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1. General information

Unless otherwise stated, all the materials were purchased from commercial suppliers and were
used as received. Solvents were dried by solvent purification system from LC Technology
Solution Inc. Flash chromatography was performed on SepaBeanTM machine. Products were
characterized by 'H NMR, 13C NMR, 3'P NMR and HRMS spectroscopy. All H, 13C NMR and
31P NMR spectra were recorded on Bruker 400 MHz spectrometer or Varian 400 MHz
spectrometer. 'TH NMR and 3C{'H} NMR chemical shifts are reported in ppm referenced to
tetramethylsilane or the residual signals of the deuterated solvent. 3'P{'H} NMR chemical shifts
are reported in ppm referenced to an external 85% solution of phosphoric acid in D20. The
NMR chemical shift values refer to CDClI3z (o ('H), 7.26 ppm; o (13C), 77.16 ppm). In 13C NMR,
the C-P coupling constant data is omitted due to the complexity, except for aliphatic carbon
atoms. GC-MS data were obtained on Shimadzu GCMS-P2010 SE, GC data were obtained on
Shimadzu GC-2010 Plus. All measurements were carried out at room temperature unless
otherwise stated.

2.1 General procedure for reactions in Scheme 2: To a 38 mL sealing tube in an nitrogen-filled
glove box, the metal source and different kinds of PNP or PNN ligands were added followed by
addition of solvent (2 mL). Then the tube was sealed and the resulted mixture was stirred
outside the glove box at 120 °C for 1 h (to generate the catalyst /n sifu). The mixture was
allowed to cool down to room temperature. To the mixture were added butanol or another
aliphatic chain alcohol (0.3 mmol) and BuOK under N2 atomsphere. The reaction was stirred at
100 °C for 4 h. The yield was determined by GC analysis using n-dodecane or rn-hexadecane as
an internal standard.

2.2 General procedure for reactions of 2-phenylethanol and methanol (Table 1): To a 38 mL
sealing tube in an nitrogen-filled glove box, the metal source, PNP ligand (obtained from in-s/fu
neutralization of PNP.HCI salt with BuOK) and aldehyde were added followed by addition of
solvent (2 mL). Then the tube was sealed and the resulted mixture was stirred outside the glove
box at 120 °C for 1 h (to generate the catalyst). The mixture was allowed to cool down to room
temperature. To this mixture were added 2-phenylethanol (0.3 mmol), methanol (4.5 mmol) and
K2COs under N2 atomsphere. The reaction was stirred at 120 °C for 16 h. The yield was
determined by GC analysis using r-tetradecane as an internal standard.

2.3 Condition optimization for the reaction of benzyl alcohol and methanol.

Reaction procedure: To a 38 mL sealing tube in an nitrogen-filled glove box, the metal source,
PNP ligand (obtained from in-s/fuv neutralization of PNP.HCI salt with BuOK) and aldehyde were
added followed by addition of solvent (2 mL). Then the tube was sealed and the resulted
mixture was stirred outside the glove box at 120 °C for 1 h (to generate the catalyst). The
mixture was allowed to cool down to room temperature. To this mixture were added benzyl
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alcohol (0.3 mmol), methanol (4.5 mmol) and K2CO3 under N2 atomsphere. The reaction was
stirred at 120 °C for 16 h. The yield was determined by GC analysis using n-tetradecane as an
internal standard.

Table S1 Investigation of different ligands and solvents for the reaction of benzyl alcohol and
methanol?

2 mol% L1, 2.5 mol% A (0]
©/\OH 1 mol% Ru1, 10 mol% tBuOK oMe
2 mL solvent, x eq. MeOH
120°C, 16 h
1i 2i
X X X
| b7 H | b7 H | 7 H
N N Br N
(0] o] (0]
H A1 A2 A3
N
PhPp” """ pph,

L1 A 0 H
| o B
%H MH Q—§O
(0]
A4 A7

A8
Entry A Solvent MeOH (eq.) Yield (%)?
1 A1 toluene 15 6
2 A2 toluene 15 8
3 A3 toluene 15 9
4 A4 toluene 15 19
5 A7 toluene 15 7
6 A8 toluene 15 8
7 A4 toluene 2 5
8 A4 toluene 5 12
9 A4 toluene 40 trace
10 A4 MeOH 0 0
11 A4 CPME 15 8
12 A4 mesitylene 15 37
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13 A4 THF 15 trace
14 A4 1,4-dioxane 15 12

15 A4 DEDM 15 trace

aReaction conditions: 1i (0.3 mmol), Ru1 (1 mol%), L1 (2 mol%), A (2.5 mol%) , BuOK (10
mol%), MeOH (X eq.) and solvent (2 mL) for 16 h, unless otherwise noted. ®Determined by
GC analysis using r-tetradecane as an internal standard. CPME = Cyclopentyl methyl ether.
DEDM = Diethylene glycol dimethyl ether.

Table S2 Investigation of different ruthenium sources and bases for the reaction of benzyl
alcohol and methanol?

2 mol% L1, 2.5 mol% A4 (@)
gOH 2 mol % [M], x mol% base o Me
2 mL mesitylene, 15 eq. MeOH
120 °C, 16 h
1i 2i
[RuCl2(p-cymene)]2 Ru(2-Me-allyl)2(cod) Ru(acac)s
[M]:
Ru1 Ru2 Ru3
Base
Entry [M] [M] (mol%) Base Yield (%)
(mol%)
1 Ru1 1 BuOK 10 37
2 Ru2 2 BuOK 10 42
3 Ru3 2 BuOK 10 18
4 RuCl2(DMSO)4 2 BuOK 10 25
5 Ru1 1 KOH 10 37
6 Ru1 1 K2COs 10 55
7 Ru1 1 EtsN 10 0
8 Ru1 1 K2COs3 20 68
9 Ru1 1 K2COs3 40 69
10 Ru1 1 K2COs 60 72

S4



aReaction conditions: 1i (0.3 mmol), L1 (2 mol%), A4 (2.5 mol%) , base (x mol%), MeOH (15 eq.)
and mesitylene (2 mL) at 120 °C for 16 h, unless otherwise noted. ®Determined by GC analysis
using n-tetradecane as an internal standard.

Table S3 Investigation of reaction temperatures and time for the reaction of benzyl alcohol and
methanol?

2 mol% L1, 2.5 mol% A4 O
OH 1 mol% Ru1. 20 mol% K,CO4 Me
(jA 2mL mesitylene, 15 eq. MeOH @kd
1i 2i
Entry Temp (°C) Time (h) Yield (%)?
1 60 16 0
2 80 16 8
3 100 16 32
4 120 16 72
5 120 4 30
6 120 8 50

aReaction conditions: 1i (0.3 mmol), Ru1 (1 mol%), L1 (2 mol%), A4 (2.5 mol%) , K2CO3 (20
mol%), MeOH (15 eq.) and mesitylene (2 mL). #Determined by GC analysis using n-tetradecane
as an internal standard.
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3. Characterization data

3.1.1 Syntheses of bis(2-chloroethyl)trimethylsilylamine

(1) EtsN
§ (2) TMSCI TMS
clI N Et,0, DMSO o >N

3.1.2 The title compound was synthesized following the reported procedure.!

To a stirred suspension of bis(2-chloroethyl)amine hydrochloride (10 g, 56.0 mmol) in 100 mL
EtoO at 0 °C, 0.25 mL DMSO, triethylamine (17.0 g, 168.0 mmol) and trimethylchlorosilane (21.3
g, 196 mmol) were added dropwise over half an hour. Then the solution was stirred for one hour
at 0 °C, followed by warming up to room temperature and stirrring for further 3-5 days. The
solution was filtered and the volatiles of the liquid portion were removed in vacuo and the
product was obtained as yellow viscous liquid (9.5 g, 44.4 mmol, 79.2 % yield).

"H NMR (400 MHz, CDCl3) 63.37 (t, /= 7.4 Hz, 4H), 3.03 (t, /= 7.4 Hz, 4H), 0.07 (s, 9H).
3.2.1 Synthesis of bis(2-(diphenylphosphanyl)ethyl)amine

H 1) n-BulLi, -78 °C, hexane

o) H HCI
P (2) Bis(2-chloroethyl)trimethysilylamine in THF _ Ph. /\/I\Il\/\ _Ph
(3) H,O, TBAF (2 eq.) I:|> l?
)

o Ph Ph
(4) HCI (1M in diethylether)

3.2.2 The title compound was synthesized referring to the reported procedure.2

Diphenyl phospine (11 g, 59 mmol) was dissolved in 80 mL of n-hexane followed by cooling to -
78 °C. n-BuLi (2.5 M in n-hexane, 25 mL, 62.5 mmol) was added dropwise to the solution. Then,
after the solution was stirred for half an hour at this temperature, it was warmed up to room
temperature and the yellow solution was stirred for five hours. 10 mL of THF was added and the
solution was again cooled down to -40 °C. 6.32 g (295 mmol) of bis(2-
chloroethyl)trimethylsilylamine diluted in 10 mL of THF was added dropwise with white solid
precipitated out. The yellow suspension was stirred for 16 h at room temperature. Afterwards,
30 mL of water and 60 mL of TBAF (1M solution in THF, 60 mmol) were added and the resulting
two-phase system was stirred for 3-5 days at room teppertature.

