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Experimental Section

General. When manipulations were performed under a nitrogen atmosphere, nitrogen gas
was dried by passage throughOB. Commercially available chemicals (purchased from
Aldrich, TCI, Kanto, Wako, Nakalai, and AlfaAfeser) are used without further purification
unless otherwise noted. NMR spectra recorded on a JEOL JNM-A500 spectrometer (500
MHz for *H, 125 MHz for®*C) or a JEOL ECS-400 spectrometer (396 MHz'fdr 100
MHz for '°C). Chemical shifts are reported i ppm referenced to an internal
tetramethylsilane standard fi#f NMR. Chemical shifts ot’C NMR are given related to
CDCl; as an internal standard 77.0).*H and**C NMR spectra were recorded in CR@t
25 °C unless otherwise noted. HREI mass spectra were recorded on a JEOL AccuTOF GC
JMS-T100GC equipped with Agilent 6890N GC. EI mass spectra were recorded on an
Agilent 5973N equipped with Agilent 6890N GC. Melting points were determined using a
Yanaco micro melting point apparatus MP-J3 and are uncorrected. IR spectra were
obtained using a JASCO FT/IR-460plus spectrometer in ATR mode. Millipore water was

obtained from a Millipore Milli-Q Biocel A10 purification unit.

Preparation of alkynoic acids 2

Arl
PdCI>(PPhg),
:—\_ HZSO4 :—\_ Cul
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Scheme S1. Preparation of alkynoic acids 2.

M ethyl-4-pentynoate (S1)

~ \—coome CAS registry No.: 21565-82-2

To a stirred MeOH (50 mL) solution of 4-pentynoic acid (5.00 g, 50.7 mmol) was added
H,SO, (1.63 mL, 30.6 mmol). After refluxing for 24 h, the reaction mixture was
quenched by the addition of saturated sodium bicarbonate aqueous solution and the
resulting solution was extracted with €, (30 mL x 3). The obtained organic layer

was dried over magnesium sulfate. The solution was concentrated in vacuo to give
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methyl-4-pentynoateSl, 5.35 g, 47.7 mmol, 94.0%) as pale yellow oil.

'H NMR (396 MHz, CDCl3) 5 1.97-1.99 (m, 1H, CEl), 2.48-1.60 (m, 4H, B,CHy),
3.71 (s, 3H, CO0H5); *c{*H} NMR (100 MHz, CDCls) & 14.2, 33.0, 51.7, 68.9, 82.3,
172.1; MS (El) m/z= 111 ([M+1]).

General procedure for the Sonogashira coupling reaction of S1 with Arl.

A typical procedure is given for the Sonogashira reaction of methyl-4-pentynoate with
4-trifluoromethyliodobenzne. To a suspension of R@ERhR), (125 mg, 0.178 mmol)

and copper iodide (68 mg, 0.357 mmol) in triethylamine (3 mL), methyl-4-pentyrigate (
1.00 g, 8.92 mmol) in anhydrous gEN (1 mL) and 4-trifluoromethyliodobenzene (2.67 g,
9.81 mmol) were added. After being stirred for 1 day, saturatefCN&djueous solution

(15 mL) was added to the reaction mixture and the resulting solution was extracted with
AcOEt (15 mL, 4 times). The combined organic layer was dried ovgB@a After
evaporation of the solvent, the resulting residue was chromatographed on silica gel (eluent:
0-5% AcOEth-hexane) to give methyl 5-(4-trifluoromethylphenyl)-4-pentyno&@2a,

1.85 g, 7.21 mmol, 81%) as pale yello oil.

Methyl 5-(4-trifluoromethylphenyl)-4-pentynoate (S2a)

CoOMe CAS registry No. none

81% yield; Pale yellow oil'H NMR (500 MHz, CDCls) & 2.65 (t,J = 8 Hz, 2H, &,),
2.75 (t,J = 8 Hz, 2H, @), 3.73 (s, 3H, €l3), 7.48 (d,J = 8 Hz, 2H, AH), 7.53 (d,J =8
Hz, 2H, AH); “C{*H} NMR (125 MHz, CDCls) & 15.3, 33.1, 51.8, 80.0, 90.7, 123.9 (q,
Jo.r = 270 Hz), 125.1 (¢Jcr = 4 Hz), 128.3 (gJc.r = 261 Hz), 129.7, 131.8, 172.R
(ATR) 2999, 2955, 1738 (C=0), 1616, 1438, 1406, 1366, 1323)(QE55, 1199, 1163,
1121, 1104, 1066, 1038, 1017, 989, 889, 840, 777, 738, 693, 597HRAEI-M S Calcd.
for Ci13H11F50, [M]*: mz= 256.07111; Found 256.07061.

M ethyl 5-phenyl-4-pentynoate (S2b)

C ~ \_cooMe CAS registry No. 30780-51-9

68% yield; Colorless oil!H NMR (500 MHz, CDCls) & 2.622.67 (m, 2H, &),
2.71-2.76 (m, 2H, ®©.), 3.72 (s, 3H, E3), 7.26-7.30 (m, 3H, Af), 7.37-7.40 (m, 2H,
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ArH); BC{*H} NMR (125 MHz, CDCl3) & 15.3, 33.4, 51.8, 81.2, 87.9, 123.5, 127.8,
128.2, 131.6, 172.4; MEI) m/z = 188 ([M']).

M ethyl 5-(4-methylphenyl)-4-pentynoate (S2¢)

Y=
COOMe CAS registry No. 1061175-65-2

75% yield; Color less oiftH NMR (395 MHz, CDCl3) 8 2.32 (s, 3H, €3), 2.61-2.66 (m,
2H, CHy), 2.70-2.75 (m, 2H, @), 3.72 (s, 3H, @), 7.08 (d, 8 Hz, 2H, AH), 7.27 (d,

J =8 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCls) 5 15.3, 21.4, 33.5, 51.8, 81.2, 87.1,
120.3, 128.9, 131.4, 137.8, 172MS (El) m'z = 202 ([M']).

Methyl 5-(4-methoxyphenyl)-4-pentynoate (S2d)

MeO@ﬁ
CoOMe CAS No. 1061175-68-5

78% vyield; Colorless oil!H NMR (500 MHz, CDCls) & 2.602.64 (m, 2H, &),
2.69-2.73 (t, 2H, 1), 3.71 (s, 3H, E3), 3.78 (s, 3H, E), 6.80 (dJ = 9 Hz, 2H, AH),
7.31 (d,J = 9 Hz, 2H, AH); *C{*H} NMR (125 MHz, CDCl3) 5 15.3, 33.5, 51.7, 55.1,
80.9, 86.3, 113.7, 115.5 132.9, 159.1, 17®I& (El) mz = 218 ([M']).

Methyl 5-(4-tert-butylphenyl)-4-pentynoate (S2e)
/N —
—/ \—COOMe CAS registry No. none
47% vyield (from 4tert-butyloromobenzene: 5 mol% Pd@Ph), and 10 mol% Cul were

used. The reaction performed in a mixturéRsNH and toluene at 85 °C); Pale yellow oil;

'H NMR (396 MHz, CDCl3) 5 1.29 (s, 9H, C(€l3)3), 2.612.65 (m, 2H, Ely), 2.70-2.75

(m, 2H, H,), 3.71 (s, 3H, E3), 7.28-7.33 (m, 4H, At); “C{*H} NMR (100 MHz,
CDCl3) & 15.3, 33.1, 33.5, 34.6, 51.8, 81.1, 87.1, 120.4, 125.1, 131.2, 150.9, tR2.4;
(ATR) 2959, 2905, 2869, 1737 (C=0), 1648, 1608, 1506, 1459, 1437, 1419, 1396, 1363,
1268, 1256, 1223, 1198, 1166, 1110, 1018, 991, 834, 779, 705, 562HIREI-M S

Calcd. for GeHo002 [M]*: mVz = 244.14633; Found 244.14619.

M ethyl 5-(4-phenylphenyl)-4-pentynoate (S2f)
=
COOMe CAS registry No. 1061175-63-0
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75% yield; Pale yellow oil'H NMR (500 MHz, CDCl3) 8 2.65 (t,J = 8 Hz, 2H, G1y),

2.76 (t,J = 8 Hz, 2H, ®,), 3.72 (s, 3H, €3), 7.32-7.36 (m, 1H, Af), 7.41-7.46 (m, 4H,
ArH), 7.52 (dJ = 8 Hz, 2H, AH), 7.57 (dJ = 8 Hz, 2H, AH); *C{*H} NMR (125 MHz,

CDCl3) & 15.4, 33.4, 51.8, 81.0, 88.6, 122.4, 126.8, 126.9, 127.4, 128.7, 131.9, 140.3,
140.5, 172.3; MS (El) m/z 264 ([M]).

M ethyl 5-(4-nitrophenyl)-4-pentynoate (S2g)

COOMe CAS registry No. none

85% vyield; Yellow solidsMp. 88.5-89.5 °C'H NMR (500 MHz, CDCl3) 8 2.66 (t,J =7

Hz, 2H, H), 2.78 (t,J = 7 Hz, 2H, ®,), 3.74 (s, 3H, €3), 7.51 (d,J = 9, 4 Hz, 2H,
ArH), 8.15 (d,J = 9 Hz, 2H, AH); *C{*H} NMR (125 MHz, CDCls) & 15.3, 32.9, 51.8,
79.6, 94.0, 123.4, 130.4, 132.2, 146.7, 171®;(ATR) 3113, 2951, 2844, 2219 (CC),
1730 (C=0), 1591, 1509 (N{) 1491, 1434, 1372, 1339, 1309, 1300, 1285, 1273, 1256,
1198, 1173, 1108, 1054, 1011, 986, 971, 887, 852, 831, 775, 749, 687, 591, §80 cm
HR-EI-MS Calcd. for GoH1iNO, [M]*: m/z= 233.06881; Found 233.06890.

M ethyl 5-(4-fluorophenyl)-4-pentynoate (S2h)

=
COOMe CAS registry No. 1435518-69-6

74% vyield; Colorless oitH NMR (500 MHz, CDCl3) 8 2.63 (t,J = 8 Hz, 2H, ®&,), 2.72
(t, J = 8 Hz, 2H, ®l,), 3.72 (s, 3H, E3), 6.946.99 (m, 2H, AH), 7.337.37 (m, 2H,
ArH): ¥C{*H} NMR (125 MHz, CDCl3) 5 15.2, 33.3, 51.8, 80.1, 87.6, 115.3J¢ = 22
Hz), 119.5 (dJc-F = 4 Hz), 133.3 (dJc-F = 8 Hz), 162.1 (dJc-F = 248 Hz), 172.3MS
(El) m'z= 206 ([M]").

