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Experimental Section
General Equipment and Material All experiments were carried out in aopen

1
long-necked round-bottom flask (50 mL). H NMR and **C NMR spectrum was recorded
onaVarian DRX 400 using CDClI  as the solvent with TMS as an internal reference. GC

analysis of determination of conversions and selectivities was performed on an Agilent
6890N. GC-M Swas performed on Agilent 6890N GC / 5973 M S detector. Benzyl alcohal,
3-phenoxybenzyl alcohol, 2-ethyl hexanol, cyclopropy! carbinol, 2-phenylethanal,
cyclohexanol, 3-methyl-2-buten-1-ol, 3-methoxyl-2-propanol and ethyl lactate were
domestic commercial reagents, directly used for oxidation without further purification.
TEMPO, 2-methylbenzy! alcohol, 3-methylbenzyl acohol, 4-methylbenzyl acohol,
2-chlorobenzyl alcohol, 3-chlorobenzyl alcohol, 4-chlorobenzyl alcohol, 4-flourobenzyl
alcohol, 3,5-difluorobenzyl alcohol, 3,5-bis(triflouromethyl)benzyl alcohoal,
4-methoxylbenzyl alcohol, methyl 4-(hydroxymethyl) benzoate, 4-nitrobenzyl alcohol,
1-phenylethanol, 1-phenyl-1-propanol, 1-indanol, benzhydrol, 1-octanol, 2-octanol,
3-octanol, cyclohexyl carbinol, 4-(methylthio)benzyl alcohol, 2-thienyl methanol,
3-pyridyl methanol, cinnamy! alcohol, 3-buten-2-ol, thioanisole and diethyl sulfidewere
purchased from Acros, directly used for oxidation without further purification. Acetonitrle
(HPLC grade) were purchased from Merck. Other Halogen-contai ning compounds and
solvents were purchased from Tianji Kermel Chemical Reagents Co. Ltd., directly used
for oxidation without further purification.

(E)-4-phenyl-3-buten-2-ol were prepared according to the literature procedure (1).

General procedurefor preparation of TEM PO-catalyzed aer obic oxidation: M ethod
A: The oxidation of alcohols was carried out under air in a 50 ml long-necked
round-bottom flask equipped with amagnetic stirrer. The alcohol substrate (5.0 mmol)
and TEMPO (0.15 mmol) were dissolved in 8 ml dichloromethane. Conc. Hydrochloric
acid (0.50 mmol) was added followed by NaNO, (0.25 mmol). Method B: The oxidation
of alcoholswas carried out under air in a 50 ml long-necked round-bottom flask equipped
with amagnetic stirrer. The alcohol substrate (5.0 mmol) and TEMPO (0.25 mmol) were
dissolved in 8 ml dichloromethane. Conc. Hydrochloric acid (0.50 mmol) was added



followed by NaNO; (0.25 mmol). The resulting mixture was stirred at room temperature
and ambient pressure. Method C: The oxidation of alcoholswas carried out under air in a
50 ml long-necked round-bottom flask equipped with a magnetic stirrer. The alcohol
substrate (5.0 mmol) and TEM PO (0.25 mmol) were dissolved in 8 ml dichloromethane.
Conc. Hydrochloric acid (0.80 mmol) was added followed by NaNO; (0.40 mmol).
Method D: The oxidation of alcoholswas carried out under air in a 50 ml long-necked
round-bottom flask equipped with amagnetic stirrer. The alcohol substrate (5.0 mmol)
and TEMPO (0.40 mmol) were dissolved in 8 ml dichloromethane. Conc. Hydrochloric
acid (0.80 mmol) was added followed by NaNO, (0.40 mmol).

General procedurefor TEMPO-catalyzed aer obic oxidation: The resulting mixture
was stirred at room temperature and ambient pressure. The conversion and selectivity of
the reaction was detected by GC without any purification. When GC showed the reaction
to be complete, the liquid in the flask was transferred into a separation funnel, carefully
washed the flask with CH,CI.,, The combined organic |ayers were washed with agueous

20 w.t.% N&,S,03 and saturated NaHCO; solution to remove the residual oxidants and
TEMPO (2). The organic layer was dried over anhydrous Na,SO4 and concentrated to
dryness. Theyield was calculated on the basis of 5.0 mmol of substrate. Because the
selectivitiesin most reactions were more than 99%, The *H and *C NMR spectrawas
recorded using isolated product directly. See the attached NMR spectra.

ESI-M S Detection: The control experiment and the monitoring experiment of the reacting
solutions were performed on an Agilent 1100 SeriesMSD Trap XCT (USA). ESI mass
spectrawere acquired in the positive ions mode. Nitrogen was used as the nebulizing gas
at 15 psi and as drying gas at aflow rate of 5 L-min™ and at atemperature of 300 °C.
Full-scan mode was used in the range of m/z 100-200 and only first-stage M S spectra
were obtained.

After some study, we selected MeCN as the reaction solvent and the best solvent for
diluting the sampl e taken from the reaction mixture. We a so fixed the standard procedure
for MS detection: 3 pL of the sample was taken from the reaction mixture stirred at room

temperature in an open air atmosphere and was diluted with 1000 pL of MeCN. Then, a



syringe pump was used to introduce the diluted sample into the ESI source at the rate of 5
L -min™ with a CapExit voltage of 102.7 V for the MS detection.

o
General GC conditions: HP-5 column, 30m x 0.32mm (id); FID detector, 250 C;

injection: 250 oC; carrier gas: nitrogen; carrier gasrate: 1.2 mL / min; area normalization.
Benzyl alcohol, 2-methylbenzyl acohol, 3-methylbenzyl acohol, 4-methylbenzyl acohal,
2-chlorobenzyl alcohol, 3-chlorobenzyl acohol, 4-chlorobenzyl acohol, 4-flourobenzyl
acohol, 3,5-difluorobenzyl alcohol, 3,5-bis(triflouromethyl)benzyl alcohoal,
4-methoxyl-benzyl alcohol, methyl 4-(hydroxymethyl) benzoate, 4-nitrobenzyl alcohol,
3-phenoxy-benzy! alcohol, 2-phenylethanol, 1-phenylethanol, 1-phenyl-1-propanol,
1-indanol, 1-octanol, 2-octanol, 3-octanol, benzhydrol, 4-(methylthio)benzyl alcohal,
2-thienyl methanol, 3-pyridyl methanol, cinnamy! alcohol, (E)-4-phenyl-3-buten-2-ol and

their corresponding carbonyl compounds were detected under a condition as: column
o o o
temperature: 80 C for 5 minutes, raising to 250 Cinarateof 10 C/ min, holding at 250

(o]
C for 8 min. TEM PO and thioanisole were a so detected under this condition, and its

corresponding peak areas were deleted in the GC diagrams.

2-Ethyl hexanol, cyclohexyl carbinol, cyclopropyl carbinol, cyclohexanal,

3-methyl-2-buten-1-ol, 3-methoxyl-2-propanol, ethyl lactate and their corresponding
o
carbonyl compounds were performed under a condition as: 50 C for 5 minutes, raising to

o o o
250 Cinarateof 10 C/ min, holding at 250 C for 5 min. TEMPO and diethyl sulfide
were also detected under this condition, and its corresponding peak areas were deleted in
the GC diagrams.

Reference:
1. Onaran, M. B.; Seto, C. T. J. Org. Chem. 2003, 68, 8136.
2.deNooy, A. E. J.; Besemer, A. C.; van Bekkum, H. Synthesis, 1996, 1153.