Most of the organic solvents were removed in vacuo and the product was extracted three
times with Et2O. The organic layer was dried over MgSOQyu, filtered. The volatiles of the liquid
portion were removed by evaporation and the white product was dried in vacuo. The pincer
ligand was further purified by adding one equivalent of HCI (1M in diethylether) to achieve the
corresponding HCI solid adduct.

1H NMR (400 MHz, CDCls), 59.95 (s, 2H), 7.28(m, 20H), 2.91 (m, 4H), 2.50 (m, 4H).
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31P NMR (162 MHz, CDClz) 6-21.03 ppm.
3.3.1 Synthesis of 2-(Diphenylphosphaneyl)-N-(pyridin-2-ylmethyl)ethan-1-amine (L2)

A [\ =
| N o, Hol b-Ph 1THF, 1h,rt | ”/\
_N H” h N N
Ph 2)DIBAL, toluene, 1h, rt (L2) pyPh

3.3.2 The title compound was synthesized referring to the reported procedure.3

A solution of 2-picolylaldehyde (0.514 g, 4.8 mmol) in THF (5 mL) was slowly added to a
solution of the PN ligand (1.0 g, 4.36 mmol) in THF (20 mL). The reaction mixture was stirred for
1 h at room temperature. After the completion of the reaction the solvent was reduced in vacuo
and the residue was dissolved in toluene (20 mL). A solution of diisobutylaluminium hydride in
toluene (4.36 mL, 5.23 mmol, 1.2 M) was subsequently added to the reaction mixture dropwise.
The reaction mixture was stirred for another 1 h at room temperature, and then quenched with
water and extracted with toluene. The organic layer was dried with Na>SO4 and concentrated
under reduced pressure. The residue was purified by column chromatography using ethyl

acetate/EtsN as eluent to afford L2 as pale yellow oil. (1.20 g, 86 %).

1H NMR (600 MHz, CDCls): & 8.53 (d, J= 4.8 Hz, 1H), 7.60-7.50 (m, 1H), 7.43-7.40 (m, 4H), 7.3
(m, 6H), 7.24 (m, 1H),7.14 (m, 1H), 3.88 (s, 2H), 2.81 (dd, J = 15.6, 7.9 Hz, 2H), 2.34-2.31 (m,
2H), 1.98 (br, NH). 13C NMR (100 MHz, CDCls): & 159.5, 149.3, 138.3 (d, J = 12.0 Hz), 136.4,
132.7 (d, J= 19.0 Hz), 128.6, 128.5, 128.4 (d, J= 7.0 Hz), 122.2 (d, J= 12.0 Hz), 55.0, 46.3 (d,

J=21.0 Hz), 29.0 (d, /= 12.0 Hz). 3'P NMR (162 MHz, CDCl3): 6 -21.11 ppm.

3.4.1 Synthesis of

(2-((2-(diphenylphosphanyl)ethyl)(pyridin-2-ylmethyl)amino)ethyl)diphenylphosphine oxide or

(2-((2-(diphenylphosphanyl)ethyl)(isoquinolin-3ylmethyl)amino)ethyl)diphenylphosphine oxide

Z Z
Hucl (1) K,C0O3 0.6 eq, 60 °C, 2 h N | (3) < /JEI)‘\
Ph\P/\/N\/\P,Ph > N N jth
N

o o 0O
Fl’h lljh (2) picolinaldehyde 1 eq., 70 °C, 8 h Ph\P/\/N\/\I-:-),Ph thp/\/

| |
Ph Ph intermediate ready for O-transfer
7z
H | w4 _ 0
THCI (1) K,CO3 0.6 eq, 60 °C, 2 h N S A L0
Ph\P/\/N\/\P,Ph > N N PPh,
) ) (2) 2-quinolinecarboxaldehyde 1 eq. Ph*p/\/N\/\I';'yPh PhZP/\/N
Ph Ph 70°C,8h . .
Ph Ph intermediate ready for O-transfer
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3.4.2 The title compounds were synthesized via the oxygen transfer amination procedure.

In a glove box, L1.HCI (1 g, 2.1 mmol) was dissolved in 3.0 ml of toluene solvent, and K2CO3
(48.1 mg, 1.26 mmol, 0.6 eq.) was added and stirred at 60 °C for 2 h. After cooling down to
room temperature, picolinaldehyde or 2-quinolinecarboxaldehyde (225 mg or 330 mg, 2.1 mmol,
1eq.) was added under N2 followed by stirring at 70 °C for 8 h. Then, 2M HCI solution (ag.) was
added to the reaction mixture until no more bubbles were generated. Next, distilled water and
anhydrous diethyl ether were added for extraction. The organic phase was combined, dried over
anhydrous magnesium sulfate, and then filtered to remove the magnesium sulfate. After
removing the ether by evaporation, anhydrous diethyl ether was added to wash the residue and
give the desired product as white solid.

(2-((2-(diphenylphosphanyl)ethyl)(pyridin-2-ylmethyl)amino)ethyl)diphenylphosphine oxide, L3
'H NMR (400 MHz, CDCl3) 68.46 (d, J=4.12 Hz, 1H), 7.67 (d, J= 7.28 Hz, 2H), 7.64 (d, J=
6.92 Hz, 2H), 7.52 (dd, J= 6.2, 13.9 Hz, 2H), 7.47 (d, J= 6.2 Hz, 2H), 7.44 - 7.40 (m, 4H), 7.36
-7.32 (m, 4H), 7.28 - 7.26 (m, 6H), 7.10 (t, /= 5.94 Hz, 1H), 3.73 (s, 2H), 2.88 (dd, J/=7.4, 15.2
Hz, 2H), 2.62 (dd, J=6.9, 17.5 Hz, 2H), 2.42 - 2.35 (m, 2H), 2.18 - 2.15 (m, 2H). 13C NMR (100
MHz, CDCIs) & 159.3, 149.1, 138.6, 136.6, 133.7, 132.9, 131.8, 130.9, 128.9, 128.7, 128.6,
122.5, 59.7, 50.6(d,Lo,p = 20.0 Hz), 46.2, 27.0(d,JL,p = 59.0 Hz), 26.7(d,Jcp = 3.0 Hz). 3P NMR
(162 MHz, CDCl3) 6 31.13, -20.19 ppm.

HRMS: C34H34N20OP2 [M+H*]; calculated: 549.2219, found: 549.2225.

(2-((2-(diphenylphosphanyl)ethyl)(quinolin-2-ylmethyl)amino)ethyl)diphenylphosphine oxide, L4
"H NMR (400 MHz, CDCl3) 68.00 (t, /= 8.0 Hz, 2H), 7.77 (d, J= 8.0 Hz, 1H), 7.69 (t, /= 7.1 Hz,
1H), 7.62 - 7.56 (m, 4H), 7.54 - 7.47 (m, 2H), 7.39 (t, /= 7.4 Hz, 2H), 7.34 - 7.27 (m, 8H), 7.22 -
7.20 (m, 6H), 3.90 (s, 2H), 2.95 - 2.85 (m, 2H), 2.67 - 2.66 (m, 2H), 2.42 - 2.39 (m, 2H), 2.24 -
2.15 (m, 2H).

3C NMR (100 MHz, CDCI3) 6 160.0, 147.5, 138.3, 136.4, 133.4, 132.8, 131.72, 131.7, 130.7,
129.4, 129.1, 128.6, 128.61, 128.5, 128.5, 127.6, 127.5, 126.2, 121.2, 60.3, 49.9(d,/Lp= 21.0
Hz), 46.1, 26.3(d,J,p = 68.0 Hz), 25.6(d,Jp = 2.0 Hz). 3'P NMR (162 MHz, CDCl3) 6 31.23 , -
20.28 ppm.

HRMS: C3gH3sN20OP2 [M+H*]; calculated: 599.2376, found: 599.2374.

3.5 NMR data of products

O\
T

methyl 2-phenylacetate (2a).4 Pale yellow oil; 75% yield; 'TH NMR (400 MHz, CDCl3) 6 7.30 -
7.25 (m, 5H), 3.65 (s, 3H), 3.60 (s, 2H).13C NMR (100 MHz, CDCI3) 6172.0, 134.1, 129.3, 128.6,
127.0, 52.0, 41.2.

o)
WO/
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methyl 3-phenylpropanoate (2b).5 Pale yellow oil; 89% yield; '"H NMR (400 MHz, CDCI3z) 67.30 -
7.22 (m, 5H), 3.68 (s, 3H), 2.97 (t, /= 7.8 Hz, 2H), 2.65 (t, /= 7.8 Hz, 2H). '3C NMR (101 MHz,
CDCI3) 6173.4, 140.5, 128.5, 128.3, 126.3, 51.6, 35.7, 31.0.

o)
o~
methyl pentanoate (2d).6 Clear colorless liquid; 86% yield; 'TH NMR (400 MHz, CDCI3) 6 3.65 (s,
3H), 2.29 (t, J= 7.5 Hz, 2H), 1.65-1.52 (m, 2H), 1.40-1.26 (m, 2H), 0.90 (t, J= 7.3 Hz, 3H). 13C
NMR (101 MHz, CDClz) 6 174.4, 51.5, 33.9, 27.2, 22.4, 13.8.