M ethyl 5-(4-chlorophenyl)-4-pentynoate (S2i)

=
CoOMe CAS registry No. 351227-41-3

79% vyield; Colorless oitH NMR (500 MHz, CDCls) 8 2.62 (t,J = 8 Hz, 2H, ®&,), 2.72

(t, J = 8 Hz, 2H, ®), 3.71 (s, 3H, E), 7.24 (dJ = 9 Hz, 2H, AH), 7.30 (d,J = 9 Hz,
2H, ArH); *C{*H} NMR (125 MHz, CDCl3) 5 15.3, 33.2, 51.8, 80.1, 89.0, 122.0, 128.5,
132.8, 133.7, 172.2; MS (El) m& 222 ([MT).
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Methyl 5-(2-methylphenyl)-4-pentynoate (S2))
Me

C ~ \—CoOMe CAS registry No. 1369558-68-8

74% vyield; Colorless oil*H NMR (500 MHz, CDCl3) & 2.39 (s, 3H, El3), 2.65 (t,J = 7
Hz, 2H, (Hy), 2.77 (t,J = 7 Hz, 2H, ®), 3.72 (s, 3H, €3), 7.07-7.12 (m, 1H, A),
7.15-7.18 (m, 2H, AH), 7.34 (d, E 7 Hz, 1H, AH); *C{*H} NMR (125 MHz, CDCls) &
15.5 CHy), 20.6 CH3), 33.6 CH,), 51.7 CHs), 80.1 CC), 91.9 CC), 123.2 (AC), 125.3
(ArC), 127.8 (AC), 129.3 (AC), 131.8 (AC), 140.0 (AC), 172.4 C=0); MS (El) m/z =
202 (IM']).

M ethyl 5-(1-naphtyl)-4-pentynoate (S2k)

Q COOMe

O CAS registry No. 1435518-72-1

71% vyield; Colorless oifH NMR (500 MHz, CDCl3) & 2.73 (t,J = 8 Hz, 2H, &1,), 2.89

(t, J = 8 Hz, 2H, ®1,), 3.74 (s, 3H, €3), 7.38 (ddJ = 8, 8 Hz, 1H, AH), 7.49 (ddd,) = 1,

7, 8 Hz, 1H, AH), 7.54 (dddJ = 1, 8, 9 Hz, 1H, At), 7.60 (ddJ = 1, 7 Hz, 1H, AH),

7.77 (dJ = 8 Hz, AH), 7.82 (dJ = 8 Hz, 1H, AH), 8.30 (dJ = 9 Hz, 1H, AH); C{*H}

NMR (125 MHz, CDCls) 8 15.7, 33.6, 51.8, 79.2, 92.9, 121.1, 125.1, 126.1, 126.2, 126.5,
128.1, 128.2, 130.1, 133.1, 133.4, 1723 (El) m/z = 238 ([M']).

M ethyl 5-(2-thienyl)-4-pentynoate (S2I)

[ =
S COOMe CAS registry No. none

67% vield; Colorless oitH NMR (500 MHz, CDCl3) 8 2.63 (t,J = 8 Hz, 2H, ®©,), 2.75

(t, J= 8 Hz, 2H, ®l,), 3.72 (s, 3H, E3), 6.92-6.94 (dd) = 4, 4 Hz, 1H, AH), 7.13 (d,J

= 4 Hz, 1H, AH), 7.18 (dJ = 4 Hz, 1H, AH); *C{*H} NMR (125 MHz, CDCl3)  15.5,
33.1,51.8, 74.3,91.9, 123.5, 126.2, 126.7, 131.3, 1/R.GATR) 3107, 2996, 2952, 2920,
2844, 1735 (C=0), 1519, 1436, 1362, 1290, 1256, 1239, 1192, 1165, 1081, 1038, 1019,
980, 942, 880, 865, 832, 779, 698, 656, 592, 572; ¢iR-EI-M S Calcd. for GoH100,S

[M]*: mVz=194.0401; Found 194.0400.
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General procedurefor hydrolysis of methyl esters

A typical procedure 5 given for the reaction of methyl
5-(4-trifluoromethylphenyl)-4-pentynoate SZa). To a solution of methyl
5-(4-trifluoromethylphenyl)-4-pentynoate (1.84 g, 7.19 mmol) in a mixture of THF (80
mL) and BO (20 mL), lithium hydroxide monohydrate (603 mg, 14.4 mmol) was added.
After being stirred at 25 °C for overnight, the mixture was washedteritibutyl methyl

ether (20 mL, 3 times) and acidified with 4N HCI aqueous solution. The organic layer
was extracted withert-butyl methyl ether (20 mL, 3 times), dried over,8@&@,, and
concentrated irvacuo to give 5-(4-trifluoromethylphenyl)-4-pentynoic acida( 1.64 g,

6.77 mmol, 94%) as white solids.

5-[(4-Trifluoromethyl)phenyl]pent-4-ynoic acid (2a)

COOH CAS registry No. 876049-26-2

94% vyield; White solids'H NMR (396 MHz, CDCls) 3 2.69-2.79 (m, 4H, &l,), 7.47 (d,
J=8Hz, 2H, AH), 7.53 (d, J 8 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCls) 5 15.0,
33.2, 80.2, 90.3, 123.2 (Gcr = 272 Hz), 125.1 (qJcr = 4 Hz), 127.2, 129.6 (Gc-r =

32 Hz), 131.8, 178.IM S (EI) miz = 242 ([M).

5-Phenylpent-4-ynoic acid (2b)

C ~ \_COOH CAS registry No. 3350-92-3

91% vyield; White solids'H NMR (396 MHz, CDCl3) & 2.66-2.78 (m, 4H, El,), 7.25—
7.30 (m, 3H, AH), 7.36-7.42 (m, 2H, AH); *C{*H} NMR (100 MHz, CDCls) & 15.0,
33.4,81.3, 87.5, 123.3, 127.9, 128.2, 131.6, 178.2; El (70eV¥rivz4 (M]).

5-[(4-M ethyl)phenyl]pent-4-ynoic acid (2c)

o=
COOH CAS registry No. none

92% vyield; White solids; Mp. 130.@:31.0 °C:*H NMR (396 MHz, CDCl5) 5 2.33 (s, 3H,

CHj3), 2.66-2.76 (m, 4H, El,), 7.08 (d,J = 8 Hz, 2H, AH), 7.28 (d,J = 8 Hz, 2H, AH);

3C{*H} NMR (100 MHz, CDCl3) & 15.1, 21.4, 33.5, 81.4, 86.7, 120.2, 128.9, 131.4,
137.9, 178.2)R (ATR) 3097, 3042, 3031, 2988, 2935, 2918, 2859, 2653, 2629, 2604,
2557, 2504, 1922, 1704 (C=0), 1508, 1424, 1407, 1357, 1303, 1261, 1211, 1175, 1106,
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1045, 1021, 930, 822, 767, 692, 634 GrHIR-EI-MS Calcd. for GoH10, [M]™*: miz =
188.08373; Found 188.08348.

5-[(4-M ethoxy)phenyl]pent-4-ynoic acid (2d)

MeO@ﬁ
COOH CAS No. 137742-44-0

92% vyield; White solids‘*H NMR (396 MHz, CDCl3) 5 2.66-2.75 (m, 4H, &l,), 3.80 (s,
CHs), 6.81 (d,J = 9 Hz, 2H, AH), 7.32 (dJ = 9 Hz, 2H, AH); *C{*H} NMR (100 MHz,

CDCl3) 8 15.1, 33.5, 55.3, 81.1, 86.0, 113.8, 115.5, 133.0, 159.2, IMSXEIl) m/z =

204 ([M').

5-[(4-tert-Butyl)phenyl]pent-4-ynoic acid (2e)

ANI/Z0 N
/ =/ \—COOH CAS registry No. none

80% yield; White solids; Mp. 133.8:34.5 °C:*H NMR (396 MHz, CDCl3) 5 1.30 (s, 9H,
C(CHa3)3), 2.65-2.77 (m, 4H, E1,), 7.27-7.36 (m, 4H, At); *C{*H} NMR (100 MHz,

CDCls) & 15.1, 31.2, 33.4, 34.7, 81.3, 86.8, 120.3, 125.2, 131.2, 151.0, 1R7(8TR)

3037, 2952, 2901, 2865, 2633, 2596, 2552, 2503, 1703 (C=0), 1505, 1462, 1428, 1409,
1362, 1299, 1267, 1259, 1213, 1109, 1019, 936, 837, 775, 754, 682, BFRRAEI-M S

Calcd. for GsH1g0, [M]*: mz = 230.13068; Found 230.13072.

5-[(4-Phenyl)phenyl]pent-4-ynoic acid (2f)

< O—=_
COOH CAS registry No. 300663-09-6

74% vyield; Pale yellow soliddH NMR (396 MHz, CDCls) & 2.69-2.80 (m, 4H, Ely),
7.32-7.37 (m, 1H, Ad), 7.40-7.48 (m, 4H, At), 7.50-7.54 (m, 2H, At), 7.55-7.59 (m,
2H, ArH); *C{*H} NMR (100 MHz, CDCl3) 5 15.2, 33.3, 81.2, 88.2, 122.3, 126.9, 127.0,
127.5, 128.76, 128.81, 132.0, 140.4, 140.6, 17 H1.270eV) m/z = 250 ([M']).

5-[(4-Nitro)phenyl]pent-4-ynoic acid (29)

COOH CAS registry No. none

89% yield; Yellow solidsM p. 157.0-158.0 °CNMR (396 MHz, CDCl3) & 2.70-2.75 (m,
2H, CH,), 2.77-2.82 (m, 2H, ®©l»), 7.52 (d,J = 9 Hz, 1H, AH), 8.15 (d,J = 9 Hz, 1H,
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ArH); BC{*H} NMR (100 MHz, CDCls) & 15.1, 32.9, 79.9, 93.5, 123.5, 130.3, 132.4,
146.8, 177.3]R (ATR) 3110, 3086, 3028, 2978, 2930, 2845, 2808, 2792, 2710, 2647,
2614, 2560, 2511, 2465, 2445, 1694 (C=0), 1592, 151Q)(N@32, 1407, 1339, 1317,

1305, 1286, 1275, 1261, 1212, 1172, 1103, 1096, 1011, 980, 922, 854, 776, 750, 689, 677
cm’; HR-EI-M S Calcd. for GiHgNO,4 [M] *: m/z= 219.05316; Found 219.05341.

5-[(4-Fluoro)phenyl]pent-4-ynoic acid (2h)

|:4< >*:
COOH CAS registry No. none

88% vyield; White solidsMp 112.5-413.5 °C;*H NMR (396 MHz, CDCls) 8 2.65-2.76

(m, 4H, (H,), 6.94-7.00 (m, 2H, At), 7.337.39 (m, 2H, AH); “C{*H} NMR (100

MHz, CDCl3) & 15.0, 33.4, 80.3, 87.2, 115.4 ({+ = 22 Hz), 119.4 (dJc—r = 4 Hz),

133.4 (dJe—r = 9 Hz), 162.2 (dJc_r = 249 Hz), 178.4tR (ATR) 3102, 3064, 3045, 3033,

2979, 2964, 2936, 2919, 2852, 2710, 2632, 2560, 2512, 1703 (C=0), 1597, 1504, 1432,
1409, 1360, 1308, 1259, 1214, 1161, 1095, 1014, 979, 918, 841, 829, 814, 776, 699, 634
cm’; HR-EI-M S Calcd. for GiHoFO, [M]*: m/z= 192.05866; Found 192.05871.