Optimization procedur e of aerobic oxidation: For our initial experiments of aerobic
alcohol oxidation, we chose benzyl alcohol as atest substrate to optimize the reaction
conditions (Table 1). Primary resultsin Table 1 showed that TEM PO catalyzed aerobic
benzy! alcohol oxidation with only HCI as the co-catalyst, about 1.9% of benzy! alcohol
converted to benzaldehyde without any benzy! chloride at room temperature and ambient
pressure for 10 hour (entry 1). Using NaNO, only as the co-catalyst showed no oxidation

(entry 2). We then used HCI (8 mol %) together with NaNO, (4 mol %) as co-catalyst, a

89.6% conversion of benzyl alcohol with 99.1% of selectivity was obtained for 10 hour
(entry 3). Prolonging the reaction time to 11.5 hour showed a complete conversion with
100% of selectivity (entry 4). Synchronously increasing the amount of HCI (from 10

mol% to 16 mol%) and NaNO, (from 5 mol% to 8 mol%), the same result was obtained at

the cost of 10 hour (entry 5), 9.6 hour (entry 6), 9.0 hour (entry 7) and 8.5 hour (entry 8).
Then we chose 10 hour as our further reaction time for other condition screening. When
keeping 10 mol% of HCI and reducing the amount of NaNO, from 5 mol% to 3.3 or 2.5

mol % (entries 9-10), the lower conversionsin high selectivities was observed, while tried
to and reduce the amount of HCI from 10 mol%o to 5 or 2.5 mol% with 5 mol% of NaNO,

(entries 11-12), it resulted in the significant decreasing of conversion in low selectivities.
In addition, further reducing the amount of TEM PO from 3 mol% to 2 or 1 mol% with 10
mol% HCI and 5 mol% NaNO, (entries 13-14), incomplete conversionsin high
selectivities were also observed. Therefore, an optimal reaction condition for benzyl

alcohol was as follows: 3 mol% of TEMPO / 10 mol% of HCI/ 5 mol% of NaNOZas

catalyst with ambient pressure air asthe terminal oxidant at room temperature. While, for
the less active alcohols, the reaction condition was tuned by adding more
TEMPO/HCI/NaNO, to improve the reaction rate.



Table 1. Optimization of TEM PO-Catalyzed Oxidation of Benzyl Alcohol™®

Entry  TEMPO HCl NaNO, Time  Conversion  Selectivity of

(%omol)  (%mol) (% mol) (h) (%) adehyde (%)
1 3 8 - 10 19 100
2 3 - 4 10 0.5 100
3 3 4 10 89.7 90.1
4 3 4 115 100 100
5 3 10 5 10 100 100
6 3 12 6 9.6 100 100
7 3 14 7 9.0 100 100
8 3 16 8 85 100 100
9 3 10 33 10 67.4 99.0
10 3 10 25 10 40.5 99.0
11 3 5 5 10 10.8 78.7
12 3 25 5 10 7.6 89.5
13 2 10 5 10 81.8 97.9
14 1 10 5 10 39.5 95.9

[a The reaction was carried out with benzyl acohol (5.0 mmol), a specific anount of
TEMPO in dichloromethane (8 mL) and air, ambient temperature. The conversions
and selectivities were performed on GC (area normalization).



Table 2. Screening Solventsfor Catalytic Aerobic Oxidation of Benzyl Alcohol!

Entry Solvent Time (h) Conv. (%) Select. (%)
1 CH2Cl> 10 100 100
2 CHCl; 10 63.4 98.9
3 CCl, 10 26.7 97.4
4 CICH2CH:CI 10 9.4 99.6
5 CFsCH,OH 10 204 98.0
6 PhF 8 99.6 100
7 PhCI 10 575 94.3
8 PhMe 10 37.8 96.4
9 PhCF; 10 54.1 100
10 HOAcCc 9 100 97.9
11 EtOAC 12 98.2 93.6
12 MeCN 11 99.6 100
13 t-BuOH 10 11.8 97.4
14 MeCO 10 21 91.3
15 THF 10 177 100

[a] Aerobic oxidation conditions are follows: acohol (5.0 mmol), TEMPO (0.15 mmol),
NaNO, (0.25 mmol), HCI (0.50 mmol), solvent (8.0 mL), air, ambient temperature.
Conversions and selectivities are based on the gas chromatography (GC) with area
normalization.



Characterization Data

Benzaldehyde (100-52-7). *H NMR (400MHz, CDCls) d 7.47 (t, 2H), 7.57 (t, 1H), 7.83
(m, J=7.2 Hz, 2H), 9.96 (s, 1H); *C NMR (100MHz, CDCl3) d 125.6, 126.2, 131.0,
132.9, 188.9.

2-Methylbenzaldehyde (529-20-4). *H NMR (400MHz, CDCl3) d 2.65 (s, 3H), 7.27 (d, J
=7.4Hz, 1H), 7.34 (t, J= 7.4 Hz, 1H), 7.45 (t, J= 7.4 Hz, 1H), 7.77 (d, J= 7.4 Hz, 1H),
10.24 (s, 1H); *C NMR (100MHz, CDCls) d 17.5, 124.3, 129.7, 130.0, 131.6, 132.0,
138.4, 190.7.

3-Methylbenzaldehyde (620-23-5). *H NMR (400MHz, CDCl3) d 2.37 (s, 3H), 7.37 (s,
2H), 7.62 (s, 1H), 9.93 (s, 1H); **C NMR (100MHz, CDCl3) d 18.1, 124.1, 125.8, 126.9,
132.2,133.4, 135.7, 189.4.

4-M ethylbenzaldehyde (104-87-0). *H NMR (400MHz, CDCls) d 2.38 (s, 3H), 7.27 (d, J
=7.5Hz, 2H), 7.72 (d, J= 7.5 Hz, 2H), 9.91 (s, 1H); *C NMR (100MHz, CDCl3) d18.7,
126.7,126.8, 131.2, 142.4, 188.9.

2-Chlor obenzaldehyde (89-98-5). *H NMR (400MHz, CDCl3) d 7.37 (m, 1H), 7.42 (m,
1H), 7.52 (m, 1H), 7.88 (m, 1H), 10.4 (s, 1H); **C NMR (100MHz, CDCl5) d 127.3, 129.3,
130.3, 132.4, 1352, 137.9, 189.7.

3-Chlor obenzaldehyde (587-04-2). *H NMR (400MHz, CDCls) d 7.46 (d, J= 6.5 Hz,
1H), 7.54 (d, J= 7.0 Hz, 1H), 7.73 (d, J= 6.5 Hz, 1H), 7.78 (s, 1H), 9.94 (s, 1H); **C NMR
(100MHz, CDCl3) d 127.9, 129.1, 130.3, 134.2, 135.3, 137.7, 190.7.

4-Chlor obenzaldehyde (104-88-1). *H NMR (400MHz, CDCl3) d 7.29-7.52 (m, 2H),
7.81-7.84 (m, 2H), 9.99 (s, 1H); *C NMR (100MHz, CDCl3) d 141.1, 134.9, 131.1, 129.6,
191.0.

4-Fluor obenzaldehyde (459-57-4). *H NMR (400MHz, CDCls) d 7.19-7.24 (m, 2H),
7.90-7.94 (m, J= 5.8 Hz, 2H), 9.97 (s, 1H); *C NMR (100MHz, CDCl3) d 115.8, 116.1,
131.8, 132.6, 164.8, 167.4, 190.2.

3,5-Difluor obenzaldehyde (32085-88-4). *H NMR (400MHz, CDCl5) d 8.15 (s, 1H),
8.36 (s, J= 5.8 Hz,2H), 10.2 (s, 1H); *C NMR (100MHz, CDCl3) d 118.6, 134.9, 131.1,
129.6, 189.0.

3,5-Bis(trifluoromethyl) benzaldehyde (401-95-6). ‘H NMR (400MHz, CDCl3) d 7.09 (t,
J=8.4Hz, 1H), 7.41 (d, J= 4.4Hz, 2H), 9.96 (s, 1H); *C NMR (100MHz, CDCls) d 109.7,
109.9, 110.2, 112.3, 112.5, 139.3, 162.2, 164.7, 189.7.

4-M ethoxybenzal dehyde (123-11-5). "H NMR (400MHz, CDCl3) d 3.92 (s, 3H),
7.05 (d, J= 8.4 Hz, 2H), 7.88 (d, J= 8.4 Hz, 2H), 993 (s, 1H); **C NMR (100MHz,



CDCl3) d55.5,114.2, 129.7, 131.8, 164.4, 190.6.

