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General Information

Analytical

Flash Column Chromatography was applied to obtain all reaction yields and performed on silica
gel 300-400 mesh. NMR spectra were recorded on a Bruker AVIII-400 spectrometer. 'H-NMR
Chemical shifts (6:) were reported in units parts per million refering to TMS signal by assigning
its resonance as 0.00 ppm in CDCIs or referring to resonance of DMSO as 2.50 ppm in DMSO-ds.
All BC-NMR Chemical shifts were reported in units ppm by assigning resonance of CHCl; as
77.16 ppm in CDCI;3 or that of DMSO as 39.52 ppm in DMSO-ds. All coupling constants (J) were
reported in Hertz (Hz). High Resolution Mass Spectra were measured by APEX IV Fourier
Transform Ion Cyclotron Resonance Mass Spectrometer in ESI Positive (showed a systematic
error of about 0.0005). Infrared spectra were recorded on a Nicolet FT-IR Spectrophotometer
NEXUS-470. The wave numbers (v) of recorded IR signals are quoted in cm™. Thin Layer

Chromatograms (TLC) was visualized under UV and via phosphomolybdic acid stain.

Chemical

All substrates were synthesized in our lab and isolated through Flash Column Chromatography or
direct extraction, and the purities were confirmed by NMR. All catalysts were purchased in the
high quality and all commercially obtained reagents were used as received. Anhydrous solvents
were distilled in small scale with CaH, or sodium and stored under Argon. Barring large-scale
preparation, reactions were carried in Schlenk tube under given conditions with a magnetic stirrer.

Unless otherwise noted, isolated yields were calculated based on quantity of starting material.
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Detailed Screen of Reaction Conditions

Reactions were conducted under the given conditions below. 1a and catalyst were added to a 25
mL schlenk tube. After air-evacuated and refilled with CO, liquid reagents were added via syringe.
While reaction completed, the mixture was extracted with ethyl acetate and NaCl aqueous solution.
The organic portion was dried, concentrated and afforded product 3aa via Flash Column

Chromatography.

Table S1. Searching For Proper Catalyst.?

0.0

C/
0, |

MeO@Ng + Ph(CHy),0H Cat: (5 mol%), CO (balloon), TEA (3 eq.), ©/V c”
DMF (0.1 M), 80 °C, 24 h. /@/

la 2a 3aa
15eq. MeO
entry Cat. yield of 3aa
1 Co(OAc), 4H,0 0
2 CoCl, 0
3 MnCl, 0
4 Mn(OAc), 0
5 Ni(OAc), 0
6 NiCl, 0
7 ZnBr 0
8 AICI; 0
9 Sc(OTF);3 0
10 FeBr, 0
11 FeCl; 0
12 CuCl 0
13 CuCl, 0
14 Rh(OAc), <5%
15 RuCl,(p-cymene) <5%
16 AgOAc 0

@Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), Catalyst (0.01 mmol), TEA= triethylamine
(0.6 mmol), DMF (2 mL), 24 h with a CO balloon.
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Table S2. Optimation of Reaction Conditions.2

MeO*@Na + Ph(CHp);0H -

la

Pd] (5 mol%), CO (balloon), TEA (3 eq.),

solvent (0.1 M), temperature, 24 h.

2a
15eq.

entry catalyst solvent temperature (°C) yield®
1 5 mol% Pd(cod)Cl, DMF 80 51%
2 5 mol% Pd(cod)Cl, DMF 80 36%
3 5 mol% PdCl, DMF 80 52%
4° 5 mol% PdCl, DMF 80 35%
5 5 mol% Pd(OAc), DMF 80 <10%
6 5 mol% PdBr, DMF 80 50%
7 5 mol% PdCIy(PhCN), DMF 80 51%
8 5 mol% PdCl, MeCN 50 trace
9 5 mol% PdCl, dioxane 50 trace
10 5 mol% PdCl, toluene 50 0
11 5 mol% PdCl, DCE 50 trace
12 5 mol% PdCl, THF 50 <10%
13 5 mol% PdCl, AcOEt 50 trace
14 5 mol% PdCl, DMSO 50 44%
15 5 mol% PdCl, DMA 50 55%
16 5 mol% PdCl, NMP 50 7%
17 5 mol% PdCl, DMA 70 90%
18 5 mol% PdCI, DMA 90 73%
19 5 mol% PdCl, DMA 100 66%
20 5 mol% PdCl, NMP 70 61%
21 5 mol% PdCl, NMP 90 50%
22 1% PdCl, DMA 70 82%
23d 1% PdCl, DMA 70 76%
244 2% PdCl, DMA 70 91%
ond.e 2% PdCl, DMA 70 89%
2gde no catalyst DMA 70 0
o7d.ef 2% PdCl» DMA 70 0

& Reaction conditions: 1a (0.2 mmol), 2a (0.3 mmol), TEA= triethylamine (0.6 mmol), solvent (2
mL), 24 h with a CO balloon. ° Isolated yields. ¢ PPh; (20 mol%) was added. 1.2 eq. of 2a was
employed in DMA 0.2 M. ¢ without TEA. fCO was replaced by Ar. ¢ CO was replaced by CO».

s4



Supplemental Experiments

Table S3. Reactions with Other Nucleophiles.?

MeO o
PdCl,, CO (balloon),
DMA, 70 °C, 24 h. N X
H

1a 8 9
entry R-XH yield of 9
1 PhOH <5%
2 Ph” “SH 0
3 _~_-SH 0
4 PhCOOH 0
5 AcOH 0

@Reactions were carried under standard conditions: 1a (0.3 mmol), 8 (0.36 mmol), PdCl, (0.006
mmol), DMA (1.5 mL), 70 °C, 24 h with a CO balloon.

Table S4. Reactions Catalyzed by Pd(0) Catalysts. 2°

0,20
PdO] (5 mol%), CO (balloonL©/\/ i
MeO@N [ ' NH
2
la a MeO

1.2 eq. 3aa

entry [PdY 3aa
1 Pd(PPh3), trace
2 10% Pd/C trace

2Reactions conditions: 1a (0.3 mmol), 2a (0.36 mmol), Pd(0) Catalyst (0.015 mmol), DMA (1.5
mL), 70 °C, 24 h with a CO balloon. ° 1,2-bis(4-methoxyphenyl)diazene was detecedas the major
product by GC-MS.
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Table S5. Several Control Experiments With 1-1socyanato-4-methoxybenzenea.®

0..-0
?/
MeO@NCO + Ph(CH,),0H Standard conditions NH
2)2 i: ~

2a
7 MeO
3aa
entry control yield!®!
79%
2 CO was changed to Ar 80%

carried without PdCl, 63%

aStandard conditions: 7(0.3 mmol), 2a (0.36 mmol), PdCl, (0.006 mmol), DMA (1.5 mL), 70 °C,
24 h with a CO balloon. ® Isolated yields.

In this table, several control experiments were conducted with 1-isocyanato-4-methoxybenzene (7)
and 2ato get an insight into the mechanism. The yield of the reaction without CO was almost the
same as the yield ofthat under the standard conditions, illustrating that there is no influence from
CO in the step of nucleophilic addition (entry 1, 2). Yet, nearly 20% of yield dropped as the
reaction carried in the absence PdCl, (entry 3). This shows PdCl, promotes the second step of
nucleophilic addition, most probably because of the Lewis acidity of PdCl,and absence of usually
necessitated basic promotor for a high yield. These results give a possibility that the catalyst did
not leave immediately after the formation of isocyanate, but clung on to it to ease the following

nucleophilic attack.
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Experimental procedure for syntheses and Characterization Data of

carbamates

Phenethyl 4-methoxyphenylcarbamate (3aa). Typical procedure: 1la (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) were added to a 25 mL schlenk tube equipped with a magnetic stirrer bar.
After air-evacuation and refilled with CO for three times or more, 2a (43.9 mg, 0.36 mmol) and
DMA (1.5 mL) were added via syringe. The formed mixture was stirred at 70 °C for 24 h. The
solution was then cooled to room temperature followed by diluting with ethyl acetate (10 mL).
After being shaken with saturated NaCl aqueous solution (10 mL), the organic portion was
separated. Repeat once and the aqueous portion was extracted with ethyl acetate (5 mL). The
organic portions were combined, dried over Na;SOs, filtered, and evaporated under vaccum. The
residue was purified through Flash Column Chromatography on silica gel (petroleum ether : ethyl
acetate = 30:1)to afford 3aa (72.2 mg, 89% yield ). 3aa: White solid; FT-IR (neat, cm™): 3436, 1696,
1532, 1414, 1247, 1079, 829, 776;'H NMR (400 MHz, CDCls) &: 7.36-7.17 (m, 7H), 6.83 (d, J = 8.8
Hz, 2H), 6.50 (brs, 1H), 4.37 (t, J = 7.2 Hz, 2H), 3.77 (s, 3H), 2.97 (t, J = 7.2 Hz, 2H); '3C NMR (100
MHz, CDCl3) 8:156.17, 153.97, 137.99, 131.01, 129.05, 128.65, 126.70, 120.82(brs), 114.38, 65.67,
55.62, 35.55 ppm; HR-MS (ESI, positive): m/z calculated for Ci¢H;sNO3; (M+H)"272.1281, found:

272.1278.

Methyl 4-methoxyphenylcarbamate (3ab).! The reaction of 1a (44.7 mg, 0.3 mmol), PdCl, (1.1
mg, 0.006 mmol) and 2b (11.5 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24

h, afforded product 3ab (45.9 mg, 85% yield). 3ab: White solid; FT-IR (neat, cm™): 3344, 3003,

S7



2946, 1738, 1540, 1512, 1444, 1324, 1233, 1188, 1073, 1023, 837, 766;'H NMR (400 MHz, CDCls)
§:7.28 (d, J= 7.2 Hz, 2H), 6.84 (dt, J; = 9.2, J;= 3.2 Hz, 2H), 6.72 (brs, 1H), 3.77 (s, 3H), 3.75 (s, 3H);
13C NMR (100 MHz, CDCl;) 8:156.09, 154.63, 131.05, 120.81(brs), 114.31, 55.56, 52.34 ppm;

HR-MS (ESI, positive): m/z calculated for CoH,NO3(M+H)"182.0812, found: 182.0807.

MeO
e \O\ o|
3ac Et
N)\O/

H
Ethyl 4-methoxyphenylcarbamate (3ac).? The reaction ofla (44.7 mg, 0.3 mmol), PdCl, (1.1 mg,
0.006 mmol) and 2¢ (16.6 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h,
afforded product 3ac (48.5 mg, 83% yield). 3ac:White solid; FT-IR (neat, cm™): 3320, 2983, 2920,
1700, 1539, 1416, 1238, 1074, 1029, 826, 774, 629;'H NMR (400 MHz, CDCl3) 5:7.28 (d, J = 7.6 Hz,
2H), 6.88-6.79 (m, 2H), 6.70 (brs, 1H), 4.20 (q, J = 7.2 Hz, 2H), 3.77 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H);
BC NMR (100 MHz, CDCl5) 8:155.99, 154.25, 131.20, 120.81 (brs), 114.29, 61.16, 55.56, 14.66 ppm;

HR-MS (ESI, positive): m/z calculated for CioHi4NO3;(M+H)"196.0968, found:196.0962.

MeO
3ad NH J)

3-Phenylpropyl 4-methoxyphenylcarbamate (3ad). The reaction of la (44.7 mg, 0.3 mmol),
PdCl; (1.1 mg, 0.006 mmol) and 2d (49.0 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO
(1 atm), 24 h,afforded product 3ad (59.5 mg, 70% yield). 3ad: White solid; FT-IR (neat, cm™): 3302,
2963, 2939, 1702, 1536, 1416, 1242, 1090, 1062, 827, 732, 699; 'H NMR (400 MHz, CDCls)
8:7.35-7.10 (m, 7H), 6.83 (d, J = 8.8 Hz, 2H), 6.65 (brs, 1H), 4.16 (t, J = 6.6 Hz, 2H), 3.76 (s, 3H),
2.73-2.66 (m, 2H), 2.02-1.92 (m, 2H); 3C NMR (100 MHz, CDCls) 5:156.06, 154.16, 141.38, 131.13,
128.53, 128.49, 126.08, 120.83 (brs), 114.34, 64.62, 55.57, 32.25, 30.66 ppm; HR-MS (ESI, positive):

m/z calculated for C17H20NO3(M+H)*286.1438, found: 286.1439.
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3ae NH

A

o~ O
Pentyl 4-methoxyphenylcarbamate (3ae). The reaction of la (44.7 mg, 0.3 mmol), PdCl, (1.1

mg, 0.006 mmol) and 2e (31.7 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24
h, afforded product 3ae (58.2 mg, 82% yield). 3ae: White solid; FT-IR (neat, cm™): 3336, 2958,
2934, 2857, 1072, 1599, 1540, 1419, 1227, 1082, 1034, 827, 742;'H NMR (400 MHz, CDCl3) 5:7.28
(d, J =7.2 Hz, 2H), 6.83 (dt, J; = 8.8, J;= 2.8 Hz, 2H), 6.66 (brs, 1H), 4.14 (t, J = 6.8 Hz, 2H), 3.77 (s,
3H), 1.70-1.61 (m, 2H), 1.42-1.28 (m, 4H), 0.91 (t, J = 7.0 Hz, 3H); °*C NMR (100 MHz, CDCl;)
5:156.02 154.31, 131.25, 120.82 (brs), 114.33, 65.40, 55.58, 28.76, 28.11, 22.43, 14.05 ppm; HR-MS

(ESI, positive): m/z calculated for C13H20NO3;(M+H)*238.1438, found: 238.1435.

