, 82, 71, 57, 43 (100)
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Isopropyl 2-acetyl-2-allylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 1.25 (d, 6H), 2.13 (s, 3H), 2.55-2.67 (m, 4H), 5.05-5.13 (m, 
5H), 5.55-5.65 (m, 2H) 
13C NMR (100 MHz, CDCl3) δ 21.7, 26.9, 35.9, 63.1, 69.1, 119.3, 132.3, 171.6, 204.0
MS (EI) m/z (%): 180 (M+-CH3CO), 178, 169, 149, 123, 95, 79, 57, 44 (100)

4. Isobutyl 2-acetylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 0.93 (d, 6H), 1.90-2.00 (m, 1H), 2.25 (s, 3H), 2.55-2.66 (m, 
2H), 3.55 (t, 2H), 3.92 (d, 2H), 5.04-5.13 (m, 2H), 5.70-5.80 (m, 1H) 
13C NMR (100 MHz, CDCl3) δ 19.1, 27.8, 29.3, 32.2, 59.3, 71.6, 117.6, 134.3, 169.4, 202.5
MS (EI) m/z (%):155 (M+-CH3CO), 142, 124, 109, 99, 82, 57, 43 (100)

Isobutyl 2-acetyl-2-allylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 0.93 (d, 6H), 1.88-1.98(m, 1H), 2.14 (s, 3H), 2.56-2.69 (m, 
4H), 3.90 (d, 2H),5.08-5.13 (m, 4H), 5.54-5.65 (m, 2H) 
13C NMR (100 MHz, CDCl3) δ 19.3, 26.9, 27.6, 36.0, 63.4, 71.7, 119.3, 132.1, 173.3, 203.8 
MS (EI) m/z (%): 141 (M+-CH3CO), 123, 95, 79, 57, 43 (100)

5. Ethyl 2-allyl-2-benzoylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 1.08 (t, J = 7.1Hz, 3H), 2.81 (m, 4H), 4.13 (q, J = 7.1Hz, 2H), 
5.00-5.09 (m, 4H), 5.53-5.64 (m, 2H), 7.40-7.54 (m, 3H), 7.83-7.85 (m, 2H)
13C NMR (100 MHz, CDCl3) δ 13.9, 37.2, 60.6, 61.5, 119.1, 128.5 ,128.6, 132.0, 132.8, 
136.0, 172.7, 196.2
MS (EI) m/z (%): 272 (M+), 198, 159, 105 (100), 77

6. Ethyl 2-acetyl-2-methylpent-4-enoate

O
O O

1H NMR (400 MHz, CDCl3) δ 1.20 (t, J = 7.1Hz, 3H), 1.26 (s, 3H), 2.08 (s, 3H), 2.41-2.60 
(m, 2H), 4.13(q, J = 7.1Hz, 2H), 4.97-5.09 (m, 2H), 5.53-5.64 (m, 1H) 
13C NMR (100 MHz, CDCl3) δ 14.1, 18.9, 26.2, 39.4, 59.4, 61.4, 119.0, 132.7, 172.5, 204.8 
MS (EI) m/z (%): 142, 114, 97, 69, 43 (100)
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7. 2-allyl-2-methylcyclopentane-1, 3-dione
O

O
1H NMR (400 MHz, CDCl3) δ 1.11 (s, 3H), 2.33-2.05 (m, 2H), 2.65-2.82 (m, 4H), 5.04-5.08 
(m, 2H), 5.54-5.65  (m, 1H) 
13C NMR (100 MHz, CDCl3) δ 19.2, 36.8, 40.4, 57.1, 120.2, 131.9, 289.1
MS (EI) m/z (%): 152 (M+), 124, 111, 97 (100), 55, 41

8. Table 2 entry 21 (Mono-)

O
O O

O

1H NMR (400 MHz, CDCl3) δ 1.19 (t, 6H), 2.56 (m, J = 7.2Hz, 2H), 3.35 (t, J = 7.5Hz, 1H), 
4.12 (quint, J = 3.9Hz, 4H), 4.93-5.10 (m, 2H), 5.66-5.76 (m, 1H) 
13C NMR (100 MHz, CDCl3) δ 14.1, 32.8, 51.6, 61.3, 117.4, 134.1, 168.9 
MS (EI) m/z (%): 155 (M+-OCH2CH3), 149, 127, 109, 98 (100), 81, 67, 55, 44
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Copies of 1H-NMR, 13C-NMR 

Methyl 2-acetylpent-4-enoate



10

Methyl 2-acetyl-2-allylpent-4-enoate
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Ethyl 2-acetylpent-4-enoate
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Ethyl 2-acetyl-2-allylpent-4-enoate
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Isopropyl 2-acetylpent-4-enoate



14

Isopropyl 2-acetyl-2-allylpent-4-enoate
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Isobutyl 2-acetylpent-4-enoate
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Isobutyl 2-acetyl-2-allylpent-4-enoate
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Ethyl 2-acetyl-2-methylpent-4-enoate
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Ethyl 2-allyl-2-benzoylpent-4-enoate
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2-allyl-2-methylcyclopentane-1, 3-dione
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Diethyl 2-allylmalonate