4-Nitr obenzaldehyde (555-16-8). *H NMR (400MHz, CDCl3) d 8.13 (d, J= 8.0 Hz, 2H),
8.41 (d, J=8.0 Hz, 2H), 10.2 (s, 1H); *C NMR (100MHz, CDCl3) d 124.4, 130.6, 140.2,
151.2, 190.6.

4-M ethoxycar bonylbenzal dehyde (157-08-0). *H NMR (400MHz, CDCl3) d 2.38 (s,
3H), 7.93 (d, J= 6.4 Hz, 1H), 8.16 (d, J = 6.4 Hz, 1H), 10.1 (s, 1H); *C NMR (100MHz,
CDCls) d 49.6, 126.4, 126.8, 127.0, 131.8, 136.0, 162.7, 188.6.

3-Phenoxybenzaldehyde (39515-51-0). '"H NMR (400MHz, CDCl3) d 7.02 (d, J= 8.0 Hz,
2H), 7.12-7.16 (m, 1H), 7.26 (dd, J= 8.2, 2.2 Hz, 1H), 7.33-7.37 (m, 2H), 7.44-7.48 (m,
2H), 7.57 (d, J= 7.6 Hz, 1H), 9.92 (s, 1H); *C NMR (100MHz, CDCl3) d 117.8, 119.2,
123.9, 124.2, 124.4, 129.8, 130.2, 137.7, 155.87, 158.0, 191.3.

Acetophenone (98-86-2). *H NMR (400MHz, CDCl3) d 2.55 (s, 3H), 7.39-7.52 (m, 3H),
7.94 (m, 2H); *C NMR (100MHz, CDCl3) d 26.4 , 128.2, 128.4, 133.0, 137.0, 198.0.

Propiophenone (93-55-0). *H NMR (400MHz, CDCls) d 1.21 (t, J= 7.2 Hz, 3H), 2.98 (q,
J=7.2Hz, 2H), 7.51-7.53-7.52 (m, 1H), 7.94-7.96 (m, 2H); *C NMR (100MHz, CDCls)
d8.19, 31.7, 127.9, 128.5, 132.8, 136.8, 200.7.

1-Indanone (83-33-0). *H NMR (400MHz, CDCl3) d 2.66-2.69 (m, 2H), 3.14 (t, J= 6.0
Hz, 2H), 7.37 (dd, J= 7.6, 0.8 Hz, 1H), 7.47 (d, J= 7.6, 0.8 Hz, 1H), 7.58 (dd, J= 7.6, 1.0
Hz, 1H), 7.75 (d, J= 7.6 Hz, 1H); *C NMR (100MHz, CDCls) d 25.8, 36.3, 123.7, 126.8,
127.0, 127.3, 134.6, 155.2, 207.1.

Benzophenone (91-01-0). '"H NMR (400MHz, CDCls) d 7.43-7.48 (m, 4H), 7.54-7.55 (m,
2H), 7.78-7.80 (m, 4H); *C NMR (100MHz, CDCl3) d 128.4, 128.6, 130.4, 132.7, 196.8.

Octanal (124-13-0). *H NMR (400MHz, CDCl3) d 0.88 (t, J= 6.4 Hz, 3H), 1.28-1.31 (m,
8H), 1.63 (s, 2H), 2.42 (t, J=6.8 Hz, 2H), 9.76 (s, 1H); *C NMR (100MHz, CDCls) d 10.6,
18.6,19.1, 25,5, 25.6, 28.2, 40.5, 199.4.

2-Ethylhexanal (123-05-7). '"H NMR (400MHz, CDCl3) d 1.10-1.12 (m, 4H), 1.27-1.35
(m, 4H), 1.44-1.54 (m, 2H), 1.61-1.68 (m, 2H), 9.56 (d, J= 2.8 Hz, 1H); *C NMR
(100MHz, CDCl3) d 9.4, 11.8, 19.8, 20.7, 26.0, 27.1, 51.3, 203.6.

Cyclohexanecar boxaldehyde (2043-61-0). *H NMR (400MHz, CDCls) d1.24-1.91(m,
10H), 1.83-1.89 (m, 1H), 2.24 (s, 1H), 9.62 (s, 1H); *C NMR (100MHz, CDCl3) d 24.1,
25.0, 49.0, 204.1.

Cyclopropanecar boxaldehyde (1489-69-6). *H NMR (400MHz, CDCls) d 0.88-0.93 (m,
6H), 1.27-1.35 (m, 4H), 1.83-1.89 (m, 1H), 8.92 (d, J= 6.0 Hz, 1H); *C NMR (100MHz,
CDCls) d 7.4, 22.8, 201.6.



2-Octanone (111-13-7). *H NMR (400MHz, CDCls) d 0.88 (t, J= 6.8 Hz, 3H), 1.28-1.31
(m, 6H), 1.56 (m, 2H), 2.13 (s, 3H), 2.43 (t, J= 7.4 Hz, 2H); *C NMR (100MHz, CDCl5)
d 13.8,22.2,23.7,28.8, 29.6, 31.2, 33.9, 209.3.

3-Octanone (106-68-3). 'H NMR (400MHz, CDCls) d 0.89 (t, J= 6.8 Hz, 3H), 1.05 (t, J =
7.3 Hz, 3H), 1.26-1.33(m, 4H), 1.58 (m, 2H), 2.38-2.45 (m, 4H); **C NMR (100MHz,
CDCls) d 7.8, 13.9, 22.5, 23.6, 31.5, 35.8, 42.4, 211.8.

Cylcohexanone (108-94-0). *H NMR (400MHz, CDCls) d 1.71-1.76 (m, 2H), 1.83-1.90
(m, 4H), 2.32-2.36 (m, 4H); *C NMR (100MHz, CDCl3) d 24.9, 26.8, 26.9, 41.8, 211.8.

4-(Methylthio)benzaldehyde (3446-89-7). *H NMR (400MHz, CDCl3) d 2.52 (s, 1H),
7.30 (d, J= 8.4 Hz, 2H), 7.76 (d, J= 8.4 Hz, 2H), 9.91 (s, 1H); **C NMR (100MHz,
CDCl3) d 14.7, 125.3, 130.1, 133.1, 148.0, 191.3.

2-Thiophenecar boxaldehyde (98-03-3). *H NMR (400MHz, CDCl3) d 7.22 (m, 1H),
7.78-7.81 (m, 2H), 9.94 (d, J= 12.8 Hz, 1H); *C NMR (100MHz, CDCl3) d 128.3, 133.7,
136.5, 143.7, 183.0.

trans-Cinnamaldehyde (14371-10-9). *H NMR (400MHz, CDCls) d 6.73 (g, J= 7.6 Hz,
1H), 7.42-7.45 (m, 4H), 7.49-7.57 (m, 2H), 9.71 (d, J= 7.6 Hz, 1H); *C NMR (100MHz,
CDCl3) d128.2, 128.4,128.7,128.9, 131.1, 133.8, 1526, 193.6.

trans-4-Phenyl-3-buten-2-ol (36004-04-3). *"H NMR (400MHz, CDCl3) d 1.34 (d, J= 6.4
Hz, 1H), 2.41(s, 1H), 4.41-4.47(m, 1H), 6.24 (d, J= 16.0, 6.4 Hz, 1H), 6.52 (d, J=16.0
Hz, 1H), 7.21 (t, J= 2.4 Hz, 1H), 7.22-7.33 (m, 2H), 7.35 (d, J= 1.6 Hz, 2H); *C NMR
(100MHz, CDCl3) d 23.5, 68.9, 126.6, 127.7, 128.7, 129.4, 133.8, 136.9.

trans-4-Phenyl-3-buten-2-one (1896-62-4). 'H NMR (400MHz, CDCl5) d 2.34 (s, 1H),
6.68 (d, J= 16.4 Hz, 1H), 7.29-7.36 (m, 3H), 7.46-7.50 (m, 3H); *C NMR (100MHz,
CDCl3) d 27.2, 126.8, 128.0, 128.8, 130.3, 134.2, 143.2, 198.0.

3-Methyl-2-butenal (107-86-8). *H NMR (400MHz, CDCls) d 1.99 (s, 3H), 2.18 (s, 3H),
5.87(d, J=8.0 Hz, 1H), 9.95 (d, J= 8.0 Hz, 1H); *C NMR (100MHz, CDCls) d 16.3, 27.1,
127.8, 160.5, 190.8.