MeO
R
3af J\
N)\O
H

Isopropyl 4-methoxyphenylcarbamate (3af).’> The reaction of 1a (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) and 2f (21.6 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3af (47.7 mg, 76% yield). 3af: White solid; FT-IR (neat, cm™): 3312, 2980,
2933, 2837, 1696, 1537, 1415, 1241, 1113, 1056, 1030, 828, 773, 644;'H NMR (400 MHz, CDCls)
8:7.28 (d, J = 8.0 Hz, 2H), 6.83 (dt, J1 = 8.8, Jo= 2.6 Hz, 2H), 6.58 (brs, 1H), 5.00 (hept, 6.2 Hz, 1H),
3.77 (s, 3H), 1.28 (d, J = 6.4 Hz, 6H); *C NMR (100 MHz, CDCl3) 8:155.94, 153.79, 131.35, 120.74
(brs), 114.33, 68.62, 55.58, 22.21 ppm; HR-MS (ESI, positive): m/z calculated for C;;H;sNOs(M+H)"

210.1125, found: 210.1124.

0
\
o)
3ag MeOONH CO

1-(Naphthalen-2-yl)ethyl 4-methoxyphenylcarbamate (3ag). The reaction of la (44.7 mg, 0.3
mmol), PdCl, (1.1 mg, 0.006 mmol) and 2g (61.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C,
under CO (1 atm), 24 h, afforded product 3ag (58.0 mg, 60% yield). 3ag: White solid; FT-IR (neat,

cm™): 3386, 2933, 1711, 1519, 1415, 1217, 1070, 1029, 823, 752;'H NMR (400 MHz, CDCL)
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8:7.85-7.79 (m, 4H), 7.57-7.44 (m, 3H), 7.27 (d, J = 8.4 Hz, 2H), 6.85-6.78 (m, 2H), 6.62 (brs, 1H),
6.05 (q, J = 6.4 Hz, 1H), 3.75 (s, 3H), 1.67 (d, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl3) 8:156.11,
153.40, 139.27, 133.36, 133.20, 131.09, 128.51, 128.20, 127.80, 126.34, 126.19, 125.14, 124.22,
120.76 (brs), 114.37, 73.40, 55.61, 22.42 ppm; HR-MS (ESI, positive): m/z calculated for

C20H20NO3(M+H)* 322.1438, found: 322.1439.

MeO
RO
3ah
N (@)

H

2,3-Dihydro-1H-inden-1-yl 4-methoxyphenylcarbamate (3ah). The reaction of 1a (44.7 mg, 0.3
mmol), PdCl; (1.1 mg, 0.006 mmol) and 2h (48.2 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C,
under CO (1 atm), 24 h, afforded product 3ah (50.4 mg, 60% yield). 3ah: White solid FT-IR (neat,
em™): 3302, 2918, 2836, 1691, 1533, 1415, 1241, 1058, 824, 749;'H NMR (400 MHz, CDCl5) §: 7.49
(d, J=17.6 Hz, 1H), 7.38-7.18 (m, 5H), 6.84 (d, J = 8.8 Hz, 2H), 6.49 (brs, 1H), 6.22 (dd, J, = 6.8, Jo=
3.6 Hz, 1H), 3.78 (s, 3H), 3.19-3.05 (m, 1H), 2.94-2.83 (m, 1H), 2.58-2.47 (m, 1H), 2.22-2.12 (m, 1H);
BC NMR (100 MHz, CDCls) &: 156.11, 153.97, 144.51, 141.23, 131.14, 129.14, 126.90, 125.73,
124.98, 120.76 (brs), 114.42, 79.24, 55.57, 32.57, 30.29 ppm; HR-MS (ESI, positive): m/z calculated

for C17H1sNO3(M+H)* 284.1281, found: 284.1278.

w20

N

Cyclohexyl 4-methoxyphenylcarbamate (3ai). The reaction of 1a (44.7 mg, 0.3 mmol), PdCI,
(1.1 mg, 0.006 mmol) and 2i (36.0 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h,afforded product 3ai (45.0 mg, 60% yield). 3ai: White solid; FT-IR (neat, cm™): 3338, 2938,
2858, 1699, 1537, 1415, 1234, 1065, 1030, 826, 780, 630;'H NMR (400 MHz, CDCl;) &: 7.28 (d, J =
8.0 Hz, 2H), 6.84 (dt, J, = 8.8, J= 2.8 Hz, 2H), 6.54 (brs, 1H), 4.83-4.64 (m, 1H), 3.77 (s, 3H),
1.98-1.85 (m, 2H), 1.79-1.67 (m, 2H), 1.61-1.15 (m, 6H); *C NMR (100 MHz, CDCls) &: 155.92,
153.71, 131.38, 120.67 (brs), 114.34, 73.56, 55.60, 32.06, 25.50, 23.89 ppm; HR-MS (ESI, positive):

m/z calculated for C14H2oNO3(M+H)*250.1438, found: 250.1437.
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tert-Pentyl 4-methoxyphenylcarbamate (3aj). The reaction of la (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) and 2j (31.7 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3aj (9.8 mg, 14% yield). 3aj: Transparent colorless liquid; FT-IR (neat, cm™):
3334,2965, 2929, 1702, 1516, 1228, 1158, 829;'"H NMR (400 MHz, CDCl) &: 7.26 (d, J = 8.0 Hz, 2H),
6.83 (d, J =9.2 Hz, 2H), 6.36 (brs, 1H), 3.78 (s, 3H), 1.83 (q, J = 7.5 Hz, 2H), 1.47 (s, 6H), 0.92 (t, J =
7.4 Hz, 3H); *C NMR (100 MHz, CDCl;) 8: 155.87, 153.28, 131.61, 120.71 (brs), 114.34, 82.82,
55.66, 33.87, 25.97, 8.44 ppm; HR-MS (ESI, positive): m/z calculated for C;3H;gNNaO; (M+Na)"

260.1257, found: 260.1252.

tert-Butyl4-methoxyphenylcarbamate (3ak).? The reaction of 1a (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) and 2k (26.6 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3ak (10.0 mg, 15% yield). 3ak: White solid; FT-IR (neat, cm™'): 3338, 2929,
1702, 1517, 1412, 1240, 1162, 829, 724;'H NMR (400 MHz, CDCls) 3: 7.26 (d, J = 8.4 Hz, 2H), 6.83
(dt, J1=9.2, 3= 2.6 Hz, 2H), 6.35 (brs, 1H), 3.78 (s, 3H), 1.51 (s, 9H); '*C NMR (100 MHz, CDCl5) &:
155.88, 153.32, 131.60, 120.78 (brs), 114.37, 80.38, 55.66, 28.52 ppm; HR-MS (ESI, positive): m/z

calculated for C;,H17NNaOs (M+Na)*246.1101, found: 246.1098.

3al MeOONH /—@Me
}/—o
(0]

4-Methylbenzyl 4-methoxyphenylcarbamate (3al). The reaction of la (44.7 mg, 0.3 mmol),
PdCl, (1.1 mg, 0.006 mmol) and 2l (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO
(1 atm), 24 h,afforded product 3al (57.3 mg, 70% yield). 3al: White solid; FT-IR (neat, cm™): 3317,

2959, 2940, 1701, 1534, 1418, 1229, 1067, 1030, 824, 809, 784;'H NMR (400 MHz, CDCl3) &: 7.26 (d,
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J=28.0 Hz, 4H), 7.15 (d, J = 8.0 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 6.70 (brs, 1H), 5.12 (s, 2H), 3.75 (s,
3H), 2.33 (s, 3H); *C NMR (100 MHz, CDCls) &: 156.09, 153.96, 138.20, 133.30, 131.04, 129.34,
128.52, 120.80 (brs), 114.32, 66.94, 55.55, 21.26 ppm; HR-MS (ESI, positive): m/z calculated for

CisHisNO3(M+H)"272.1281, found: 272.1285.

3-Phenylprop-2-ynyl 4-methoxyphenylcarbamate (3am). The reaction of la (44.7 mg, 0.3
mmol), PdCI, (1.1 mg, 0.006 mmol) and 2m (47.5 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C,
under CO (1 atm), 24 h, afforded product 3am (48.4 mg, 57% yield). 3am: White solid; FT-IR
(neat, cm™): 3322, 2950, 2833, 1880, 1701, 1541, 1414, 1239, 1070, 829, 754, 690, 645;'H NMR (400
MHz, CDCLs) &: 7.48-7.41 (m, 2H), 7.34-7.24 (m, SH), 6.84 (dt, J; = 9.2, J,= 2.8 Hz, 2H), 6.77 (brs,
1H), 5.00 (s, 2H), 3.76 (s, 3H); 1*C NMR (100 MHz, CDCl5) 8: 156.29, 153.21, 132.01, 130.71, 128.86,
128.41, 122.27, 120.94 (s), 114.39, 86.66, 83.36, 55.58, 53.63 ppm; HR-MS (ESI, positive): m/z

calculated for C;7H;sNO3;(M+H)*282.1125, found: 282.1124.

Meo\©\ 0
3an )|\
N 0N

Prop-2-ynyl 4-methoxyphenylcarbamate(3an).* The reaction of 1a (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) and 2n (20.2 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3an (30.4 mg, 49% yield). 3an: White solid; FT-IR (neat, cm™'): 3304, 3254,
2936, 2839, 2130, 1697, 1552, 1514, 1453, 1418, 1225, 1065, 1035, 828, 744, 682; 'H NMR (400 MHz,
CDCls) 6: 7.28 (d, J = 8.0 Hz, 2H), 6.84 (dt, J; = 8.8, J.= 2.8 Hz, 2H), 6.74 (brs, 1H), 4.76 (d, J =2.4
Hz, 2H), 3.77 (s, 3H), 2.50 (t, J = 2.4 Hz, 1H); '3C NMR (100 MHz, CDCl3) &: 156.35, 153.00, 130.57,
120.98 (brs), 114.39, 78.11, 75.04, 55.59, 52.76 ppm; HR-MS (ESI, positive): m/z calculated for

C1H12NO3(M+H)"206.0812, found: 206.0808.
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MeO 0
3ao \©\ | 4
H)\OM

But-3-ynyl 4-methoxyphenylcarbamate (3ao0). The reaction of 1a (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) and 20 (25.2 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3a0 (44.8 mg, 68% yield). 3a0: White solid; FT-IR (neat, cm™): 3352, 3295,
2957, 2907, 2837, 1881, 1694, 1551, 1523, 1419, 1238, 1088, 1033, 832, 750; 'H NMR (400 MHz,
CDCls) &: 7.28 (d, J = 8.0 Hz, 2H), 6.84 (dt, J; = 8.8, Jo= 2.6 Hz, 2H), 6.72 (brs, 1H), 4.26 (t, J = 6.6
Hz, 2H), 3.78 (s, 3H), 2.57 (td, J1 = 6.8, Jo= 2.8 Hz, 2H), 2.03 (t, J = 2.6 Hz, 1H); *C NMR (100 MHz,
CDCl3) 8: 156.20, 153.66, 130.86, 120.86 (brs), 114.38, 80.35, 69.91, 62.92, 55.59, 19.45 ppm;

HR-MS (ESI, positive): m/z calculated for Ci,H4NO3(M+H)*220.0968, found: 220.0966.

MeO
gz
3ap \©\ H f%

o~ O

e

)

Hex-5-ynyl 4-methoxyphenylcarbamate (3ap). The reaction of 1a (44.7 mg, 0.3 mmol), PdCI,
(1.1 mg, 0.006 mmol) and 2p (35.3 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h,afforded product 3ap (53.2 mg, 72% yield). 3ap: White solid; FT-IR (neat, cm™): 3343, 3274,
2942, 2865, 1704, 1545, 1420, 1229, 1029, 833, 815, 744; '"H NMR (400 MHz, CDCls) &: 7.28 (d, J =
7.2 Hz, 2H), 6.86-6.81 (m, 2H), 6.68 (brs, 1H), 4.17 (t, J = 6.6 Hz, 2H), 3.77 (s, 3H), 2.24 (td, J1. = 7.2,
Jo= 2.4 Hz, 2H), 1.97 (t, J = 2.6 Hz, 1H), 1.83-1.73 (m, 2H), 1.67-1.56 (m, 2H); '*C NMR (100 MHz,
CDCls) 8: 156.05, 154.14, 131.10, 120.79 (brs), 114.33, 84.00, 68.86, 64.66, 55.57, 28.09, 24.96, 18.16

ppm; HR-MS (ESI, positive): m/z calculated for C;4H;sNO3;(M+H)"248.1281, found: 248.1282.

N0
3aq /©/ Y \/\”/
o
MeO

3-Methylbut-3-enyl 4-methoxyphenylcarbamate (3aq). The reaction of 1a (44.7 mg, 0.3 mmol),
PdCl; (1.1 mg, 0.006 mmol) and 29 (31.0 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO

(1 atm), 24 h, afforded product 3aq (54.8 mg, 78% yield). 3aq: White solid; FT-IR (neat, cm™):
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3329, 2961, 2937, 1699, 1526, 1516, 1416, 1228, 1084, 1063, 1027, 827, 772, 521; 'H NMR (400 MHz,
CDCly) &: 7.28 (d, J = 6.8 Hz, 2H), 6.83 (d, J = 9.2 Hz, 2H), 6.68 (brs, 1H), 4.80 (d, J = 21.2 Hz, 2H),
426 (t, J = 6.8 Hz, 2H), 3.77 (s, 3H), 2.37 (t, J = 6.8 Hz, 2H), 1.77 (s, 3H); 3C NMR (100 MHz,
CDCl3) 8: 156.01, 154.06, 141.81, 131.00, 120.71 (brs), 114.29 112.36, 63.31, 55.56, 37.10, 22.53 ppm;

HR-MS (ESI, positive): m/z calculated for C3H;sNO3(M+H)*236.1281, found: 236.1282.

