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General Information

'H and 3C NMR spectra were recorded on a Bruker DPX-400 spectrometer or Bruker DPX-300
spectrometer with CDCl; as the solvent and TMS as an internal standard. Melting points were
measured using a WC-1 microscopic apparatus and were uncorrected. GC analysis was performed
on Agilent 4890D gas chromatograph. Mass spectra were measured on an LC-MSD-Trap-XCT
instrument. High resolution mass spectra were ensured on a MALDI-FTMS. All solvents were
used after further purification. Ethyl acetate and hexane were used for column chromatography.
The commercials were obtained from commercial sources and used as-received without further

purification unless otherwise noted.

Preparation of Substrates

Bromoalkynes and terminal alkynes were prepared from the corresponding aryl iodides with
ethynyltrimethylsilane. Arylpropiolic acids were prepared from the corresponding arylboronic
acids with ethyl propiolate according to the reported procedure.!-

Optimization of Reaction Conditions

A 25 mL sealed tube was equipped with a magnetic stir bar and charged with amine 1a (0.3
mmol), alkyne 2a (0.6 mmol), palladium catalyst (0.01 mmol Pd), ligand (0.02 mmol), Co(CO)s
(0.075 mmol) and base (0.4 mmol) in solvent (1.0 ml). The resulting mixture was stirred at room
temperature for 5 h. Upon completion, the resulting mixture was filtered through a pad of celite,
washed with dichloromethane. After evaporation of the solvent under vacuum, the residue was
purified by column chromatography on silica gel (100-200 mesh) using hexane/ethyl acetate as an
eluent (3:2, V/V) to afford the pure product 3aa.

Table S1 Screening of reaction conditions?

Pd cat./Ligand Q
d e d V=g 2 Z N
/ — Base, solvent K/O
rt, air
1a 2a 3aa
Entry Catalyst Ligand Base Solvent Yield (%)°

1 Pd(OAc), Xantphos NEt; dioxane 31
2 Pd(OAc), DPEtphos NEt; dioxane 28
3 Pd(OAc), PPh; NEt; dioxane 24
4 Pd(OAc), dppf NEt; dioxane 21
5 Pd(OAc), Ruphos NEt; dioxane 27
6 Pd(OAc), 1,10-phen NEt; dioxane 19
7 Pd(OAc), bpy NEt; dioxane 13
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8 Pd(OAc), Xphos NEt; dioxane 41
9 Pd(OAc), Xphos Pr,NEt | dioxane 37
10 Pd(OAc), Xphos DMAP dioxane 14
11 Pd(OAc), Xphos DBU dioxane 29
12 Pd(OAc), Xphos KOH dioxane 42
13 Pd(OAc), Xphos NaOH dioxane 38
14 Pd(OAc), Xphos ‘BuOk dioxane 35
15 Pd(OAc), Xphos NaOAc dioxane 49
16 Pd(OAc), Xphos KOAc dioxane 44
17 Pd(OAc), Xphos K,CO; dioxane 51
18 Pd(OAc), Xphos Na,CO; dioxane 47
19 Pd(OAc), Xphos Cs,CO; dioxane 65(61)
20 Pd(OAc), Xphos Cs,CO;s DMF 29
21 Pd(OAc), Xphos Cs,CO; DMSO 23
22 Pd(OAc), Xphos Cs,CO3 toluene 20
23 Pd(OAc), Xphos Cs,CO; THF 51
24 Pd(OAc), Xphos Cs,CO;s 1,2-DCE 46
25 Pd(OAc), Xphos Cs,CO3 CH;CN 78 (73)
26 PdCl, Xphos Cs,CO; CH;CN 52
27 Pd(PPh;), Xphos Cs,CO; | CH;CN 53
28 Pd,(dba); Xphos Cs,CO; | CH;CN 92 (86)
29 Pd(PPh;),Cl, Xphos Cs,CO; | CH;CN 81(79)
30 Pd(CH;CN),Cl, Xphos Cs,CO; | CH;CN 77(74)
31 Pd(PCy;),Cl, Xphos Cs,CO; | CH;CN 62(59)
32 Cul Xphos Cs,CO; CH;CN Trace
33 Cu(OAc),-H,0 Xphos Cs,CO;s CH;CN Trace
34 Cu(OAc), Xphos Cs,CO;s CH;CN Trace
35 NiCl, Xphos Cs,CO;s CH;CN 21
36 NiCl,-6H,0 Xphos Cs,CO; | CH;CN 13
37¢ Pd,(dba); Xphos Cs,CO3 CH;CN 72 (68)
38d Pd,(dba); Xphos Cs,CO3; | CH3CN 34

a Reaction conditions: 1a (0.3 mmol), 2a (0.6 mmol), palladium catalyst (0.01 mmol Pd), ligand
(0.02 mmol), Co(CO)g (0.075 mmol) and base (0.4 mmol) in solvent (1.0 ml) under air for 5 h in
a sealed tube. ® GC yield (isolated yield) based on the amount of morpholine. ¢ For 4 h. 4 For 3h.

General Procedure for the Products

A 25 mL sealed tube was equipped with a magnetic stir bar and charged with amine 1 (0.3 mmol),
alkyne 2 (0.6 mmol), palladium catalyst (0.01 mmol Pd), ligand (0.02 mmol), Co,(CO)g (0.075
mmol) and base (0.4 mmol) in solvent (1.0 ml). The resulting mixture was stirred at room
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temperature for 5 h. Upon completion, the resulting mixture was filtered through a pad of celite,
washed with dichloromethane. After evaporation of the solvent under vacuum, the residue was
purified by column chromatography on silica gel (100-200 mesh) using hexane/ethyl acetate as an
eluent to afford the pure product 3.

Characterization Data of the Products

1-morpholino-3-phenylprop-2-yn-1-one (3aa):?

3aa
yellow oil; 'TH NMR (CDCl;, 400 MHz): 6 [ppm] = 7.56-7.53 (m, 2H), 7.45-7.31 (m, 3H), 3.85-
3.83 (m, 2H), 3.75-3.73 (m, 2H), 3.69 (s, 4H); 3C NMR (CDCl;, 100 MHz): J [ppm] = 153.2,
132.4,130.2, 128.6, 120.2, 91.2, 80.7, 66.9, 66.5, 47.3, 42.0.