5-[(4-Chloro)phenyl]pent-4-ynoic acid (2i)

o~ =
COOH CAS registry No. 1172131-51-9

93% vyield; White solids'H NMR (396 MHz, CDCls) 3 2.65-2.76 (m, 4H, &l,), 7.24 (d,
J=8Hz, 2H, AH), 7.30 (d, J 8 Hz, 1H, AH); *C{*H} NMR (100 MHz, CDCls) 5 15.0,
33.3, 80.3, 88.6, 121.8, 128.5, 132.8, 133.8, 11.470eV) m/z = 208 ([M]).

5-[(2-M ethyl)phenyl]pent-4-ynoic acid (2))
Me

:< o —COOH CAS registry No. none

100% yield; White solidsiMp 61.0-62.0 °C;*H NMR (500 MHz, CDCl3) & 2.38 (s, 3H,
CHs), 2.692.73 (m, 2H, ), 2.77-2.81 (m, 2H, ), 7.07-7.12 (m, 1H, Af), 7.14—
7.19 (m, 2H, AH), 7.34-7.36 (m, 1H, At); *C{*H} NMR (125 MHz, CDCl3) & 15.3,
20.6, 33.7, 80.3, 91.4, 123.1, 125.4, 127.8, 129.3, 131.8, 140.1, 1R8ATR) 3021,
2967, 2921, 2852, 2735, 2701, 2635, 2551, 2503, 1693 (C=0), 1487, 1432, 1411, 1351,
1302, 1289, 1253, 1212, 1176, 1161, 1114, 1044, 1017, 978, 918, 862, 803, 777, 748, 715,
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664 cm’; HR-EI-M S Calcd. for GoH1,0, [M]*: mVz = 188.08373; Found 188.08375.

5-(1-Naphtyl)pent-4-ynoic acid (2k)

O CAS reqistry No. 928768-34-7

91% vyield; White solids;H NMR (396 MHz, CDCls) & 2.78-2.84 (m, 2H, Ely),
2.88-2.93 (m, 2H, @), 7.39 (tJ = 8 Hz, 1H, AH), 7.49 (td,J = 1, 7 Hz, 1H, AH), 7.54

(td,J =1, 7 Hz, 1H, AH), 7.61 (d,J = 7 Hz, 1H, AH), 7.78 (d,J = 8 Hz, AH), 7.82 (d,J

= 8 Hz, 1H, AH), 8.32 (d,J = 8 Hz, 1H, AH); *C{*H} NMR (100 MHz, CDCl3) d 15.4,

33.6, 79.5, 92.5, 121.0, 125.2, 126.1, 126.3, 126.6, 128.2, 128.3, 130.2, 133.1, 133.4,
178.1;EI (70eV) m/iz = 224 ([M']).

5-(2-Thienyl)pent-4-ynoic acid (21)

| =
S COOH CAS No. 928768-35-8

86% vyield; Pale brown solidsH NMR (500 MHz, CDCl3) & 2.68-2.72 (m, 2H, El,),
2.74-2.78 (M, 2H, Ely), 6.93-6.95 (m, 1H, AH), 7.13-7.14 (m, 1H, AH), 7.187.20 (m,
1H, ArH); C{*H} NMR (125 MHz, CDCls) & 15.3, 33.1, 74.6, 91.5, 123.4, 126.4, 126.8,
131.5, 177.9E (70eV) m/'z = 180 ([M]).

General procedurefor cyclization of alkynoic acids

A typical procedure is given for the reaction with 5-(4-trifluoromethylphenyl)pentynoic
acid @a) in the presence ofla,y and EtN in water (Table 1, entry 2).
5-(4-Trifluoromethylphenyl)pentynoic aci@g, 29.1 mg, 0.12 mmol) was placed in a vial,
to which was added 1 mL aqueous suspensidagf (2.6 mg, 2.4 x 1® mmol) and EN

(1 mL, 7.2 x 1¢ mmol). The reaction mixture was agitated by shaking at 50 °C for 1 h,
and then extracted with t-butyl methyl ether (MTBE) (1.5 mL, 4 times). The combined
extract was dried over M&O, and concentrated irvacuo. The residue was

chromatographed on silica gel (eluent: CgJ@ give 3a (17.6 mg, 0.727 mmol, 61%).
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(2)-y-(4-Trifluoromethylbenzylidene)-y-butyrolactone (3a)

FsC CAS registry No. none

White solids;Mp 56.5-57.0 °C;*H NMR (396 MHz, CDCls) 8 2.73-2.78 (m, 2H, Ei),
3.05-3.11 (m, 2H, @), 5.58-5.60 (m, 1H, C=El), 7.56 (d, = 8 Hz, 2H, AH), 7.64 (d, J
= 8 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCls) 6 26.4, 26.7, 103.7,24.2 (q.Jo-F =
272 Hz), 125.3 (qJc—r = 4 Hz), 128.3 (qJc-F = 32 Hz), 128.4, 137.5, 150.2, 174IR
(ATR) 2956, 2936, 1804 (C=0), 1680, 1614, 1443, 1415, 1323)(CE90, 1227, 1165,
1093, 1064, 1015, 939, 853, 815, 755, 708, 652, 597; dAR-EI-MS Calcd. for
C1:HoF30; [M]*: miz = 242.05546; Found 242.05518.

(2)-y-Benzylidene-y-butyrolactone (3b)

/O (@)

CAS registry No. 69063-20-3
White solids;"H NMR (396 MHz, CDCls) 5 2.69-2.74 (m, 2H, ©l,), 3.01-3.07 (m, 2H,
CHy), 5.54-5.56 (m, 1H, C=€l), 7.21 (t,J = 7 Hz, 1H, AH), 7.33 (tJ = 7 Hz, 2H, AH),
7.54 (dJ = 7 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCls) 5 26.3, 26.9, 104.9, 126.7,
128.3, 128.4, 133.8, 148.1, 174.9; EIMS (70eW) = 174 ([M]).

(2)-y-(4-Methylbenzylidene)-y-butyrolactone (3c)

o O

Me CAS registry No. none

White solids;Mp 85.0-86.0 °C;*H NMR (396 MHz, CDCl3) & 2.34 (s, 3H, ),
2.68-2.73 (m, 2H, Ely), 3.00-8.06 (M, 2H, El,), 5.51-5.53 (m, 1H, C=El), 7.13 (d,J =

8 Hz, 2H, AH), 7.44 (d,J = 8 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCls) & 21.1,

26.2, 27.0, 104.7, 128.1, 129.1, 131.0, 136.4, 147.3, 1MB.{ATR) 3024, 2982, 2923,
2872, 1792 (C=0), 1682, 1609, 1508, 1444, 1413, 1355, 1290, 1227, 1208, 1176, 1102,

S11



1023, 1011, 992, 942, 857, 841, 803, 758, 714, 702, 656, 634, 56HEAEI-M S Calcd.
for C1oH120, [M]*: m/z = 188.08373; Found 188.08367.

(2)-y-(4-M ethoxybenzylidene)-y-butyrolactone (3d)

—

o O

MeO CAS reqistry No. none

Pale yellow oil;'H NMR (396 MHz, CDCl3) & 2.68-2.73 (m, 2H, @), 2.99-3.05 (m,

2H, CH,), 3.81 (s, O@l3), 5.48-5.51 (m, 1H, C=El), 6.86 (d, = 9 Hz, 2H, AH), 7.49 (d,

J = 9 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCl3) 4 26.2, 27.0, 55.2, 104.3, 113.80,
126.6, 129.5, 146.4, 158.2, 175IR (ATR) 3003, 2958, 2934, 2838, 1792 (C=0), 1732,
1685, 1606, 1577, 1509, 1463, 1443, 1419, 1350, 1294, 1248, 1175, 1114, 1096, 1029, 941,
906, 848, 830, 815, 756, 722, 704, 657, 628, 597, 554 ¢hR-EI-MS Calcd. for
C12H1:05 [M]*: mz= 204.07864 Found 204.07866.

(2)-y-(4-tert-Butylbenzylidene)-y-butyrolactone (3e)

—

o O

CAS registry No. none

White solids;Mp. 34.0-85.0 °C;*H NMR (396 MHz, CDCl3) & 1.31 (s, 9H, C(83)3),
2.68-2.73 (m, 2H, @), 3.00-3.05 (M, 2H, ®,), 5.53-5.54 (m, 1H, C=El), 7.35 (d,J =

9 Hz, 2H, AH), 7.48 (d,J = 9 Hz, 2H, AH); ®C{*H} NMR (100 MHz, CDCl5) & 26.2,

27.1, 31.2, 34.5, 104.7, 125.3, 128.0, 131.0, 147.5, 149.7, 1B (TR) 2959, 2928,

2868, 1799 (C=0), 1726, 1685, 1511, 1475, 1462, 1445, 1415, 1395, 1362, 1293, 1270,
1229, 1201, 1173, 1123, 1096, 1018, 941, 851, 836, 807, 705, 656, 57HBAEI-MS

Calcd. for GsH1g0, [M]*: mz = 230.13068; Found 230.13070.
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(2)-y-(4-Phenylbenzylidene)-y-butyrolactone (3f)

—

o O

Ph CAS registry No. none

Light brown solids;Mp 116.5417.5 °C;*H NMR (396 MHz, CDCl3) & 2.71-2.76 (m,

2H, CHy), 3.04-3.10 (m, 2H, El,), 5.59-5.60 (m, 1H, C=El), 7.33-7.36 (m, 1H, At),
7.41-7.44 (m, 2H, Af), 7.56-7.65 (m, 6H, A); *C{*H} NMR (100 MHz, CDCls) &

26.3, 26.9, 104.5, 126.9, 127.1, 127.2, 128.7, 128.7, 128.8, 132.9, 139.3, 140.7, 148.3,
174.9;IR (ATR) 3031, 2932, 1793 (C=0), 1678, 1604, 1593, 1554, 1486, 1449, 1414,
1294, 1234, 1218, 1208, 1181, 1097, 1103, 940, 913, 876, 852, 838, 809, 762, 723, 688,
659, 607, 570 cifi HR-EI-MS Calcd. for G7H140, [M]*: mz = 250.09938 Found
250.09936.

(2)-y-(4-Nitrobenzylidene)-y-butyrolactone (3g)

o O

O2N CAS registry No. none

Yellow solids; Mp. 120.0-421.0 °C;*H NMR (396 MHz, CDCl3) & 2.75-2.80 (m, 2H,

CHy), 3.083.14 (m, 2H, &), 5.63-5.64 (m, 1H, C=€l), 7.68 (d,J = 9 Hz, 2H, AH),

8.17 (d,J = 9 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCls) 5 26.5, 26.6, 103.2, 123.8,
128.6, 140.6, 145.9, 151.9, 174I® (ATR) 3361, 2955, 2923, 2852, 1821 (C=0), 1666,
1587, 1504, 1469, 1437, 1414, 1335, 1289, 1224, 1180, 1085, 1009, 933, 863, 820, 801,
751, 705, 691, 654, 637, 626, 559 tnHR-EI-M S Calcd. for GiHgNO, [M]*: mVz =
219.05316 Found 219.05319.