M
“CLiY
3ar
N)\O
H

2-Methylallyl 4-methoxyphenylcarbamate (3ar). The reaction of 1a (44.7 mg, 0.3 mmol), PdCI,
(1.1 mg, 0.006 mmol) and 2r (25.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3ar (42.6 mg, 64% yield). 3ar: White solid; FT-IR (neat, cm™): 3327, 2925,
2840, 1705, 1532, 1414, 1236, 1086, 1028, 893, 824, 775; 'H NMR (400 MHz, CDCl3) &: 7.29 (d, J =
7.6 Hz, 2H), 6.84 (dt, J1 = 9.2, J= 2.8 Hz, 2H), 6.71 (brs, 1H), 5.01 (s, 1H), 4.93 (s, 1H), 4.57 (s, 2H),
3.77 (s, 3H), 1.78 (s, 3H);"*C NMR (100 MHz, CDCl;) &: 156.14, 153.86, 140.42, 131.05, 120.80 (brs),
114.35, 112.82, 68.42, 5558, 19.53 ppm; HR-MS (ESI, positive): m/z calculated for

Ci2HisNO3(M+H)"222.1125, found: 222.1120.

MeO\©\ Ol
3
as . )\O
H |

Oct-1-en-3-yl 4-methoxyphenylcarbamate (3as). The reaction of 1a (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) and 2s (46.1 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3as (39.0 mg, 47% yield). 3as: White solid; FT-IR (neat, cm™): 3314, 2957,
2935, 2857, 1697, 1534, 1414, 1248, 826; 'H NMR (400 MHz, CDCl3) &: 7.29 (d, J = 8.0 Hz, 2H),
6.84 (dt, J; = 8.8, J= 2.8 Hz, 2H), 6.57 (brs, 1H), 5.88-5.75 (m, 1H), 5.33-5.13 (m, 3H), 3.77 (s, 3H),
1.72-1.55 (m, 2H), 1.42-1.21 (m, 6H), 0.88 (t, J = 6.8 Hz, 3H);'*C NMR (100 MHz, CDCls) &: 156.09,
153.53, 137.09, 131.22, 120.73 (brs), 116.68, 114.41, 75.89, 55.66, 34.53, 31.74, 24.86, 22.67, 14.13

ppm; HR-MS (ESI, positive): m/z calculated for C;sH2;sNNaO3 (M+Na)*300.1570, found: 300.1574.
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MeO
RO
3at
H*O/\/\Ph

Cinnamyl 4-methoxyphenylcarbamate (3at). The reaction of la (44.7 mg, 0.3 mmol), PdCI,
(1.1 mg, 0.006 mmol) and 2t (48.2 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3at (57.8 mg, 68% yield). 3at: White solid; FT-IR (neat, cm™): 3332, 2995,
2964, 2936, 2835, 1695, 1530, 1413, 1235, 1059, 1032, 782, 744, 692, 650; 'H NMR (400 MHz,
CDCl) 6: 7.40-7.22 (m, 7H), 6.83 (dt, J1 =9.2, J>= 2.8 Hz, 2H), 6.74-6.61 (m, 2H), 6.31 (dt, J1 = 15.6,
Jo= 6.4 Hz, 1H), 4.80 (dd, J; = 6.0, J>= 1.0 Hz, 2H), 3.76 (s, 3H); *C NMR (100 MHz, CDCl;) &:
156.17, 153.89, 136.35, 134.17, 131.00, 128.71, 128.16, 126.74, 123.65, 120.87 (brs), 114.37, 65.78,
55.58 ppm; HR-MS (ESI, positive): m/z calculated for C7H;7NNaOs; (M+Na)" 306.1101, found:

306.1100.

Meo\©\ o
3au N)l\O/\@l
H |
=
Pyridin-3-ylmethyl 4-methoxyphenylcarbamate (3au). The reaction of 1a (44.7 mg, 0.3 mmol),
PdCl; (1.1 mg, 0.006 mmol) and 2u (39.2 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO
(1 atm), 24 h, afforded product 3au (38.7 mg, 50% yield). 3au: White solid; FT-IR (neat, cm™):
3428, 3233, 3186, 3024, 2976, 2933, 1724, 1514, 1415, 1296, 1228, 1060, 1030, 838, 794; 'H NMR
(400 MHz, DMSO) &: 9.60 (brs, 1H), 8.65 (s, 1H), 8.55 (d, J = 3.6 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H),
7.48-7.28 (m, 3H), 6.86 (d, J = 9.2 Hz, 2H), 5.17 (s, 2H), 3.70 (s, 3H);'*C NMR (100 MHz, DMSO) &:
154.91, 153.40, 149.40, 149.28, 136.04, 132.38, 131.98, 123.61, 119.83 (brs), 114.00, 63.36, 55.18

ppm; HR-MS (ESI, positive): m/z calculated for C14H;sN2O3(M+H)*259.1077, found: 259.1081.

2-(4-Methylthiazol-5-yl)ethyl 4-methoxyphenylcarbamate (3av). The reaction of 1a (44.7 mg,
0.3 mmol), PdCl; (1.1 mg, 0.006 mmol) and 2v (51.5 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C,

under CO (1 atm), 24 h, afforded product 3av (59.6 mg, 68% yield). 3av: White solid; FT-IR (neat,
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cml): 3234, 3108, 3040, 2984, 2936, 2891, 2839, 2065, 1719, 1604, 1552, 1514, 1423, 1298, 1229,
1071, 1035, 922, 840, 753, 567; '"H NMR (400 MHz, DMSO) &: 9.44 (brs, 1H), 8.84 (s, 1H), 7.37-7.35
(m, 2H), 6.85 (d, J =9.2 Hz, 2H), 4.23 (t, J = 6.4 Hz, 2H), 3.70 (s, 3H), 3.12 (t, J = 6.4 Hz, 2H), 2.34 (s,
3H);'*C NMR (100 MHz, DMSO) §: 154.84, 153.45, 150.65, 149.40, 132.04, 127.15, 119.92 (brs),
113.91, 64.01, 55.12, 25.58, 14.60 ppm; HR-MS (ESI, positive): m/z calculated for

CisH17N>03S(M+H)* 293.0954, found: 293.0961.

Furan-2-ylmethyl 4-methoxyphenylcarbamate (3aw). The reaction of la (44.7 mg, 0.3 mmol),
PdCl; (1.1 mg, 0.006 mmol) and 2w (35.3 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO
(1 atm), 24 h, afforded product 3aw (38.1 mg, 52% yield). 3aw: Light yellow solid; FT-IR (neat,
cml): 3314, 1703, 1540, 1417, 1237, 1063, 1027, 830, 744, 645; 'H NMR (400 MHz, CDCI;) 8: 7.42
(dd, J; = 1.2, 3= 0.6 Hz, 1H), 7.26 (d, J = 9.2 Hz, 2H), 6.86-6.79 (d, J = 9.0 Hz, 2H), 6.67 (brs, 1H),
6.43 (d, J = 3.2 Hz, 1H), 6.36 (dd, J1 = 3.2, J>= 2.0 Hz, 1H), 5.12 (s, 2H), 3.76 (s, 3H);!*C NMR (100
MHz, CDCl;) 8: 156.15, 153.54, 149.83, 143.38, 130.84, 120.86 (brs), 114.34, 110.76, 110.71, 58.71,
55.58 ppm; HR-MS (ESI, positive): m/z calculated for C;3H;3NNaOs (M+Na)" 270.0737, found:

270.0740.

3ba Me\@\ )ol\o/\/©

N

Phenethylp-tolylcarbamate (3ba). The reaction of 1b (39.9 mg, 0.3 mmol), PdCl, (1.1 mg, 0.006
mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h, afforded
product 3ba (60.9 mg, 80% yield). 3ba: White solid; FT-IR (neat, cm™"): 3330, 2957, 2936, 1697,
1595, 1531, 1409, 1239, 1083, 818, 735, 698, 507; 'H NMR (400 MHz, CDCl3) 8: 7.37-7.16 (m, TH),
7.09 (d, J = 8.0 Hz, 2H), 6.56 (brs, 1H), 4.37 (t, J = 6.8 Hz, 2H), 2.98 (t, J = 7.0 Hz, 2H), 2.29 (s, 3H);
BC NMR (100 MHz, CDCls) &: 153.72, 137.96, 135.35, 133.16, 129.65, 129.04, 128.66, 126.71,

118.98 (brs), 65.66, 35.53, 20.86 ppm; HR-MS (ESL, positive): m/z calculated for Ci¢H;sNOy(M+H)"
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256.1332, found: 256.1331.

Phenethyl 4-bromophenylcarbamate (3ca). The reaction of 1¢ (59.4 mg, 0.3 mmol), PdCl; (1.1
mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24
h, afforded product 3ca (83.9 mg, 88% yield). 3ca: White solid; FT-IR (neat, cm™): 3322, 2970,
2955, 2937, 2892, 1699, 1590, 1532, 1399, 1236, 1081, 820, 743, 700, 502; 'H NMR (400 MHz,
CDCl) 6: 7.37 (d, J = 8.8 Hz, 2H), 7.32-7.20 (m, 7H), 6.73 (brs, 1H), 4.36 (t, J = 7.0 Hz, 2H), 2.96 (t,
J = 6.8 Hz, 2H); '*C NMR (100MHz, CDCl3) &: 153.43, 137.72, 137.06, 132.03, 128.96, 128.66,
126.76, 120.38 (brs), 116.04, 65.89, 3540 ppm; HR-MS (ESI, positive): m/z calculated for

Ci5sH;sBrNOx(M+H)" 320.0281, found: 320.0279.

3da I\©\ )Ol\o/\/©

N

Phenethyl 4-iodophenylcarbamate (3da). The reaction of 1d (73.5 mg, 0.3 mmol), PdCl, (1.1
mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24
h, afforded product 3da (70.0 mg, 64% yield). 3ba: White solid; FT-IR (neat, cm™): 3309, 3026,
2964, 1694, 1590, 1531, 1397, 1310, 1242, 1083, 817, 744, 700, 669, 502; 'H NMR (400 MHz, CDCl5)
8:7.55 (d, J = 8.8 Hz, 2H), 7.34-7.19 (m, 5H), 7.12 (d, J = 6.0 Hz, 2H), 6.69 (brs, 1H), 4.36 (t, J = 6.8
Hz, 2H), 2.96 (t, J = 7.0 Hz, 2H); 3C NMR (100 MHz, CDCls) &: 153.35, 137.98, 137.77, 137.71,
128.97, 128.67, 126.76, 120.68 (brs), 86.43, 65.89, 35.30 ppm; HR-MS (ESI, positive): m/z calculated

for CisHisINO,(M+H)" 368.0142, found: 368.0153.

(E)-Phenethylstyrylcarbamate (3ea). The reaction of le (43.5 mg, 0.3 mmol), PdCl; (1.1 mg,

0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h,
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afforded product 3ea (70.1 mg, 87% yield). 3ea: Light yellow solid; FT-IR (neat, cm™): 3385, 2935,
1718, 1654, 1515, 1469, 1307, 1226, 1078, 964, 752, 694, 574; '"H NMR (400 MHz, CDCls) &:
7.36-7.08 (m, 11H), 6.72 (d, J=10.8 Hz, 1H), 5.92 (d, J = 14.4 Hz, 1H), 4.35 (t, J = 6.8 Hz, 2H), 2.94
(t, J = 6.8 Hz, 2H); *C NMR (100 MHz, CDCl5) &: 153.74, 137.71, 136.35, 128.98, 128.74, 128.65,
126.74, 126.40, 125.37, 124.09, 110.88, 66.08, 35.42 ppm; HR-MS (ESI, positive): m/z calculated for

Ci7HisNO2(M+H)"268.1332, found: 268.1337.

3a Ph\@\ )Ol\o/\/©

N
Phenethyl biphenyl-4-ylcarbamate (3fa). The reaction of 1f (58.5 mg, 0.3 mmol), PdCl, (1.1 mg,
0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h,
afforded product 3fa (61.3 mg, 65% yield). 3fa: White solid; FT-IR (neat, cm™): 3329, 3029, 2933,
2893, 1714, 1591, 1533, 1318, 1235, 1080, 833, 748, 699, 619, 498; 'H NMR (400 MHz, CDCl;) :
7.59-7.49 (m, 4H), 7.41 (t, J = 7.6 Hz, 4H), 7.35-7.19 (m, 6H), 6.68 (brs, 1H), 4.40 (t, J = 7.0 Hz, 2H),
3.00 (t, J = 7.0 Hz, 2H); '3C NMR (100 MHz, CDCls) &: 153.57, 140.64, 137.89, 137.26, 136.50,
129.04, 128.90, 128.69, 127.80, 127.14, 126.91, 126.75, 119.14 (brs), 65.82, 35.51 ppm; HR-MS (ESI,

positive): m/z calculated for Co;HoNO2(M+H)" 318.1489, found: 318.1496.

- 0LE D)

N
Phenethyl 4-acetylphenylcarbamate (3ga). The reaction of 1g (48.3 mg, 0.3 mmol), PdCl, (1.1
mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24
h, afforded product 3ga (79.3 mg, 94% yield). 3ga: White solid; FT-IR (neat, cm™): 3348, 2971,
2919, 1707, 1673, 1607, 1528, 1229, 1083, 830, 755, 703, 624, 603, 493; 'H NMR (400 MHz, CDCl;)
8:7.90 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.0 Hz, 3H), 7.33-7.16 (m, 5H), 4.38 (t, J = 7.0 Hz, 2H), 2.96 (t,
J=17.0 Hz, 2H), 2.53 (s, 3H); '*C NMR (100 MHz, CDCl5) &: 197.30, 153.25, 142.78, 137.60, 132.01,
129.89, 128.89, 128.60, 126.70, 117.76, 65.93, 35.29, 26.36 ppm; HR-MS (ESI, positive): m/z

calculated for Ci7H;sNO3(M+H)"284.1281, found: 284.1280.
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Phenethyl 4-hydroxyphenylcarbamate (3ha). The reaction of 1lh (40.5 mg, 0.3 mmol),
PdClx(1.1 mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO
(1 atm), 24 h, afforded product 3ha (59.7 mg, 78% yield). 3ha: White solid; FT-IR (neat, cm™):
3337, 2959, 2895, 1696, 1538, 1311, 1234, 834, 736, 696, 638, 498; 'H NMR (400 MHz, DMSO) &:
9.28 (brs, 1H), 9.10 (s, 1H), 7.49-7.10 (m, 7H), 6.69 (d, J = 8.4 Hz, 2H), 4.27 (t, J = 6.8 Hz, 2H), 2.93
(t, J = 6.7 Hz, 2H); 3C NMR (100 MHz, DMSO) &: 153.74, 152.88, 138.23, 130.67, 128.91, 128.40,
126.36, 120.19 (brs), 115.16, 64.49, 34.87 ppm; HR-MS (ESI, positive): m/z calculated for

CisHieNO3(M+H)*258.1125, found: 258.1119.