3-Methoxyacetone (5878-19-3). *H NMR (400MHz, CDCl3) d2.14 (s, 3H), 3.42 (s, 3H),
4.04 (s, 2H), **C NMR (100MHz, CDCl5) d 25.8, 58.8, 126.8, 77.5, 206.2.



FigureList
Figure S1 : ESI mass spectrum of the solution of TEMPO in acetonitrile.
Figure S2 : ESI mass spectra of the reaction solution of TEMPO/HCI/NaNO,-cataylzed
aerobic oxidation in acetonitrile.

Figure 1-Figure 35: Catalytic aerobic oxidation of benzyl alcohol in presence of TEM PO
and various catalytic amount of halides and other surrogates.

Figure 1. GC diagram of benzyl acohol in CH.Cl..

Figure 2: GC diagram of benzoic acid in CHxCl..

Figure 3: GC diagram of TEMPO in CH,Cl..

Figure 4: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 5
mol% of Br, and 5 mol% of NaNO; as catalyst in CH,Cl».

Figure 5: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 5
mol% of n-BusNBrz and 5 mol% of NaNO; as catalyst in CH.Cl».

Figure 6: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 5
mol% of DBDMH and 5 mol% of NaNO- as catalyst in CH,Cl..

Figure 7: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of NBS and 5 mol% of NaNO, as catalyst in CH.Cl ..

Figure 8: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 5
mol% of TCCA and 5 mol% of NaNO; as catalyst in CH.Cl..

Figure 9: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 5
mol% of DCDMH and 5 mol% of NaNO- as catalyst in CH,Cl..

Figure 10: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 5
mol% of NCS and 5 mol% of NaNO, as catalyst in CH.Cl ..

Figure 11: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 5 mol
% of I, and 5 mol% of NaNO; as catalyst in CH2Cl».

Figure 12: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of HBr and 5 mol% of NaNO; as catalyst in CH.Cl».

Figure 13 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 14: GC diagram of benzy! alcohol in CHxCl>.

Figure 15: GC diagram of TEMPO in CHxCl>,

Figure 16 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of HF and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 17: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HBF, and 5 mol% of NaNO;, as catalyst in CH,Cl..

Figure 18 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of HNO3 and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 19: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of HNO3 and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 20: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNOs as catalyst in CH,Cl..

Figure21 : GC diagram of oxidation of benzyl acohol for 19 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaN O3 as catalyst in CH,Cl..

Figure 22: GC diagram of oxidation of benzyl acohol for 25 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNOs as catalyst in CH,Cl..



Figure 23: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HOAc and 5 mol% of NaNO; as catalyst in CHxCl..

Figure 24: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of TsOH and 5 mol% of NaNO; as catalyst in CH.Cl..

Figure 25: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of MeSOsH and 5mol % of NaNO; as catalyst in CH,Cl..

Figure 26: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of CF3CO,H and 5mol % of NaNO, as catalyst in CH.Cl».

Figure 27: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of H3PO,4 and 5 mol% of NaNO;, as catalyst in CH,Cl..

Figure 28 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol% of H,SO,4 and 5 mol% of NaNO;, as catalyst in CH,Cl..

Figure 29: GC diagram of oxidation of benzyl acohol for 13 h, 3 mol% of TEMPO, 5
mol% of H,SO,4, 10 mol% NaCl and 5 mol % of NaNO, as catalyst in CH,Cl..

Figure 30: GC diagram of oxidation of benzyl alcohol for 14 h, 3 mol% of TEMPO, 5
mol% of H2S04, 10 mol% BnNMesCl and 5 mol% of NaNO- as catalyst in CH.Cl..
Figure 31: GC diagram of oxidation of benzyl acohol for 17 h, 3 mol% of TEMPO, 10
mol% of H3PO4, 10 mol% NaCl and 5 mol% of NaNO- as catalyst in CH,Cl..

Figure 32: GC diagram of oxidation of benzyl acohol for 17 h, 3 mol% of TEMPO, 10
mol% of HBF4, 10 mol% NaCl and 5 mol% of NaNO, as catalyst in CH.Cl..

Figure 33: GC diagram of oxidation of benzyl acohol for 16 h, 3 mol% of TEMPO, 10
mol% of MeSOsH, 10 mol% NaCl and 5 mol% of NaNO as catalyst in CH.Cl ..
Figure 34: GC diagram of oxidation of benzyl acohol for 17 h, 3 mol% of TEMPO, 10
mol% of CF3sCO2H, 10 mol% NaCl and 5 mol% of NaNO- as catalyst in CH.Cl,

Figure 35-Figure 49: Screening solvents for catalytic aerobic oxidation of benzyl alcohol.

Figure 35: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 36: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO as catalyst in chloroform (CHCl5).

Figure 37: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in carbon tetrachloride (CCl.).

Figure 38: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO as catalyst in 1,2-dichloromethane (CICH,CHCI).
Figure 39: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol % of HCI and 5 mol % of NaNO; as catalyst in 2,2,2-trifluoroethanol (CFsCH,OH).
Figure40: GC diagram of oxidation of benzyl acohol for 8.0 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in fluorobenzene (PhF).

Figure41: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO as catalyst in chlorobenzene (PhCl).

Figure42: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO as catalyst in toluene (PhMe).

Figure43: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in a,a,a-trifluorotoluene (PhCFs).
Figure44: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10



mol% of HCI and 5 mol% of NaNO, as catalyst in acetic acid (HOAC).

Figure 45: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10
mol % of HCI and 5mol% of NaNO-, as catalyst in ethyl acetate (EtOAC).

Figure 46 : GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO- as catalyst in acetonitrle (MeCN).

Figure47: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO- as catalyst in tert-butanol (t-BuOH).

Figure 48: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol % of HCI and 5 mol % of NaNO; as catalyst i n acetone (MexCO).

Figure 49: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO. as catalyst in tetrahydrofuran (THF).

Figure 50 - Figure 65: Optimization of TEMPO-catalyzed oxidation of benzyl acohol

Figure50: GC diagram of benzyl alcohol in CHxCl>.

Figure51: GC diagram of TEMPO in CHxCl>,

Figure52: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO and 8
mol% of HCI as catalyst in CHxCl..

Figure53: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO and 4
mol% of NaN O as catalyst in CH.Cl».

Figure 54: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 8
mol% of HCI and 4 mol% of NaNO, as catalyst in CH,Cl..

Figure 55: GC diagram of oxidation of benzyl alcohol for 11.5 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 56: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure57: GC diagram of oxidation of benzyl acohol for 9.6 h, 3 mol% of TEMPO, 12
mol% of HCI and 6 mol% of NaNO, as catalyst in CH,Cl..

Figure58: GC diagram of oxidation of benzyl acohol for 9.0 h, 3 mol% of TEMPO, 14
mol% of HCI and 7 mol% of NaNO as catalyst in CH,Cl..

Figure59: GC diagram of oxidation of benzyl acohol for 8.5 h, 3 mol% of TEMPO, 16
mol% of HCI and 8 mol% of NaNO, as catalyst in CH,Cl..

Figure 60: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCI and 3.3 mol% of NaNO, as catalyst in CH,Cl..

Figure61: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 10
mol% of HCl and 2.5 mol% of NaNO, as catalyst in CH,Cl..

Figure 62: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 5
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 63: GC diagram of oxidation of benzyl acohol for 10 h, 3 mol% of TEMPO, 2.5
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 64: GC diagram of oxidation of benzyl alcohol for 10 h, 2 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 65: GC diagram of oxidation of benzyl acohol for 10 h, 1 mol% of TEMPO, 10
mol% of HCI and 5 mol% of NaNO, as catalyst in CH,Cl..

Figure 66 - Figure 139: Catalytic aerobic oxidation of acohols by TEMPO/HCI/NaNO:..



Figure 66: GC diagram of oxidation of benzyl acohol with Method A for 10 h.

Figure 67: GC diagram of 2-methylbenzyl alcohol in CH.Cl,

Figure 68: GC diagram of oxidation of 2-methylbenzyl acohol with Method B for 10 h.