0
/\/\)J\O/
methyl hexanoate (2e).6 Clear colorless liquid; 89% vyield; '"H NMR (400 MHz, CDClI3) & 3.65 (s,
3H), 2.28 (t, /= 7.6 Hz, 2H), 1.66-1.53 (m, 2H), 1.37-1.21 (m, 4H), 0.88 (t, /= 6.8 Hz, 3H). 13C
NMR (101 MHz, CDCl3z) 6 174.3, 51.4, 34.0, 31.3, 24.6, 22.3, 13.9.

0]

S

methyl benzoate (2i).” Clear colorless oil; 83% yield; 1H NMR (400 MHz, CDCls) 6 8.04 (d, J=
8.0 Hz, 2H), 7.55 (t, /= 7.4 Hz, 1H), 7.43 (t, /= 7.6 Hz, 2H), 3.91 (s, 3H). 13C NMR (100 MHz,
CDCl3) 6167.2, 133.0, 130.3, 129.7, 128.4, 52.2.

(0]

o

methyl 4-methylbenzoate (2j).7 Pale yellow oil; 93% vyield; '"H NMR (400 MHz, CDCls) 6 7.91 (d,
J=8.3 Hz, 2H), 7.19 (d, J= 7.9 Hz, 2H), 3.86 (s, 3H), 2.36 (s, 3H). '3C NMR (100 MHz, CDClIz)
0167.1, 143.5, 129.6, 129.0, 127.5, 51.8, 21.5.
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0]

/@)J\O/
MeO

methyl 4-methoxybenzoate (2k).” Pale yellow oil; 90% yield; 'TH NMR (400 MHz, CDCIz) 6 7.98
(d, J=8.2 Hz, 2H), 6.90 (d, J = 8.2 Hz, 2H), 3.87 (s, 3H), 3.83 (s, 3H). '3C NMR (100 MHz,

CDCl3) 6166.9, 163.5, 131.7, 122.4, 113.7, 55.5, 51.9.

@AO/
Ph

methyl [1,1"-biphenyl]-4-carboxylate (21).7 84% yield; 'H NMR (400 MHz, CDCls) &6 8.11 (d, J =
8.0 Hz, 2H), 7.68 — 7.62 (m, 4H), 7.49 — 7.38 (m, 3H), 3.95 (s, 3H). 13C NMR (100 MHz, CDCls)

0167.1, 145.8, 140.2, 130.2, 129.1, 128.3, 127.4, 127.2, 52.2.

/@)‘\O/
F

methyl 4-fluorobenzoate (2m).” Clear colorless liquid; 69% vyield; '"H NMR (400 MHz, CDCl3) &
8.02 - 7.99 (m, 2H), 7.06 (t, /= 8.5 Hz, 2H), 3.87 (s, 3H). '3C NMR (100 MHz, CDCls) 6 167.1,
165.3 (d, J=158.7 Hz), 132.2 (d, /= 9.3 Hz), 126.5 (d, /= 3.1 Hz), 115.5 (d, J=21.9 Hz), 52.2.

/O)ko/
Cl

methyl 4-chlorobenzoate (2n).8 Pale yellow oil; 80% yield; TH NMR (400 MHz, CDClI3z) 67.96 (d,
J=8.5 Hz, 2H), 7.40 (d, J = 8.5 Hz, 2H), 3.91 (s, 3H). '3C NMR (100 MHz, CDCI3) 6 166.3,

139.5, 131.1, 128.83, 128.77, 52.4.

)

/@)J\O/
Br
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methyl 4-bromobenzoate (20).8 Pale yellow oil; 82% yield; 'TH NMR (400 MHz, CDCl3) 6 7.88 (d,
J= 8.4 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H), 3.90 (s, 3H). '3C NMR (100 MHz, CDCI3) 6 166.4,
131.8, 131.2, 129.2, 128.1, 52.4.

bond

methyl 4-iodobenzoate (2p).° Pale yellow oil; 35% yield; 'TH NMR (400 MHz, CDClIz) 6 7.81 -
7.71 (m, 4H), 3.89 (s, 3H). 3C NMR (100 MHz, CDCls) 6 166.6, 137.8, 131.1, 129.7, 100.8, 52.4.

0]

/@)J\O/
Fs;C

methyl 4-(trifluoromethyl)benzoate (2q).” Pale yellow oil; 61% yield; '"H NMR (400 MHz, CDCls)
08.12 (d, J= 8.0 Hz, 2H), 7.67 (d, J= 8.0 Hz, 2H), 3.93 (s, 3H). 3C NMR (100 MHz, CDCl3) o
164.6, 133.3 (q, J = 32.7 Hz), 132.4 (m), 128.9, 124.2 (q, J = 3.7 Hz), 123.5 (q, J = 272.6 Hz),
51.6.

dimethyl terephthalate (2r).” White powder; 58% yield; '"H NMR (400 MHz, CDCl3) 6 8.07 (s, 4H),
3.92 (s, 6H).13C NMR (100 MHz, CDCIls3) 6 166.3, 134.0, 129.6, 52.5.

methyl 3-methylbenzoate (2s).8 Clear colorless liquid; 84% yield; '"H NMR (400 MHz, CDCl3) &
7.84 (t, J=5.9 Hz, 2H), 7.35 - 7.28 (m, 2H), 3.89 (s, 3H), 2.38 (s, 3H). 13C NMR (100 MHz,
CDCIs) 6167.3, 138.1, 133.7, 130.1, 128.3, 126.7, 52.0, 21.2.
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OMe
methyl 3-methoxybenzoate (2t).8 Pale yellow oil; 81% yield; "H NMR (400 MHz, CDCI3) 67.63 —

7.55 (m, 2H), 7.33 (t, J = 7.9 Hz, 1H), 7.08 (d, J = 7.4 Hz, 1H), 3.90 (s, 3H), 3.83 (s, 3H). 13C
NMR (100 MHz, CDCls) 5167.0, 159.6, 131.5, 129.4, 122.0, 119.50, 114.1, 55.4, 52.2.

O]

C”

methyl 2-methylbenzoate (2u).8 Pale yellow oil; 80% yield; '"H NMR (400 MHz, CDClI3z) 6 7.89 (d,
J=8.3 Hz, 1H), 7.36 (t, /= 7.5 Hz, 1H), 7.21 (d, J= 4.0 Hz, 2H), 3.86 (s, 3H), 2.59 (s, 3H). 13C
NMR (100 MHz, CDCl3z) 6 168.1, 140.2, 1320, 131.7, 130.6, 129.6, 125.7, 51.8, 21.7.

S

methyl 2-naphthoate (2v).8 Pale yellow oil; 82% yield; "H NMR (400 MHz, CDCI3) 6 8.62 (s, 1H),
8.07 (d, /= 8.6 Hz, 1H), 7.95 (d, J= 8.0 Hz, 1H), 7.88 (d, J= 8.6 Hz, 2H), 7.61 — 7.52 (m, 2H),
3.99 (s, 3H).13C NMR (100 MHz, CDCI3) 6 167.4, 135.7, 132.7, 131.2, 129.5, 128.4, 128.3,
127.9, 127.6, 126.8, 125.4, 52.3.

0
benzyl benzoate (2y).1° Pale yellow oil; 85% yield; '"H NMR (400 MHz, CDCI3) 68.10 (d, /=7.9

Hz, 2H), 7.57 (t, J= 7.4 Hz, 1H), 7.46 — 7.34 (m, 7H), 5.39 (s, 1H). 13C NMR (100 MHz, CDCl3) &
166.6, 136.1, 133.16, 130.18, 129.8, 128.7, 128.5, 128.4, 128.3, 66.8.
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0]

jonas!
MeO OMe

4-methoxybenzyl 4-methoxybenzoate (2z).1" Pale yellow oil; 94% yield; 'TH NMR (400 MHz,
CDCI3) 68.01 (d, J=8.9 Hz, 2H), 7.38 (d, J= 8.6 Hz, 2H), 6.92 — 6.89 (m, 4H), 5.27 (s, 2H),
3.85 (s, 3H), 3.82 (s, 3H). 3C NMR (100 MHz, CDCls) 6 166.4, 163.5, 159.8, 131.8, 130.1,
128.6, 122.9, 114.1, 113.7, 66.4, 55.5, 55.4.

0
Joaacy
4-methylbenzyl 4-methylbenzoate (2aa).'? Pale yellow oil; 86% yield; TH NMR (400 MHz, CDClz3)
0795 (d, J=7.4Hz, 2H), 7.33 (d, J=7.8 Hz, 2H), 7.21 — 7.17 (m, 2H), 5.30 (s, 2H), 2.38 (s,

3H), 2.35 (s, 3H). 13C NMR (100 MHz, CDCIs3) 6 166.7, 143.7, 138.1, 133.3, 129.8, 129.2, 128.4,
127.6, 66.6, 21.7, 21.3.