3ia OZN\@\ )Ol\ow©

N
Phenethyl 4-nitrophenylcarbamate (3ia). The reaction of 1i (49.2 mg, 0.3 mmol), PdCl; (1.1 mg,
0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h,
afforded product 3ia (71.4 mg, 83% yield). 3ia: White solid; FT-IR (neat, cm™): 3378, 3087, 3028,
2954, 1740, 1599, 1550, 1514, 1333, 1216, 1111, 1065, 852, 749, 694, 624; 'H NMR (400 MHz,
CDCl) &: 8.17 (dt, J; = 9.2, J,= 2.4 Hz 2H), 7.52 (d, J = 8.8 Hz, 2H), 7.36-7.20 (m, 5H), 7.13 (brs, 1H),
443 (t, J = 7.0 Hz, 2H), 3.00 (t, J = 7.0 Hz, 2H); 3C NMR (100 MHz, CDCL) &: 152.90 144.05,
143.06, 137.48, 128.94, 128.72, 126.87, 125.29, 117.88, 66.38, 35.23 ppm; HR-MS (ESI, positive): m/z

calculated for CisHisN,O4(M+H)"287.1026, found: 287.1031.

= (0]
S | /\/©
3ja = N)\O

Methyl 3-(phenethoxycarbonylamino)thiophene-2-carboxylate (3ja). The reaction of 1j (55.0
mg, 0.3 mmol), PdCl, (1.1 mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at

70 °C, under CO (1 atm), 24 h, afforded product 3ja (79.5 mg, 87% yield). 3ja: Light yellow solid;
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FT-IR (neat, cm™): 3331, 3114, 2949, 1730, 1678, 1578, 1446, 1285, 1220, 1095, 999, 779, 705, 637,
506; 'H NMR (400 MHz, CDCL) 8: 9.50 (s, 1H), 7.86 (s, 1H), 7.40 (d, J = 5.2 Hz, 1H), 7.34-7.19 (m,
5H), 4.38 (t, J = 7.2 Hz, 2H), 3.85 (s, 3H), 2.99 (t, J = 7.2 Hz, 2H); *C NMR (100 MHz, CDCL) &:
164.56, 152.94, 145.10, 137.60, 131.60, 128.97, 128.61, 126.67, 121.31, 108.79, 66.19, 51.89,

35.36ppm; HR-MS (ESI, positive): m/z calculated for C;sH;sNOsS(M+H)* 306.0795, found: 306.0793.

9 /\/©
3ka N)\O

OMe H
Phenethyl 2-methoxyphenylcarbamate (3ka). The reaction of 1k (44.7 mg, 0.3 mmol), PdCl,
(1.1 mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm),
24 h, afforded product 3ka (48.9 mg, 60% yield). 3ka: Transparent colorless liquid; FT-IR (neat,
cm!): 3432, 3028, 2956, 2838, 2101, 1733, 1064, 1536, 1461, 1434, 1229, 1210, 1066, 1028, 748, 700,
570; "H NMR (400 MHz, CDCls) &: 8.08 (brs, 1H), 7.36-7.16 (m, 6H), 7.02-6.90 (m, 2H), 6.83 (dd, J,
= 8.0, J= 1.8 Hz, 1H), 438 (t, J = 7.2 Hz, 2H), 3.82 (s, 3H), 2.99 (t, J = 7.2 Hz, 2H); 3C NMR (100
MHz, CDCls) &: 153.47, 147.69, 137.93, 129.01, 128.61, 127.69, 126.64, 122.84, 121.18, 118.32 (brs),
110.07, 65.62, 55.68, 35.52 ppm; HR-MS (ESI, positive): m/z calculated for C;sH;sNO3;(M+H)"

272.1281, found: 272.1278.

: I /\Q
3la . )'\O
c M
Phenethyl 2-chloro-4-methylphenylcarbamate (3la). The reaction of 1l (50.1 mg, 0.3 mmol),
PdCl; (1.1 mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO
(1 atm), 24 h, afforded product 3la (81.6 mg, 94% yield). 3la: White solid; FT-IR (neat, cm™): 3429,
3287, 2919, 1696, 1533, 1417, 1242, 1090, 813, 737, 698; 'H NMR (400 MHz, CDCI;) &: 7.86 (s, 1H),
7.24-7.18 (m, 2H), 7.14 (d, J = 7.2 Hz, 3H), 7.12-7.06 (m, 1H), 6.97 (s, 1H), 6.67 (dd, J1 = 8.1, J= 1.4
Hz, 1H), 4.29 (t, J = 7.2 Hz, 2H), 2.90 (t, J = 7.0 Hz, 2H), 2.21 (s, 3H); *C NMR (100 MHz, CDCL) &:
153.18, 137.94, 137.65, 134.29, 128.98, 128.67, 128.65, 126.72, 124.64, 120.63, 119.21, 65.99, 35.43,

21.38 ppm; HR-MS (ESI, positive): m/z calculated for C;¢H;7CINO(M+H)* 290.0942, found:
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290.0943.

SRS
3
ma MeO X N)\O

Phenethyl 2-methoxypyridin-4-ylcarbamate (3ma). The reaction of 1m (45.0 mg, 0.3 mmol),
PdCl, (1.1 mg, 0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 70 °C, under CO
(1 atm), 24 h, afforded product 3ma (66.4 mg, 81% yield). 3ma: Transparent colorless liquid; FT-IR
(neat, cm™): 3319, 3028, 2950, 1742, 1603, 1528, 1399, 1220, 1072, 1042, 860, 824, 769, 747, 700,
496, 466; 'H NMR (400 MHz, CDCl3) &: 7.97 (d, J = 5.6 Hz, 1H), 7.48 (s, 1H), 7.33-7.15 (m, 5H),
6.93-6.85 (m, 2H), 4.37 (t, J = 6.8 Hz, 2H), 3.88 (s, 3H), 2.95 (t, J = 7.0 Hz, 2H); '*C NMR (100 MHz,
CDCl;) 6: 165.49, 153.02, 147.63, 147.46, 137.55, 128.90, 128.64, 126.74, 107.39, 98.24, 66.07, 53.63,

35.24 ppm; HR-MS (ESI, positive): m/z calculated for C;sH;7N,O3(M+H)" 273.1234, found: 273.1240.

Phenethylbenzylcarbamate (3na). The reaction of 1n (39.9 mg, 0.3 mmol), PdCI; (1.1 mg, 0.006
mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 90 °C, under CO (1 atm), 24 h, afforded
product 3na (28.3 mg, 37% yield). 3na: White solid; FT-IR (neat, cm™"): 3334, 2932, 1688, 1535,
1455, 1252, 1147, 1074, 749, 699, 660; 'H NMR (400 MHz, CDCls) &: 7.39-7.14 (m, 10H), 5.00 (brs,
1H), 4.43-4.25 (m, 4H), 2.93 (t, J = 7.0 Hz, 2H); *C NMR (100 MHz, CDCl;) &: 156.63, 138.63,
138.12, 129.05, 128.79, 128.59, 127.63, 127.60, 126.60, 65.54, 45.15, 35.66 ppm; HR-MS (ESI,

positive): m/z calculated for C;cH1sNO(M+H)"256.1332, found: 256.1334.

30a ©Muio/\/©

Phenethylcinnamylcarbamate (30a). The reaction of 10 (47.7 mg, 0.3 mmol), PdCl, (1.1 mg,
0.006 mmol) and 2a (43.9 mg, 0.36 mmol) in DMA (1.5 mL), at 90 °C, under CO (1 atm), 24 h,

afforded product 30a (10.0 mg, 12% yield). 30a: White solid; FT-IR (neat, cm™): 3331, 3028, 1693,
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1537, 1255, 1144, 985, 966, 745, 695; 'H NMR (400 MHz, CDCl;) &: 7.50-7.18 (m, 10H), 6.50 (d, J =
15.6 Hz, 1H), 6.27-6.05 (m, 1H), 4.79 (s, 1H), 4.32 (t, J = 6.8 Hz, 2H), 3.96 (s, 2H), 2.95 (t, J = 7.0 Hz,
2H); 13C NMR (100 MHz, CDCls) &: 156.49, 138.16, 136.69, 131.89, 129.07, 128.73, 128.62, 127.85,
126.63, 126.54, 126.04, 65.56, 43.21, 35.68 ppm; HR-MS (ESI, positive): m/z calculated for

CisH20NOx(M+H)* 282.1489, found: 282.1493.

O
N
H

Benzo[d]oxazol-2(3H)-one (5a).° The reaction of 4a (40.5 mg, 0.3 mmol), PdCl, (1.1 mg, 0.006
mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h, afforded product 5a (32.3 mg, 81%
yield). 5a: White solid; FT-IR (neat, cm™): 3223, 1772, 1736, 1480, 1398, 1253, 942, 894, 741, 720,
697, 574; 'H NMR (400 MHz, CDCl3) &: 10.03 (brs, 1H), 7.24-7.08 (m, 4H); *C NMR (100 MHz,
CDCls) 8: 156.57, 144.02, 129.60, 124.35, 122.84, 110.44, 110.24 ppm; HR-MS (ESI, positive): m/z

calculated for CyHsNNaO, (M+Na)* 158.0212, found: 158.0206.

*® quo

H
1H-Benzo[d][1,3]oxazin-2(4H)-one (5b).° The reaction of 4b (44.7 mg, 0.3 mmol), PdCL, (1.1 mg,

0.006 mmol) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h, afforded product 5b (45.5 mg,
99% yield). 5b: White solid; FT-IR (neat, cm™): 3213, 3160, 3000, 2942, 1710, 1604, 1417, 1297,
1064, 888, 744; 'H NMR (400 MHz, CDCl3) 8: 9.45 (brs, 1H), 7.25 (t, J = 7.6 Hz, 1H), 7.11-7.01 (m,
2H), 6.91 (d, J = 8.0 Hz, 1H), 5.33 (s, 2H); *C NMR (100 MHz, CDCl3) &: 154.25, 135.68, 129.28,
124.19, 123.38, 117.87, 114.49, 68.81 ppm; HR-MS (ESI, positive): m/z calculated for CsH;NNaO,

(M+Na)"172.0369, found: 172.0370.

Z Mo
5¢c 12
HN
T °
o
(5¢)

The reaction of 4¢ (69.3 mg, 0.3 mmol), PdCL (2.7 mg, 0.015mmol, 5mol%) in DMA (6 mL), at
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70 °C, under CO (1 atm), 24 h, afforded product 5¢ (30.3 mg, 43% yield). 5¢: White solid; FT-IR
(neat, cm™): 3313, 2947, 2923, 2873, 1702, 1504, 1489, 1444, 1225, 1111, 1040, 768, 750; 'H NMR
(400 MHz, CDCl3) &: 7.41 (dd, J1 = 7.6, J= 1.6 Hz, 1H), 7.30 (td, J1 = 7.6, J.= 1.6 Hz, 1H), 7.26-7.17
(m, 2H), 6.44 (brs, 1H), 4.46 (t, J = 5.6 Hz, 2H), 4.32 (s, 2H), 3.78 (t, J = 5.2 Hz, 2H), 1.93(p, J = 5.5
Hz, 2H); *C NMR (100 MHz, CDCl;) &: 155.72, 138.65, 131.37, 129.09, 127.74, 127.25, 122.62,
92.65, 83.29, 64.15, 61.17, 58.97, 29.87 ppm; HR-MS (ESI, positive): m/z calculated for

Ci3Hi4aNO3(M+H)* 232.0968, found: 232.0968.

5d ! 17

HN
T°

o
(5d)
The reaction of 4d (90.3 mg, 0.3 mmol), PdCl> (2.7 mg, 0.015mmol, 5Smol%) in DMA (6 mL), at

70 °C, under CO (1 atm), 24 h, afforded product 5d (36.5 mg, 40% yield). 5d: Transparent
colorless liquid; FT-IR (neat, cm™): 3397, 2932, 2857, 1739, 1581, 1523, 1452, 1232, 1210, 1098, 836,
757; '"H NMR (400 MHz, CDCl3) 5:8.16 (d, J = 8.0 Hz, 1H), 7.49 (brs, 1H), 7.36-7.29 (m, 2H), 6.96 (td,
J1=17.6, 3= 1.2 Hz, 1H), 4.39 (s, 2H), 4.20 (t, J = 5.4 Hz, 2H), 3.60 (t, J = 6.0 Hz, 2H), 1.72-1.58 (m,
4H), 1.57-1.36 (m, 8H); '3C NMR (100 MHz, CDCls) §: 153.40, 139.48, 131.02, 129.77, 122.32,
117.46, 110.84, 93.15, 81.22, 70.97, 65.39, 59.03, 28.95, 26.86 (overlap, 2C), 26.47, 24.43, 23.93 ppm;

HR-MS (ESI, positive): m/z calculated for CisH24NO3(M+H)*302.1751, found: 302.1755.