3-(4-chlorophenyl)-1-morpholinoprop-2-yn-1-one (3ab):

Cl

3ab
light red solid; mp 111-112 °C; 'H NMR (CDCls, 400 MHz): § [ppm] = 7.49-7.46 (m, 2H), 7.37-
7.34 (m, 2H), 3.84-3.81 (m, 2H), 3.77-3.74 (m, 2H), 3.70 (s, 4H); 13C NMR (CDCl;, 100 MHz): ¢
[ppm] = 152.9, 136.5, 133.6, 129.0, 118.7, 89.9, 81.6, 66.9, 66.4, 47.3, 42.0; HRMS (ESI*) calcd
for C13H,CINO, [M+H]*: 250.0630, found: 250.0634.

3-(2-fluorophenyl)-1-morpholinoprop-2-yn-1-one (3ac):

3ac

reddish brown oil; 'H NMR (CDCl;, 400 MHz): J [ppm] = 7.59-7.54 (m, 1H), 7.46-7.40 (m, 1H),
7.19-7.10 (m, 2H), 3.89-3.86 (m, 2H), 3.77-3.75 (m, 2H), 3.71 (s, 4H); 3C NMR (CDCl;, 100
MHz): 6 [ppm] = 163.3 (d, Jc.g = 252.4 Hz), 152.7, 134.1, 132.1 (d, Jcr = 8.1 Hz), 124.2 (d, Jcr =
3.8 Hz), 115.6 (d, Jcr = 20 Hz), 109.0 (d, Jcr = 15 Hz), 85.5 (d, Jc.r = 3.2 Hz), 84.3, 66.8, 66.3,
47.2,41.9; HRMS (ESI") caled for Ci3H,FNO, [M+H]*: 234.0925, found: 234.0928.

1-morpholino-3-(3-nitrophenyl)prop-2-yn-1-one (3ad):
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3ad

reddish brown solid; mp 161-162 °C; 'H NMR (CDCls, 400 MHz): J [ppm] = 8.39-8.38 (m, 1H),
8.30-8.27 (m, 1H), 7.89-7.86 (m, 1H), 7.62-7.58 (m, 1H), 3.87-3.82 (m, 2H), 3.80-3.77 (m, 2H),
3.72 (s, 4H); 3C NMR (CDCls3, 100 MHz): 6 [ppm] = 152.3, 148.1, 137.9, 129.8, 127.0, 124.8,
122.2, 88.0, 82.6, 66.9, 66.4, 47.4, 42.1; HRMS (ESI") calcd for C3H;,N,O4 [M+H]": 261.0871,
found: 261.0868.

4-(3-morpholino-3-oxoprop-1-yn-1-yl)benzaldehyde (3ae)

OHC
3ae

yellow solid; mp 133-134 °C; 'H NMR (CDCls, 400 MHz): & [ppm] = 10.0 (s, 1H), 7.89 (d, J =
8.4 Hz, 2H), 7.70 (d, J = 8.2 Hz, 2H), 3.86-3.83 (m, 2H), 3.79-3.76 (m, 2H), 3.72 (s, 4H); 13C
NMR (CDCLs, 100 MHz): & [ppm]= 191.2, 152.6, 136.8, 132.9, 129.6, 126.2, 89.5, 83.6, 66.9,
66.4, 47.3, 42.1; HRMS (ESI*) caled for C14H,;NO; [M+H]*: 244.0968, found: 244.0969.

3-(3-morpholino-3-oxoprop-1-yn-1-yl)benzaldehyde (3af)
N
OHC Z O

3af

red solid; mp 85-86 °C; 'H NMR (CDCl;, 400 MHz): 6 [ppm] = 10.0 (s, 1H), 8.0 (t, J = 1.3 Hz,
1H), 7.96-7.93 (m, 1H), 7.82-7.79 (m, 1H), 7.58 (t, J = 7.7 Hz, 1H), 3.87-3.84 (m, 2H), 3.78-
3.76 (m, 2H), 3.72 (s, 4H); 13C NMR (CDCl;, 100 MHz): é [ppm] = 191.0, 152.7, 137.7, 136.6,
133.3, 131.0, 129.4, 121.6, 89.3, 81.9, 66.9, 66.5, 47.4, 42.0; HRMS (ESI*) caled for C4H;3NO3
[M+H]": 244.0968, found: 244.0967.

2-(3-morpholino-3-oxoprop-1-yn-1-yl)benzonitrile (3ag):
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light red solid; mp 108-109 °C; 'H NMR (CDCls, 400 MHz): J [ppm] = 7.77-7.71 (m, 2H), 7.67-
7.62 (m, 1H), 7.58-7.53 (m, 1H), 4.00-3.98 (m, 2H), 3.80-3.77 (m, 2H), 3.72 (s, 4H); '*C NMR
(CDCls, 100 MHz): 6 [ppm] = 152.2, 133.8, 132.8, 132.7, 130.4, 124.4, 117.3, 115.8, 86.0, 85.8,
67.0, 66.4, 47.5, 42.2; HRMS (ESI*) caled for C14H,N,0, [M+H]*: 241.0972, found: 241.0973.

1-morpholino-3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-one (3ah):

FsC
3ah

red solid; mp 122-123 °C; 'H NMR (CDCls, 400 MHz): 6 [ppm] = 7.68-7.63 (m, 4H), 3.86-3.83
(m, 2H), 3.78-3.76 (m, 2H), 3.72 (s, 4H); 3C NMR (CDCls, 100 MHz): 6 [ppm] = 152.6, 132.6,
131.8 (q, Jer = 32.7 Hz), 125.5 (q, J = 3.7 Hz), 124.1, 123.6 (q, J = 271.0 Hz), 89.2, 82.5, 66.8,
66.4, 47.3, 42.0; HRMS (ESI") calcd for Ci4H,,FsNO, [M+H]*: 284.0893, found: 284.0898.