Figure 69: GC diagram of 3-methylbenzyl alcohol in CH,Cl,

Figure 70: GC diagram of oxidation of 3-methylbenzyl acohol with Method B for 10 h.

Figure 71: GC diagram of 4-methylbenzyl acohol in CH.Cl,

Figure 72: GC diagram of oxidation of 4-methylbenzyl a cohol with Method B for 16 h.

Figure 73 : GC diagram of 2-chlorobenzyl alcohol in CH.CI,

Figure 74: GC diagram of oxidation of 2-chlorobenzyl alcohol with Method A for 13 h.

Figure 75 : GC diagram of 3-chlorobenzyl alcohol in CH.ClI,

Figure 76: GC diagram of oxidation of 3-chlorobenzyl alcohol with Method B for 10 h.

Figure 77 : GC diagram of 4-chlorobenzyl alcohol in CH.ClI,

Figure 78: GC diagram of oxidation of 4-chlorobenzyl alcohol with Method A for 10 h.

Figure 79 : GC diagram of 4-fluorobenzyl alcohol in CH,Cl,

Figure 80: GC diagram of oxidation of 4-fluorobenzyl alcohol with Method A for 10 h.

Figure 81 : GC diagram of 3,5-difluorobenzyl alcohol in CHxCl>,

Figure 82: GC diagram of oxidation of 3,5-difluorobenzyl alcohol with Method A for 10
h.

Figure 83 : GC diagram of 3,5-bis(trifluoromethyl)benzyl alcohol in CH,ClI.

Figure 84 : GC diagram of oxidation of 3,5-bis(trifluoromethyl)benzyl alcohol with
Method A for 12 h.

Figure 85 : GC diagram of 4-methoxybenzyl acohol in CH.Cl,.

Figure 86 : GC diagram of oxidation of 4-methoxybenzy! alcohol with Method B for 15
h.

Figure 87 : GC diagram of methyl 4-(hydroxymethyl) benzoate in CH.ClI,.

Figure 88 : GC diagram of oxidation of methyl 4-(hydroxymethyl) benzoate with M ethod
B for 12 h.

Figure 89 : GC diagram of 4-nitrobenzyl alcohol in CHxCl,

Figure 90 : GC diagram of oxidation of 4-nitrobenzyl acohol with Method A for 13 h.

Figure 91 : GC diagram of 3-(phenoxyl)benzyl alcohol in CH.Cl;,

Figure 92 : GC diagram of oxidation of 3-(phenoxyl)benzyl alcohol with Method B for 11
h.

Figure 93 : GC diagram of 1-phenylethanol in CHxCl,

Figure 94 : GC diagram of oxidation of 1-phenyl-1-propanol with Method B for 12 h.

Figure 95 : GC diagram of 1-phenyl-1-propanol in CH.ClI,,

Figure 96 : GC diagram of oxidation of 1-phenyl-1-propanol with Method B for 12 h.

Figure 97 : GC diagram of 1-indanol in CH.Cl,

Figure 98 : GC diagram of oxidation of 1-indanol with Method B for 16 h.

Figure 99 : GC diagram of benzhydrol in CHxCl>,

Figure 100 : GC diagram of oxidation of benzhydrol with Method B for 16 h.

Figure 101 : GC diagram of 1-octanol in CHxCl,

Figure 102 : GC diagram of oxidation of 1-octanol with Method D for 12 h.

Figure 103 : GC diagram of 2-ethyl hexanol in CH.Cl,,

Figure 104 : GC diagram of TEMPO in CH.Cl,

Figure 105: GC diagram of oxidation of 2-ethyl hexanol with Method D for 16 h.

Figure 106: GC diagram of cyclohexyl carbinol in CHxCl;,



Figure 107
Figure 108
Figure 109

Figure110:
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Figure114:
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Figure119:
Figure120:
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Figure125:
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Figure 127 :

Figure128:
Figure129:
Figure130:
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Figure133:

Figure134:
Figure135:
Figure136:
Figure137:
Figure138:
Figure139:

Figure 140
Figure 140
Figure 141
Figure 142
Figure 143
Figure144
Figure 145

: GC diagram of oxidation of cyclohexyl carbinol with Method D for 16 h.

: GC diagram of cyclopropyl carbinol in CHCl>,

: GC diagram of oxidation of cyclopropyl carbinol withMethod C for 15 h.
GC diagram of 2-phenylethanol in CH,Cl,

GC diagram of oxidation of 2-phenylethanol withMethod D for 19 h.

GC diagram of 2-octanol in CH.Cl,

GC diagram of oxidation of 2-octanol with Method C for 17 h.

GC diagram of 3-octanol in CH.Cl.

GC diagram of oxidation of 3-octanol with Method C for 27 h.

GC diagram of cyclohexanol in CH,Cl,.

GC diagram of oxidation of cyclohexanol with Method D for 20 h.

GC diagram of oxidation of cyclohexanol in the presence of HBr instead of
HCI with Method D for 16 h.

GC diagram of 4-(methylthio)benzyl alcohol in CH.CI,.

GC diagram of oxidation of 4-(methylthio)benzyl alcohol with Method C for
11 h.

GC diagram of 2-thienyl methanol in CH,Cl,.

GC diagram of oxidation of 2-thienyl methanol with Method C for 12 h.
GC diagram of benzy! alcohol and thioanisole in CH.Cl,

GC diagram of oxidation of benzyl alcohol and thioanisole with Method B
for 13 h.

GC diagram of diethyl sulfidein CH.Cl>.

GC diagram of benzy! alcohol in CH.Cl,.

GC diagram of oxidation of benzyl alcohol and diethyl sulfide with M ethod
B for 14 h.

GC diagram of 3-pyridine methanol in CHxCl,

GC diagram of oxidation of 3-pyridine methanol with M ethod C for 24 h.
GC diagram of cinnamyl alcohol in CH2Cl;,

GC diagram of cinnamyl acohol with Method C for 12 h.

GC diagram of (E)-4-phenyl-3-buten-2-ol in CH.Cl,

GC diagram of oxidation of (E)-4-phenyl-3-buten-2-ol withMethod D for 16
h.

GC diagram of 3-methyl-2-buten-1-ol in CHxCl>,

GC diagram of oxidation of 3-methyl-2-buten-1-ol with M ethod D for 32 h.
GC diagram of 3-methoxyl-2-propanol in CHxCl>,

GC diagram of oxidation of 3-methoxyl-2-propanol with Method D for 31 h.
GC diagram of ethyl lactate in CH.Cl;,

GC diagram of oxidation of ethyl lactate with M ethod B for 29 h.

- Figure 172 : The *H and **C NMR spectra of isolated product.
:'H and *C NMR spectraof benzaldehyde.

:H and *C NMR spectraof 2-methylbzaldehyde.

:H and *C NMR spectraof 3-methylbenzaldehyde.

- 'H and **C NMR spectra of 4-methylbenzal dehyde.

:H and *C NMR spectra of 2-chlorobenzaldehyde.

:H and *C NMR spectra of 3-chlorobenzaldehyde.



Figure 146: *H and *C NMR spectra of 4-chlorobenzaldehyde.
Figure 147: *H and *C NMR spectra of 4-fluorobenzal dehyde.

Figure 148: *H and *C NMR spectra of 3,5-difluorobenzaldehyde.
Figure 149: *H and *C NMR spectra of 3,5-bis(trifluoromethyl) benzal dehyde.
Figure 150: *H and *C NMR spectra of 4-methoxybenzaldehyde.
Figure 151: *H and **C NMR spectra of 4-nitrobenzal dehyde.

Figure 152: *H and **C NMR spectra of methyl 4-formylbenzoate.
Figure 153: *H and *C NMR spectra of 3-phenoxybenzal dehyde.
Figure 154: *H and **C NMR spectra of acetophenone.

Figure 155: *H and *C NMR spectra of propiophenone.

Figure 156: *H and *C NMR spectra of 1-indanone.

Figure 157: *H and **C NMR spectra of benzophenone.

Figure 158: *H and *C NMR spectra of octyl aldehyde.