. © §

a
—0
o

Chlorzoxazone (6a).” The reaction of 1p (50.7 mg, 0.3 mmol), PdCL (1.1 mg, 0.006 mmol) in
DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h, afforded product 6a (42.3 mg, 84% yield). 6a:
Light yellow solid; FT-IR (neat, cm™'): 3468, 3158, 3086, 3054, 2978, 1773, 1620, 1480, 1151, 963,
804, 723, 713; 'H NMR (400 MHz, DMSO) &: 11.82 (s, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.14-7.05 (m,

2H); 3C NMR (100 MHz, DMSO) &: 154.30, 142.13, 131.71, 127.79, 121.51, 110.78, 109.83 ppm;
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HR-MS (ESI, positive): m/z calculated for C;H4CINNaO, (M+Na)* 191.9823, found: 191.9822.

Chlorpropham (6b).® The reaction of 1q (45.9 mg, 0.3 mmol), PdCl, (1.1 mg, 0.006 mmol) and
i-PrOH (180.0 mg, 3.0mmol, 10equiv) in DMA (1.5 mL), at 70 °C, under CO (1 atm), 24 h,
afforded product 6b (60.0 mg, 94% yield). 6b: Transparent colorless liquid; Transparent colorless
liquid; FT-IR (neat, cm™): 3319, 3124, 3085, 2982, 2167, 1733, 1595, 1537, 1424, 1221, 1111, 1047,
901, 873, 830, 774, 682, 555, 440; 'H NMR (400 MHz, CDCl3) &: 7.51 (s, 1H), 7.25-7.15 (m, 2H),
7.04-6.98 (m, 1H), 6.76 (brs, 1H), 5.02 (hept, J = 6.3 Hz, 1H), 1.29 (d, J = 6.0 Hz, 6H); *C NMR (100
MHz, CDCl;) &: 153.16, 139.48, 134.81, 130.07, 123.34, 118.76, 116.68, 69.22, 22.13 ppm; HR-MS

(ESI, positive): m/z calculated for CoH;2CINNaO, (M+Na)* 236.0449, found: 236.0446.

Vi
6c >:/_>JO Q
OMe
(2)-3,7-Dimethylocta-2,6-dienyl 4-methoxyphenylcarbamate (6¢). The reaction of 1a (44.7 mg,
0.3 mmol), PdCl, (1.1 mg, 0.006 mmol) and Nerol (55.4 mg, 0.36mmol) in DMA (1.5 mL), at 70
°C, under CO (1 atm), 24 h, afforded product 6¢ (76.0 mg, 84% yield). 6¢C: Transparent colorless
liquid; FT-IR (neat, cm™'): 3323, 2965, 2931, 1702, 1537, 1515, 1443, 1415, 1222, 1033, 828, 766; 'H
NMR (400 MHz, CDCls) &: 7.27 (d, J = 8.0 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.63 (s, 1H), 5.39 (t,J =
7.0 Hz, 1H), 5.10 (t, J = 6.4 Hz, 1H), 4.64 (d, J = 6.8 Hz, 2H), 3.76 (s, 3H), 2.17-2.03 (m, 4H), 1.77 (s,
3H), 1.68 (s, 3H), 1.60 (s, 3H); *C NMR (100 MHz, CDCls) 8: 155.98, 154.12, 142.65, 132.25, 131.19,

123.69, 120.75 (brs), 119.55, 114.30, 61.74, 55.55, 32.27, 26.76, 25.76, 23.60, 17.73 ppm; HR-MS

(ESI, positive): m/z calculated for CisH,sNNaO3; (M+Na)*326.1727, found: 326.1733.
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6d

(3S,9S,10R,13R,14R,17R)-17-((2R,5R,E)-5,6-Dimethylhept-3-en-2-yl)-10,13-dimethyl-
2,3,4,9,10,11,12,13,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-yl
4-methoxyphenylcarbamate (6d). The reaction of la (59.6 mg, 0.4mmol), PdCl, (1.4 mg,
0.008mmol) and Ergosterol (39.7 mg, 0.1mmol, 0.25equiv) in DMA (2.0 mL), at 70 °C, under CO
(1 atm), 24 h, afforded product 6d (31.4 mg, 57% yield based on Ergosterol). 6d: Light yellow
solid; FT-IR (neat, cm™"): 3337, 2958, 2870, 1695, 1528, 1414, 1228, 1062, 1035, 829, 768; '"H NMR
(400 MHz, CDCls) 6: 7.28 (d, J = 8.4 Hz, 2H), 6.84 (dt, J1 = 9.2, Jo= 3.7 Hz, 2H), 6.49 (s, 1H), 5.58
(dd, J; = 5.6, J>= 2.4 Hz, 1H), 5.41-5.35 (m, 1H), 5.29-5.11 (m, 2H), 4.76-4.63 (m, 1H), 3.77 (s, 3H),
2.59 (ddd, J. = 14.4, Jo= 4.8, Js== 2.4 Hz, 1H), 2.38 (t, J = 12.4 Hz, 1H), 2.12-1.95 (m, 4H), 1.95-1.82
(m, 3H), 1.82-1.18 (m, 11H), 1.04 (d, J = 6.4 Hz, 3H), 0.96 (s, 3H), 0.92 (d, J = 6.8 Hz, 3H), 0.83 (t, J
= 6.4 Hz, 6H), 0.63 (s, 3H); *C NMR (100 MHz, CDCls) &: 156.05, 153.59, 141.62, 138.73, 135.72,
132.14, 131.26, 120.79 (brs), 120.39, 116.49, 114.39, 73.75, 55.88, 55.62, 54.68, 46.19, 42.97, 40.56,
39.18, 38.07, 37.23, 37.16, 33.23, 28.62, 28.42, 23.13, 21.24, 21.20, 20.08, 19.78, 17.74, 16.34, 12.20

ppm; HR-MS (ESI, positive): m/z calculated for C3sHs2NO3(M+H)" 546.3942, found: 546.3942.
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Syntheses and Characterization Data of Organic Azides

Method A
The organic azides from boronic acids were prepared according to the procedure reported by Tao,

C.-Z.etal’

CuSOy4 (10 mol%), NaN3 (1.2 eq.),
air, MeOH, 30 °C, 12 h.

R—-B(OH),

1a MeOOM

1-Azido-4-methoxybenzene (1a).’ Light yellow crystal, 94% yield; FT-IR (neat, cm™): 2957, 2836,

R_N3

2105, 1584, 1504, 1292, 1246, 1035, 824, 745;'H NMR (400 MHz, CDCl3) &: 6.97-6.92 (m, 2H),

6.90-6.85 (m, 2H), 3.78 (s, 3H); 13C NMR (100 MHz, CDCL3) &: 157.12, 132.46, 120.10, 115.24, 55.66

1b MeON3

1-Azido-4-methylbenzene (1b).° Light yellow liquid, 90% yield; FT-IR (neat, cm™): 3222, 3030,
2924, 2420, 2105, 1506, 1298, 1128, 809, 630, 497;'H NMR (400 MHz, CDCL;) &: 7.14 (d, J = 8.0 Hz,
2H), 6.91 (d, J = 8.4 Hz, 2H), 2.32 (s, 3H); '3C NMR (100 MHz, CDCls) &: 137.35, 134.77, 130.49,

119.00, 20.94 ppm.

N3
1e©/\/

(E)-(2-Azidovinyl)benzene (1e).° Yellow liquid, 50% yield; FT-IR (neat, cm™): 3026, 2925, 2279,
2101, 1637, 1330, 1285, 1259, 930, 748, 692;'H NMR (400 MHz, CDCIl;) &: 7.34-7.17 (m, 5H), 6.59
(d, J=14.0 Hz, 1H), 6.26 (d, J = 14.0 Hz, 1H); '3C NMR (100 MHz, CDCl;) &: 135.15, 128.89, 127.52,

126.80, 125.95, 119.92 ppm.

Method B

Aryl azides from aromatic amines were synthesied according to the procedure reported by Kwok,
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S.W.etal.'”

1) H,0, HCI (conc. 2 eq.), 0 °C.

2) NaNO, (aq., 1 eq.), 10 min.

3) NaNj (aq., 1 eq.), dropwise, 25 min.
4)r.t., 3h.

Ar_NH2 Ar_N3

1c BrONg

1-Azido-4-bromobenzene (1c).!! Yellowgreen solid, 93% yield; FT-IR (neat, cm™): 3243, 2415,
2129, 1584, 1483, 1294, 1072, 1010, 821, 530, 492;'H NMR (400 MHz, CDCls) &: 7.48-7.42 (m, 2H),

6.93-6.87 (m, 2H); 13C NMR (100MHz, CDCls) 8: 139.37, 132.93, 120.81, 117.89 ppm.

1-Azido-4-iodobenzene(1d).!? Brown solid, 98% yield; FT-IR (neat, cm™'): 2414, 2126, 1480, 1292,
1129, 1006, 818, 490;'H NMR (400 MHz, CDCls) &: 7.64 (d, J = 8.4 Hz, 2H), 6.78 (d, J = 8.8 Hz,

2H);*C NMR (100 MHz, CDCl3) 8: 140.12, 138.84, 121.17, 88.35 ppm.

4-Azidobiphenyl (1f)." Light yellow solid, 30% yield; FT-IR (neat, cm™): 2921, 2125, 1680, 1484,
1293, 912, 835, 763, 743, 691;'H NMR (400 MHz, CDCl;) &: 7.57 (t, J = 8.4 Hz, 4H), 7.44 (t,J = 7.6
Hz, 2H), 7.35 (t, J = 7.2 Hz, 1H), 7.10 (d, J = 8.4 Hz, 2H);*C NMR (100 MHz, CDCl;) &: 140.30,

139.31, 138.17, 129.02, 128.60, 127.52, 127.02, 119.55 ppm.

@)

1-(4-Azidophenyl)ethanone(1g)." Yellow solid, 62% yield; FT-IR (neat, cmr'): 2925, 2099, 1682,
1597, 1359, 1269, 1180, 834, 721, 589, 540;'H NMR (400 MHz, CDCl;) &: 8.00-7.93 (m, 2H),
7.13-7.05 (m, 2H), 2.58 (s, 3H); 3C NMR (100 MHz, CDCl;) &: 196.64, 145.01, 133.95, 130.37,

119.07, 26.57 ppm.
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1h HO@Ng

4-Azidophenol (1h).!'* Yellow solid, 85% yield; FT-IR (neat, cm™): 3333, 2115, 1596, 1507, 1238,
828, 776, 636, 511;'H NMR (400 MHz, CDCls) §: 6.95-6.87 (m, 2H), 6.86-6.79 (m, 2H), 5.13 (brs,

1H); 3C NMR (100 MHz, CDCl3) §: 152.86, 132.71, 120.33, 116.76 ppm.

1i ow@m

1-Azido-4-nitrobenzene (1i)." Light yellow solid, 99% yield; FT-IR (neat, cm™): 3112, 3079, 3023,
2927, 2130, 1605, 1520, 1344, 1290, 1109, 848, 749, 683, 559, 531, 486;'H NMR (400 MHz, CDCl;) &:

8.28-8.22 (m, 2H), 7.18-7.11 (m, 2H); '*C NMR (100 MHz, CDCl;3) &: 147.02, 144.80, 125.77, 119.54

NE
(@)
(0] S

Methyl 3-azidothiophene-2-carboxylate (1j). Light yellow solid, 60% yield; FT-IR (neat, cm™):
3399, 3104, 2958, 2367, 2224, 2136, 1789, 1707, 1538, 1440, 1390, 1250, 1106, 1080, 927, 798, 742,
671, 635, 463;'H NMR (400 MHz, CDCI;) &: 7.48 (d, J = 5.6 Hz, 1H), 6.92 (d, J = 5.6 Hz, 1H), 3.88 (s,

3H);!*C NMR (100 MHz, CDCl3) &: 161.44, 142.34,131.28, 122.21, 117.28, 52.22 ppm.

1-Azido-2-methoxybenzene (1k).° Light yellow liquid, 76% yield; FT-IR (neat, cm™): 3067, 2940,
2839, 2114, 1592, 1497, 1456, 1304, 1244, 1102, 1028, 746, 660;'H NMR (400 MHz, CDCl3) 5: 7.09
(td, J; = 8.0, J= 1.6 Hz, 1H), 7.01 (dd, J; = 8.0, Jo= 1.6 Hz, 1H), &: 6.96-6.86 (m, 2H), 3.86 (s, 3H);

3C NMR (100 MHz, CDCls) &: 151.99, 128.41, 125.76, 121.39, 120.39, 112.17, 55.98 ppm.

Cl
e
Me N3
2-Azido-1-chloro-4-methylbenzene (1l). Yellow liquid, 93% yield; FT-IR (neat, cm™): 2955, 2925,
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2856, 2125, 1576, 1488, 1402, 1311, 1137, 1049, 808, 760, 672, 566;'H NMR (400 MHz, CDCls) §:
7.22 (d, J = 8.4 Hz, 1H), 6.95 (s, 1H), 6.86 (d, J = 8.0 Hz, 1H), 2.33 (s, 3H); *C NMR (100 MHz,

CDCls) o: 138.31, 136.75, 130.41, 126.65, 121.98, 120.26, 21.02 ppm.

N~ OMe
4-Azido-2-methoxypyridine (1m). Light yellow liquid, 67% yield; FT-IR (neat, cm™): 2985, 2950,
2112, 1601, 1566, 1478, 1400, 1258, 1223, 1041, 839, 798;'H NMR (400 MHz, CDCI;) : 8.08 (d, J =
5.6 Hz, 1H), 6.55 (dd, J1 = 5.6, J= 2.0 Hz, 1H), 6.37 (d, J = 1.6 Hz, 1H), 3.93 (s, 3H); '3C NMR (100

MHz, CDCL) 6: 165.73, 150.89, 148.32, 108.37, 100.29, 53.78 ppm.