1-morpholino-3-(naphthalen-1-yl)prop-2-yn-1-one (3ai):*

3ai

yellow oil; 'H NMR (CDCls, 400 MHz): J [ppm] = 8.28-8.26 (m, 1H), 7.93-7.87 (m, 2H), 7.81-
7.79 (m, 1H), 7.63-7.59 (m, 1H), 7.57-7.53 (m, 1H), 7.48-7.44 (m, 1H), 3.96-3.94 (m, 2H), 3.80-
3.78 (m, 2H), 3.76-3.74 (m, 4H); 3C NMR (CDCls, 100 MHz): 6 [ppm] = 153.3, 133.3, 133.1,
132.2, 130.8, 128.5, 127.5, 126.9, 125.7, 125.1, 117.9, 89.6, 85.4, 66.9, 66.5, 47.4, 42.1.

1-morpholino-3-(p-tolyl)prop-2-yn-1-one (3aj):*

3aj

red solid; mp 90-91 °C; 'H NMR (CDCls, 400 MHz): 6 [ppm] = 7.43 (d, J= 8.1 Hz, 2H), 7.17 (d,
J=28.0 Hz, 2H), 3.84 (t, J = 4.7 Hz, 2H), 3.74 (t, J = 4.8 Hz, 2H), 3.69 (s, 4H), 2.37 (s, 3H); 13C
NMR (CDCl;, 100 MHz): ¢ [ppm] = 153.3, 140.7, 132.3, 129.3, 117.1, 91.6, 80.4, 66.9, 66.5, 47.3,
41.9, 21.6.

1-morpholino-3-(m-tolyl)prop-2-yn-1-one (3ak):*

S6



3ak

yellow oil; 'H NMR (CDCls, 400 MHz): § [ppm] = 7.36-7.34 (m, 2H), 7.28-7.23 (m, 2H), 3.85 (t,
J=4.8 Hz, 2H), 3.75 (t, J = 4.7 Hz, 2H), 3.71 (s, 4H), 2.35 (s, 3H); 3C NMR (CDCls, 100 MHz):
J [ppm] = 153.3, 138.4, 132.9, 131.1, 129.5, 128.5, 120.1, 91.5, 80.5, 66.9, 66.5, 47.3, 42.0, 21.2.

1-morpholino-3-(o-tolyl)prop-2-yn-1-one (3al):*

3al

yellow oil; 'H NMR (CDCls, 400 MHz): J [ppm] = 7.52-7.51 (m, 1H), 7.34-7.30 (m, 1H), 7.25-
7.23 (m, 1H), 7.21-7.17 (m, 1H), 3.86 (t, J = 4.8 Hz, 2H), 3.75 (t, J = 4.8 Hz, 2H), 3.72 (s, 4H),
2.47 (s, 3H); 3C NMR (CDCLs, 100 MHz): 6 [ppm] = 153.3, 141.3, 132.9, 130.2, 129.7, 125.8,
120.2, 90.3, 84.6, 66.9, 66.5, 47.3, 42.0, 20.8.

3-(3,5-dimethylphenyl)-1-morpholinoprop-2-yn-1-one (3am):

3am

yellow solid; mp 85-86 °C; 'H NMR (CDCl;, 400 MHz): 6 [ppm] = 7.17 (s, 2H), 7.06 (s, 1H),
3.86-3.83 (m, 2H), 3.76-3.74 (m, 2H), 3.70 (s, 4H), 2.31 (s, 6H); *C NMR (CDCl;, 100 MHz): é
[ppm] = 153.4, 138.2, 132.2, 130.1, 119.9, 91.8, 80.2, 66.9, 66.5, 47.3, 42.0, 21.1; HRMS (ESI*)
calced for C;sH7;NO, [M+H]": 244.1332, found: 244.1334.

3-(3-methoxyphenyl)-1-morpholinoprop-2-yn-1-one (3an):

o Z N

3an

yellow oil; 'H NMR (CDCls, 400 MHz): J [ppm] = 7.29-7.25 (m, 1H), 7.16-7.11 (m, 1H), 7.07-
7.06 (m, 1H), 6.99-6.96 (m, 1H), 3.87-3.83 (m, 2H), 3.81 (s, 3H), 3.78-3.74 (m, 2H), 3.70 (s, 4H);
13C NMR (CDCls, 100 MHz): 6 [ppm] = 159.4, 153.2, 129.7, 124.8, 121.2, 117.1, 116.9, 91.1,

S7



80.5, 66.9, 66.5, 55.4, 47.3, 42.0; HRMS (ESI") calcd for C4H,5NO; [M+H]*: 246.1125, found:
246.1129.

3-(2-methoxyphenyl)-1-morpholinoprop-2-yn-1-one (3a0):*

~

I

3ao

yellow solid; mp 94-95 °C; 'H NMR (CDCl;, 400 MHz): 6 [ppm] = 7.52-7.50 (m, 1H), 7.41-7.37
(m, 1H), 6.96-6.89 (m, 2H), 3.92 (t, J = 4.8 Hz, 2H), 3.87 (s, 3H), 3.75 (t, J = 3.7 Hz, 2H), 3.70 (s,
4H); BC NMR (CDCls, 100 MHz): é [ppm] = 161.1, 153.4, 134.3, 131.9, 120.6, 110.7, 109.5,
87.8, 85.0, 67.0, 66.5, 55.8,47.3, 41.9.

1-morpholino-3-(thiophen-2-yl)prop-2-yn-1-one (3ap):

3ap
reddish brown oil; 'H NMR (CDCl;, 400 MHz): J [ppm] = 7.44-7.42 (m, 2H), 7.06-7.04 (m, 1H),
3.82-3.80 (m, 2H), 3.77-3.74 (m, 2H), 3.70 (s, 4H); *C NMR (CDCls, 100 MHz): é [ppm] =
153.0, 135.3, 130.2, 127.5, 119.9, 85.0, 84.8, 66.9, 66.5, 47.3, 42.0; HRMS (ESI*) caled for
C1iH;iNO,S [M+H]*: 222.0583, found: 222.0585.