Figure 159: *H and *C NMR spectra of 2-ethylhexanal.

Figure 160: *H and *C NMR spectra of cyclohexanecarboxaldehyde.
Figure 161: *H and *C NMR spectra of cyclopropanecarboxal dehyde.
Figure 162: *H and *C NMR spectra of 2-octanone.

Figure 163: *H and *C NMR spectra of 3-octanone.

Figure 164: *H and **C NMR spectra of cylcohexanone.

Figure 165: *H and *C NMR spectra of 4-(methylthio)benzal dehyde.
Figure 166: *H and *C NMR spectra of 2-thiophenecarboxal dehyde.
Figure 167: *H and *C NMR spectra of the mixture of 3-pyridinecarboxal dehyde and
3-pyridinyl methanol.

Figure 168: *H and *C NMR spectra of trans-cinnamaldehyde.
Figure 169: 'H and *C NMR spectra of (E)-4-phenyl-3-buten-2-ol.
Figure 170: *H and **C NMR spectra of (E)-4-phenyl-3-buten-2-one.
Figure 171: *H and *C NMR spectra of 3-methyl-2-butenal.

Figure 172: *H and **C NMR spectra of methoxyacetone.
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Figure S1: ESI mass spectrum of the solution of TEM PO in acetonitrile.
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Figure S2 : ESI mass spectra of thereaction solution of TEM PO/HCI/NaNO; catalyzed aer obic
oxidation in acetonitrile. ESI(+)-MS carried out with the standard procedure for MS detection for the
sample taken from the reaction mixture of benzyl alcohol (2.0 mmol), TEMPO (0.06 mmol), HCI (0.20
mmol), NaNO, (0.10 mmol) in MeCN (5 mL) stirred at room temperature in an open air atmosphere at the
reaction time of a) 6 h, b) 12 h (complete conversion), and c) 24 h.
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Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 8.528 1549.2 4385 0.0467 100.000 2.254

Totals: 1549.2 4385 100.000

Figure 1. GC diagram of benzyl alcohol in CH,Cl..
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Figure 2: GC diagram of benzoic acid in CH,Clo.
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5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 10.516 1559.1 526.6 0.0425 100.000 1.469
Totals: 1559.1 526.6 100.000

Figure 3: GC diagram of TEMPO in CHCl..
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Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 6.616 8627.6 1517.4 0.0721 100.000 5.956
Totals: 8627.6 1517.4 100.000

Figure 4: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 5mol% of Br,
and 5mol% of NaNO; as catalyst in CH,Cl..
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T S S LR S B e L T E e e I B R
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 6.570 5052.4 1069.1 0.0619 99.245 3.683
2 8.511 384 122 0.0455 0.755 0.512
Totals: 5090.8 1081.3 100.000

Figure5: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 5mol% of
BusNBr3; and 5mol% of NaNO; as catalyst in CH,Cl..
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5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 6.593 6515.3 12644 0.0666 53.153 4.612

2 6.920 81.8 250 0.0489 0677 0.699

3 8.630 5518.1 960.5 0.0720 45.018 6.028

4 9.758 64.0 232 0.0430 0.522 0.892

5 11.814 78.3 53 01754 0.639 6.546
Totals: 5090.8 2278.4 100.000

Figure 6: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 5mol% of
DBDMH and 5 mol% of NaNO; as catalyst in CH,Cl..
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Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 6.510 1784.0 517.1 0.0512 84.938 1.365
2 8.497 3164 1111 0.0437 15.062 0.784
Totals: 5090.8 2278.4 100.000

Figure7: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of NBS
and 5mol% of NaNO; as catalyst in CH,Cl..
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2 6.907 74.8 226 0.0508 0.781 0.753

3 7.889 43.8 142 0.0477 0.457 0.884

4 8.632 5850.0 9971 0.0722 61.081 7.968
Totals: 9649.5 1902.3 100.000

Figure8: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 5 mol% of
TCCA and 5 mol% of NaNO; as catalyst in CH>Cl..
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Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 6.523 2585.0 669.2 0.0528 43.631 1.842

2 6.915 230 70 00464 0.388 0.811

3 8.579 3316.6 717.8 0.0589 55.980 4.073
Totals: 5924.6 1394.0 100.000

Figure9: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 5 mol% of
DCDMH and 5 mol% of NaNO; as catalyst in CHCl».
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1 6.485 36809 8684 0.0565 37.682 2.516

2 8.594 74.8 226 0.0508 0.781 0.753

3 10.610 43.8 142 0.0477 0.457 0.884
Totals: 9649.5 1902.3 100.000

Figure 10: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 5mol% of NCS
and 5mol% of NaNO; as catalyst in CH,Cl..
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Totals: 4098.9 1024.2 100.000

Figure 11: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 5 mol% of |-
and 5mol% of NaNO; as catalyst in CH,Cl..
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2 6.922 198.7 530 00471 1639 0.731

3 8.530 8259 2714 0.0428 8.025 1.262
Totals: 10320.8 1891.5 100.000

Figure 12: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HBr and 5 mol% of NaNO; as catalyst in CH,Cl».



PA -

] 6.734
2500 |

2000 |

1500

1000

500

01— \
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 6.734 23741.0 25935 0.1108 100.000  15.867
Totals: 23741.0 25935 100.000

Figure 13: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HCIl and 5 mol% of NaNO, as catalyst in CH,Clo.
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Figure 14: GC diagram of benzyl alcohol in CHCl..
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Figure 15: GC diagram of TEM PO in CH.Cl;,
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Figure 16 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of HF

and 5mol% of NaNO; as catalyst in CH,Cl..
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Figure 17: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HBF,and 5 mol% of NaNO; as catalyst in CHCl..
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Figure 18 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HNO3 and 5mol% of NaNO, as catalyst in CH,Cl..
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Figure 19: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HNO3 as catalyst in CH,Cl».
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Figure 20 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HCIl and 5 mol% of NaNO3 as catalyst in CH,Clo».
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Figure21: GC diagram of oxidation of benzyl alcohol for 19 h, 3 mol% of TEM PO, 10 mol% of
HCl and 5 mol% of NaNO3 as catalyst in CH,Cl..
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Figure 22: GC diagram of oxidation of benzyl alcohol for 25 h, 3 mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in CH,Cl..
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Figure 23: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HOAc and 5 mol% of NaNO; as catalyst in CH>Cl».

pA -
1400
1200
1000 |
] 8.588
800
600
400
200 6.500
] ,6.904
0 y by T
7 \ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 6.500 1919 572 00491 4.936 0.518

2 6.904 61.0 185 0.0444 1.569 0.703

3 8.588 36344 7634 0.0605 93.496 5.054
Totals: 3887.3 839.1 100.000

Figure24: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
TsOH and 5 mol% of NaNO; as catalyst in CH2Cl..
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Figure 25: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
MeSOsH and 5 mol% of NaNO; as catalyst in CHCl..
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Figure 26: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
CF3CO,H and 5 mol% of NaNO; as catalyst in CH.Cl..
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Figure 27: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
H3PO4and 5 mol% of NaNO; as catalyst in CHCl..
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Figure 28 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
H»SO, and 5 mol% of NaNO; as catalyst in CHCl..
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Figure 29: GC diagram of oxidation of benzyl alcohol for 13 h, 3mol% of TEM PO, 5 mol% of
H2S04, 10 mol% NaCl and 5 mol % of NaNO; as catalyst in CHCl».
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Figure30: GC diagram of oxidation of benzyl alcohol for 14 h, 3mol% of TEM PO, 5mol% of H 2S04,
10 mol% BnNMe;Cl and 5 mol% of NaNO, as catalyst in CHCl..
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Figure 31: GC diagram of oxidation of benzyl alcohol for 17 h, 3mol% of TEM PO, 10 mol% of
H3PO4, 10 mol% NaCl and 5 mol% of NaNO, as catalyst in CH,Cl..
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Figure 32: GC diagram of oxidation of benzyl alcohol for 17 h, 3mol% of TEM PO, 10 mol% of
HBF,4 10 mol% NaCl and 5 mol% of NaNO as catalyst in CH,Cl..
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Figure 33: GC diagram of oxidation of benzyl alcohol for 16 h, 3 mol% of TEMPO, 10 mol % of
MeSO3H, 10 mol% NaCl and 5 mol % of NaNO; as catalyst in CH,Cl..
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Figure 34: GC diagram of oxidation of benzyl alcohol for 17 h, 3mol% of TEMPO, 10 mol% of
CF3CO2H, 10 mol% NaCl and 5mol% of NaNO, as catalyst in CH,Cl;,
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Figure 35: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in CH,Cl..
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Figure 36: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEMPO, 10 mol% of HCI
and 5mol% of NaNO as catalyst in chloroform (CHCl5).
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Figure 37: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in carbon tetrachloride (CCly).