Sonact

4-fluorobenzyl 4-fluorobenzoate (2ab).1" Pale yellow oil; 78% yield; 1H NMR (400 MHz, CDCls)
08.09 - 8.05 (m, 2H), 7.44 — 7.40 (m, 2H), 7.12 - 7.04 (m, 4H), 5.31 (s, 2H). '3C NMR (100 MHz
CDCI3) 6167.3, 164.8 (d, J = 144.3 Hz), 163.2 (d, J= 310.4 Hz), 132.4 (d, J= 9.2 Hz), 131.9,
130.4 (d, J=8.2 Hz), 126.4, 115.7 (d, J= 21.7 Hz), 66.3.

Joaash

4-chlorobenzyl 4-chlorobenzoate (2ac).!" White powder; 80% yield; 'TH NMR (400 MHz, CDCls)
07.88 (d, /J=6.4 Hz, 2H), 7.30 (d, J= 6.4 Hz, 8H), 5.21 (s, 2H). 3C NMR (100 MHz, CDCl3) 6
165.6, 139.8, 134.5, 131.2, 129.8, 129.0, 128.9, 128.6, 66.3.
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Soaach

4-bromobenzyl 4-bromobenzoate (2ad).'2 White powder; 84% yield; TH NMR (400 MHz, CDCl5)
0791 (d, /J=8.4 Hz, 2H), 7.58 (d, J= 8.4 Hz, 2H), 7.52 (d, J= 8.1 Hz, 2H), 7.31 (d, J= 8.1 Hz,
2H), 5.30 (s, 2H). 3C NMR (100 MHz, CDCl3) 6 165.7, 134.96, 131.99, 131.96, 131.4, 130.1,
129.0, 128.5, 122.6, 66.3.

Joaast

4-iodobenzyl 4-iodobenzoate (2ae).’? White powder; 78% yield; 'TH NMR (400 MHz, CDCl3) &
7.81-7.71 (m, 6H), 7.18 (d, J= 7.4 Hz, 2H), 5.28 (s, 2H). 13C NMR (100 MHz, CDCl3) & 166.0,
137.97, 137.96, 135.6, 131.3, 130.2, 129.6, 101.1, 94.2, 66.4.

NegacH

[1,1'-biphenyl]-4-ylmethyl [1,1'-biphenyl]-4-carboxylate (2af)."" White powder; 83% vyield; H
NMR (400 MHz, CDCI3) 68.18 (d, J= 7.8 Hz, 2H), 7.69 — 7.61 (m, 8H), 7.56 (d, J= 7.1 Hz, 2H),
7.49 — 7.35 (m, 6H), 5.45 (s, 2H). 3C NMR (100 MHz, CDCl3) 6 166.5, 146.0, 141.4, 140.9,
140.2, 135.3, 130.4, 129.1, 129.0, 128.8, 128.3, 127.6, 127.5, 127.4, 127.3, 127.2, 66.6.

0]

o/\©

OMe OMe
3-methoxybenzyl 3-methoxybenzoate (2ag).'" Pale yellow oil; 82% yield; TH NMR (400 MHz,
CDClI3) 67.69 (d, J=7.6 Hz, 1H), 7.61 (s, 2H), 7.37 — 7.29 (m, 2H), 7.11 (d, J= 9.2 Hz, 1H),
7.04 - 6.99 (m, 2H), 6.89 (d, J= 7.9 Hz, 2H), 5.34 (s, 2H), 3.84 (d, J = 9.4 Hz, 6H). 3C NMR
(100 MHz, CDClz) 6 166.4, 159.9, 159.73, 137.72, 131.6, 129.8, 129.5, 122.3, 120.4, 119.7,

114.39, 114.38, 113.8, 66.8, 55.6, 55.4.
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o)
3-methylbenzyl 3-methylbenzoate (2ah).1" Pale yellow oil; 79% vyield; 'TH NMR (400 MHz, CDClIs)

7.37-7.16 (m, 5H), 3.71 (q, J= 7.2 Hz, 1H), 1.49 (d, J= 7.2 Hz, 3H). '3C NMR (100 MHz, CDCl5)
0181.3,139.8, 128.8, 127.7, 127.5, 45.5, 18.2.

ssWes

benzo[d][1,3]dioxol-5-yImethyl benzo[d][1,3]dioxole-5-carboxylate (2ak).'' White powder; 86%
yield; "H NMR (400 MHz, CDCI3) 67.69 — 7.65 (m, 1H), 7.48 (t, /= 1.7 Hz, 1H), 6.93 — 6.90 (m,
2H), 6.82 (td, J= 8.3, 1.4 Hz, 2H), 5.99 (d, J= 23.5 Hz, 4H), 5.22 (s, 2H). '3C NMR (100 MHz,
CDCI3) 6 165.9, 151.8, 148.0, 147.9, 147.8, 130.1, 125.6, 124.4, 122.3, 109.7, 109.1, 108.4,
108.1, 101.9, 101.3, 66.7.

<oaave

naphthalen-2-ylmethyl 2-naphthoate (2al)."" White powder; 84% yield; '"H NMR (400 MHz,
CDCI3) 7.37-7.16 (m, 5H), 3.71 (q, J=7.2 Hz, 1H), 1.49 (d, J= 7.2 Hz, 3H). 13C NMR (100 MHz,
CDCI3) 6181.3, 139.8, 128.8, 127.7, 127.5, 45.5, 18.2.

OB S

o]

phenethyl 2-phenylacetate (2am).'9 Colourless oil; 80% yield; 'TH NMR (400 MHz, CDCl3) 67.31
-7.18 (m, 8H), 7.13 (d, J=7.4 Hz, 2H), 4.29 (t, /= 6.9 Hz, 2H), 3.58 (s, 2H), 2.89 (t, /= 7.0 Hz,

2H). 13C NMR (100 MHz, CDCls) 6 171.6, 137.8, 134.1, 129.4, 129.0, 128.6, 128.6, 127.1,
126.6, 65.4, 41.5, 35.1.
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o)
C4H9)J\O/\C4H9
pentyl pentanoate (2ap).!! Clear colorless liquid; 88% yield; '"H NMR (400 MHz, CDCIz) 64.04 (t,
J=6.4 Hz, 2H), 2.28 (t, /= 7.7 Hz, 2H), 1.62 — 1.57 (m, 4H), 1.36 — 1.30 (m, 6H), 0.92 — 0.87

(m, 6H). 3C NMR (100 MHz, CDCls) 6 174.1, 64.5, 34.2, 28.5, 28.2, 27.2, 22.43, 22.39, 14.1,

13.8.

0
C5"'11)J\O/\C5H11
hexyl hexanoate (2aq).'" Clear colorless liquid; 93% vyield; '"H NMR (400 MHz, CDCIz) 6 4.04 (t,

J=6.8 Hz, 2H), 2.27 (t, J= 7.5 Hz, 2H), 1.64 — 1.56 (m, 4H), 1.29 (d, J = 3.2 Hz, 10H), 0.89 —
0.86 (m, 12H). 13C NMR (100 MHz, CDCls) & 174.1, 64.5, 34.5, 31.6, 31.5, 28.8, 25.7, 24.8,

22.7,22.4,14.1,14.0.

O

C15H31 O/\C15H31
hexadecyl palmitate (2ar).'3 86% vyield; '"H NMR (400 MHz, CDCIz) 6 4.05 (t, J = 6.7 Hz, 2H),

2.28 (t, J= 7.5 Hz, 2H), 1.26 (s, 54H), 0.88 (t, /= 6.6 Hz, 6H). 3C NMR (100 MHz, CDCl3) o
1741, 64.5, 34.6, 32.1, 29.84, 29.81, 29.76, 29.73, 29.69, 29.6, 29.5, 29.4, 29.3 28.8, 26.1,

25.2,22.8,14.2.

o)

L
isobenzofuran-1(3H)-one (2as)."' 95% yield; '"H NMR (400 MHz, CDCI3) 6 7.89 (d, J= 7.6 Hz,
1H), 7.67 (t, /= 7.3 Hz, 1H), 7.53 — 7.48 (m, 2H), 5.31 (s, 2H). '3C NMR (100 MHz, CDCI3) 6

171.2, 146.6, 134.1, 129.1, 125.8, 122.2, 69.7.
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@i
o-Valerolactone (2at).'4 Clear colorless liquid; 84% yield; "TH NMR (400 MHz, CDCl3) 64.27 (t, J

= 5.7 Hz, 2H), 2.48 (t, J= 6.7 Hz, 2H), 1.87 — 1.75 (m, 4H). 13C NMR (100 MHz, CDCls) 6171.4,
69.4, 29.8, 22.2, 19.0.

0]

e

Cyclohexanone (3a).'* Clear colorless liquid; 65% vyield; 'TH NMR (400 MHz, CDCl3) 6 2.27 —
2.23 (m, 3H), 1.77 - 1.63 (m, 6H). 13C NMR (100 MHz, CDCI3) 6212.0, 41.9, 27.0, 25.0.

0O

<g

Acetophenone (3b).14 Clear colorless liquid; 81% yield; "H NMR (400 MHz, CDCl3) 67.96 — 7.94
(m, 2H), 7.57 = 7.53 (m, 1H), 7.45 (t, /= 6.7 Hz, 2H), 2.58 (s, 3H). '3C NMR (100 MHz, CDCl3)
0198.1, 137.2, 133.1, 128.6, 128.3, 26.6.