3-(4-(tert-butyl)phenyl)-1-morpholinoprop-2-yn-1-one (3as):

By
3as

yellow solid; mp 149-150 °C; 'H NMR (CDCls, 400 MHz): & [ppm] = 7.49-7.45 (m, 2H), 7.42-
7.34 (m,2H), 3.84 (1, J = 4.7 Hz, 2H), 3.75 (t, J = 4.7 Hz, 2H), 3.70 (s, 4H), 1.32 (s, 9H); 3C NMR
(CDCls, 100 MHz): § [ppm] = 153.8, 153.4, 132.2, 125.6, 117.2, 91.6, 80.3, 66.9, 66.5, 47.3, 42.0,
35.0, 31.1; HRMS (ESIY) caled for Ci7Hy NO, [M+H]*: 272.1645, found: 272.1650.

N-methyl-V,3-diphenylpropiolamide (3ba):>
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3ba
red oil; 'TH NMR (CDCls, 400 MHz): 6 [ppm] = 7.47-7.43 (m, 2H), 7.40-7.30 (m, 3H), 7.26-7.21
(m, 3H), 7.15-7.13 (m, 2H), 3.39 (s, 3H); '3*C NMR (CDCls, 100 MHz): 6 [ppm] = 154.4, 143.3,
132.4, 129.9, 129.2, 128.3, 127.9, 127.4, 120.4, 90.9, 82.6, 36.4.

N,N-diethyl-3-phenylpropiolamide (3ca):°
O
N
Z NK
3ca

reddish brown oil; 'H NMR (CDCls, 400 MHz): 6 [ppm] = 7.55-7.53 (m, 2H), 7.43-7.34 (m, 3H),
3.66 (dd, J = 3.6 Hz, J = 10.7 Hz, 2H), 3.48 (dd, J = 3.6 Hz, J = 10.7 Hz, 2H), 1.30-1.24 (m, 3H),
1.18 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 100 MHz): J [ppm] = 154.0, 132.3, 129.9, 128.5,
120.8, 89.0, 82.0, 43.6, 39.3, 14.4, 12.9.

3-phenyl-1-(piperidin-1-yl)prop-2-yn-1-one (3da):¢

0]
Q/ C
3da

red solid; mp 96-97 °C; 'H NMR (CDCls, 400 MHz): 6 [ppm] = 7.56-7.53 (m, 2H), 7.43-7.33 (m,
3H), 3.77 (t, J = 5.2 Hz, 2H), 3.62 (t, J = 5.6 Hz, 2H), 1.72-1.55 (m, 6H); 13C NMR (CDCl;, 100
MHz): 6 [ppm] = 152.9, 132.3, 129.9, 128.5, 120.7, 90.2, 81.5, 48.2, 42.4, 26.4, 25.4, 24.5.

3-phenyl-1-(pyrrolidin-1-yl)prop-2-yn-1-one (3ea):°

O
Q/ i
3ea

reddish brown solid; mp 71-72 °C; '"H NMR (CDCls, 400 MHz): J [ppm] = 7.56-7.53 (m, 2H),
7.43-7.33 (m, 3H), 3.73 (t, J = 6.4 Hz, 2H), 3.53 (t, J = 6.5 Hz, 2H), 2.00-1.91 (m, 4H); 3C NMR
(CDCl;, 100 MHz): o [ppm] = 152.7, 132.4, 129.9, 128.5, 120.6, 88.7, 82.7, 48.1, 45.4, 25.4, 24.7.

N-butyl-3-phenylpropiolamide (3fa):

S9



o)
"Bu
Z

3fa
yellow oil; 'TH NMR (CDCls, 400 MHz): 6 [ppm] = 7.53-7.51 (m, 2H), 7.40-7.32 (m, 3H), 6.08 (s,
1H), 3.38-3.32 (m, 2H), 1.57-1.53 (m, 2H), 1.42-1.36 (m, 2H), 0.96-0.92 (m, 3H); *C NMR
(CDCl;, 100 MHz): o [ppm] = 153.5, 132.5, 130.0, 128.5, 120.3, 84.4, 83.2, 39.7, 31.4, 20.0, 13.7;
HRMS (EST") calcd for Ci3H;sNO [M+H]": 202.1227, found: 202.1227.

N-cyclohexyl-3-phenylpropiolamide (3ga):

e

Z

3ga

red solid; mp 97-98 °C; 'H NMR (CDCls, 400 MHz): 6 [ppm] = 7.53-7.51 (m, 2H), 7.40-7.32 (m,
3H), 5.94 (d, J = 6.8 Hz, 1H), 3.91-3.84 (m, 1H), 2.00-1.96 (m, 2H), 1.76-1.60 (m, 3H), 1.43-1.32
(m, 2H), 1.26-1.16 (m, 3H); *C NMR (CDCls, 100 MHz): 6 [ppm] = 152.5, 132.4, 129.9, 128.5,
120.4, 84.2, 83.4, 48.9, 32.9, 25.4, 24.8; HRMS (ESI") calcd for C;sH;NO [M+H]*: 228.1383,
found: 228.1385.

N,N-diisopropyl-3-phenylpropiolamide (3ha):
(0] J\
é )N\

3ha

yellow oil; 'H NMR (CDCls, 300 MHz): J [ppm] = 7.56-7.52 (m, 2H), 7.41-7.36 (m, 3H), 4.46-
4.57 (m, 1H), 3.75-3.68 (m, 1H), 1.42 (d, J = 6.9 Hz, 6H), 1.32 (d, J = 6.9 Hz, 6H); 3C NMR
(CDCls, 75 MHz): 6 [ppm] = 153.6, 132.2, 129.7, 128.4, 121.0, 88.5, 83.1, 46.1, 45.8, 21.1, 20.1;
HRMS (ESI*) caled for CsH;oNO [M+H]*: 230.1540, found: 230.1543.
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Copies of 'H and 3C NMR Spectra for the Products

889"
0EL”
TbL”
bSL”
E4-
8€8”
6F8°

L it

889°€ —
0EL"E~_
ThL g —
poLie~"
528" €~
868" —
6v8 g~

€T€" L~
AT

mvm.h/
Umm.hy
€98 L~
L9g”

28E L~
0% L

mggV
607 L—

81v " L——

vmw.h“
..mv.h\
65V L
mvw.h\
9bP L

ZESTL
GES L~
0¥ " L—

£65°L—F
mmm.h\

3.7 ppm

3.8

.