(2)-y-(4-Fluorobenzylidene)-y-butyrolactone (3h)

/O O

F CAS reqistry No. none
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White solids;Mp 78.0-79.0 °C;*H NMR (396 MHz, CDCls) 8 2.70-2.74 (m, 2H, Ei,),
3.00-3.06 (m, 2H, @), 5.51-5.53 (m, 1H, C=@E), 6.98-7.04 (m, 2H, At), 7.50-7.54

(m, 2H, AH); *C{*H} NMR (100 MHz, CDCls) & 26.2, 26.9, 103.7, 115.3 (& = 22

Hz), 129.8 (dJc-r = 8 Hz), 130.0 (dJo-r = 4 Hz), 147.7 (dJc-r = 3 Hz), 161.4 (dJc—r =

247 Hz), 174.8|R (ATR) 3006, 2936, 2852, 1788 (C=0), 1687, 1601, 1504, 1443, 1416,
1352, 1297, 1226, 1173, 1159, 1101, 1091, 1013, 1002, 935, 855, 833, 818, 769, 706, 658,
626, 562 cnt; HR-EI-M S Calcd. for GiHoFO, [M]*: mz = 192.05866; Found 192.05866.

(2)-y-(4-Chlorobenzylidene)-y-butyrolactone (3i)

/O O

Cl CAS reqistry No. none

White solids;Mp 81.5-82.5 °C;*H NMR (396 MHz, CDCls) 8 2.70-2.75 (m, 2H, E&i,),
3.01-3.07 (m, 2H, E1,), 5.50-5.52 (m, 1H, C=@€), 7.28 (d, = 8 Hz, 2H, AH), 7.48 (d, J

= 8 Hz, 2H, AH); *C{*H} NMR (100 MHz, CDCls) & 26.3, 26.8, 103.8, 128.6, 129.5,
132.2, 132.4, 148.6, 174.IR (ATR) 2956, 2925, 2851, 1793 (C=0), 1680, 1657, 1486,
1438, 1411, 1353, 1294, 1227, 1176, 1109, 1096, 1010, 944, 851, 833, 804, 714, 708, 679,
653, 625, 559 cify HR-EI-MS Calcd. for GiHoCIO, [M]*: mvz = 208.02911; Found
208.02920.

(2)-y-(2-Methylbenzylidene)-y-butyrolactone (3j)

Me o °
CAS registry No. none

White solids;Mp 90.0-91.0 °C;*H NMR (396 MHz, CDCls) & 2.32 (s, 3H, @),
2.70-2.75 (m, 2H, @), 3.04-3.10 (m, 2H, ®©.), 5.68-5.70 (m, 1H, C=El), 7.11-7.22

(m, 3H, AH), 7.76 (d, = 8 Hz, 2H, AH); **C{*H} NMR (100 MHz, CDCl3) 520.2, 26.3,
27.1,102.1, 126.0, 126.8, 129.0, 129.9, 132.3, 135.0, 148.2, 1R5ATR) 3069, 2956,

2930, 2862, 1793 (C=0), 1679, 1597, 1489, 1480, 1461, 1437, 1409, 1377, 1362, 1292,
1226, 1202, 1174, 1151, 1110, 1096, 1053, 1038, 1002, 945, 836, 769, 718, 650, 610, 568

cm®; HR-EI-M S Calcd. for GoH1,0, [M]*: mVz = 188.08373; Found 188.08370.
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(2)-y-(1-Naphthalenylmethylene)-y-butyrolactone (3k)

O CAS registry No. none

White solids;Mp 91.0-92.0 °C;*H NMR (396 MHz, CDCls) 8 2.76-2.81 (m, 2H, Ei,),
3.16-3.21 (m, 2H, El), 6.24-6.25 (m, 1H, C=@l), 7.46-7.54 (m, 3H, AH), 7.75 (d,J =

8 Hz, 1H, AH), 7.85 (dd, JF 3, 7 Hz, 1H, AH), 7.89 (dJ =7 Hz, 1H, AH), 8.03 (dd, *

2, 8 Hz, 1H, AH); *C{*H} NMR (100 MHz, CDCl3) 4 26.3, 27.2, 101.1, 123.6, 125.5,
125.6, 125.9, 127.1, 127.3, 128.7, 129.8, 131.0, 133.6, 149.4, 174.9; IR 88%8&)2929,

2868, 1789 (C=0), 1686, 1589, 1579, 1506, 1443, 1414, 1397, 1353, 1293, 1222, 1194,
1166, 1105, 1038, 1017, 959, 941, 910, 866, 832, 801, 775, 748, 740, 693, 650, 640, 612
cm®; HR-EI-M S Calcd. for GsHi1,0, [M]*: miz = 224.08373; Found 224.083609.

(2)-y-(2-Thienylmethylene)-y-butyrolactone (3l)

o (o)
=

= CAS registry No. none

White solids;Mp 96.5-97.5 °C;*H NMR (396 MHz, CDCls) 8 2.73-2.78 (m, 2H, El,),
3.00-3.05 (m, 2H, ®©l,), 5.84-5.86 (m, 1H, C=El), 6.99 (ddJ = 4, 5 Hz, 1H, AH), 7.08

(d,J = 4 Hz, 1H, AH), 7.24 (dJ = 5 Hz, 1H, AH); *C{*H} NMR (100 MHz, CDCl3) &

25.5, 27.3, 99.0, 125.1, 125.7, 126.8, 136.5, 146.6, 1TR.ZATR) 3093, 3069, 2961,
2928, 2852, 1786 (C=0), 1683, 1610, 1442, 1425, 1364, 1297, 1242, 1202, 1167, 1142,
1091, 1045, 1023, 939, 903, 846, 824, 819, 806, 780, 752, 698, 673, 653, 611,588 cm

HR-EI-M S Calcd. for GHsO,S [M]": m/z= 180.02450; Found 180.02446.
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Preparation of 2-Pheny|propargyloxypheno| 4

MOMCI —
OH ch03 K,COs3 o7
acetone acetone
OH reflux, 16 h reflux, 24 h OMOM
s4
Phl
PdCI,(PPhs), o. F
Cul
CH3CN, Et3N THF- Hzo
25T, 24 h OMS(;M 25 T, 20 h OH4

Scheme S2. Preparation of 2-phenylpropargyloxypheng)l. (

2-Propar gyloxyphenol (S3)

(j[o/
OH CAS registry No. 14817-38-0

Under a nitrogen atmosphere, a mixture of pyrocatechol (2.00 g, 18.2 mmol»@ag K
(1.38 g, 9.99 mmol) in anhydrous acetone (90 mL) was stirred for 1 h at 25 °C. Propargyl
bromide (2.16 g, 18.2 mmol) in dry acetone (1.5 mL) was slowly added at 25 °C during 1 h.
The mixture was refluxed at 65 °C for 16 h. After being cooled to 25 °C, acetone was
evaporated from the mixture. To the resulting residue was added water (50 mL). The
suspension was extracted with CHCI5 mL, 4 times). The combined organic layer was
dried over Ng@SO, and concentrated in vacuo. The resulting crude material was
chromatographed on silica gel (eluent: 5-20% AcOEt/n-hexane) to give
2-propargyloxyphenol (1.90 g, 12.8 mmol, 71%) as white solids.

'H NMR (396 MHz) 5 2.56 (t, J = 2.3 Hz, 1HHIC=C-), 4.75 (dJ = 2.3 Hz, 2H, CH=
C-CHy), 5.64 (s, 1H, -@), 6.83-6.88 (m, 1H, AH), 6.90-7.00 (m, 3H, AH); *C{*H}

NMR (100 MHZ) 5 56.9, 76.1, 78.1, 112.8, 115.2, 120.1, 122.6, 144.6, 1ME1EIl) m/z

=148 ([M)).

1-M ethoxymethoxy-2-propar gyloxybenzene (S4)

(j[o/
OMOM  CAS registry No. none

Under a nitrogen atmosphere, to a mixture of 2-propargyloxyphenol (700 mg, 4.72 mmol)
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and KCOs; (979 mg, 7.09 mmol) was added acetone (20 mL) at 25 °C. After being
stirred at 25 °C for 1 h, methoxymethyl chloride (0.53 mL, 7.09 mmol) was slowly added
to the resulting suspension at 25 °C. The reaction mixture stirred at 65 °C for 24 h. After
being cooled to 25 °C, saturated NH aqueous solution (15 mL) was added to the
reaction mixture and then the resulting mixture was evaporated. The solution was
extracted with MTBE (15 mL. 3 times). The combined organic layer was dried over
NaSO,, and concentrated in vacuo. The resulting crude mixture was chromatographed
on silica gel (eluent: 5-10% AcOELt/n-hexane) to give
1-methoxymethoxy-2-propargyloxybenzene (720 mg, 3.75 mmol, 79%) as pale yellow oil.
'H NMR (396 MHz, CDCl3) & 2.51 (t,J = 2 Hz, 1H, C@®), 3.52 (d,J = 0.9 Hz, 3H,
OCH,OCH3), 4.77 (d,J = 2 Hz, 2H, ®1,CCH), 5.22 (dJ = 0.9 Hz, 2H, OE,OCH3),
6.93-7.02 (m, 2H, AH), 7.07 (ddJ = 2, 8 Hz, 1H, ArH), 7.17 (ddl = 2, 8 Hz, 1H, ArH);
3c{*H} NMR (100 MHz, CDCl3) & 56.2, 56.7, 75.7, 78.6, 95.5, 114.7, 117.0, 122.3,
122.4, 147.2, 147.6R (ATR) 3284 (CCH), 3071, 2993, 2956, 2934, 2827, 2120 (CC),
1594, 1499, 1456, 1374, 1324, 1302, 1242 (Ar-O,)CH216, 1188, 1153, 1119, 1078, 994,
922, 835, 745, 682, 671, 646, 639 tnHR-EI-M S Calcd. for GiH1.03 [M]*: m/iz =
192.07864; Found 192.07883.

1-Methoxymethoxy-2-phenylpropar gyloxybenzene (S5)

: :o Z
OMOM CAS registry No. none

Under a nitrogen atmosphere, to a suspension of &%), (64 mg, 0.091 mmol) and
copper iodide (35 mg, 0.182 mmol) in triethylamine (2 mL),
1-methoxymethoxy-2-propargyloxybenzene (350 mg, 1.82 mmol) igCBH2 mL) and
iodobenzene (0.22 mL, 2.00 mmol) were added at 25 °C. After being stirred at 25 °C for
24 h, saturated NXC| aqueous solution (20 mL) was added to the reaction mixture and the
resulting solution was extracted with AcOEt (20 mL, 3 times). The combined organic
layer was dried over N8QO,. After evaporation of the solvent, the resulting mixture was
chromatographed on silica gel to give 1-methoxymethoxy-2-phenylpropargyloxybenzene

(255.6 mg, 0.953 mmol, 52%) as pale yellow oil.
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'H NMR (396 MHz, CDCl3) & 3.53 (s, 3H, O83), 4.98 (s, 2H, €,), 5.24 (s, 2H,
OCH,OCHB3), 6.937.02 (m, 2H, AH), 7.13-7.20 (m, 2H, AH), 7.28-7.32 (m, 3H, AH),
7.39-7.43 (m, 2H, AH); *C{*H} NMR (100 MHz, CDCl3) 4 56.2, 56.6, 84.0, 87.3, 95.6,
114.9, 117.0, 122.1, 122.3, 122.4, 128.2, 128.6, 131.7, 147.2, IR{ATR) 3063, 2993,

2953, 2930, 2898, 2848, 2825, 2237 (CC), 1592, 1498, 1490, 1455, 1441, 1403, 1371,
1322, 1300, 1240 (Ar-O-CH 1214, 1187, 1152, 1118, 1076, 1051, 1030, 991, 920, 837,
817, 742, 690, 648, 607 EMHR-EI-MS Calcd. for GH1603 [M]*: m/z = 268.10994;
Found 268.10991.