0
1-(4-methoxyphenyl)ethan-1-one (3c).'4 Crystalline Powder; 89% vyield; 'TH NMR (400 MHz,

CDCls) 67.92 (d, J= 8.8 Hz, 2H), 6.92 (d, J= 8.8 Hz, 2H), 3.85 (s, 3H), 2.54 (s, 3H). 13C NMR
(100 MHz, CDCls) 5196.9, 163.6, 130.7, 130.5, 113.8, 55.6, 26.4.

: O\
1-(p-tolyl)ethan-1-one (3d).'4 Pale yellow liquid; 84% yield; '"H NMR (400 MHz, CDCl3) 67.85 (d,

J=8.1Hz, 2H), 7.25 (d, J= 8.4 Hz, 2H), 2.57 (s, 3H), 2.40 (s, 3H). 13C NMR (100 MHz, CDCls)
5197.8,143.8, 134.8, 129.2, 128.4, 26.5, 21.6.
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aC

1-(o-tolyl)ethan-1-one (3e).14 Pale yellow liquid; 78% yield; '"H NMR (400 MHz, CDCI3) 67.68 (t,
J=7.7Hz, 1H), 7.35 (t, J=7.7 Hz, 1H), 7.27 - 7.20 (m, 2H), 2.55 (s, 3H), 2.52 (s, 3H). 3C NMR
(100 MHz, CDCl3) 6201.5, 138.3, 137.6, 132.0, 131.4, 129.3, 125.6, 29.4, 21.5.

0
Br—< >—<
1-(4-bromophenyl)ethan-1-one (3f).14 Crystalline flakes; 79% yield; '"H NMR (400 MHz, CDCIz) 6

7.81 (d, J= 8.6 Hz, 2H), 7.59 (d, J = 8.6 Hz, 2H), 2.57 (s, 3H). 13C NMR (100 MHz, CDCls) &
197.1, 136.0, 132.0, 123.0, 128.4, 26.6.
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5. Copies of product NMR

!H NMR for N,N-bis(2-chloroethyl)-1,1,1-trimethylsilanamine

g g
Parameter Value
1 Solvent CDC13
2 Temperature 291.4
3 Number of Scans 24
4 Spectrometer Frequency400. 02
5 Nucleus 1H
'IFMS
N
e N
|
T I T
L0 1.5 1.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 1.5 L0 05 00 -0.5
1 (ppm)
31 - - -
P NMR for bis(2-(diphenylphosphanyl)ethyl)amine
8
Parameter Value
1 Solvent cdel3
2 Temperature 25.0
3 Number of Scans 32
4 Spectrometer Frequencyl62. 04
5 Nucleus 31P
H e
Pho o N Ph
] |
Ph Ph
50 130 110 90 70 50 30 10 -10 =30 =50 -70 -90 -110 -130 -150 -170 -190
£1 (ppm)
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'H NMR for 2-(Diphenylphosphaneyl)-N-(pyridin-2-ylmethyl)ethan-1-amine, L2

Paramaver Value = :-'EE E _ .E
1 Solvast o3 S 1 VS A
2 Temperaturs 1Lz
15 {
|
{

3 husber of Scans
i Spectrometer Frequency GO0, 02

|

|

|

B Nuclows 18
o |I
il g [ ||
I S AR B
g
-

9 B B -] B
= - - S
T v T T T T v T T T T r v T T T T v T T T T T T T T T v T 1
9.3 9.2 9.1 9.0 89 EE B7 &6 A5 B4 83 B2 A1 B0 7.9 TE 7.7 7.6 7.5 7.4 T3 7.2 7.1 7.0 69 68 67 66 65 &4
£l (ppm)

13C NMR for 2-(Diphenylphosphaneyl)-N-(pyridin-2-ylmethyl)ethan-1-amine, L2

& FT) me
= = =% ot
Paraseter Walue = = E¥ HE
1 Solvent COCLa | I hd &
2 Temperature 172
3 Number of Scans 124
| Spectrometer Frequemcy LO0. 58
5 Xucleus 1ac
=
e N
g
R
<
J
i
T T T T T T T T T T T T T T T T T T T T
150 240 30 0 ZI0 300 190 180 10 160 150 Mo 130 120 1o Loo a0 B0 Ta B0 80 10 30 20 10
f1 (poml

31P NMR for 2-(Diphenylphosphaneyl)-N-(pyridin-2-ylmethyl)ethan-1-amine, L2
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Paramcter Value
1 Solvent (13
2 Temperaiure = |
1 Nusher of Scans 2
4 Spectrometer Fregquency 161,97
5 Yucleus e
=
!
=
M ~p
,}]
iy
L e e e B e L BN B S [ I S B S B L B LR BN R B L R | LI SR B B B
130 1o S0 B0 70 &0 30 40 30 20 1 O -lD -3n =50 -T0 =50 =110 =130 =150 =I7n ft 51} =210 -2
£l (ppm)
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H NMR for (2-((2-(diphenylphosphanyl)ethyl)(pyridin-2-ylmethyl)amino)ethyl)
diphenyl phosphine oxide, L3

Parameter Value

1 Salvent coc1a

2 Temperature 2091

3 Nember of Scans 25 )

i Spectrometer 400. 02 | |
Froquency

§ Mmclems T ‘

¥ R
= TEE=EE
B ELE T
0.5 g G5 5.0 6.5 b 5.5 50 4.5 4.0 3.5 30 25 2.0 1.5 Lo i o -0L5 =10

£1 (ppmd

13C NMR for (2-((2-(diphenylphosphanyl)ethyl)(pyridin-2-ylmethyl)amino)ethyl)
diphenylphosphine oxide, L3

= 5 uEg a2y
= e} 2=t
Parameter Value 2 = e EEESR
1 Solvent ocla | | W e
2 Temperature 173.2
3 Numbher of Scans 133
4 Spectrometer Frogeency 10058
5 Nucleus 1ac
I.:"h—-h
L 2O
L I
N N
o O
1
[l
1
I
1
T T T T T T T T T T T T T T T T T T T T r T T T T T
I3 M0 I0 I ZI0 30D 190 130 170 160 150 Mo 130 120 1o Loo a0 BO 70 B0 50 A0 30 0 10 a

£l (ool
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3P NMR for (2-((2-(diphenylphosphanyl)ethyl)(pyridin-2-ylmethyl)amino)ethyl)
diphenylphosphine oxide, L3

Al 13

Paraseter Value

L 5

1 Solvent edeld
2 Temperature 250
3 bumber of Scan &
i Sm:lrmmr 162 M
equency
'\. louz il
S
\*r‘__. n,
;TP%N.«HBE\fJ
o, =
M=
G
h
1] 28D 260 240 230 200 180 160 140 120 1] B &0 o 20 L1} 20 10 =60 —B0
Fl1 (ppm)

HRMS for NMR for (2-((2-(diphenylphosphanyl)ethyl)(pyridin-ylmethyl)amino)ethyl)
diphenylphosphine oxide, L3

MS Zoomed Spectrum

%10 5 Cpd 1: 0.185: + FBF Spectrum (rt: 0.135, 0.284 min) Li-L2.d Sub...
| 549.p225
(M+H)+
2
571.2040
1. (M+Na)+
oL . L ||

530 4C(?ounts VS. MasBQO-Chgzge sz?o 590
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'H NMR for (2-((2-(diphenylphosphanyl)ethyl)(isoquinolin-3-ylmethyl)amino)ethyl)
diphenyl-phosphine oxide, L4

BEEEECEEEERS =
e red pt red e g 0 g 0 v‘d—d-d-d—l'vl'l'vl'l cd ol ol od o
N I W

Parmmetor Walwe
1 Salvent cocla |
2 Temperature 1Tz
i
3 Mumher of Scass [}
4 Spec trometer 400 o2
Frequency |
% Maclous LH
[l | ( [
g 1 1 .|I
= ‘\_,—.\
\\, o
‘\oN__A\
“ g
P B ey

1
192
208
204
2md
2y
n

T T T T T

L]
£l (ppm)

13C NMR for (2-((2-(diphenylphosphanyl)ethyl)(isoquinolin-3-ylmethyl)amino)ethyl)
diphenyl-phosphine oxide, L4

z s rEzzzsEEaT - ——
Parameter Walue ] E da-SAAnAEER o === oohuch ood ool
1 Salveat BCla i [ T Wi L
2 Temperatura a4
3 humber of Scans 170
i Spectrometer Frequency 100. 58
B Nucleus 130
Ty
5
M—
T - o
g L o]
e T B
|"l"| c
<
] | L,
ai - - “"‘:‘M "
T T T T T T T T T T T T T T T T T
210 200 120 LB 7o 160 150 (L1} 130 120 110 Lo a0 EQ i &0 50 A0 a0 0 1