ppm

e

SYI°E
=pLoo-z

9.6’y —
cee Ly —

8/¥'99~_
988'99 "

¥rL 08—

yeg 16—

0v20gL—
04582~ _

e

9lc0El—
28eTeL

Lcg'est—

T

110

T

120

T

140

10 ppm

90 80 70 60 50 40 30 20

100

130

150

S12



00sL'€
6€L°€
6v.°€
€6
192’
29.°€
608'€
Sig'e
£€28'¢
L28'€
8€8'E

9eg’L
(4292
9ve'L
86€°L
£9¢€°2
69€°L
v
9L
(VA8
£8Y°L
88y’ L
£6¥°L

o 1S
e 00£€ g
./ BELE\ p &

& m¢h4m/
N\ @ mm;/ -
9L~ =
. 1908
o S18'e T
mmm.mW <"
138°€ -
gege”
£
o
9e€°, e
e
weL L3
858 L e
£9€'/ °
69€'L LS
~
Lov'L
99y, L
LvL L
£8hL 2
88y =
g6V,

ppm

Cl

6L6°Th— =

P6C L — =

8bb 90~

€58°99"

985 18—

T68°68—

LZL BTT—

S00°62T— -

€LGEET— -
E6FP"9ET—

ST6°2¢ST—

140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

150

S13



oLL'e
6vL'€
192°€
€LL°E
y98't
118°€
888'€
00L'L
coL'L
€chL
LrlL
0512
L91°L
0LLL
98L'L
88L°L
00v'L
POV L
EvL
8i¥'L
A a
veV'L
6EY'L
vyl
€SP L
LSY'L
S¥S'L
6¥S'L
€95°L
995°L
1852
§85°L

7

01Le—
6VLE~_
19/8—
g1

P98'E~_
18E—
ggg'e~"

ppm

3.8

39

002

mo_..._hV
€eLL—
..h.v_..n\
omv.m\

hw_..h\
0LLL

981/
88l/
00%'Z
YOb'L
Sl
81¥L
gerL
YEV'L
mmﬁW
PPyl \
£5b°/
S¥SL
m%sV
€95/ —
9962 /f
:wm,hx
685/

ppm

10

€88 LY —
SLVLY—

L8699~
28,99

092’8
mvv.mww
hhw.mm

mwmwv
R
o
Zo1 951>
pLiveL

80L2¢SL—

L1619 —
ey Y8l —

Shb'G8~_
LLY'G8—

606'80F~_
29060+

805°GHL—
SLLSHE—

olevel~_
8vevel-—"

1S0°2EL —
eeleel—

L

T T T
130 120 110

140

150

10 ppm

9 80 70 60 50 40 30 20

100

160

S14



¥el'e
clLLE
c8L'E
98/'¢
16L'€
S6/°€
86/°¢€
$28'e
0r8'e
£V8'E
FAZ: R
158
958’
998

£€85°L
€092
€29'L
658°L
c98'L
598°L
8/8'/
288'L
588'L
0/g'8
cle8
Slc'8
8/2'8
062’8
£€62'8
96¢'8
66¢'8
9/€£'8
08€'8
S8€E'8

wwj

ON

vel'e
th.m/
98L°€

16LE
S6LE

86L
28t

ovgE~"
EVeE—7
LY8E
1S8'E
958°€
998°€

=

€8S L~
£09'L—
€29,

64682
Nww,hW
5982

881
2887,
G88°L

0Lc'8
N\.N.m/
Gl2'8
wﬁw.mv

062°8—
628
9628
6628
988~

088'8—
g8e'8-"

thy 1y

79 78 77 ppm

T T
8.35 8.30 ppm

T
8.40

ppm

— @

=0}
60}

—000'}

180°cr—
eSE Ly —

6EV' 99~
£58'99-"

¢LGe8—
96'L8—

65122~
S6L Vel —
vp0LEL—
£28'621 -

ce6'LEL—

8LL8rl—
6EE°25L—

oN

3ad

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S15



N[O
)
O -
N 3
zzLe E
09L°€
0LL°€
viLE
z8Le
88/E—% - =
Le8'e
1£8°E L&
Sv8'e 22L e~
6v8'€ sait -
098’ 0228\, LS
PLLE-N =
28Le— 2o
ggss -2
1E8E~,
1688 — < lg
sv8°e L@
mvm_m\ @
S69°/L 098°€ L —
oL .
1587 Bryie—
806°L
£
Q.
S69L— a
oLL— -
©
15001 — e —
188~ @
806'L— - N

ppm

—(BEz e
o =cve

-2 <0001

11

asoey—
B6EC LY —

mv.v.mm
mmm.mmv

£85°€8—
9568 —

622921 ~_
185621 —
c98'CElL —
29981

865°251L—

POL LG —

OHC

™

40 30 20 ppm

50

150 140 130 120 110 100 90 80 70 60

160

190 180 170

S16



lcl'€
loLe
LLE
9LL'¢
¥8L°€
EV8'E
cs8'e
968'¢
998°¢

L5S°L
LIS°L
965°L
e6L'L
§6L°L
66L°L
L8L
SI18°L
818 L
6¢6'L
€€6°L
9€6°L
8¥6°L
es6'L
§S6°L
08
pr0'8
Ly0'8
61001

—_— ="

- E
o
3 12re— a
= loL'e L
N x E.«V I 1
A 9L 22 T o
v8Le F2
£re'e
: 2588 -5 18
958'e e
g98e”
- —
j
€
(=%
o
186~
LISl — - ©
9%65L— - e
P
% ]
26LL
mmE/ M
6642 ) .
g = o
Glg'L
818,
6262 >
£66'2 ~
986~  -=
sv6L-F = )
256'L = 0
G56'L ©
08— _
¥r0'8
1v0'8

ppm

\mmfv

8ll¢e

EYO\B66L

-2 <0001

11

Sr0er—
1SE L —

69¥°99~_
8/8'99-"