2-[(3-phenylprop-2-yn-1-yl)oxy]phenal (4)

: :OH CAS registry No. 73222-90-9

HCI aqueous solution (4 mol/L, 6 mL) was added to a solution of
1-methoxymethoxy-2-phenylpropargyloxybenzene (225 mg, 0.839 mmol) in THF (6 mL)
at 25 °C and the reaction mixture was stirred for 20 h at 25 °C. The resulting solution
was extracted witt-butyl methyl ether (10 mL, 3 times). The combined organic layer was
dried over NgSQO,. The organic layer was concentrated under reduced pressure to give
2-phenylpropargyloxyphenol (175.5 mg, 0.783 mmol, 93%) as brown oil.

'H NMR (396 MHz, CDCl3) & 4.97 (s, 2H, ©,), 5.70 (s, 1H, ®), 6.84-6.99 (m, 3H,

ArH), 7.04-7.08 (m, 1H, AH), 7.29-7.35 (m, 3H, AH), 7.42-7.45 (m, 2H, AH); *C{*H}

NMR (100 MHz, CDCl3) 6 57.9, 83.3, 87.7, 113.0, 115.1, 120.1, 121.9, 122.5, 128.3,
128.8, 131.8, 144.9, 146.M S (El) m'z = 224 ([M']).

Cyclization reaction of 2-phenylpropar gyloxyphenol (4) (Scheme 1)
2,3-Dihydro-2-(Z)-phenylmethylene-1,4-benzodioxin (5)

L,
o
CAS registry No. 73249-12-4
2-Phenylpropargyloxypheno(13.5 mg, 0.060 mmol) was placed in a vial, to which was
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added 0.5 mL aqueous suspension f1é1.3 mg, 1.2 x 1 mmol) and EN (0.5puL, 3.6

x 10° mmol). The reaction mixture was agitated by shaking at 50 °C for 4 h, and then
extracted witht-butyl methyl ether (1.5 mL, 4 times). The combined extract was dried
over NaSQO, and concentrated wacuo. The residue was chromatographed on silica gel
(eluent: 5-15% AcOE-hexane) to give 5 (5.6 mg, 0.025 mmol, 42%) as colorless oil.

'H NMR (396 MHz, CDCls) 8 4.62 (s, 2H, @), 5.59 (s, 1H, C=8), 6.93-6.99 (m, 3H,

ArH), 7.127.15 (m, 1H, AH), 7.217.25 (m, 1H, AH), 7.34-7.38 (m, 2H, AH),
7.68-7.71 (m, 2H, AH); “*C{*H} NMR (100 MHz, CDCls) 5 66.1, 107.0, 116.8, 117.4,
122.3,122.6, 126.9, 128.4, 128.9, 134.2, 142.5, 143.4, IMSIEI) m'z = 224 ([M]).
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'H and**C NMR spectra
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Methyl 5-(4-trifluoromethylphenyl)-4-pentynoat82a)

CilH-1298-1
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SINGL

50000 MHz

000 KHz

16241000 Hz
16384
10000 00 Ha
16

| 6384 sec

20000 sec

6.40 usec
IH

25c
a3
0.00 ppm
000 Hz
17

GiH-1298-13C als
GH-1298-13C
Mon Oct 01 2003805 2012
13C
SINGL
12565 MH 2z
000 KHz
12795800 Hx
32768
3389830 Hz
2000
09667 sec
| 0000 sec
575 usec
IH
8¢
Mmas
T7.00 ppm
0.00 Hz
26



Methyl 5-phenyl-4-pentynoaté&egh)

DFILE GH-1463-1H als

REERERET : 8 COMNT  GH-1463-11
& o ool ol ed od ol & el S DATIM  Fri Feb 1521:39:572013
DBNUC IH
L-L.,]\ |,J ;_JI EXMOD  SINGI
OBFRD 500,00 MHz
OBSET 000 KHz
OBRFIN 162410.00 Hz
POINT 16384
FREQU 1000000 Hz
SCANS 16
ACOQOTM 1 6384 sec
PD 2 0000 sec
PWI 6 40 usec
IRNUC IH
CTEMP 2b6¢
SLVNT L3
EXREF 0.00 ppm
BF 0.00 Hz
RGAIN 20
I 3
| -
] g
| |
LA L
P
T T T i T T T T T T I T T T I T T T 1
10 L} 6 4 2 o
PhOCCCTH2CTRZCOOMe-1 3
1 amd 1 LPHA X vl ozusu (v Hansaks I H2CH2C DOMe-1 d
| DFILE PRCOCH2CH2COOMe-13C als
E - %S - - — COMNT PRCOCH2CH2COOMe-13C
o i . - - DATIM  2013-0705 191502
- - - - bt - OBNLUC 13C
EXMOD  carbon jxp
| \ \ | | | OBFRQ 99 55 MHz
OBSET .13 KHz
OBFIN 098 Hz
< > POINT 32767
FREQL! 125000 Hz
COOMe SCANS 2%
ACQOT™ | (486 sec
PD 2 000 s0¢
PWI 342 usec
IRNUC IH
CTEMP 3¢
SLVNT Das
EXREF 77.00 ppm
BF
RGAIN
P
TII[IITII[]I[I!I[]I[]II1IiTITiII1IIII
260 175 130 125 160 75 s0 23 0

S22



Methyl 5-(4-methylphenyl)-4-pentynoat82c)

GH-1289-3-1H
Documents and Settinga A LPHA VX S f2 /b A Doz ume (v Hamsaka (/H- 1 289-3- | Hoak
e e el forici el riel el riel vl el ried = <
L
COOMe
1
g £
"
i
i
[ )
0
I
J il |... A
PPM
T T T | T T | T T | T T T | T T T )
10 L] 6 4 | (1]
GH-1289-3-13(
Documents and Setinga Al PHA -‘.-"-_-:;-- AU srwmi G Hamasaka G- 289-3. | 5C oy
E 38 8 237 : 5 83
: 5 zZE 3 r§e ® A A2
COOMe
I
)
| PPM
|IIII|IIIIIIIIfllllll!ll[l]lllll!lllii|_|
20 175 150 X 100 7% 0 4 [}

S23

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRO
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™
FD

PWl
IRNUC
CTEMP
SLYNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBRFRD)
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

GH-128%-3-1Hak
GiH-1289-3-1H
2013-06-1821:4922
IH
proton. jxp
395 88 M2
628 KHz
087 He
16384
7422 80 Hz
L3

22073 sec
50000 sex
312 usec
IH
191 ¢
[8iln K]
000 ppm
0.00 He
EY]

GH-1289-3-13C als
GH-1289-3-13C
2013-06-18 21:53:45
13C
carbon jxp
99.55 MHz
513 KHz
098 Ha
32767
3125000 Hz
61

10485 sec
20000 sex
342 usec
H
191 ¢
mas
T7.00 ppm
040 Hz
&0



Methyl 5-(4-methoxyphenyl)-4-pentynoat&2()

GlH-1290-11

oramuCi' ) lemasaka G- 290-1H o

Documents and Setaing

15

LT

I

0.000

DFILE
COMNT
DATIM

ACQTM
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

PPM |
1

il ututs Hans

i

— 113.768

—_— 155

— 86303

RORSS
772585

55194
51.739

33528

15313

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWI
IRNUC
CTEMP
SLVYNT
EXREF
BF
RGAIN

S24

GH-1290-1H als
GH-1290-1H
Thu Sep 27 19:23.00 2012
IH
SINGI
500,00 MH2
0.00 KHz
16241000 Hz
16384
10000 .00 Hz
16
1 6384 sec
2 0000 sec
640 usec
IH
Noe
[asla &)
0.00 ppm
0.00 Hz
14

GH-1290-13C als
GH-1290-13C
Thu Sep 27 19:42 14 2012
13C
SINGL
12565 MHz
0.00 KHz
12795800 Hz
32768
3389830 Ha
53
09667 soc
1.0000 sec
5.75 usec
IH
BSc
as
77,00 ppeni
040 Hz
26




Methyl 5-(41tert-butylpheyl)-4-pentynoatesSge)

GH-1523-1H
Pocuments and Se pusni G\ Hamasaka GH-1 523 1H als
7 N\
— COOMe
| J !
ﬂ 1
|
PP

— 120418

B7.136
B1.167

1316
77.201

~

51804

. 34555

= 33515

ey, S

J1.149

15370

I I
6

sca' (i H-152
L

S25

DFILE
COMNT
DATIM
CBNUC
EXMOD
OBFROQ
OBSET
DBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOT™M
D

Wl
IRNUC
CTEMP
SLVNT
EXREF
b
RGAIN

GH-1523-1H als
GH-1523-1H
2013-05-01 21:2431
IH
prown jxp
308 §8 Mz
628 KHz
087 Hz
13107
$938.24 Ha
8

22073 sec
50000 sec
312 usec
IH
191 ¢
Mas
0.00 ppm
0.00 Hz
36

GH-1523-13C als
GH-1 -13C
2013-05-01 21:27:54
130
carbon pp
99 55 MHz
5.13 KHz
0.98 Hz
32767
3125000 Hz
44
10486 e
2.0000 sec
3.42 usec
IH
1B6¢c
CDCL3
77.00 ppm
0.50 Hz
1]




Methyl 5-(4-phenylphenyl)-4-pentynoat82f)

Gl-1538-11H

= TEES = =
E ~e 8 3 - E
I
% el
—;I* |
; ,
]
i ! ,
PEM |
| 1 1 I ] 1 I ] 1 | I | 1 I | |
10 B 6 A 2 ]
Gl-1358 L
I i i A LIH I wii Ham s il -1
3 a 9 - - =
r < ~ = - -
L3 ¥ & & i 3
YNV |
|
Ph—< >—\
COOMe
I
P
N i ) L LR 7 A S (. I | e B L T T T ]
260 175 150 125 100 75 50 0