pA 1
25001 6.737
2000
1500 |
1000 |
500 8.556
: 6.986 13.618
O; A U h, ,l o
M M R R R R R S A . .
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 6.737 189939 2307.1 0.1018 98.871 10.793

2 6.966 56.6 159 0.0504 0.295 0.762

3 8.556 112.8 386 00426 0.587 0.586

4 13.616 47.5 183 0.0398 0.247 0.805
Totals: 19210.8 2379.9 100.000

Figure 38: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in 1,2-dichloromethane (CICH,CHCl).
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Figure 39: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 10 mol % of
HCI and 5 mol % of NaNO; as catalyst in 2,2,2-trifluor oethanol (CFsCH>0OH).
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Figure 40: GC diagram of oxidation of benzyl alcohol for 8.0 h, 3mol% of TEM PO, 10 mol% of
HCIl and 5 mol% of NaNO as catalyst in fluor obenzene (PhF).
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Figure41: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in chlorobenzene (PhClI).
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Figure42: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO, as catalyst in toluene (PhMe).
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Figure 43: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in a,a,a-trifluorotoluene (PhCFs3).
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Figure44: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in acetic acid (HOAC).
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Figure45: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in ethyl acetate (EtOAC).
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Figure 46 : GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of
HCI and 5 mol% of NaNO, as catalyst in acetonitrle (MeCN).
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Figure47: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in tert-butanol (t-BuOH).
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Figure 48: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol % of
HCI and 5 mol % of NaNO as catalyst in acetone (M e,CO).



PA 7
1000 |
800
600 8.539
400

200 6.495

O { T 5 T

L B T B B e B B e B e S e AL A S R
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 6.495 3120 949 0.0496 16.867 0.580

2 7.893 8.2 26 00438 0.445 0.921

3 8.539 1529.6 429.7 0.0473 82.688 2.307
Totals: 1849.8 527.2 100.000

Figure 49: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in tetrahydrofuran (THF).
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Figure 50: GC diagram of benzyl alcohol in CHCl..
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Figure51: GC diagram of TEM PO in CH.Cl;,
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Figure52: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO and 8 mol% of
HCl ascatalyst in CH,Cl..
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Figure53: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO and 4 mol% of
NaNO; as catalyst in CH,Cl».
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Figure54: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 8 mol% of HCI
and 4 mol% of NaNO; as catalyst in CH,Cl..
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Figure55: GC diagram of oxidation of benzyl alcohol for 11.5 h, 3mol% of TEM PO, 10 mol% of
HCIl and 5 mol% of NaNO; as catalyst in CH,Clo.
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Figure56: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in CH,Cl..
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Figure57: GC diagram of oxidation of benzyl alcohol for 9.6 h, 3 mol% of TEM PO, 12 mol% of
HCI and 6 mol% of NaNO, as catalyst in CH,Clo.
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Figure58: GC diagram of oxidation of benzyl alcohol for 9.0 h, 3 mol% of TEMPO, 14 mol% of
HCIl and 7 mol% of NaNO; as catalyst in CH,Cl>,
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Figure59: GC diagram of oxidation of benzyl alcohol for 8.5 h, 3mol% of TEMPO, 16 mol% of
HCI and 8 mol% of NaNO; as catalyst in CH,Clo.
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Figure 60: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEM PO, 10 mol% of HCI
and 3.3 mol% of NaNO; as catalyst in CHCl..
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Figure 61: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 10 mol% of HCI
and 2.5 mol% of NaNO; as catalyst in CHCl..
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Figure 62: GC diagram of oxidation of benzyl alcohol for 10 h, 3mol% of TEM PO, 5 mol% of HCI
and 5mol% of NaNO; as catalyst in CH,Cl..
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Figure 63: GC diagram of oxidation of benzyl alcohol for 10 h, 3 mol% of TEMPO, 2.5 mol% of
HCIl and 5 mol% of NaNO, as catalyst in CH,Clo.

pA ]
1 5.882
1000 |
800 |
600 |
400
] 7.455
200 6.10}[
0 L .
—,——————————————— 11—
5 10 15 20 25 30_min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry

1 5.882 24993 853.3 0.0407 80.134 0.961

2 6.107 50.9 211 0.0369 1631 0.872

3 7.455 568.7 221.0 0.0368 18.235 7.265
Totals: 31189 10954 100.000

Figure 64: GC diagram of oxidation of benzyl alcohol for 10 h, 2 mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in CH,Cl..
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Figure 65: GC diagram of oxidation of benzyl alcohol for 10 h, 1 mol% of TEM PO, 10 mol% of HCI
and 5mol% of NaNO; as catalyst in CH,Cl..
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Figure 66: GC diagram of oxidation of benzyl alcohol with Method A for 10 h.
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Figure 67: GC diagram of 2-methylbenzyl alcohol in CH,ClI,.
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Figure 68: GC diagram of oxidation of 2-methylbenzyl alcohol with Method B for 10 h.
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Figure 69: GC diagram of 3-methylbenzyl alcohol in CH.ClI,.
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Figure 70: GC diagram of oxidation of 3-methylbenzyl alcohol with Method B for 10 h.



pA |
800
600

: 10.606

400

200

T S e TR HE s e S e L S B e e S B T
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 10.606 14135 4609 0.0413 100.000 2.207
Totals: 14135 460.9 100.000

Figure 71: GC diagram of 4-methylbenzyl alcohol in CH.ClI,.
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Figure 72: GC diagram of oxidation of 4-methylbenzyl alcohol with Method B for 16 h.
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Figure 73 : GC diagram of 2-chlor obenzyl alcohol in CH.Cl,.

PA
800
] 10213
600
400
200
0o — J*
———
5 10 15 20 25 mir

Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 10.213 1986.9 640.7 0.0442 100.000 2.019
Totals: 1986.9 640.7 100.000

Figure 74: GC diagram of oxidation of 2-chlorobenzyl alcohol with Method A for 13 h.



PA ]
500
400

] 12.551
300
200

100

0

L e e L S B B e L B S B e e ML S
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 12.551 714..7 279.7 0.0399 100.000 1.290
Totals: 714..7 279.7 100.000