£€98°18—
662°68—

8.5 181~
9rv'6el

—mm.omFV
G8CEEL—

195°9EL 7
SEL'LEL

9¢L'eS—

c56'061 —

OHC

40 30 20 ppm

50

70 60

150 140 130 120 110 100 90 80

160

190 180 170

S17



yel'e
viLE
08L'€
98.'¢€
v6.L'€
66.€
8/6'€
166'€
L66'€
€00y

¥eS'L
LESL
€65°L
985,
eLSL
S.S'L
¥e9'L
Le9'L
€79°L
Ly9'L
€99°L
999°L
L0L°L
60L°L
9eL’L
8cL'L
SvlL
Lvl'L
§9L°L
99.°L

veL'E
vLLE
08L°€ W
98L€—7
v6L°€
664°€
8/6°€
166'E~\
166€-7
s00v/

AN
92L L~
8eL L~
Sl
QE\
59272

w@E\

pPpm

/288'E
=E£86't
SN

/000°L

=Feco’'t

© \8¥6'}

86L¢r—
9IS Ly —

LyP99~_
60029~

_.vw.mw
mmm.mwv

8I8'GHL~
00E°LLL—"

ehrvel —
L8E'0EL
LELTEL W
€81°2€1 \
w_,m,mmw

LECeSL—

o

60 50 40 30 20 10 ppm

70

140 130 120 110 100 90 80
S18

150




8lLL'€
96.'¢€
L9L°¢
6/L'¢
v8.L'€ -
L28'€
£€8'€
S¥8'€
G68'€

929°L
8v9°L
§59°L

LI9L

3ah

FaC

8LLE—
95/°€

2906\
6LLE—
v8Le"
1286~
gege—
Sv8'E

mmm.m\

929 L—
8¥9 L~
SS9 L
LL9L—

=

ppm

/696°€

1Sl

<+ \000'2

—2l6'E

820cy —
6LE LY —

68799~
Pp8'99—"

28¥'e8—

98168 —

209611
gleech
£L0'veL
£€ee'vel
09¥'SeL
66¥'S21
9EG°GZ1
cl5'Ggl
629°'/21
08z’ LEL
L09°LEL
PE6'LEL
c9eeeL
L65°2EL
£297eS1—

SIS ==

& :
W 097'521~,

66V G2l .
985°G2L — 5
2i5ce

FaC

125.5 ppm

L0561 —

glecel—
e€L0v2l
gcevel /

09r'Sel
66¥'G2l
9€5°62 1

2L55eh
629221

|

08z’ LEL — -
L09'LEL — =
YE6 LEL— =
c¢9g’eel — =

132 ppm

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S19



6€.°€
SvL'E
0s.'e
95/'¢
09/°€
08L'€
c6L'E
008°€
08'¢
9€6'€
6¥6'€
196’
6EV'L
1SV
09’ L
8LY'L
0e5°L
£€E5°L
8vS'L
0SS°2L
29572
LLSL
0652
€652
£09°L
L9
PI9°L
829°L
1€9°L
18L°L
0642
908'L
8082
598°L
588°L
cLe’L
£€€6'L
c9c'8
£8¢'8

g
[N
) 68L°€ o
Syl <
«NU 05.°€ P
A wmh_mV =
N\ E 09— _
Ny oE.m\ =193
{ 26L°€
008'€
v08'€ o
9e6'€~_ o
BY6E— =
196'¢-"
_J
s —
3
e
Q
Q
6EVL— &
LSV L~ _ e
09%'L—"
8Ly L—
0€5°2 L3
mmmﬁ/ =
8rs's
omm.h/ 0
1952 s =
(WIS —
0652~
€65 L— L8 -
209L— ~
11972 \.
v19°2 \ i &
. - ©
= Boors—.) | §
9087 =
808°2
- gogs—
688 L — o
26 L— - N
2928 —_ m. £66°L —
€828 =

ppm

10

11

090°er—
vy Ly —

£95'99~_
96699

006°LL1

mﬁ.mm_/

mmw.mmp/

858'92}
A\

SbS'L2L
evs8eL—

Em.oﬁ\
mm_..Nm: \.
690°EE L
908°EE L

88C°ES—

3ai

//"ﬂo

S21GT I~
689621 —
86892} —
SYS Lt —
£95'82L—

1080+ —
8GL¢Eh~_
690°€E}L —

ppm

130

L

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20
S20

150




HES—

169'€
LELE
crl'e
§SLE -

928't
8€8'E
6¥8'€

»

N 7

169E—
LELE~_

erLe— =
§6LEw"

928'E~_
8€8'€— -
6v8'c~"

09F L~
082"
LoV L~
Lol

ppm

ppm

7.4

ppm

<

=/86'C

f:
o
o
o

P9 le—

626° LYy —
v6S Ly —

VLY 99~
688'99-"

68€°08—

€L5°16—

BEL'LLL—
€eL'6Cl —
6€E€CEL— -

Lel oy —

LEESE—

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S21



1GE€e—

S0L'€
orL'e
1GLE
v9L'E B

€€8'€
9¥8'¢
L58'€

Gee'L
8cc’L
€ve'L
65¢'L
y9g'L
8/c'L
yreL
8vE'L
G9E€°L

Z
3ak

S0LE— -

oPLE~_
162 €—
$9L€—"

€€8'€~_
9V8'E—
LS8'E"

szz'L
8zz'L

eV L~
6522 —
vwm.h“
8/2°L

PE L~
8ve'L—
gog s

T

ppm

9LLIe—

046"y —
€ce Ly —

91599~
L1699

89%°08—

Sob' 16—

+80°0Ct—

_ﬁ.wm_
L1662} 1/./!
SLLIEL—
9ggzel”
9,861 —

L8C'ESL—

v

A\

Jak

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S22



Viv'e—

SiLe
crL'e
€54°¢
99.°¢ -

G/8'¢€

L9VL
98L'L
sog'L
0ge’L
6¥2'L
00€L
€0€°L
6LE°L
cee’l
LEE'L
0ve’L
§0S°L
L0S°L
ves'L

g_\:%\_“m‘%g,g,-a

158°E
v98'€ ShLE~_

P e~
€56 —
gose”
1SBE~_
$98°€ —
ci8e”

L91L
981°L\
502 L
omm.mﬁ
6ve L~
00€"L
£08° L\
1€ LT
2262 /[
LE€L
ovEL

506°2
2062 >
e

ppm

~

(o]
(=]

:

(=1
Sle

0

|-

€9/.°0c—

€66° LYy —
6ce’ Ly —

£25°99~_
6899

995 v8—
162°06—

PSL0gL—

828'S2 )~
9L 62~ _
681051
ge62eL -

692 Iy —

LYEESL—

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S23



&Io
L)
o E
W : ]
80£C— - =
goL'e
6€L°C
0S2°¢
¥SL'E -
£9/°¢€ e——
2E8'e
8¢
S¥8'e m
958'E £0L'E~— - F &
6ELC
omm.mw =
$SL€ “
mmn.m\\ o
ceg’e «
:qm.nw =
Sv8'e -
wmm.m\
650°L— S
PLVL— ST
g
650" L — - =
L
PLVL— = o
~

ppm

= 4229

/eeey
=E£60¢

< \060'¢

990°le—

0S6° Ly —
9 Ly—

02599~
£26'99"

191L°08—

95 16—

858611 —
6G0°0E€) —

SLLCEL—
cre8EL—

GGE'ESL—

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S24



£0L€
L
25L°e
YOLE
946+
018E
088'€-)
BES'E—
evge]
vegE

098¢

£96'9,
596'9-
026'9
216'9-
$86°9
986'9-
066'9
266'9
6502
€902
5902
6902
L L
121s
1 1WA
Vx4 WA
ovLL
EpLL
SpLL
05LL
851,
2T
STl
vee L

0.

€0L°€—
378

Nm\..nM
$9.°€—
92L'€—
0i8'¢

omm.mN
mmw.m#\.f
E€v8'E

.vmm.n\

www.m.\

T
385 380 3.75

869

986'9
066'9-7
mmm.m .\

65072
mmo..../
mmoNV,
690°L—
vLL'L
&E/
vN_..\.V
Levse—
ovLL-f
eFLL
SPLL
0512
85172

YSeL—
Slel—
v6eL—

[T

7.00 ppm

T T T
715 710 7.05

7.20

7.25

7.30

ppm

S/6° W —
6LE Ly —

98€'G5—

88199~
66899

9.7 08—

6L0'16—

mwm.w:
660°LL1 V
0og' kel —
8c8' el —
0.9'621 —

eSLeES—
68€°651—

150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 ppm

160

S25



169°€
378
esLe
S9/°€
€.8'€
oLe'e
cce'e
PE6'E

2689
€16'9
£€26'9
2r6'9
196'9
69€°L
€LE°L
L6e’L
60¥°L
EyL
S6¥°L
66¥'L
PIS'L
815,

1696~
WL e~
25Le—
sore”

£L8E~
016~
2e6e—
veee”

/

S\ [

268'9—
€16'9—_
£€26'9—
cre'9—
196'9—

69¢€°L

me.\..f./l
16e°L—
60v'L—7
m :u.h\

Sev'L

mmv,NV
YIS L—
.w —m.\.\

ppm

6.95

7.4 ppm

7.5

(Xl

ppm

0S6° LYy —
8 LY —

8865 —

LS99~
096'99"

e56'v8—
8¥8°/8—

L2G60H ~_
ELLOML

00902 —

G98'LEL—
9L veEL—

8 €SI —

orL’ 18—

10 ppm

150 140 130 120 110 100 90 8 70 60 50 40 30 20

160

S26



669'€
3785
brle
€6L°€
86.°¢
19L°€
G6L°€
€08'€
808'€
LI18'E
0c8't

LEO°L
Ly0'L
050°2
650°L
Oer'L
g€cr'L
Sev'L
6ck'L
ceV'L
8EY'L
WL

669°€— -

74
vrie
mmﬁmW
85L€—
1908
S6L'E~_
mom.mn\x
808
i8¢ \
028

L£0°L
L
0502
6502

0zrL
€27 L\
PR
mmv.h“
zer L

mm:\
V'L

7.05 ppm

3

7.42 ppm

7.44

ppm

€96 Ly —
TAVA Sl

S87°99~_
98899

mmﬁvw
mmm.vmv

€661 —

ey el —
9be0EL —

PIE'GEL—

8E0°ES—

SU—

b

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S27



8Le— -

P0L'€
9EL'€
JAZAS
6G2°€
ces’e
P¥8'€
§568'€

AN

oreL
£9¢°L
L1872
86€°L
b L
9L
vl
0Sy'L
74
Sev'L

A

ppm

V0L €~
984 €~

rle— <
65.€
ZESE~_
Pr8E— =
568'e "

3.8

(429
mwm.h/
\.\.m.\.V
mmm.h/
i~
L7
o/,
5
wmvh\
mmv.m

/88%'€
=68L')

<+ \SSZ')

—10€72
—\0002

950°Ie—
886'vE—

LS6° Ly —
9le’Lr—

L0599~
006'99"

8re' 08—

95 16—

VLV LLL—

c09'Se—
leege —

L8EES I~
rI8'ESE

'Bu

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S28



£6E'C—

8clh’s
L
gle’s
lee’s
15e'L
8G¢c’L
Log’L
0zce'L
8€e’.L
£€6€°L
08,
PLEL
98€’L
PO¥'L
Lev'L
0sy'L
89p°L

82—
L —

PAYA
_.mN.n.”
bSe i~
89¢L—
Loe'L
0ce’L
mmm.n#
EGE°L~C
onm.mv
viEL
mmm.n\
voy'L
F&N“
0Sv'L

mmv.n\

B |

ppm

8898 —

¢L5'e8—

79806 —

Lvv 0zt
OIS
omm.hﬂ/
128821 —
gL162) \
8e6'62 )
2rrael

69c'erl—

PSEVSL—

Levig~_
056°2281 —
lee'8eL—"
eLL6e—
8€6'6CL—

chbeel—

T T T
132 130 128 ppm

T
134

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S29



POL°L
8L
00’ L
8€C’L
Sse't
S9¢'L
8/2'L
€8¢’
S6¢' L
Loet

PS¥'e
Liv'e
68¥°€
0S¢
0r9'e
859'€
9/9'¢
£69'€

LE€°L
[429
9peL
65€°L
£€9€°L
vLEL
8.EL
06€°L
P6€°L
86€°L
Sop'L
SHL
Ocy'L
Lev'l
oey’L
EEV'L
SeS'L
625°L
SES°L
cpS'L
9ps'L
6¥S'L