3P NMR for (2-((2-(diphenylphosphanyl)ethyl)(isoquinolin-3-ylmethyl)amino)ethyl)
diphenyl-phosphine oxide, L4

g &
S
Parame ter Value [ |
1 Solvent cdeld
2 Temperature 250
3 Number of Scans 32
4 Spec Lrome Ler 162, 04
Freguency
& Nueleus il
“ —=
e
M
L 2
P .—-"‘\VH%B
r T T T T T T T T T T T T T T
ilh 00 450 40k 350 ek 250 i) 150 100 a0 o =l =100 -150 —200

HRMS for (2-((2-(diphenylphosphanyl)ethyl)(isoquinolin-3-ylmethyl)amino)ethyl)
diphenyl-phosphine oxide, L4

MS Zoomed Spectrum

<10 4 Cpd 1: 0.189: + FBF Spectrum (rt: 0.122-0.139, 0.255-0.371 min)...
599.2374
M-+H
, (MAfH)+
1] 621.2240
(M+Na)+
ol . |

80 5BWount8%. Maddfo-chiffe mhy°  ©40
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methyl 2-phenylacetate, 2a

Parameter Value
1 Solvent onel3
2 Temperature 300. 2
3 Number of Scans 17

4 Spectrometer Frequency400. 02
5 Nucleus 1H

g

_~3.6506
~~3.5982

44

T
2.0 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 0.0
f1 (ppm)
s g g
Parameter Value
1 Solvent CDC13
2 Temperature 300. 1
3 Number of Scans 124
4 Spectrometer Frequency100. 60!
5 Nucleus 13C
[EN
(o]
|
[ J o o
T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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methyl 3-phenylpropanoate, 2b

- =
: B H
: o SAedcle
r
Parameter Value [
1 Solvent 13
2 Tempernture 208, 6 1 I |
3 Nusber of Scans 15 | [
4 Speciroseter Frequency M. 02 |
5 Nucleus 1 H | |
. I |
o
1
|
|
i |
s T T
g =B
= P
r T T r T T T T T T T r T T T T T T T T r T T T T
0 IL5 ILO LS 1.0 8.5 a0 BE5 80 1.5 o BE.5 (A1) 5.5 5.0 4.5 4.0 35 .0 25 0 L5 1.0 0.5 o -b.5
f1 (ppm)
- - ==m _
E a d=5E El E g
o o ol - ]
= = Hem = E =
| I Y/ I [
Parometer Value
1 Solvent €Cla
2 Temperature 208.6
3 Numher of Scans 9
4 Spectrometer Froquency 100, 58
5 Nuc Leus 13
Le]
o
1
IW Wi dossiiiaih
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methyl pentanoate, 2d

; :
= E
| |
Parameter Value
1 Salvent 01
2 Temperature 269 [ [ I'.

3 Number of Scans 15 | |
4 Spectroneter Frequency 400. 02 | |
S Nae leus 18 | | ‘

o

\/\,)LO -

T T T
g 828 g
o P
¢ 1L L0 05 109 95 990 &5 B0 TIF T0 &5 60 .’rt..’r 45 40 35 30 25 2.0 1.5 Lo o5 00 -5
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E B H]
- i -
= = =
|
Parameter Value
1 Salvent ChC1a
2 Temperature 208.8
3 humber of Scans 7
i Spectrometer Frequency 100. 58
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o}

\/\,«Lcﬁ
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methyl hexanoate, 2e

=5 X 1= =
i s2E BEEEREEES
- td ciodod Rt R 11—
| e
ParussLer Valo |
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methyl benzoate, 2i

sz szossic g
B EEREaE: E
wad eiriedndciete o
T |
Parameter Value r
1 Solvent D13
2 Temperature 208 8 [
3 Nugber of Scans 15 [
4 Spectrometer Frequency $00.02
5 hucleus i [
]
I J
o
|
I 1 L
T T T
% 2 £
= - =
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g EERE] e i
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Parameter Value
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2 Temperature 29,9
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methyl 4-methylbenzoate, 2]

58 2
Parameter Value
1 Solvent CDC13
2 Temperature 300. 1
3 Number of Scans 25
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
-
(o]
A |
T by 1 i
s £ 3 5

2.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
£1 (ppm)
g = =
Parameter Value
1 Solvent cncl3
2 Temperature 303.9
3 Number of Scans 110
4 Spectrometer Frequency100. 60
5 Nucleus 13C
o
-~
o}
|
| m
T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
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methyl 4-methoxybenzoate, 2k

g% 2 22 £2
2 g 8% g2
IV \%
Parameter Value
1 Solvent cDel3
2 Temperature 300.4
3 Number of Scans 32
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
-
(¢]
OMe
! It
i
T T
= <
r T T T T T T T T T T T T T T T T T T T T T T T T T
.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1. 1.0 0.5 0.0 -0.5
f1 (ppm)
18 5 &
2 g 3
Parameter Value
1 Solvent D13
2 Temperature 300. 4
3 Number of Scans 127
4 Spectrometer Frequencyl00. 60
5 Nucleus 13¢
o
-
(¢]
OMe
! |
r T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
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methyl [1,1'-biphenyl]-4-carboxylate, 21

3.9458

Parameter Value
1Solvent cncl3

2 Temperature 298.2

3 Number of Scans 19

4 Spectrometer Frequency400. 02
5 Nucleus 1H

T T T T T T T T T T T T T T
20 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7

2,003
1.07T
o ] 3059
3. 04=

5
1 (ppm)

7.0 6.5 6.0 55 50 45 40 35 3.0 25 20

e g
I
(.
Parameter Value
1 Solvent cnels
2 Temperature 299. 4
3 Number of Scans 161
1 Spectrometer Frequencyl00. 60
5 Nucleus 13C
Q
Ph
—0
1l
1
r T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

f1 (ppm)
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methyl 4-fluorobenzoate, 2m

Parameter
1 Solvent
2 Temperature

3 Number of Scans

Value

CDC13
304. 4
13

4 Spectrometer Frequency400. 02

53

3. 86

5 Nucleus 1H
o
-~
T ) !
T T T T T T T T T T T T T T T T T T T T T T T T
2.0 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 2.0 1.5 1.0 0.5 0.0 .5
f1 (ppm)
o
\
Parameter Value
1 Solvent CDC13
2 Temperature 298.9
3 Number of Scans 148
4 Spectrometer Frequency100. 60
5 Nucleus 13C
o
[¢]
I
Il
L W P A oo TNt A R Ao Ao
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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methyl 4-chlorobenzoate, 2n

4099

Parameter
1 Solvent
2 Temperature

3 Number of Scans

Value
CDC13
298.9
21

4 Spectrometer Frequency400. 02

7.

<

7.3887

- 7.2601

5 Nucleus 1H
o
-~
Cl
1 N L
1
s
T T T T T T T
20 1.5 110 10.5 10.0 9.5 9.0 85 7.5 7.0 65 60 55 50 45 40 3.5 3.0 25 20 L5 0.5 0.0 -0.5
£1 (ppm)
< 3 o
g 8 ]
|
Parameter Value
1 Solvent cnci3
2 Temperature 301 1
3 Number of Scans 207
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o
-~
o
Cl
|
" N ” " " J.A A " " Ll M
oy iy Y L i sy L L L W
" T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)
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methyl 4-bromobenzoate, 20

Parameter Value
1 Solvent cDel3
2 Temperature 303.4
3 Number of Scans 18
4 Spectrometer Frequency400. 02
5 Nucleus 1H

-
[¢]
Br

3.9015

| J A A
¢ L
r T T T T T T T T T T T T T T T T T T T T T T T T |
.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 .0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
f1 (ppm)
£

Parameter Value

1 Solvent €DC13

2 Temperature 303.9

3 Number of Scans 134
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
-
[¢]
Br
|
|
|
Y L " " " (Y TP Py FIRTR Ry o h " e
¥ TN Y el il ity P " Y it Vi oy
r T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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methyl 4-iodobenzoate, 2p

8
e
Parameter Value
1Solvent cncl3
2 Temperature 300. 4
3 Number of Scans 17
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
o
|
I
|
|
L_A
I =
=
< o
" T T T T T T T T T T T T T T T T T T T T T T T T T 1
2.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
f1 (ppm)
= -e ®
g =2 € 2
EREL g S
(Y
Parameter Value
1 Solvent cnel3
2 Temperature 300. 1
3 Number of Scans 158
4 Spectrometer Frequency100. 60
5 Nucleus 13C
o
o
|
| I
" T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

£1 (ppm)
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methyl 4-(trifluoromethyl)benzoate, 2q

e 2
%
Parameter Value
1 Solvent CDC13
2 Temperature 298.6
3 Number of Scans 24
4 Spectrometer Frequency400. 02,
5 Nucleus 1H
Q
0/
Fic
| )
I
Ty '

T T T T T T T T T T T T T T T T T T T T T T T T T 1
2.0 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
£1 (ppm)

z o

Parameter Value
1 Solvent CDC13
2 Temperature 295.9
3 Number of Scans 272
4 Spectrometer Frequencyl00. 60,
5 Nucleus 13C
Q
O/
Fic
L |
]l ' A
T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
£1 (ppm)
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dimethyl terephthalate, 2r

8.0738
3.9187

Parameter Value
1 Solvent cnel3
2 Temperature 300.2
3 Number of Scans 28
4 Spectrometer Frequency400. 02
5 Nucleus 1H
Q C: o—
—0 o
B 4
r T T T T T T T T T T T T T T T T T T T T T T T T
2.0 1.5 1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
£1 (ppm)
g = 8 °
s S g
g e N
[
Parameter Value
1 Solvent cDel3
2 Temperature 300.4
3 Number of Scans 93
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
Q i : o—
—0 o
|
r T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
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methyl 3-methylbenzoate, 2s

3.8865

Parameter Value
1 Solvent cnels
2 Temperature 3031
3 Number of Scans 15
4 Spectrometer Frequency400. 02
5 Nucleus 1
o
O/

2. 001

2.02

3.07-=

r T T T T T T T T T T T T T T
2.0 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5

o
I~
=3
=3
o
>
=3
o
o
o
=3

167. 2618
— 138.1310

Parameter Value
1 Solvent cnel3
2 Temperature 296. 6
3 Number of Scans 171

4 Spectrometer Frequencyl00. 60
5 Nucleus 13C

.