Figure 75 : GC diagram of 3-chlorobenzyl alcohol in CH.Cl,.
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Figure 76: GC diagram of oxidation of 3-chlorobenzyl alcohol with M ethod B for 10 h.
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Figure 77 : GC diagram of 4-chlorobenzyl alcohol in CH.Cl.
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Figure 78: GC diagram of oxidation of 4-chlorobenzyl alcohol with Method A for 10 h.
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Figure 79 : GC diagram of 4-fluor obenzyl alcohol in CH,ClI,.
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Figure 80: GC diagram of oxidation of 4-fluor obenzyl alcohol with Method A for 10 h.
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Figure 81 : GC diagram of 3,5-difluorobenzyl alcohol in CH.ClI;,
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Figure 82: GC diagram of oxidation of 3,5-difluorobenzyl alcohol with Method A for 10 h.
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Figure 83 : GC diagram of 3,5-bis(trifluoromethyl)benzyl alcohol in CH,Cl,,
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Figure 84 : GC diagram of oxidation of 3,5-bis(trifluoromethyl)benzyl alcohol with Method A for 12
h.
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Figure 85 : GC diagram of 4-methoxybenzyl alcohol in CH,Cl,
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Figure 86 : GC diagram of oxidation of 4-methoxybenzyl alcohol with Method B for 15 h.
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Figure 87 : GC diagram of methyl 4-(hydroxymethyl) benzoate in CH,Cl;,
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Figure 88 : GC diagram of oxidation of methyl 4-(hydroxymethyl) benzoate with Method B for 12 h.
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Figure 89 : GC diagram of 4-nitrobenzyl alcohol in CH,Cl,
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Figure 90 : GC diagram of oxidation of 4-nitrobenzyl alcohol with Method A for 13 h.
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Figure 91 : GC diagram of 3-(phenoxyl)benzyl alcohol in CH,Cl;,
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Figure 92 : GC diagram of oxidation of 3-(phenoxyl)benzyl alcohol with Method B for 11 h.
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Figure 93: GC diagram of 1-phenylethanol in CH,ClI;,
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Figure 94 : GC diagram of oxidation of 1-phenylethanol with Method B for 12 h.
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Figure 95 : GC diagram of 1-phenyl-1-propanol in CH,Cl;,
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Figure 96 : GC diagram of oxidation of 1-phenyl-1-propanol with Method B for 12 h.
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Figure 97 : GC diagram of 1-indanol in CH.Cl,,
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Figure98: GC diagram of oxidation of 1-indanol with Method B for 16 h.
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Figure 99 : GC diagram of benzhydrol in CH,Cl,
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Figure 100 : GC diagram of oxidation of benzhydrol with Method B for 16 h.
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Figure 101 : GC diagram of 1-octanol in CH,Cl,
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Figure 102 : GC diagram of oxidation of 1-octanol with Method D for 12 h.
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Figure 103 : GC diagram of 2-ethyl hexanol in CH,Cl;,
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Figure 104 : GC diagram of TEMPO in CH.Cl,
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Figure 105: GC diagram of oxidation of 2-ethyl hexanol with Method D for 17h.
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Figure 106: GC diagram of cyclohexyl carbinol in CH,Cl,.
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Figure 107: GC diagram of oxidation of cyclohexyl carbinol with Method D for 16 h.
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Figure 108: GC diagram of cyclopropyl carbinol in CH,Cl,
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Figure 109: GC diagram of oxidation of cyclopropyl carbinol with Method C for 15 h.
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Figure 110 : GC diagram of 2-phenylethanol in CH.Cl,.
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Figure 111 : GC diagram of oxidation of 2-phenylethanol with Method D for 19 h.
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Figure 112 : GC diagram of 2-octanol in CH,Cl,
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Figure 113 : GC diagram of oxidation of 2-octanol with Method C for 17 h.
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Figure 114 : GC diagram of 3-octanol in CH,Cl,
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Figure 115 : GC diagram of oxidation of 3-octanol with Method C for 27 h.
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Figure 116 : GC diagram of cyclohexanol in CH,Cl;,
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Figure 117 : GC diagram of oxidation of cyclohexanol with Method D for 24 h.

PA

600%

500%

400%
] 8.370

300

200%

100

0 !
7 T T T T \ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
5 10 15 20 25 min

Peak Ret. Time(min) Area Height Width Area(%) Symmetry
1 8.370 727.0 297.8 0.0362 100.000 1.107
Totals: 7270 297.8 100.000

Figure 118 : GC diagram of oxidation of cyclohexanol in the presence of 16 mol % HBr instead of
HCI with Method D for 16 h.
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Figure 119: GC diagram of 4-(methylthio)benzyl alcohol in CH,Cl,
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Figure 120 : GC diagram of oxidation of 4-(methylthio)benzyl alcohol with Method C for 11 h.
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Figure 121 : GC diagram of 2-thienyl methanol in CH,Cl>,
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Figure 122 : GC diagram of oxidation of 2-thienyl methanol with Method C for 12 h.
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Figure 123 : GC diagram of benzyl alcohol and thioanisole in CH,Cl»,
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Figure 124 : GC diagram of oxidation of benzyl alcohol and thioanisole with Method B for 13 h.
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Figure 125 : GC diagram of diethyl sulfidein CH.ClI,,
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Figure 126 : GC diagram of benzyl alcohol in CH.Cl,.
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Figure 127 : GC diagram of oxidation of benzyl alcohol and diethyl sulfidewith Method B for 14 h.
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Figure 128: GC diagram of 3-pyridine methanol in CH,Cl;,
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Figure 129 : GC diagram of oxidation of 3-pyridine methanol with Method B for 24 h.
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Figure 130 : GC diagram of cinnamyl alcohol in CH,Cl,
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Figure 131 : GC diagram of cinnamyl alcohol with Method C for 12 h.
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Figure 132 : GC diagram of (E)-4-phenyl-3-buten-2-ol.
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Figure 133 : GC diagram of oxidation of (E)-4-phenyl-3-buten-2-ol with Method D for 16 h.
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Figure 134 : GC diagram of 3-methyl-2-buten-1-ol in CH,Cl;,
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Figure 135: GC diagram of oxidation of 3-methyl-2-buten-1-ol with Method D for 32 h.
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Figure 136 : GC diagram of 3-methoxyl-2-propanol in CH,Cl,
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Figure 137 : GC diagram of oxidation of 3-methoxyl-2-propanol with Method D for 31 h.
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Figure 138: GC diagram of ethyl lactate in CH,Cl5,
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Figure 139 : GC diagram of oxidation of ethyl lactate with Method B for 29 h.
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Figure 140: 'H and **C NMR spectra of benzaldehyde.
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Figure 141: 'H and **C NMR spectra of 2-methylbenzaldehyde.
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Figure 142: 'H and **C NMR spectra of 3-methylbenzaldehyde.
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Figure 143: 'H and **C NMR spectra of 4-methylbenzaldehyde.
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Figure 144: 'H and **C NMR spectra of 2-chlor obenzaldehyde.
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Figure 145: 'H and **C NMR spectra of 3-chlor obenzaldehyde.
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Figure 146: 'H and **C NMR spectra of 4-chlor obenzaldehyde.
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Figure 147: 'H and **C NMR spectra of 4-fluor obenzaldehyde.
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Figure 148: 'H and **C NMR spectra of 3,5-difluor obenzaldehyde.
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Figure 149: 'H and **C NMR spectra of 3,5-bis(trifluoromethyl) benzaldehyde,
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Figure 150: 'H and **C NMR spectra of 4-methoxybenzaldehyde.
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Figure 151: 'H and **C NMR spectra of 4-nitrobenzaldehyde.
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Figure 152: 'H and **C NMR spectra of methyl 4-formylbenzoate.
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Figure 153: 'H and **C NMR spectra of 3-phenoxybenzaldehyde.
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Figure 154: 'H and **C NMR spectra of acetophenone.
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Figure 155: 'H and **C NMR spectra of propiophenone.
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Figure 156: 'H and **C NMR spectra of 1-indanone.
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Figure 157: 'H and **C NMR spectra of benzophenone.
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Figure 158: 'H and **C NMR spectra of octanal.
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Figure 159: 'H and **C NMR spectra of 2-ethylhexanal.
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Figure 160: 'H and **C NMR spectra of cyclohexanecar boxaldehyde.
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Figure 161: of 'H and **C NMR spectra of cyclopropanecar boxaldehyde.
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Figure 162: *H and **C NMR spectra of 2-octanone.
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Figure 163: 'H and **C NMR spectra of 3-octanone.
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Figure 164: 'H and **C NMR spectra of cylcohexanone.
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Figure 165: *H and **C NMR spectra of 4-(methylthio)benzaldehyde.
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Figure 166: 'H and **C NMR spectra of 2-thiophenecar boxaldehyde.
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Figure 167: 'H and **C NMR spectra of the mixture of 3-pyridinecar boxaldehyde and 3-pyridyl
methanol.
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Figure 168: 'H and **C NMR spectra of trans-cinnamaldehyde.
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Figure 169: 'H and **C NMR spectra of (E)-4-phenyl-3-buten-2-ol.
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Figure 170: 'H and **C NMR spectra of (E)-4-phenyl-3-buten-2-one.
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Figure 171: 'H and **C NMR spectra of 3-methyl-2-butenal.
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Figure 172: 'H and **C NMR spectra of methoxyacetone.