N3
4a
OH

(2-Azidophenyl)methanol (4a)'° Light yellow solid, 73% yield; FT-IR (neat, cm™): 3325, 2929,
2130, 1704, 1514, 1297, 1224, 1034, 913, 828, 743;'H NMR (400 MHz, CDCl;) &: 7.41-7.32 (m, 2H),
7.21-7.11 (m, 2H), 4.64 (d, J = 6.0 Hz, 2H), 2.09 (¢, J = 6.4 Hz, 1H); *C NMR (100 MHz, CDCl;) 3:

138.00, 132.01, 129.40, 129.24, 125.10, 118.18, 61.80 ppm.

AN
4 (0] OH
4b
N3

3-(3-(2-Azidophenyl)prop-2-ynyloxy)propan-1-ol (4b). Yellow thick liquid, 64% yield; FT-IR
(neat, cm™): 3393, 2946, 2876, 2131, 1570, 1487, 1442, 1304, 1095, 755, 650;'H NMR (400 MHz,
CDCls) &: 7.43 (dd, J; = 7.8, Jo= 1.4 Hz, 1H), 7.33 (td, J; = 8.0, J>= 1.6 Hz, 1H), 7.12-7.06 (m, 2H),
4.42 (s, 2H), 3.78 (td, J1 = 5.8, Jo= 4.0 Hz, 4H), 2.59 (brs, 1H), 1.89 (p, J = 5.9 Hz, 2H); '*C NMR (100
MHz, CDCl3) &: 141.17, 133.85, 129.81, 124.65, 118.64, 114.64, 91.09, 81.94, 68.50, 61.02, 59.07,

32.15 ppm.
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=z ©
4c HO

8-(3-(2-Azidophenyl)prop-2-ynyloxy)octan-1-ol (4c). Light yellow liquid, 74% yield; FT-IR (neat,
cm™): 3387, 2930, 2856, 2130, 1570, 1488, 1303, 1097, 817, 755;'H NMR (400 MHz, CDCl;) &: 7.43
(dd, J; = 7.8, J;= 1.4 Hz, 1H), 7.33 (td, J; = 8.0, J= 1.6 Hz, 1H), 7.14-7.05 (m, 2H), 4.40 (s, 2H),
3.65-3.56 (m, 4H), 1.83 (brs, 1H), 1.68-1.51 (m, 4H), 1.44-1.29 (m, 8H); 3C NMR (100 MHz, CDCl)
o: 141.25, 133.98, 129.78, 124.71, 118.77, 114.99, 91.70, 81.66, 70.44, 63.12, 58.90, 32.82, 29.63,

29.47,29.44,26.16, 25.76 ppm.

N3
w [
OH

2-Azidophenol(4d).!” Brown solid, 31% yield; FT-IR (neat, cm™): 3372, 2955, 2925, 2853, 2118,
1594, 1495, 1458, 1296, 1248, 746;'H NMR (400 MHz, CDCls) §: 7.10-7.02 (m, 2H), 6.97-6.90 (m,

2H), 5.31 (s, 1H); *C NMR (100 MHz, CDCls) &: 147.38, 126.21, 126.06, 121.34, 118.39, 116.09

ppm.

cl N,
o 0T
OH

2-Azido-4-chlorophenol (1p). Brown solid, 91% yield; FT-IR (neat, cm™): 3519, 3425, 2926, 2122,
1592, 1493, 1351, 1295, 1203, 1106, 889, 850, 813, 719, 659;'H NMR (400 MHz, CDCl;) &: 7.05 (d, J
= 2.4 Hz, 1H), 7.01 (dd, J; = 8.4, J= 2.4 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 5.35 (s, 1H); C NMR

(100 MHz, CDCl) &: 146.07, 127.17, 126.13, 125.82, 118.39, 117.07 ppm.

cl N,
1q \©/

1-Azido-3-chlorobenzene(1q).'® Yellow liquid, 67% yield; FT-IR (neat, cm™): 3066, 2424, 2106,
1591, 1476, 1286, 1140, 874, 853, 774, 726, 675;'H NMR (400 MHz, CDCl;) &: 7.27 (t, J = 8.2 Hz,
1H), 7.13-7.09 (m, 1H), 7.02 (t, J = 2.0 Hz, 1H), 6.91 (ddd, J; = 8.0, J;= 2.4, Js= 0.8 Hz, 1H); 13C

NMR (100 MHz, CDCls) 8: 141.63, 135.60, 130.82, 125.23, 119.48, 117.41 ppm.
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Method C

For alkyl azides synthesis from alkyl bromides, the method was refered to the Alvarez

procedure."’

NaN3 (2 eq.),
PN 3 PN
R™ Brpmso, rt,24n. R Ns

1n ©AN3

(Azidomethyl)benzene (1n)." Light yellow liquid, 75% yield; FT-IR (neat, cm™): 3455, 2956, 2915,
2851, 2099, 1736, 1456, 1365, 1218, 1089, 1026, 746, 528;'H NMR (400 MHz, CDCl;) &: 7.43-7.28

(m, SH), 4.32 (s, 2H); 3C NMR (100 MHz, CDCls) §: 135.50, 128.96, 128.43, 128.34, 54.91 ppm.

N
1o ©/V\N3

(E)-(3-Azidoprop-1-enyl)benzene (10).'° Brown liquid, 98% yield; FT-IR (neat, cm™): 3029, 2957,
2923,2852, 2097, 1448, 1261, 1025, 965, 882, 800, 744, 691;'H NMR (400 MHz, CDCI;) é: 7.43-7.23
(m, 5H), 6.64 (d, J = 15.6 Hz, 1H), 6.23 (dt, J; = 15.6, J;= 6.7 Hz, 1H), 3.93 (d, J = 5.6 Hz, 2H); 13C

NMR (100 MHz, CDCls) 8: 136.12, 134.67, 128.79, 128.31, 126.76, 122.52, 53.12 ppm.

S31



Reference

[1] Yoshimura, A.;Luedtke, M. W.;Zhdankin, V. V.J. Org. Chem. 2012, 77, 2087.

[2] Michman, M.; Patai, S.; Wiesel, Y. J. Chem. Soc. Perkin Trans.1, 1977, 1705.

[3] Yoganathan, S.; Miller, S. J.Org. Lett. 2013, 15, 602.

[4] Ramesh, R.;Chandrasekaran, Y.;Megha, R.;Chandrasekaran, S. Tetrahedron,2007, 63, 9153.

[5] Kreye, O.; Wald, S.; Meier, M. A. R.Adv. Synth. Catal.2013, 355, 81.

[6] Wang, X.; Ling, G.; Xue, Y.; Lu, S. Eur. J. Org. Chem. 2005, 1675.

[7] Liu, Q.;Wu,P.; Yang, Y.;Zeng, Z.; Liu, J.; Yi, H.; Lei, A. Angew. Chem., Int. Ed. 2012, 51,
4666.

[8] Yang, X.; Zhang, Y.; Ma, D. Adv. Synth. Catal.2012, 354, 2443.

[9] Tao, C.-Z.; Cui, X.; Li, J.; Liu, A.-X.; Liu, L.; Guo, Q.-X. Tetrahedron Lett.2007, 48, 3525.
[10] Kwok, S. W.; Fotsing, J. R.; Fraser, R. J.; Rodionov, V. O.; Fokin, V. V. Org. Lett. 2010, 12,
4217.

[11] Knepper, K.; Vanderheiden, S.; Brése, S. Eur. J. Org. Chem. 2006, 1886.

[12] Smith, C. D.; Greaney, M. F. Org. Lett. 2013,15, 4826.

[13] Li, Y.; Gao, L.-X.; Han, F.-S. Chem. Eur. J. 2010, 16, 7969.

[14] Andersen, J.; Madsen, U.; Bjorkling, F.; Liang, X. Synlett.2005, 14, 2209.

[15] Barral, K.; Moorhouse, A. D.; Moses, J. E. Org. Lett. 2007, 9, 1809.

[16] Smolinsky, G. J. Org. Chem., 1961, 26, 4108.

[17] Siddiki, A. A.;Takale, B. S.;Telvekar, V. N.Tetrahedron Lett.2013,54, 1294.

[18] Benati, L.;Bencivenni, G.;Leardini,R.; Minozzi, M.;Nanni, D.;Scialpi, R.; Spagnolo, P,
Zanardi, G. J. Org. Chem. 2006, 71, 434.

[19] Alvarez, S. G.; Alvarez, M. T. Synthesis, 1997, 413.

S32



Copies of NMR Spectra

000°0-

0LL'€

0sev
L9€'Y
S8EY

3aa

MeO

10

S33



T165'6E

G29'SS

999'G9

vv89.L
09T'LL

AR

v8v'LL

LLEVTT

S18°0CT——
T0L'9¢T
28982l —~ T

LY06CT—

YIOTET—

066'LET

T.6€GT —————
19T'9ST

3aa

MeO

Lakd

A

50

100

150

200

S34



0000

e —

TLLE

\

02L'9
S18'9
289
6289
89
Lv8'9
G689
T19¢'L
89¢'L
98¢,

N

MeO

|
NJ\O,Me

3ab

T

11

316

10
7491

[

10

S35



wees— —

¥95'GS

8L
O@H.RW
6LV LL

TIEVIT

608'0CT

LYO'TET

VeovYeT —
060 9ST———

ZT

MeO

3ab

50

T
100

S36



0000

89¢'T /

98T —/

€0€'T

gore —
YITY

26TV S
6077
LzTy

N

€029
€189
1289
928’9
8€8'9
€89
2s8'9
19¢'L
cLeL
16¢'L

N

MeO

|
X e

3ac

ZT

20

|

3(05

700

o

05

[]

10

S37



969 VT

¥95'GS

S9T'19

V62 YTt

608'0CT

20C'1eT

W yel —8
186'GGT ———

ZT

MeO

3ac

50

|
100

|
200

S38



0000~

€599
1289
£v8'9
voT L
€8T'L
86T'L
S2TL —N\=
osTL —7
€21
€62,

e
}

N

B

I
ZA\

MeO

3ad

-

793

3[00

1/97

Tgs

00

10

S39



19906 —
6vece——m

695'GS

€29'v9

LEEVTT
1€8'02T ——
¥80°92T
v67°82T O
£8582T N

EET'TIET

6LETVT

9TYST ——nu—
S90°9ST ———

MeO

3ad

Lt

T
100

T
150

T
200

S40



0000
1680
8060
9260
92e'T
SEE'T
EVE'T
€61
¢9e'T
TLET
98¢'T
1297
89T
SS9'T
€97
1697

Ny

TLLE
61TV
9ET'V
STV

1599
G189
289
6289
89
98’9
G689
T9¢'L
9.2,
v62'L

SV

MeO

3ae

ahi

3{00

7.02

7@4

00

I

10

12

S41



LyOvT

LLS'SS

16€'G9

v¥8'9L
09T'LL
ALY LL

Y

6CEVTT

§18'0CT

TSC'TIET

TIevST ——no
LT09ST ———

MeO

3ae

I

50

|
100

T
150

T
200

542



0000

12T

Y

1821

TLL€

SS6'v
0L6'v
986V
T100'S
LT0'S
€E0'S
8v0'S

¥85'9
189
€289
8¢8'9
08’9
Sv8'9
€589
T9¢'L
TLCL
T6C'L

NV W

6/13

MeO

3af

3.02

-

T

10

$43



80¢'¢e

§85'GS

6CEVTT

9€.'02T

IETET

06L'€GT ————
8€6'GST

MeO

3af

’

I
100

T
150

T
200

S44



0000

6G9'T
9/9'T

/

T6L°€

MeO

3ag

2)92

2(94

7(97

jﬂss

00

[

98

]

L

545



L1v'¢e

909'6S

ELEVTT

65.°02T

qrZ'vet

LET'SCT

681°92T

¥e9CT
~\E

008'L¢T

L6T'8¢T

20980 — ==
€60 TET — —
S6T'EET
6GEEET
TL26ET

\

SOV'EST
TIT9ST

MeO

3ag

T
150

T
200

S46



T26'C
cLOE
060'¢
0TT'e
0ET'E
6vT'E

902’9
ST2'9
€2¢C9
[AA]
T67'9
0€8'9
2589
60¢'L
S1¢L
STl
0ecL
eveL
8ve'L
cLe L
v8¢'L
66¢'L
81¢€'L
LLY'L
96v'L

LoOON~NHOD O I~
~NO O W O WS
N3G ®o 0O ®
M N NN NNNN

MeO

3ah

1.00

P e

3/01

J/ [ i

10

12

S47



98¢'0¢
0L§C€—

TLS'SS

w8'9.L
09T'2L

sndh

TN
sszei—""

ServTl

65.°02T ——0

Z86'veT
i N

968'92T—___
SYT'621 “
YYTTET

8¢C'Trl
TISVPT

V.6'€ST
TIT9ST ———

MeO

3ah

50

T
100

|
200

S48



LES9
L1189
928'9
T€8'9
€89
8v8'9
1989
09¢’L
clLe L
¢6eL

[P Ry

MeO

6/39

.03

2.15

/1

?/97

FT

10

S49



T68€C—no
208G —

650'¢ce

T09'SS

LEEVTT

LA

Tl

€L9'02T

S8E'TET

TILEeST ———

ST6'GST

£ 0

ZT

MeO

3ai

50

S50



0000

SLL'€

MeO

3aj

5/97

il

-

2,F4

FT o

S51



8EY'8

896'G¢

898'¢E

96969

SYEVTT

¢1.0¢T

VI9'TET

82 €ST
198'GST

‘%

MeO

3aj

|
100

T
150

|
200

S52



0000

L0S'T

9LL'E

€189
2289
1289
08’9
Sv8'9
€689
6veL
19¢'L
0L¢'L

N

MeO

3ak

9/31

[T

10

12

S53



02582

¥99'SS

69€VTT

921021

665 TET

veeest
€88'GST

MeO

3ak

L

T
100

T
200

S54



000'0-

€eee

8v.L'¢

LIT'S

Me

(0]