A
_.hv.mV
687 E—
L05e"

0r9'E

859
9/9'6—
£69'€-"

b

ppm

—000°€
—\85€€

=Yy

=169l

€821~
Si¥vi-—

BEE'6E—
re9Er—

56 18—

800'68—

64,02 —

6b'8Z 1~
698'621 —
52e2eL

000 %S —

110

130

10 ppm

90 80 70 60 50 40 30 20

120 100

140

150

S30



285’1
9651
8091
619°L
SP9'L
199°L
$99°L
0L9°)
€89°L
969°L
c0L'L
604}
9LL’L
609'€
€29t
LE9'E
19L€
cLLE
18L°¢
cee’L
9ee’L
ove’L
8re’L
€687,
LSE°L
89¢€°L
eLeL
€8¢€°L
88¢€°L
l6eL
66€°L
S0¥'L
viyL
Oer'L
ver'L
Lev'L
LES'L
§ES'L
0vs'L
875’
1654
§6S°L
095°L

B

1.5 ppm

1.7 1.6

1.8

ppm

750 745 7.40 7.35
I
J‘L

7.55

7.60

I

609~
£29°€— =
1896~
Ly
818"

38 3.7 ppm

M N

ppm

P9

= L¥02
=Se0e

525°v2
RIS
6oz~

€'y —
Sle8y—

Sy 18—

02 06—

6LL02—
ELV'8EL~

898681 —
86ccEl "

¥e63eS1 —

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S31



Lees
SEE°L
6€€°L
£6€°2
LSEL
69€°L
LEL
L8E°L
L6EL
S6€°L
c0r’L
60¥°L
LIv'L
ver'L
ger'L
Lev'L
LeS.
LES'L
9€5°L
brS'L
8vS'L
16S5°L
965°,L

2ie

8zs e -
vries
LESL
seeL
6EEL

£5eL
Bm.h/ -
%m..\./ :

AN
1882
PETAS
S68L
z0v'L .\
60v'L \
Ll
ver'L
gzv'L
LeyL

25,
1862\ -
~N
9852
P96 L
8rG L — - S
Em....\
955,

7.56 7.54

£
a
[=%

qj
~
T
(s}

f:
o
o
[aY]

ShLve~_
11858

¥SE'Sr—
Lyl 8y—

9928 —
2.9'88—

919021 —

685921 ~_
VEB'6ZL —
LIETEL—

90485 —

T T
110

140

10 ppm

20

80 70 60 50 40 3

90

100

120

130

150

S32



2c6'0
626°0
160
656°0
6SE’L
LIE'L
€8E°L
96€° L
Sk L
¥ES'L
9¥S'L
ess’L
LSL
Sie'e
9ee'e
cee’e
(28
¥re'e
6SEE
LLE'E

c80'9
yee'L
LEE°L
LrEL
Sve'L
L5€°L
09g°L
28g’L
98¢€°,L
06¢€°L
Pov'L
805°L
cls’L
8IS
9es°L
625°L
€€5°L

R N OO

\

nBU

a

N
E
g _—
2260 o -
660N - _Jf S
W60
65607 =
6GE} £
LS\ s £
e oy &
mmm._.\ s — wmmm/ -
m_..v.F\ Nmm.m-/{ - =
) o WEE— o
i ot wvm.m\ - P
W~ 658/, -
mmm‘-\. - = 1/€€ m
1/S) Ee - J
L&
a
PEEL
LEE°L -
teyAN e ——=
GpeL— = I
IS€L— _ = N £
o9e 2" &
28€ L~ 8052 g
wmmx.ﬁ B 2 NBMW - ~
06EL/ 2 P 8lgL— =
vOp'L 92sL— _ =
mmm.h\ :
£€G°L

7.55

ppm

L~ =<ZIEE
—Zeee

—.z8l¢

L 0 s

0880

881°E8~_
90V ¥8—"

Leeogt —
Pe¥ 821~ _

0/6'62 —
aoveel

€SP ESE—

10 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

S33



PoL°L
961°L
8le'l
9¢e’L
8¥g'L
95g’L
0€E’L
8EE’L
19€°1
€9€°L
£€6€°L
Loyt
809'L
LI9L
o't
90L°L
YLLL
¥el'l
8€L°L
8rLl
A7 NS
096'L
896'L
086°L
166}
0002
98'€
¥.8°€
§88'€
8leL
lees
See'L
6€€°L
£vE'L
85€°L
8/8°L
c8E’L
98€°L
¥6€°L
00¥'L
0152
¥IS§'L
6152
1es’2L
¥eS'L

8ve'e L
« SS8E
- wmm.m/ -

o P9BE-Y = -

1
T
395 3.90 3.85

PE6'S~_
166'G—"

6.0 ppm

, 20 1.9
ppm
|
|
"
{ S

M

0152
wn
& Em.hV -
8IS — 7
LEG' L7 ~=
L vmm.h\
~

ppm

4

]

A

7.50 pp

7.55

m

ppm

£E8'¢

—J9L0%¢
¥86'¢

o PSLL

crl0

924 Ve~
ver'Se—"

09828 —

198'87 —

L0’ €8~
SLLy8—"

G802 —
681821 ~_

9€6'6C—
Byyeel "

ceseS—

"

T

T
130 110

140

10 ppm

90 80 70 60 50 40 3 20

100

120

150

S34



=
[e]
-

N\ ®
Y0€L
zeL N L
¥ —— —
1et'L

MNM”" — & 'S
189°% o s
coLe @
szre “ o)== F o~ 958 A
Wi - /=

695°%
Sm.qw
£19'%

mnm.«.w\
1591 189c—
sore—
sTLe——
LpLE——

65872
€887
1387,
680%L
25l
0es'L
Svs'L
1s8°L
9§52

~y
it |
e

0 ppm

.

:

©|
F!
w

2eTHoT ——_
Loe —

5Ly
i —

6cles

257'88

o'z

BEV'BTL ——
L9962 ——
S6LCEL —

S09°651

10 ppm

150 140 130 120 110 100 920 80 70 60 50 40 30 20

160

S35