S26

DFILE
COMNT
DATIM
DBNUC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
FD

PWI
IRNUC
CTEMP
SLYNT
EXREF
HF
RGAIN

| DFILE

COMNT
DATIM
OBNL
EXMOD
OBFRQ
OBSET
ORFIN
POINT
FREQ1
SCANS
ACQOT™
PD

rwi
IRNUL
CTEMP
SLVYNT
EXREF
BF
RGAIN

GH-1338-1H als
GH-1338-1H
Thu Nov 22 21:33.51 2012
IH
SINGL

500 00 MHz

0.00 KHz

16384
1000000 Hz

20000 sec

640 usec
IH

23¢
mas

(.00 ppm

0.00 Hz

17

GH-1338-13C als
GH-1338-13C
Tue Nov 27 10:32:00 2012
13(
SINGL

12565 MHz

0.00 KHz

12795800 Hz

68

3389830 Hr
463




Methyl 5-(4-nitrophenyl)-4-pentynoat&2g)

| DFILE

COMNT
DATIM
OBRNLUC
EXMOD
ORFRD
OBSET
OBRFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI
IRNUC
CTEMP
SLVYNT
EXREF
BF
RGAIN

| DFILE
COMNT
DATIM
OBNLIC
EXMOD
OBFRO
OBRSET
OBFIN
POINT
FREOQI
SCANS
ACOQOTM
FD
PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

bl
|
L U

PP
[ T T T T T 1

L 4 )

-
[ H
g :
T T T T T T

S27

GH-1299-1H als
GH-1200-1H
Mon Oct 01 2005522 2012

16241000 Hz
16384
1000000 Hz
16
16384 sec
2 D000 sec
640 usec
IH
8¢
mas
000 ppm
0.00 Hz
]

GH-1299-13C- als
GiH-1299-13(
Mon Oct 01 21:16:13 2012
130
SINGL
12565 MHz
000 KHz
127958 00 Hz
32768
33898 30 Ha
558
09667 sec
1 0000 sec
5.75 usec
IH

237

3

mas
77.00 ppm
000 Hz

3y

<



Methyl 5-(4-fluorophenyl)-4-pentynoat&zh)

GlH-1382-1H

Diocum, and SerangeA L PHAYIFX AN fgrv Al wir ] lemamakca GI-1 38211 o ~
DFILE GH-1382-1H als
COMNT  GH-1382-1H
DATIM  Thu Dec 20 10:5428 2012
OBNUC  IH
EXMOD  SINGL
OBFROQ S00.00 M2z
OBSET 0.00 KHz
OBFIN 16241000 Hz
POINT 16384
FREQL 1000000 Hz
SCANS 16
ACQOTM | 6384 sec
PR 2 DOOD sec
W1 6.40 usec
RNUC IH
CTEMP Nlc
SLVNT  (D(L3
EXREF 0.00 ppm
BF 0.00 Hz
RGAIN 14
o
o= It
I
1 s . 1
PPM
I T T T T T T T T T | T 1
10 # 6 ] 2 0
GH-1382-1 3
oguny and Serm ALFH X INfpfbl dwintlenmacs Ol-1 |
| DFILE GH-1382-13C als
z 25 5E5Z% 2 & 3,‘- i COMNT  GH-1382-13C
o o o & vi v - = o 1 DATIM  ThuDec 20 11:08:18 2012
= L S 5 - = - - + OBNUC  13C
[ EXMOD  SINGL
| ¥ OBFRQ 12565 MHz
\) \ ‘ OBSET 0.00 KHz
OBFIN 127958.00 Hz
POINT
FREQU
SCANS
} ACQT™
PD
PWI
RNUC
CTEMP
SLVNT
EXREF
BF
RGAIN
M
(NN S T N T . T T . L L L T L I V. L
200 175 150 I 100 75 40 25 0

S28



Methyl 5-(4-chlorophenyl)-4-pentynoatg2j)

Gill-1358-11

Documents and Serdngs A LPHA VX /N 2 /b A\ Loz umiG Hengsaka GH-1358-1H 4
DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOTM
FD
PWI
RNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

0.000

9
b |

A N b a7 Lamasalkeal G- 1 358-13C a0 :
DFILE
COMNT
DATIM
OBNUC
EXMOD
ORFR()
OBSET
OBFIN

POINT
Cl FREQU
COOMe SCANS

ACOT™
rD

PWI1
IRNLIC
CTEMP
SLVNT
EXREF
BF
RGAIN

459
1,953
BR9RS
80093
772588
T1.000
16.74%
41789
33240
15283

— 1170
= 111
—

3

o]
-

200 175 150 1% 100 75 50 25 o

S29

GH-1358-1H als
GH-1358-1H
Fri Dec 07 17:18:22 2012
IH
SINGI
500 00 MHz
0.00 KHz
16241000 He
16384
1000000 Hz
16
16384 sec
2 0000 sec
640 usec
IH
Noc
mas
0.00 ppm
0,00 Hz
14

GH-1358-13C als
GH-1358-13C

Fri Dec 07 1727:01 2012
13C

SINGI
12565 MHz
0.00 KHz
127958.00 Hz
32768
ISR 30 He
m
09667 sec
1 D000 sec
5.75 usec
IH
Mlc
mas
77.00 ppen
040 Hz
27



Methyl 5-(2-Methylphenyl)-4-pentynoat&Zj)

CiH- S8-Irl8-2 H
¥ L 1 AL I k I1H %
) LY |
Me I
I
COOMe
[ [
|f
) 4 JlJ 1
1
I
| Paa W L) I A
PPM
[ T T ] T | T [ T T l T I T | | T T | 1
I 8 8 1 3
GH-1258 R-2 {
I AeTils A 1 LI I i Hamasakat GH-1258-Fr18-24-13C a
2 = ¥ DnSw £~ =~
Me ‘ | ‘ \ l
COOMe
PPM
III![IIIi[IIiI[IIIlII!l[II![ [I[II 1
290 175 150 (Fd 100 7% 50 2% )

S30

| DFILE

COMNT
DATIM
OBNLC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQL
SCANS
ACQT™
PD
PWIl
RNUL
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFR()
OBSET
OBFIN
POINT
FREQL
SCANS
ACOTM
FD
PWI1
RNLIC
CTEMP
SLVNT
EXREF
BF
RGAIN

GH-1258-Frl8-24-1H als
GH-1258-Fri8-24-1H
Wed Aug 08 17:39.40 2012
IH
SINGL
S00.00 MH2
0.00 KHz
16241000 Hz
16384
1 00000 He
16
16384 sec
20000 sex
640 usec
IH
M5¢
mas
0.00 ppm
0.00 Hz
15

GH-1258-Fr18-24-13C als
GH-1238-Frl8-24-13C
Wed Aug (8 18:01:03 212
13¢
SINGL

12565 Mz

000 KHz
127958.00 Hz

32768
33898 30 Hz

an




Methyl 5-(1-naphthyl)-4-pentynoat&2k)

Gll-

L

COOMe

aaae. - —
.".‘:ff

e —

COOMe

1 Hammaka GiH- 1 492

92925

™21
77148
TORT

rop—

76745

51830

13626

15711

DFILE
COMNT
DATIM
OBNUC
EXMOD
ORFRQ
OBSET
OBFIN
POINT
FREQL
SCANS
ACQT™
PR
rwil
IRNUC
CTEMP
SLVYNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
DBNUC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™
rD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

S31

GH-1492-1H als
GH-1452-1H
Fri Mar 15 19:3551 2013
IH
SINGL
50000 MHz
0.00 KHz
16241000 Hz
16384
10000.00 Hz
16
16384 sec
20000 sec
640 usec
IH
pr i J
DOL3
000 ppm
000 Hz
16

GH-1492-13C als
GH-1492-13C
Fri Mar 15 20:05:17 2013
13C
SINGL
12565 MH2
000 KHz
12795800 Hx
32768
3389830 Hz
T8
09667 sec
1.0000 sec
575 usec
IH
237¢
mas
77.00 ppm
0.30 Hz
26



Methyl 5-(2-thienyl)-4-pentynoatespl)

GH-1493-1H

Mg Uopume (i eneaka (rH-1493-TH als

i o - o = =
§3E233383 g BEE
Ll - Y B 1 | b eleiel

200

—am

0%
083

2647
2,631

0,000

2618

GH-1493-13C

C\Documents and Setmngs' A LPHA VT /N fe /b Aoz une (T Hammsabka GH- 1 493-1 30 als

z EEZE $ £33
P AN

)

| \>—
S COOMe

— 51354
15596

—_— BN

[
-1
3
»
&
E—
g
-~
~

S32

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

FWI
IRNUC
CTEMP
SLVNT
EXREF

BF
RGAIN

GiH-1493-1H als
GH-1493-1H
Mon Mar 04 22:5027 2013
IH
SINGL
$00.00 MHz
0.00 KHz
16241000 Hz
16384
1000000 Hz
]
16384 sec
20000 sec
6,40 usec
IH
pri
mas
0.00 ppm
000 Hz
16

GH-1493-13C als
GH-1493-13C
Tue Mar 06 094703 2013
13C
SINGL
12565 MH2
000 KHz
127958 00 Hz
32768
3389830 Hz
1701
09667 soc
1.0000 sec
5.75 usec
IH
39¢c
[asla &)
000 ppm
040 Hz
n



5-(4-trifluoromethylphenyl)-4-pentynoic acidd)

Gl-1466-11H

I xwoument

and SettingsALPHA X /

™

vilozumi(i Hammaka G- 1 466

al

788
.19

;)
2,77

%

L]

764
48
3 'I!'||

29

-

9
718
276

2T
2.9

-

05
T00

Y

2

269,

1.203

| DFILE

0.000

11}

GH-1466-1

Dhocumyents ag

B

Seming

ALFHAYITX INfa/b L

wrn G Lammaicn 4

eHi-1 466-13

COMNT
DATIM
OBNLUIC
EXMOD
ORFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™M
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

178,101

To 684

33060

15028

| DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
HE
RGAIN

100

S33

GH-1466-1Hre als
GH-1466-1H
2013-0703 18:53:14
IH
prota. jxp
395 88 M2
6.28 KHx
087 Ha
16384
T422 B0 Hz
L
22073 sec
5 0000 sec
3.12 usec
IH
190 ¢
a3
0.0 ppm
0.00 Hz
34

GH-1466-13C als
GH-1466-13C
2013-07403 18:5523
13C
crboa jxp

9955 MHz

513 KHz

098 Hz

32767

3125000 Hz

6

1 D486 sec

2 0000 sec

342 usec
IH

Mlc
s

77.00 ppm

0350 Hz

60



5-Phenyl-4-pentynoic acilf)

GlH-1465-

Documents

IH

and Serangs'A LPHAYITX

|

1

—_— 000

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

PPM
= |

e A LPHA X

INigib N los

123.3%

81340
T3
TTO00
76684

-

—_— 33400

15035

-

DFILE
COMNT
DATIM
ORNUC
EXMOD
OBFROQ
ORSET
OBFIN
POINT
FREQU
SCANS
ACQT™
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

2

280

—

S34

GH-1465-1Hre dls
GH-1465-1H
2013-07403 22: 1405
IH
proton. jxp
395 88 MHz
628 KHz
0R7 Hz
16384
7422 80 Hz
]
22073 sec
5 D000 sec
3.12 usec
IH
192¢
(bl K]
000 ppm
0.00 Hz
32

GH-1465-13C als
GH-1465-13C
2013-0703 22:1624
13C
carbon jxp
99 55 MHz
513 KHz
D98 Hz
32767
31250.00 He
317
10486 sec
2 0000 sec
342 usec
IH
193¢
s
77.00 ppm
050 Hz
&0