9800
2262

51.
21

T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
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methyl 3-methoxybenzoate, 2t

Parameter
1 Solvent
2 Temperature

3 Number of Scans

Value
CDC13
298. 4
10

4 Spectrometer Frequency400. 02

SN

——3.8989
~3.8315

5 Nucleus 1H
o
OMe
A
T T T T T T T T T T T T T T T T T T T T T T 1
L0 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1
1 (ppm)
g 2 EEIEE
(. [ N
Parameter Value
1 Solvent CDC13
2 Temperature 300. 4
3 Number of Scans 104
4 Spectrometer Frequencyl00.60
5 Nucleus 13C
o
OMe
| |
|
b K Y A AR MY A I y L Ll WM el
T T T T T T T T T T T T T T T T T T T T T
20 210 200 180 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)
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methyl 2-methylbenzoate, 2u

-~ 7.9048
=-7.8841

=

Parameter Value
1 Solvent onel3
2 Temperature 302.9
3 Number of Scans 16

4 Spectrometer Frequency400. 02

5 Nucleus 1H f /

3.8587
2. 5860

(S
=
S—
=

1o T T
S b = e
T T T T T T T T T T T
L0 115 110 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 30 2.5 20 0.5 0.0 0.5 -1
f1 (ppm)
g 2 o
E 5 g
g s g S
|
Parameter Value
1 Solvent coels
2 Temperature 298.9
3 Number of Scans 161
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o}
-
o
I
| ]
. M. M
T T T T T T T T T T T T T T T T
120 110 100 90 80 70 60 50 10 30 20 10

T T T T T T
20 210 200 190 180 170 160 150 140 130

f1 (ppm)
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methyl 2-naphthoate, 2v

2 . g
z EE EES g
B e e e o
[ ===\
Parameter Value
1 Solvent onel3
2 Temperature 300. 2
3 Number of Scans 40
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
-
SO
T o ¢
T T T T T T T T T T T T T T T T T
20 1.5 110 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 3.5 .5

f1 (ppm)

%

=z
S B
Parameter Value
1 Solvent cnel3
2 Temperature 300. 2
3 Number of Scans 230
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o

-
SO

T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

S44



benzyl benzoate, 2y

Parameter Value
1 Solvent cnel3
2 Temperature 298.4
3 Number of Scans 7
4 Spectrometer Frequency400. 02
5 Nucleus 1
o

ae

J

T
r T T T T T T T T T T T T T T T T T T T T T
20 1.5 1.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 6.0 55 50 45 40 3.5 3.0 2.5 20 .5 .5 0.0 0.5 -1
£1 (ppm)
2
£
Parameter Value
1 Solvent CDC13
2 Temperature 293.6
3 Number of Scans 120
4 Spectrometer Frequencyl00. 59
5 Nucleus 13C
o
0/\@
|
. Jos . - )| — ,
r T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 5 40 30 20 10

£1 (ppm)
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4-methoxybenzyl 4-methoxybenzoate, 2z

Parameter
1 Solvent
2 Temperature
3 Number of Scans

5 Nucleus

4 Spectrometer Frequency400. 02

Value
CDC13
300. 4
27

1H

[¢]

(f/\WE:::l
OMe OMe

5.2728

104
09=

T T T T
20 11.5 11.0 10.5 10.0 9.

Parameter
1 Solvent
2 Temperature
3 Number of Scans

5 Nucleus

4 Spectrometer Frequencyl00. 60

Value
cDC13
298.9
396

13C

(0]

C;/\\I::::l
OMe OM

e

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
1 (ppm)

— 122.8845
66. 365

T
20 210 200

T
180

T
150

T T T
140 130 120 110 100 90 80 70 60 50
1 (ppm)
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4-methylbenzyl 4-methylbenzoate, 2aa

g8 8 e
v \%
Paraneter Value
1 Solvent coe13
2 Temperature 298.9
3 Number of Scans 16
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
L
I
I D
Nl
n
T i X
s c= s ==
i T T T T T T T T T T T T T T T T T T T T T T )
20 I1L5 1.0 10.5 100 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 05 00 -0.5 -1
£1 (ppm)
B
I
Paraneter Value
1 Solvent coci3
2 Temperature 298.9
3 Number of Scans 79
4 Spectrometer Frequencyl00. 60
5 Nucleus 13¢
o
|
! |
|
s amtolihet o s il J.JM“ " o " " " —
o | Y " . Gl Wi . Ll W
T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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4-fluorobenzyl 4-fluorobenzoate, 2ab

2

Parameter Value
1 Solvent CDC13
2 Temperature 299. 4
3 Number of Scans 42
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
L
F F
1
T T T it
; . . . . . . . . . . . . . . . . . . . . . . . . .
.0 115 110 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 L5 10 05 00 -0.5
f1 (ppm)
gs 3
] Z
$
Parameter Value
1 Solvent cnels
2 Temperature 306. 4
3 Number of Scans 459
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
[o]
L
F F
[
[ I
LU [—— . L
i . . . . . . . . . . . . . T . . T . . . .
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10

£1 (ppm)
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4-chlorobenzyl 4-chlorobenzoate, 2ac

Parameter
1 Solvent
2 Temperature
3 Number of Scans

5 Nucleus

Value
CDC13
300. 4
54

4 Spectrometer Frequency400. 02

1H

[e

L
Cl Cl

7.8918

T
<

8758

T T T T
20 11.5 11.0 10.5 10.0 9.

Parameter
1 Solvent
2 Temperature

3 Number of Scans

5 Nucleus

4 Spectrometer Frequencyl00. 60

Value

CDC13
300. 4
603

13C

[o]

L
Ci Cl

T T
20 210 200 190

T
180

S49

g
T
6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1 (ppm)
€
120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)



4-bromobenzyl 4-bromobenzoate, 2ad

E
Parameter Value
1 Solvent cne1s3
2 Temperature 299.9
3 Number of Scans 23
1 Spectrometer Frequency400. 02
5 Nucleus H
o
L
Br Br
|
i H\ |
I
| J A ‘J
1o !
r T T T T T T T T T T T T T T T T T T T T T T T T
L0 115 110 10.5 10.0 9.5 9.0 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 L5 L0 05 00 -0.5
£1 (ppm)
2l 8
2 g
|
Parameter Value
1 Solvent coel3
2 Temperature 295.4
3 Number of Scans 899
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o
Br Br
e
ol oWt el o N " . .
Wiy Vo ey ! Nl
r T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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4-iodobenzyl 4-iodobenzoate, 2ae

]
Parameter Value
1 Solvent CDC13
2 Temperature 296. 4
3 Number of Scans 49
4 Spectrometer Frequency400. 02
5 Nucleus 1H
(o}
UL
I [
T 7 I
8 8 3
< = i
T T T T T T T T T T T T
20 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.0 5.5 5.0 4.5 4.0 3.5 3.0 1. 0.5 0.0 -0.5
£1 (ppm)
Parameter Value
1 Solvent CDC13
2 Temperature 300.9
3 Number of Scans 3901
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o
0/\©\
| I
| Ll Lol
" .
T T T T T T T T T T T T T T T T T T T T T
20 210 200 180 160 150 140 130 120 110 100 90 80 70 60 5i 40 30 20 10 0
1 (ppm)
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[1,1'-biphenyl]-4-ylmethyl [1,1'-biphenyl]-4-carboxylate, 2af

Parameter Value
1 Solvent CDC13
2 Temperature 299. 4
3 Number of Scans 34
4 Spectrometer Frequency400. 02
5 Nucleus 1H

O/\@\
Ph

Ph
|
I
M
|
X !
r T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 110 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 05 00 -0.5 -
£1 (ppm)
g
H
£
Parameter Value
1 Solvent D13
2 Temperature 299.9
3 Number of Scans 880
4 Spectrometer Frequency100. 60
5 Nucleus 13C
(o}
O/\@\
Ph Ph
|
|
! [T
. bl - ‘ s ————— "
. y W v f Wiy oy oty W
r T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1 (ppm)
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3-methoxybenzyl 3-methoxybenzoate, 2ag

Parameter Value
1 Solvent cnels3
2 Temperature 298.9
3 Number of Scans 37
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
(o]
OMe OMe