NH
o

MeO

3al

3/00

311

10

S55



092’12

¥§5'SS

LE6'99

T2eEvTT

66.°02T

8182 —

6e€6CT

80 TET—
162€ET—

S6T'8ET

€96'€ST
8809 T ———

Me

NH
o

MeO

3al

L

T
100

T
150

T
200

S56



0000

09.'¢

866’1

89/'9
8189
1289
2e8'9
89
0589
8G8'9
192,
9.¢'L
68¢'L
L0€°L
vee'L
veY'L
ovy'L
vSy'L
8G¥'L

N

MeO

3am

3{05

1{97

10

S57



vr89L
08T 1IN
auviL—"

T9€°€8
959'98

¢eEVTT

¢r6'0CT ——
692°2CT—

Lov'8eT
LSE BT —

YTL'0€T

|\|
S

€ICEST
¥62'9ST

MeO

3am

bk

50

100

150

200

S58



0000~

S6v'¢
T0S'¢
10S¢

Y

SLL€

T9Lv
19,y

9€L'9
228’9
T€8'9
9€8'9
8¥8'9
€989
298’9
09¢’L
cLeL
6L

AR S

MeO

3an

3.07

0{92

1/96

07
]87

[]

10

12

S59



§9/2°2S
€69'9S

EV0'SL
9€8'9L
09T'LL
VA NA
80T'8L

W

€6EVTIT

186'0¢T

¢LS0ET

000°€ST
67€9GT

MeO

3an

T
100

T
150

S60



0000

9¢0'¢
EN
6€0'C

0SS'¢
1G85'¢
19G'¢
€.G¢
€85'¢
065'¢

SLL'E

wey ———
PASTA 4 \
viey

6T.'9
1289
0€8'9
S€8'9
Lv8'9
2589
098'9
29¢'L
cLe L
262'L

N

MeO

3ao

300

:

10

12

S61



TSV'6T

€65'GS

v26'c9

80669 ——

Euw.wh
oﬁ.tl/
209°2/ V
25€°08

LIEVTT

§G68'02T

¥98'0€T

GG9'€EST
66T 95T

MeO

3ao

50

T
100

T
150

T
200

S62



0000 — —
€851
TO9'T
6T19'T
6€9'T
959'T
0S.'T
99T
18L'T
v08'T
028’1
896'T
v.6'T
T86'T
JAYAA
€ecee
veee
ovee
c¢see
85¢'¢

€LLE
[41%4
89TV
S8T'v

S N

N

089'9
818’9
1289
678’9
1589
99¢'L
€LTL
T62°L

MeO

AN

3ap

3/00

2.09

g

ey

1/96

10

12

S63



€9T'8T

LS6'vC
€60'8¢2

695'SS

6CEVTT

T6L°0CT

T0T'TET

SYT Vel ————
6V09ST ———

MeO

AN

3ap

50

T
150

T
200

S64



0000

69.'T

2(94

1/97

MeO

3aq

3.00

2.01

[ |

I T

10

S65



2es’ee

960°L€E

GGS'SS

TI€€9

§GECTT—

oy

Y6z YIT—

v1.0cT

Y00’ TET

018 IVT

SO0 VST ————
ClO9ST ———

MeO

3aq

-

T
150

T
200

50

T
100

S66



0000~

SLLT

cLLE

0.5V

[4504
L00'S

MeO

3ar

2/98

3{07

2(04
2

09
f.gl

J']

il

10

S67



0€S'6T

G89'GS

66.'0CT

IO IET

ey ovT

798 €T ————
9€T9GT

MeO

3ar

Lt

50

T
100

T
150

S68



0000~
1980
880
T06'0
8G¢'T
00€'T
€Ie'T
el
LSET
89¢€'T
LSS'T
¢LST
89T
T6G'T
909'T
Vi9'1
629'T
SE9'T
2S9'T
659'T
899'T
€L9'T
989'T
L0L'T

eLLE
19T'S
18T'S
06T'S
661G
91Z'S
€ez's
29z's
s0e's
virs —
06L'S
008'S
1185
eeg's
ev8's
658G

vi59 \
9189
5289
0£8'9
v
1789
9589

;o TN

3

8G¢'L
08¢'L
00€’L

MeO

3as

2{91

]

2.00

Jo ]

10

S69



9¢T vl

999'¢2
98 Vve——m—

ev.L'1e
2ESVE

969'SS

888'S.
vqw.ﬁl/

UV LL

8OV YIT—
€899TT—

82¢L'0¢T

6TIC'IET

680°LET

62G'€ST
880'9ST

MeO

3as

T
100

T
150

S70



0000~

9SL'€
18L'v
06L'v
€08V
S08'v
T.2°9
1829
€0€'9
T7€9
92e’9
cve'9
8€9'9
L1199
004’9
218’9
028’9
928’9
8€8'9
€89
¢S89
veeL
el
9G¢'L
09¢'L
€9¢'L
§S8¢'L
00€'L
0€'L
L1€°L
T2eL
vee'L
09€'L
8.LEL
28€'L

e

MeO

Ph

=

N)‘\O

3at

T

7/06
3/09
1.95
2f07 2[00
/ r /

10

12

S71



LLS'SS

9.1'99

69€VTT

268 €ST—
19T'9ST—

MeO

T
N)\O & Ph

3at

T

50

T
100

T
150

$72



005'¢

Sve'e

869'€

89T'S

678'9
289 W
0S€'L
0Lg'L
L0V L 1/
ozv'L

Lev'L
6EV'L

0€8'L N
6v8'L
Sve'8

¥S5'8 N
Lv9'8

1656

MeO

3au

3105

zjoo

T

0.98

i

y/.ee

10

S73



006'8¢€
90T'6€
€1€'6¢

0256¢€

/

L2L'6¢E
cr6'6e
6vT'0v

8.T'SS

LSE'E9

€00VTT

628'6TT
¢19'eet

6€0°9€T

v8Z'6YT
9686y ———
£0V'EST

26 vST—

MeO

3au

50

T
150

T
200

S74



88

LEV'E

MeO

3av

2[90

314

2/00

J

2/00

[T

(Tga

jf.gz

10

S75



96S'vT

vagsz—"

968'8¢€
TOT'6€
STE6E
0¢s'6e

€EL'6E
6€6'6€
T oy

¢TSS

0T0'v9

906'€TT

e

VOrRP Yt

™

8T6'6TT

oavT'LeT

Yr0CeT

oow.mﬁ/
679067 ————
€G1'€ST
eY8YST—

MeO

3av

50

T
150

T
200

S76



0000~

€9.°€

MeO.

3aw

3130

2(08

0.99

gl

22

i

L1 Lﬁh

10

S77



115'SS
902'8S

9889,
0oL LI
o —"

TTL0TT
mmho:v

LEEVTT

§G8'0¢T

0v8'0€T

LLEEVT

ceE8 YT

SYS'EST
¢ST'9ST

MeO.

3aw

50

T
100

T
150

S78



000'0-

262'C

856'C
9.6'C
€66'C

414
TLEY
88EY

N

095’9
9.0'L
960°L

122,
lec L
cecL
9eC’L
e L
¢6eL
60€'L

8¢e'L

Me

3ba

3104

TI
|

10

S79



LG8'0¢

v€G'GE

€99'G9

05892
0ot 11—
—_—

6LV LL

¥86'8TT ————

902'92T
N@w.mﬁ/
So.mﬁl/

mm@.mﬁ/

9TeeT —n
0SE'GET
T96'LET

STL'EST

Me

3ba

"

A

T
200

50

T
100

S80



0000~

866 ——7
GS6'C
2.6

ey —F—
29y \
08E'Y

:

7°°

S81

793

81

J

10

Br

3ca

12




96€'G€E

188'G9

SYO'9TT
08€°02T
85,921
N@@.@NHW
¥96'82T
ze0°ZeT

G90'LET—
0zLLET—

TEV'EST

Br:

3ca

L

T
100

T
150

T
200

582



000'0-

cve'e
656'¢C
116'C

8veEy
elelon 4
28y

S69'9
cITL
L2T'L
80¢'L
Gee'L
8¢c'L
LveL
6veL
98¢'L
S0€'L
[449A
vvS'L
995,

W NN

3da

06

2/00

j‘“

// [

10

S83



86¢'GE

188'G9

189'0¢T

951'92T ——
T2 LET
wE.EWl
286 LET

LYEEST

3da

T
100

T
200

S84



000'0-

0c6'c
LE6'C
¥56'¢C

LEEY
vSev
TLEY

S06'S
Tv6's
60.'9
9€.'9
290°L
AW
9GT'L
SoT'L
veT'L
vieL
veelL
eveL
€6¢2°L
08¢’L
86¢'L
STEL

NEE U NN

o

3ea

ZT

=

[99

;

;

/f.gg

fEl

10

S85



L1¥'SE

¥80'99

Y89, —m80___

SH.RN
oLy LL

118011
v60'vCT

99£'62T

oov.oﬁl/
oﬁ.oﬁl/
269821 —

6€.'82T
9/6'82T

IVE9ET
S0L'LET

MY

CvL'EST

3ea

e shedild

TR

FYHERRNTN

e

T
150

T
200

T
100

S86



0000~

8L6'¢C
966'¢
€10'¢

98y
vov'y
vy

8199
22T L
6221
ovzL
85z,
0622
0082
6082
oTE’L
vee'L
1281
LEE'L
T6€L
T, — =
62v'L
eT15'L
Se5°L
665°L
THS'L
6552
€952

N

Ph
3fa

-

-

10

S87



T15'G€E

918'S9

9€8'9L
09T'LL
V' LL

N

ovT'6TT

81.'9¢1
¥16'92T
evTLeT
66L.°,¢T
169'8¢T /
168'8¢T

6€0'62T
L67'9€T
mmm.?ﬁ%

v ovT

895'€ST

Ph

L

e

3fa

il

Laay

50

T
100

T
150

T
200

S88



000'0-

625'¢
8€6'C
956'C
€16'C

N

a4

18€'y H\l
6657

3ga

289

792
y

:

10

12

S89



€9€'9¢

06¢'S€

926'59

8G/°LTT

£69'921
L6587 —

688'82T >

268'621T “
600°2€T

G6S'LET

G8L¢evl

¢SeesT

3ga

€0€°L6T

50

100

150

200

S90



005z —
216'C

626'C V
o6z —

8Iv'E

AT 4
0Lev
182V

N

8199
6660 —
02zl
657L
9172
€671
otEL
628L

'

T0T'6
§G8¢'6

HO

3ha

90

:

-

]m

“

.

2

10

12

S91



198'v€

wow.wm/
60T'6€
ST€'6E

0cs'6e
€EL'6E
6€6'6€
¢sT' oY

26Y'v9

¢oT'STT

0€C'8ET

v8826T ——
LELEST—

| S U | B

HO

3ha

T
100

T
150

T
200

592



0000~

086'¢
866'C
ST10°€

607V
Lev'y
14444

NN

TETL
9zzL
ovzL
29z,
6622
S0€°L
oTE'L
o0ze'L
sees —
or5L —
ze5'L
6vT'8
95T'8
19T'8
pLT8
6LT'8
9818

—~

v

O,N

3ia

[T
L

S93



yRAACS

¥8€'99

9/8'LTT

Y6z ST —

198'9¢T —
mwh.mw.ﬁwl
vv6'8¢T
9LV LET

T90EVT —
6v0 YT ——

§S06'¢ST

O,N

3ia

wwmmwmlmmwmmmmmm

T
100

T
150

T
200

S94



0000~

clLee
066'¢

800°€ —

SY8'e

o€y
[4:1584
oov'y

€02'L
T122L
1€cL
el
8ve'L
v8¢'L
68¢°L
coeL
L1€L
Tce’L
06€'L
8G8'L
eov'L

NN

L6V'6

2/02

3[02

700

5/06
0

=

fgo

-

=

10

S95



T9€'GE

888'TS

18T'99

T6.'80T

e1eTeT —

699921
Nﬂw.mﬁl/

mom.wNHV

865’ TET

¢09'LET
660'SYT

Yv6'2ST

S95'V9T

50

T
100

T
150

S96



0000~

cLe'e
066'¢C
800'€

918'€
voe'y
28y
oov'v
G189
6189
€89
6€8'9
616'9
v€6'9
v€6'9
G569
196'9
S.6'9
6.6'9
¥66'9
866'9
T12'L
6TC'L
9ceL
Sec’L
el
€6¢'L
88¢'L
€62°L
90¢€'L
vee'L

9.0'8

TN

201

304

N~ O
ome M

3ka

ioo

01

10

S97



615'GE

089'GS

8T9'G9

So.oil\l

6TE'8TT
6.T'1CT

S¥8ZeT —

Sv9'92T
889'221 V

z198eT——~
L00'62T |\|

926'LET

T69'LVT

VLV EST

50

T
100

T
200

S98



0000~

90¢'¢

188'¢
668'¢C
916'¢C

cLey
062t
80€'Y

199'9
G99'9
289'9
589'9
896'9
TL0'2
160°2
L0T'L
STT'L
PET L — s
ETL — =
S6T'L
1122
1222
1671

NN

3

€98,

Me

3la

4
pad ~
S !