5-(4-methylphenyl)-4-pentynoic acidd)

|
- |
1=
Jd s 1
Pt
i T T T l I I 1 1 T I I I I [ I I I 1
1 8 4 2
I yerifs A 1 1Ly | wir Hamw I | Al
Bl y
t ]
I
=
COOH .
|
I
PP
I]FI[I]l1[|1[|[I]!I]I]fl[I]fl]l][l[l][l]l
2 175 15 1% 1 7% % L1 y

S35

DFILE
COMNT
(B 1
OBNLC
EXMOD
OBFRD)
OBSET
OBFIN
POINT
FREQL
SCANS
ACOT™
PD
PWI
IRNLIC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
ORNLY
EXMOD
OBFR)
OBSET
OBFIN
POINT
FREQL
SCANS
ACOTM
PD
PWI
IRNLUIC
CTEMP
SLVNT
EXREF
BF
RGAIN

GH-1291-1Hre als
GH-1291-1H
2013-07404 12:2730

IH

prowa. jxp
195 88 MH 2
628 KHz

GH-1291-13Cre s
GH-1291-13
2013-07404 12:2952

13

carbon jxp
99 55 MHz
513 KHz
098 Hz



5-(4-methoxyphenyl)-4-pentynoic acigd)

GH-129
Documents and SermngsA LPHA YITX AINfg i v lUozumi (P Lamsaks GH-1292- 1 Hre o
e = ~ DFILE  GH-1292-1Hre als
3222223552387 £ |cowv Gz
ol T - P -GV R g S DATIM 2013-0744 12:4222
| l OBNUC IH
L T tsse
ORFRQ 395 88 MH2
OBSET 628 KHz
OBFIN 087 He
MeO—@—\_ POINT 13107
FREQL 5938 24 Hz
COOH oy :
ACQTM 22073 sec
FD 50000 sec
Wi 312 usec
IRNUIC IH
CTEMP 190 ¢
SLVYNT mas
EXREF 000 ppen
BF 0.00 He
RGAIN 34
=}
a -
|
i | |
]
1
PEM
I T T T I T L T | T T T | T T T [ L T T
10 ] 6 4 2 0 |
Cill=1292-1 M
Documents and Setoge' A LPHA WX /N g /b v\ Llosuns G lamasaks GH-1292-13C e ol
~ DFILE GH-1292-13Cre als
= 4 T 2 8l e COMNT
= s 4 ) - ;:_ DATIM  2013-07-04 12:44:42
- - T+ i i = OBNUC 13C
EXMOD  carbon jxp
OBFRQ 99,55 MHz
I l OBSET 513 KHz
OBFIN 098 Hz
POINT 32767
MeO—@—\_ FREQLU 3125000 Hz
SCANS amn
COOH ACO™™ 1 0486 sec
D 2.0000 sec
PWI 342 usec
1 IRNUC IH
CTEMP 190 ¢
SLVNT mas
EXREF 0.0{ ppm
BF 050 Hz
RGAIN 60
I'I'M|
IIIIIIIIIIIIIIIIIIiJIIlIIIlIIIIIIIIIII[
200 175 150 12 100 75 50 25 o

S36



5-(4-tert-butylphenyl)-4-pentynoic aci@d)

| DFILE

GlH-1525-1H
nents and Sedings'A LPHA X hjv qumi G Harmasagka GH-1525- 1H al
23cEUSEe o 2
e g - -~ -]
: —COOH
-
]
1
ki
M|
I T T T I T T T I T T | | T T | I T T T
10 ] 6 4 2 0
X f 1 il Hamasaka GH-1825- 130 &
g 8§ 22 peeogw ==2 g
m E3R&% R d
g = &8 SsRES Ias o
I
1
PP
| . . | I | O, [ | i | L R | I B THE L ! I o 0 l | . . I |
1] 175 150 125 100 75 50 2 0

S37

COMNT
DATIM
OBNUC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQLU
SCANS
ACQTM
M

Wl
IRNUC
CTEMP
SLVNT
EXREF
A
RGAIN

DFILE
COMNT
DATIM
OBNLIC
EXMOD
OBFROQ
ORSET
OHFIN
POINT
FREQLU
SCANS
ACQTM
m

Wi
IRNLIC
CTEMP
SLVNT
EXREF
BF
RGAIN

GH-1525-1H dls
GH-1525-1H
2013-05-0722:24:21
1H
Proton. pp
395 88 MH 2z
6.28 KHz
0.87 Hz
16384
TA22 80 Hz
8
22073 wc
5 0000 ¢
3.12 usec
IH
189¢
CDCL3
0.00 ppm
0.00 Hz
34

GH-1525-13C als
GH-1525-13C
2013-05-0722:27 3
13C
carbon pop
9955 MHz
513 KHz
0.98 Hz
32767
3125000 Hz
438
1.0486 e
2.0000 =c
3.42 usec
IH
188¢
CDCL3
T7.00 ppm
1.00 Hz
&0



5-(4-phenylphenyl)-4-pentynoic acigf}

GH-1342-1H

1 oGument s
T e - =
PR RRENRRRARR R =
rErREEEr < <~ =
1
=
A l al i
PPM |
I I ] | I I I 1
4 (]
katGH-1342-13
S EAGgE -3 3
oA =1 —
S 2 %

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBF R
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
D
Wi
IRNUC
CTEMP
SLVNT
EXRFF
BF
RGAIN

DFILE
COMNT
DATIM
OBNLC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

S38

GH-1342-1Hre als
GH-1342-1H
2013-0744 134858
IH
protn. jxp
39588 MH2
628 KHz
D87 Hz
16384
T422 80 Hz
22073 sex
5 D000 sec
312 usec
IH
19l
a3
000 ppm
0.00 He
40

GH-1342-13C als
GH-1342-13C
2013-07-04 13:5057
13C
cxbon jxp
99,55 MHz
513 KHz
098 Hz
312767
3125000 Ha
451
1 D486 sec
20000 sex
342 usec
IH
197¢
Mmas
77.00 ppm
150 Hz
60



5-(4-nitrophenyl)-4-pentynoic aci@d)

DFILE
COMNT
DATIM
OBRNLK
EXMOD
OBRFRO
OBSET
OBFIN
POINT
FREQL
SCANS
ACQTM
PD

PWi
IRKNUL
CTEMP
SLVNT
EXREF
BF
RGAIN

| DFILE

COMNT
DATIM
OBNLC
EXMOD
OBFRO
OBSET
OBFIN
POINT
FREQL
SCANS
ACQOTM
FD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

L
] 1
1
1}
. 9 %
b
ﬁ
i gk |
PPM
T T T I T T I T T T 1
10 g 1 2
GH-1301-13¢
¥ ul Sern (i i) e
- = 2 = T 2 R
. = - - s = -
e £ - = o b
= = el - = - -
M
LR ) TR Y TR T T 1 T I 0. R A T T T I T
240 175 1% b= 100 74 § L

S39

GH-1301-1Hre s
GH-1301-1H
2013-0704 12:07:13
IH
proten jxp
395 88 MH 2
628 KHz
087 Hae
16384
7422 B0 Haz
L
22073 sec
£ 0000 soc
312 usec

IH
195 ¢
a3
000 ppan
0.00 Hz
40

GH-1301-13C als
GH-1301-13C
2013-07-04 12:09.46
13
cwrbon jxp
99.55 Mz
513 KHz
098 He
32767
3125000 Hz
215
10486 sec
2 0000 sec
342 usec
IH
191 ¢
a3
77.00 ppm
050 Hz

60



5-(4-fluorophenyl)-4-pentynoic aci@lf)

Cill-1388-111

Documents and Settings\ALPHAY X Nf2/b v\ UozumithHamasaka Gt -1 388-1Hee ol
MO G TR e e | DFLE  GH-1388-IHm ds
AREZ2IITXEEREC RS ERHEEZEC S = i i iy on i
PR rr R RN eddd dd e e PRI T i = DATIM  2013-0703 181602
I o OBNUC  IH

= EXMOD  proton. jxp
%\ \M OBFRQ 395 88 Mz
OBSET 6.28 KHzx
,:_@—\_ OBFIN 087 Ha
POINT 16384
COOH FREQU 7422 80 Ha
3 SCANS §
1 ACQT™ 22073 sec
1 PD 5.0000 sec
PWI 312 wsec
IRNUC  IH
CTEMP 194 ¢
SLVWT (DA
FXREF 0.00 ppm
BF 0.00 Hz
RGAIN M
P
- |
PEM
I 1 I I I I 1 I I 1 I I I | I I 1 I l
1o ] L] 4 1 0

GlH-1388-13¢
ts and Sermngs A LPHA Y /Nf2 /b A ozune(iHansaks GH- 1 388-13Cre als
DFILE GH-1388-13Cre dls

D
£ 23 2% 23 ? = g g | COMNT  GH-1388-13C
= <5 g o Soviv g = & S | DATIM  2013-0703 181814
= =2 oo =prd o - - OBNUC  13C
l w lH ‘ ‘ EXMOD  cwbon jxp
\ OBFROD 99.55 MHz
| OBSET 513 KHz
OBFIN 098 Hz
POINT 31767
F FREQU 3125000 Hz
COOH SCANS 565
ACQT™M 1 0486 sec
PD 20000 sec
PWI 342 usec
RNUC  IH
; CTEMP 196 ¢
SLVNT (D3
EXREF 0.00 ppm
BF 1.00 Hz
RGAIN &0
' 1
PPM
IS 27 S G TS T L A IO L SR P N A M A SN ] A N I R [N o 0 I Y N R 2 A R I O I
%0 175 150 15 100 75 50 25 0
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5-(4-chlorophenyl)-4-pentynoic aciai

Gil-1363-11

g A LPHA VIR N g vl oz umds Hamasaks GH-1 363-1H re o

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOT™
PD

Wi
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

7.315
7.2
7.354
1.233
0000

R

3 0}

PPM|
1

b v Vo Hamaakadit-1 363-13C als

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET

OBFIN
_< >— POINT
cl FREQU
COOH SCANS
ACQTM
PD
PWI
IRNUC
CTEMP
SLVNT
EXREF

e i |

8029

172805
BES563
TeH84
295
1499

— 121807

— 133.821

==

RGAIN

S41

GH-1363-1H re als

pro®on. jxp
395 88 MH2
628 KHz
087 Ha
16384
T422 RO Hz
L]
22073 sec
5 0000 sec
3.12 usec
IH
07¢
M3
0.00 ppm
000 He
2%

GH-1363-13C als
GH-1363-13C
2013-0703 16:53 46
13C
carbon jxp
99.55 MHz
513 KHz
098 Hx
32767
3125000 Hz
1
1 D486 sec
20000 sec
342 usec
IH
196 ¢
Mmas
77.00 ppm
050 Hz
60



5-(2-methylphenyl)-4-pentynoic aci@j]
GH-1259-wash-1H

Documents and SettingoA L PHA /6 uon ' ksl GH- 1259w ssh-1H_ ol

Ko

2693
13

7
‘-
1 T
— 70m
=
¥

Me

COCH

1.E9
—

S

— T

0.000

PP

rumw(iHammaka GlH-128%-wmh-1 30 2

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRD)
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
rD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