T
L0 1.5 110 10.5

T
10.0 9.5 9.0 8.5

80 7.5 7.0 65 6.0 55 50 45 4.0 3.0 25 20 L5 1.0
1 (ppm)
g 2 2
P S 2
g 2 £
| |
Parameter Value
1 Solvent cncl3
2 Temperature 300. 1
3 Number of Scans 314
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o
(o}
OMe OMe
|
| |
|
1
|
! |
il Al A I s L T T 0’ » I
" T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

S53



benzo[d][1,3]dioxol-5-ylmethyl benzo[d][1,3]dioxole-5-carboxylate, 2ak

s
Parameter Value
1 Solvent cDel3
2 Temperature 300.6
3 Number of Scans 48
4 Spectrometer Frequency400. 02
5 Nucleus H f j
oij\ - O\/©[
o
1
I il |
Y I L I
B 88 2 B
T T T T T T T T T T T T T T T T T T T T T T T T T T
1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5 1.0
£1 (ppm)
z
Parameter Value
1 Solvent cDel3
2 Temperature 300.6
3 Number of Scans 1065
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
¢ 0\/©[O>
(¢] o
o
! | I
|
|
|
| | l J |
i A | J ’ A M ] e " " J m " N
L ' Ly W W W u ¥ "
r T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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phenethyl 2-phenylacetate, 2am

3.5798

Parameter Value
1 Solvent CpCl13
2 Temperature 173.2
3 Number of Scans 54

4 Spectrometer Frequency400. 02!

i f ]

Ty L

r T T T
L0 1.5 1L.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 15 1L

a

2 o
i Z
I
Parameter Value
1 Solvent (S
2 Temperature 173.2
3 Number of Scans 219
4 Spectrometer Frequencyl00.58
5 Nucleus 13C
SIS
o
|
|
|
|
ol \ ,
Y i W
r T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)
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pentyl pentanoate, 2ap

Parameter Value
1 Solvent cncl3
2 Temperature 298. 4
3 Number of Scans 24
4 Spectrometer Frequency400. 02
5 Nucleus 1H

CaHy™ 0" G Hy

r T T T T T T T T T T T T T T T T
L0 1.5 1L..0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 L0 05 0.0 0.5 -1

5

%
Parameter Value
1 Solvent cnCl3
2 Temperature 298. 4
3 Number of Scans 189
4 Spectrometer Frequencyl00. 60!
5 Nucleus 13C
o
C4H3)LO/\C4H3
!
|
|
WWWVWMWMWWWWWWWNMWM‘ Y Wt ko e ok Ay o
el i) o VP Ll LU MR W
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 C

f1 (ppm)
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hexyl hexanoate, 2aq

E3
S
Parameter Value
1 Solvent CDC13
2 Temperature 173.2
3 Number of Scans 63
4 Spectrometer Frequency400. 02
5 Nucleus 1H
aQ
LCgH
CEHHAO &3
|
A L A
T T TT T
B B o 2 2
& S S s 2
r T T T T T T T T T T T T T T T T T T T T T T T T T
20 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
£ Z
I
Parameter Value
1 Solvent CDC13
2 Temperature 173.2
3 Number of Scans 175
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
(e}
_CgH
CSHH)I\Q sHis
|
]
o " o A N TP G "
W r N ot sy
r T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
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hexadecyl palmitate, 2ar

g z 282
g g %%
N
Parameter Value
1 Solvent CpCl13
2 Temperature 301. 4
3 Number of Scans 43
4 Spectrometer Frequency400. 02!
5 Nucleus 1H
-
)c}\
N
015H3| O C|5H:H
|
|
-
g
T T T T T T T _\
1L5 1.0 10.5 10.0 9.5 6.0 55 50 45 4 .5
£1 (ppm)
2 e
[
Parameter Value
1 Solvent cDC13
2 Temperature 293. 6
3 Number of Scans 201
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
X
N
015H3| O C|5H:H
1l
|
‘ " . - Al
“" " " " y
T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20
£1 (ppm)
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isobenzofuran-1(3H)-one, 2as

Parameter Value
1 Solvent cncl3
2 Temperature 173.2
3 Number of Scans 43
4 Spectrometer Frequency400. 02
5 Nucleus 1H
o
| o
I
i L . A
T T T T T T T T T T T T T T T T T T T T T T T T T
20 1.5 110 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.0 55 50 45 40 35 30 25 20 L5 L0 05 00 -0.5
£1 (ppm)
g 8
2 g
|
Parameter Value
1Solvent cncl3
2 Temperature 298.6
3 Number of Scans 437
4 Spectrometer Frequency100. 60
5 Nucleus 13C
o
| o
I
|
| "
" T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
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tetrahydro-2H-pyran-2-one, 2at

2 228
Parameter Value
1 Solvent cpels
2 Temperature 173.2
3 Number of Scans 31
4 Spectrometer Frequency400. 02
5 Nucleus 11
o
o
1
!
|
I\ A L
L Py T
2 B 2
r T T T T T T T T T T T T T T T T T T T T T T T
20 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 .5 0.0 -0.5
1 (ppm)
E =
I
Parameter Value
1 Solvent cDels
2 Temperature 173.2
3 Number of Scans 191
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o
o
|
r T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 40 30 20 10
1 (ppm)
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Cyclohexanone, 3a

7.2613

Parameter
1 Solvent

2 Temperature

3 Number of Sc:

ns

5 Nucleus

4 Spectrometer Frequency400. 02

1H

T T T
20 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 .0
£1 (ppm)
®
g
Parameter Value
1 Solvent CDC13
2 Temperature 173.2
3 Number of Scans 157
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
(o]
|
r T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

S61



Acetophenone, 3b

Parameter Value
1 Solvent CDC13
2 Temperature 173.2
3 Number of Scans 16
4 Spectrometer Frequency400. 02
5 Nucleus 1H
(o}
N
o ca G
T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 1.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0 -0.5 -1
1 (ppm)
8 2 3 88 <
s = £k
E & & 88 g
I v
Parameter Value
1 Solvent CDC13
2 Temperature 173.2
3 Number of Scans 125
4 Spectrometer Frequencyl00. 59
5 Nucleus 13C
o
|
| j L’)
T T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
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1-(4-methoxyphenyl)ethan-1-one, 3c

Parameter
1 Solvent
2 Temperature
3 Number of Scans

4 Spectrometer Frequency400. 02!

5 Nucleus

Value
CpCl13
173.2
36

1H

o]

Iy L
T e
E 2
; . . . T . . . . . . . . . . . . . . . . . .
L0 115 1.0 105 10.0 9.5 9.0 85 8.0 7.0 65 6.0 55 50 45 40 3.5 3.0 25 20 0.5 0.0 0.5
£1 (ppm)

i Z z

E £ -

I

Parameter Value
1 Solvent CDCl3
2 Temperature 173.2
3 Number of Scans 169
4 Spectrometer Frequencyl00. 60
5 Nucleus 13C
o
I
N N . m " ok T o
T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10
£1 (ppm)

S63



1-(p-tolyl)ethan-1-one, 3d

\%
Parameter Value
1Solvent cncl3
2 Temperature 298.2
3 Number of Scans 22
4 Spectrometer Frequency400. 02
5 Nucleus 1H
/\:\/ o)
I
= o o

r T T T T T T T T T T T T T T T T
20 11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5

1 (ppm)
g B o
g g S
I I
Parameter Value
1 Solvent cDel3
2 Temperature 300.2
3 Number of Scans 132
4 Spectrometer Frequencyl00.58
5 Nucleus 13C
/\:\/ o
|
| |
| L . ‘
W G
r T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
1 (ppm)
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1-(o-tolyl)ethan-1-one, 3e

Parameter Value
1 Solvent CnC13
2 Temperature 300. 4
3 Number of Scans 16
4 Spectrometer Frequency400. 02,
5 Nucleus 1H
o
1
|
L
T L
g8 33 &
R <
T T T T T T T T T T T T T T T T T T T T T T
.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 .5 5.0 4.5 4.0 3.5 3.0 2.5 1. 1.0 0.5 0.0
1 (ppm)
€
H
I
Parameter Value
1 Solvent cnel3
2 Temperature 300. 4
3 Number of Scans 114
4 Spectrometer Frequencyl00. 60!
5 Nucleus 13C
o
|
|
|
lA . oo UL AA
T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)
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1-(4-bromophenyl)ethan-1-one, 3f

Parameter Value
1Solvent cncl3
2 Temperature 173.2
3 Number of Scans 16
4 Spectrometer Frequency400. 02
5 Nucleus 1H

aUal

2.5723

e A
7T I
g5 g
T T T T T T T T T T T T T T T T T T T T T T T 1
.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 .5 4.0 3.5 3.0 2.5 2.0 .5 1.0 0.5 0.0 -0.5 -1
1 (ppm)

H g -

g g

5 5 :

I \

Parameter Value
1 Solvent CnCl3
2 Temperature 173.2
3 Number of Scans 178
4 Spectrometer Frequencyl00. 58
5 Nucleus 13C
(o}
B

|

| I ‘ rom— o
W L Y # " " A e

T T T T T T T T T T T T T T T T T T T T T T
20 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)
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