-
o
fﬂl
(2]
mllln
(2]
S
~
[l
© (2]
(<2} — -
o~
o —

JfQZ
A

10

S99



8LE'TC

cEY'SE

686'59

789/

. HHHHVIl
09T'2L
@:\.E|\|

112611
£89°02T V
6E9'ZT
912921 —
259'821
899821 W
9,6'82T
6TveT—

059 LET—7F
V6 LET |\|

T8T'EST

Me

3la

‘“J I

50

T
200

$100



000'0-

0€6'¢
Lv6'C

5962 -

088'¢

LSEY
v.IEY
T6EV

898'9
989
1689
V8T’ L
T0C'L
91¢'L
veeTL
18¢L
S9¢'L

LY L
8¢ L

Tog'L
296'L
9.6'L

(W N

3ma

7m

3106

00

j A

1

|

10

5101



E€vese

92¢9'€s

890'99

Sv¢'86

€6€°L0T

LYS'LET

29V LbT
829 Iy T ——

STO'EST

687'G9T

50

T
100

T
200

5102



0000~

V16'¢ —
T€6'C
6v6'¢C

\

962t
[A%N4
[4384
8EE'Y
aston4

N4

L66'V

1022
6T L
S8zl
'L
0Lzl
gz —
€0€'L
0ze'L
6EE°L

5

3na

10

$103



299'G¢e

6vT'SY

6€5'599

865921
109221
££9'/2T /
685821
984'821 wl
L0621

9TT'8ET “
089881

v€9'9GT

3na

T
200

50

T
150

5104



0000~

3oa

$105



119'GE

vicey

GG9'S9

Y89l ———F—
oﬁ.t\
9Lv'LL

Sv0'9¢T
GEG'9¢CT
0€9'92T

¥68°.2T
029821
T€L82T /

T1.0'6¢T
T68'TIET

989'9€T ——

€9T8ET—

T6¥'9ST

e

3oa

50

T
150

T
200

5106



000'0-

¥60°L
00T’
eIT’L
LIT°L
TET'L
9ET'L
LyT'L
2sT'L
SST'L
69T
eLTL
68T°L
¢6T'L
00¢'L
61¢'L
19¢°L

120'0T

4.25

f“

10

5107



1E20TT
SO ——

8e8'7eT ——
ovEVIT—

009'62T

LTOVPT

0L5'9ST

=0

5a

50

T
100

T
200

5108



0000~

8¢e's

0Sv'6

5b

ZT

2[00

01

Yw

fz

-

10

$109



L8V VTT
898'LTT

82621

G/9°GET

8V VST

ZT

5b

T
100

T
150

T
200

5110



0000~

668'T
€16'T
126'T
6T
¥66'T

S9L'€
8LL¢E
T6L°€
0cev
evr'y
9Sv'v

Ty m\‘
1EV'9
68T L
602 L
ceT L
veT L
16¢°L
R\ =

€5¢'L
€9¢'L
v8¢'L
88¢'L
€0€'L
L0€°L
e’ L
92e’L
66€°L
eov’L
8TIv'L
444

5¢c

2.01
1[99 2/00

2/02

787

00

10

12

S111



T.8'62

996'8S
UT19——
6vT'v9

259'¢6

€G9'8€T

G2/L'GST

T
100

T
200

5112



0000~
Vvt
et
Tev'T
eSV'T
L9V'T
LIV'T
c6r'T
80S'T
9¢S'T
1240
C¢6S'T
L09'T
T29'T
829'T
o't
SG9'T
8G9'T
899'T
€L9'T
S89'T
20L'T

085'€
T6EY

S65°€
019'€

€8TV
L6T'Y
(44

6’9
Lv6'9
€96'9
996'9
286'9
G86'9
€9¢2°L
v62'L
86¢'L
26y’ L

8T¢'L
LECL

€618 ——
€LT8 —

WET TS N

17

5d

HN
T°
(o)

8/03
]14

2.00

1(7

I
|

e

(ygs
|

10

5113



0€6'€Z
wmw.ﬁV
vIr9T—

T9g9r—

0ST'€E6

8E€8'0TT

8S¥'LTT

veeeet

99.'62T ——
o TeET—

SLV'6ET

S6EEST

o a MWIO
I

—
==

5d

Lt

T
100

T
150

T
200

5114



005'¢

1¢8'1T

=

Cl

=0

1/97

water

1/00

;

10

5115



968'8¢€
T0T'6€
S1€'6€
02¢5'6¢€

§¢lL'6e
6€6'6€
12444

omw.moa\
$8L°0TT
YIS TZT
98/ 22T

CILTIET

CceET'CVT

86C'VST

=0

=

Cl

6a

50

T
100

T
150

T
200

S116



000'0-

2821
1621

896'v
86’
666t
S106 ———
TE0'S
9v0'S

290'S

6/15

-

0.97

T

10

5117



62T'¢C

SeeeeT

990'0€T

VI8 VET

SLV'6ET

8GT'EST

o

ey

"
L

i

L

W

50

100

150

200

5118



0000~

G9/°€

6299 —
8189 ————
ov8'9 |\|
190, ———
wahul\\\ll

[

3.00

3,0

]os

301

w7 T

j)’.gg

03

S

A A

10

12

5119



9vS'SS

crL'19

Tr8'9.L
09T'LL
6LV LL

Y

962 1T
€55 6TT——u

162°0¢T
069'€CT

18T TET— 0
YT el ———

059'¢vT

0CT VST ———
¢86'SST———

[

OMe

it

/T

50

T
100

T
150

T
200

5120



(e}
[}
=

6d

11423

6/08

2{97

1.90
/ 0(95/ 0792

0.89

ﬂﬁl A

705 s

10

5121



66T°2T
8e£'9T
LEL°1T
€81°6T
£80°02
L6T'T2
vve1e
zeT'ee
1T¥'82
ST982—__
8zT'Ee
€9T' L€
9zz' L€
1,0'8€

mﬁ.mmV
095 0%

696'ZY

/e

7

¢6T 97

LL9VS—___
629'sS

8.8'GS

\

LrLel——
9€8'9/
oﬁ.El/

@Z.R|\|

€6EVTT
98¥'9TT

68€0CT ——
T6L02T—

65 TET—
YT ——

CCL'SET
C¢EL'BET
Yo Ivt

¢6SEST
670951

L

20

40

60

80

100

120

140

160

180

5122



0000

€8L°¢

858’9
998'9
2189
€889
688'9
1689
8¢6'9
S€6'9
6’9
256’9
856'9
996'9

8ve'L

3/00

$123

lﬁ?

N3
10

1a MeO

12




959'SS

8€C'STT

0T’ 0CT

09t'2€eT

€2T'LST

1a MeO

S N | N N S

50

100

150

200

5124



0000~

81¢€'¢

N3

1b  Me

3/13

I

A

10

$125



8€6'0¢C

666'8TT

987'0€T

69.VET
e LET

N3

1b Me

e

50

100

150

200

5126



0000~

Sv2'9
V

08¢'9

€L99
809'9 I/

Z6T'L
60Z'L H/
1221
2oz, — N\

69¢'L
SlcL
v6c'L
€1e'L

5/18

N3

1e

1/00 700

10

5127



Tr8'9.L
09T'LL

mZ.R|\|

ST66TT
8Y6's21T

Sw.oNHV
9T§ LZT————

@ww.wﬁ|\|
demﬁ|\|

N3

X

1e

L L L

SN

50

T
200

5128



0000~

8.8'9
988'9
1689
€06'9
806'9
S16'9
v§2'L
€eY'L
ovy'L
ovv'L
LSY'L
e9v’L
0Lv'L

N3

1c Br

1/99

2.00

10

12

$129



268'LTT
L08'0¢T

92¢6'CET

CLEBET

N3

1c Br

A A R

T
100

T
150

$130



000'0-

N3

1d

197

2/00

10

12

5131



Tv8'9L
OS.RW
6L0LL

9v€'88

€LTTCT

0v8'8eT —
verovt —

N3

1d

MWWMWMWMWNWWW

50

5132



0000~

T60°L
cITL

ssz'L
LzeL
mwmg.uumuyrl

€98 — N\

6Ty L ————
mm¢g,uumu\1|
1S¥'L
1552

LS L
€65'L

N3

1f

10

$133



€85 6TT—

910221
mNm.Rﬂl/
209821 ————
9T0'62T

N3

1f

T
200

5134



0000~

€85'¢

690°L
SL0°L
080°L
260°L
160°L
€0T'L
Lv6'L
€66'L
8G6'L
0L6°L
S16°L
186°L

A

N3

19

302

1/98

2,00

10

$135



695'9¢

690'6TT

VL€ 0ET
€G6'EET

€TOSPT

N3

19

6€9°96T

0L

LA

50

100

150

200

5136



0000~

8¢T'S
089
2189
L18'9
8¢8'9
€89
cr8’9
G889
€689
6689
016'9
ST16'9
26’9

1.99
zor

N3

1h HO

f“

10

12

5137



GGL9TT
€eeoet

CTLCET

G98'¢ST

N3

1h HO

50

T
150

5138



000'0-

verL
CET'L
LET'L
6vT'L
SST'L
29T’ L
S9¢'L
1228
SE€C'8
ove'8
[AtA]
85¢'8
§S9¢'8

N

N3

O,N

1i

2/o1

2/00

10

$139



GEG'6TT

89.'G¢T

66L VYT ———m—
6T0LYT

N3

O,N

1i

50

T
150

T
200

5140



0000~

088'€

315

g

10

5141



0cees

9.2 LTT

€1eeet

€8C'TET

Eve vt

LEV'TIT

50

T
200

5142



0000~

98¢

S.8'9
S68'9
L06'9
016’9
126'9
626'9
Sv6'9
8176’9
66'9
866'9
v10°L
810,
cLOL
LLOL
260'L
§S60'L
TiTL
SIT'L

T

OMe

1k

N3

3/00

97

7

5143



086'GS

eLTCTT

68€0CT ——
c6ETCT—

T9/.'G2T
L0¥'82T

886'1GT

OMe

1k

N3

WWMMMMWWWWMWMW

50

T
150

T
200

S144



000'0-

0eee

Cl

11

N3

Me

314

1.00

I

L

10

$145



T20'Te

6G2°0CT—

€86 TZT—
9v9'92T
2TV 08T

WLIET —n
90€8ET———

Cl
N3

Me’

11

Viaan

L

kol avon

50

T
100

T
150

T
200

S146



0000~

TE€6'E

999
0.L€9 /
SvS9
0559

6559
959

v.0'8 H\l
880'8

3(20

1]

5147



v8L'€S

9€8'9L
09T'LL
9Lv'LL

Y

16¢°00T

€L£'80T

STE8YT
068'0ST

92,991

50

T
150

T
200

5148



0000~

L0z ——7
1602
1012

0£9't \
SY9v

N3

4a

OH

0/94

2/01

|

10

12

$149



208’19

€8T8T1

ove'6et
€0V’ 62T V
900°¢eT

¥00'8€T

N3
OH

4a

I |1 R B S—

T
150

T
200

5150



0000

298'T
9/8'1T
T68'T
906'T
T¢6'T

985'¢

T19.°€
TLL€
SLL'E
S8L'€
06.'€
008'€

9Tv'v

1902
€90°L
0802
280°L
680°L
T0T'L
0TT'.L
68¢°L
11€L
STE'L
cee’L
vee'L
0s€e'L
vSse'L
viv'e
8Tv'L
vev'L
LEV'L

4

I e

O/\/\OH

\

.

4b

N3

4/02

2/03
1]21

1jo8

10

12

5151



e 1%4

880'T6

8E9VTT
Er9'8TT

Ly9vel

€18'6¢T
0G8'EET

9T IVT

O/\/\OH

4b

N3

S 11 1T

T
100

T
150

T
200

5152



cor'y

¥90°L
990°L
280°L
G80°L
860°L
T0T'L
voT'L
8IT'L
0Le'L

€1e’L |/
L1€°L
vee'L
9ee’L
[AtowA
96¢'L

6T¥'L
€L
6EV'L
L

/°2/ [

-

n

4/01
1199

1.00

i

10

12

5153



€9/'G¢
8GT'9¢
vyv'6c
89¥'6¢
929'6¢
Gz8ee

v0L'16

€66'VTT
692'8TT

0TL'veT

28L'6¢1
LLG'EET

€SC'IYT

AN

HO

4c

N3

T
200

5154



0000~

v1€s
216’9
S16'9
026’9
269
S€6'9
0v6'9
€V6'9
656'9
296'9
0€0'L
V€0 L
0S0'L
50 L
0L0°L
€L0'L
060°L
€60°L

T

N3

4d

OH

2.00

0/98

10

$155



1609TT———
06€8TT—
LEETIT—

190'9¢T
HHN.@NHV

SLELYVT

N3

OH

4d

T
100

5156



000'0-

¢Se'S

L€8'9
8G8'9
€66'9
666'9
v10'L
0c0'L
Lv0'L
€50°L
JASTAVA

)

N3

Cl

1p

OH

1.00

1/01

1/00

A

10

12

5157



T0TT————
6868TT—

018'GeT

82T 97T —>—
uTIRT—

TLO9VT

N3

Cl

1p

OH

50

T
150

5158



0000~

8689
006'9
¥06'9
906'9
816'9
0¢6'9
26’9
926'9
€10'L
810°L
€co’L
160,
00T,
coT'L
voT'L
8IT'L
0cT'L
verL
LyeL
192,
88¢'L

water

1/0
0

116

e

N3

cl
1q

1)l

10

$159



oty LIT—
08y eIt —

Tecset

L18'0ET

965'GET

CEQTVT

N3

Cl

1q

T
100

T
200

5160



000'0-

r45a4

T0€'L
L1€°L
Tce’L
vee'L
e L
T8€°L
S9€°L
6.€L
€8€°L
S6€°L
66€°L
vov'L

N3

1n

5/00
2[00

10

5161



Y16'vS

vre'8zT
1er'82T W
096'821

T0S'SET

N3

1n

50

T
100

T
150

T
200

5162



000'0-

[44-%3
9€6'€
S6T'9
[ATA]
8229
v€C'9
1629
89¢'9
029’9
659'9
Sve'lL
6veL
[ATAVA
09¢’L
99¢'L
cLeL
18¢'L
v8¢'L
88¢'L
T1€L
vieL
9ce’L
oee’L
eve'L
8ve'L
T8€°L
18€°L
Sov'L
607'L

e

N3

1o

|

&

10

5163



SCT'eEs

Tv8'9L
00T 1L
L

S1§°¢eT ———
von.owﬁl/

90€'8¢T ——

68,82T—

99VET —

€ZT9ET—

N3

1o

50

T
100

T
150

T
200

5164