ITR.068
140,090
JLEIS
BO315
TI285
76.745

COOH

115659

0581
15292

»,

| DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQL
SCANS
ACQTM
P

PWI1
IRNUC
CTEMP
SLVNT
EXRFF
BF
RGAIN

S42

GH-125%wamh-1H als
GH-125%wash-1H
Mon Aug X 16:18:46 2012
IH
SINGL
500.00 MHz
000 KHz
16241000 Hz
16384
1000000 Hz
16
1 6384 sec
2 D000 sex
640 uwec
IH
3¢
mas
0.00 ppen
0.00 He
16

GH-125%-wash-13C als
GH-125%-wash-13C
Mon Aug X 164813 2012
13C
SINGL
125 65 MHz
0.00 KHz
127958.00 Hz
32768
33898 30 Hz
653
09667 sec
1 0000 sec
575 usec
IH
264 ¢
Mmas
77.00 ppm
050 Hz
26



5-(1-naphtyl)-4-pentynoic aci®k)
Gll-1499-11

Documents and Setings\A LPHLA YIFX IN/g /b Uozumi(ii} Lamasaka G 465111 3l

| DFILE GH-1499-1H als

g ZEF g COMNT  GH-1499-1H
-~ el = DATIM 2013-07-03 17.0556
| | OBNUC  IH
e EXMOD  proton jxp
L\| % ORFRQ 395 88 Mz
OBSET 628 Kiz
o OBFIN 087 Hz
— POINT 16384
COOH FREQU 7422 80 Hz
SCANS L
O A ACQT™ 22073 sex
PR 50000 sec
“ PWI 312 usec
RNUC  IH
CTEMP 193¢
| SLVNT (DO
EXREF 0.00 ppm
BF 0.00 Hz
) RGAIN i
|
]
41 5
|
I
PPM
[ T T T T T [ T T I T T T I T T T 1
1] 8 & 4 2 0

[ senits and Settinge AL PHA YN /N fg b v o weni (G Hamasak s GH-1499-13C al
- DFILE GH-1499-13C als
g 8 ZRES [ = s | COMNT  GH-1499-13C
= g ZRpS bt = S | DATIM  2013.07.03 17.0803
= e L o ~ - = loBNuc  13C
EXMOD  cwbonjxp
OBFRQ) 99.55 MHz
\ ‘ ‘ ’ OBSET $13 KHz
OBFIN 098 Hz
Q J— POINT 32767
— FREQL 31250.00 Hz
COCH SCANS 174
O ACQTM 1 0486 sec
PD 20000 sec
PWI 342 usec
IRNUC  IH
CTEMP 192 ¢
SLVNT (DOL3
EXREF 0.00 ppm
BF 1.00 Hz
RGAIN (1]
1
]
L O Y O L LY P VA O . ) O T L L ) T O T L L
240 175 150 13 100 75 50 25 0
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5-(2-thienyl)-4-pentynoic acid()

Gll-1496-11
sumi i Hamamka GH-1456-1H ol
A e = DFILE GH-1496-1H als
“REEEZEsSZIogEISs % = COMNT  GH-1496-1H
REECRGERERESE2T = 3 DATIM  Thu Mar 07 21:1832 2013
L A OBNUC IH
L.LWJ | EXMOD  SINGL
OBFROQ S00.00 MHz
OBSET 0.00 KHz
OBFIN 162410.00 Hz
POINT 16384
FREQU 10000 00 Hz
SCANS 16
ACQTM | 6384 sec
FD 2 0000 sec
PWI 640 wec
IRNUC IH
CTEMP 2N%¢
SLVNT CDXCL3
EXREF 0.00 ppm
BF 000 Hz
RGAIN 26
el
rr
. 1
) |
1
PPM|
| I I I ] I I I I | I I |
1{1] B i 2 o
Gl=14Y%0-1 30
Docum and Sertings ALPHA AP N fg b il orsee G Hamasakos GH- 1 496-1 3
— S — — e S DFILE GH-1496-13C als
& YR 2 55 $ 5 COMNT  GH-1496-13C
= —Esr - F_' o per b DATIM Mon Mar I1 1431:58 2013
- ——— - b ~ ¥ "’ - OBNLUIC 13C
| EXMOD  SINGL
L\ OBRFROQ 125 65 MHz
| \ \) 2 l OBSET 0.00 KHz
OBFIN 12795800 Hz
| \> POINT 32768
FREQU 13898 30 Hz
S COOH SCANS 1ot
ACOTM 09667 sec
PD 1 0000 sec
PWI1 575 wmec
IRNLUIC IH
CTEMP 238¢c
SLVNT CDXCL3
EXREF 77.00 ppm
BF 150 Hz
RiGAIN M

150

S44




(2)-y-(4-Trifluoromethylbenzylideney-butyrolactone 3a)

F3CC6H4-g-lactone- 11

e md Sertimge ALPHA X N fg /b vl coumi (7 Hana ko'

TR . T = DFILE  CF3C6H4-¢-lactone-1H als
ez SESE by~ = = COMNT  F30C6H4-g-baone-1H
po o e :§§§ s b, p-. DATIM 20130801 120342
| OBNUC  IH
EXMOD  prowon jop
K\P W %I OBFRQ 395 88 MHz
OBSET 628 KHz
OBFIN 087 Hz
POINT 16384
=0 O FREQU 742280 Hz
SCANS N
ACQT™M 22073 sec
FD 5 D000 sec
PWI 112 wee
IRNUC  IH
F3C CTEMP W07Tc
SLVNT  ©DCL3
EXREF 0.00 ppm
BF 030 Hz
RGAIN %
r
i -
& l r '

Dos

PPM

11} L ] 6 4 2 ]

F3CC6H4-g-lactone-13C

C Documents and Serting ALPHA VI NSz /bfv

ami(iHamamka F3ICC6H 4-p

| DFILE FICC6H4-g-aaone-13C ak

B ZESSLRREEEEZE8E 2% ] g8 & | COMNT  FICC6H4-¢-lactone-13C
: PR 5 | oane wnoediniiy
- refdsfafletedn fafagadadalingng ~ e OBNUC  13C
EXMOD  carbon jxp
L, OBFRQ 99.55 MHz
OBSET 513 KHz
OBFIN 098 Hz
POINT 31767
=g (o) I FREQU 31250 00 Hz
SCANS Bié
ACQOT™ 1 0486 sec
PD 20000 sec
PWI 342 mec
IRNUC  IH
CTEMP 29¢
FaC SLVNT  CDCL3
EXREF 0.00 ppm
BF 0.50 Hz
RGAIN 60

240 175 150 125 100 75 50 25 0
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(2)-y-Phenylbenzylideng-butyrolactone 3b)

Docunents and Settings ALPHA FIX /N fg /b /vl oG Hunasaks h-g - ictone-1H-2 o

| DFILE Ph-g-lacone-1H-2 als

"2 TEs COMNT  Ph-glacione-IH
v v g g DATIM 20130801 162034
OBNLIC IH
W LLLLLLI %AJ EXMOD  proton jep
OBFROQ 395 &8 MHz
OBSET 628 KHz
_— f6) ORFIN 087 Hz
o POINT 16384
FREQU 742280 Hz
SCANS 8
ACOT™ 22 sec
PD 5 D000 sec
PWI 312 wmec
IRNUC IH
CTEMP 21%¢c
SLVNT CDXCL3
EXREF 0.00 ppen
BF 000 Hz
RGAIN 6
-
i N
= I ’ 1
J |
I
]
PPM)
[ T T I T T T [ T T T I 1
10 8 P 4 2 o
3
uments wod Settings ALPHA YN /N fg /b AL o uni Gl lamasaks Ph-g-bitone-13C a
= 5 e = | DFILE Ph-g-lactone-13C ak
g = I=neg 3 '—; :—,‘.I :[M‘&T I“h-g‘-lfm.mlil‘
= b= e B ¥ e - % o JATIM  2013-07409 11:13:56
= - ==FCc = Lol OBNUC  13C
| EXMOD  carbon jxp
k OBRFRD) 99 55 MHz
| OBSET 513 KHz
ORFIN 098 Hz
POINT 32767
FRED)L 3125000 Hz
= o” O SCANS 5]
ACQTM 1 D486 sec
FD 2 DO sec
PWI 342 usec
I IRNUC IH
CTEMP 2M4¢
SLVNT  (DQ13
EXREF 77.00 ppm
BF 0350 Hz
RGAIN L]
PPM |
R ST R T AL el R (N S O ST ] i e T TR A L B 1
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4-MeCaH4-g-lactone-1H

A LPHA X S e

sul i Hamasaks

(2)-y-(4-Methylbenzylideney-butyrolactone Jc)

4-MeCoH4-gdacwne-1 3C s

23528 & £
O wi S
Me
1
1
:: [ =8 ‘_ ;.
| ’
1
|—‘-l J_.Lﬁ A
PPM
T T T T I T T T T T T [ T T T T T
10 B 4 o
4-MeC6H4-g-lactone-13C
Documents and Setangs' A LPHA JIIX iNje /b AU orume (G Hanasaks 4-MeC sHd-g-dacwae-1 30 als
: L LE
£ £ sz 3 = 242
1
= ) O
Me
pm|

200 175 150

S47

DFILE
COMNT
DATIM
OBRNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOT™
D

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
ORNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™
FD

PWI
IRNUC
CTEMP
SLVNT
EXREF
HBF
RGAIN

A-MeC6HA-g-lacone-13C als
d-MeCoHA-glacone-1H
2013-0709 220638
IH
proton. jxp
39588 Mz
628 KHz
087 Hz
16384
7422 80 Hz
8

22073 sec

5 0000 sec

312 usec
IH

A2c
Dl

000 ppm

0.00 Hz

“

4-MeCoHA-g-lacone-13C als
4-MeC 6H4-gdacone-1 3C
2013-07-1723:2708
13C
cxbon jxp

9935 MHz

513 KHz

098 Haz

26214

2500000 Hz

136

10486 sec

20000 sec

342 usec
IH

199¢
Mmas

77.00 ppm

050 Hx

(1]



(2)-y-(4-Methoxybenzylidene}-butyrolactone 3d)

MeOC6H4-g-lactone

S

o s and Setings A LPHA
ZLE=EIECEZE
LA LT T
eSS e o e
= g 0
MeO
1
=
- i
|
I, f
I I 1 | | 1 T
10 L]
MeOC6H4-g-lactone-13(
Documents and Setangs'ALFHA X N f b A Uarumi(GHamasaks Me OC
[~ - - -
- 7 2 23
= Z = AA
= g 0

MeO

113.798
113,769

104.352

55195

27048
6.167

»

—

| DFILE

COMNT
DATIM
OBNLUIC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
FD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

MeOC6HA-g-lacone-1H als
MeOC6H4-g-lacone
20013-0706 1941 56
IH
prow jxp
39588 MHz
628 KHz
087 Hz
16384
T422 B0 He
B
22073 sec
5.0000 sec
312 usec
IH
198 ¢
Mmas
0.00 ppm
000 Hx
“

MeOC6H4-g-lactone-1 3C als
MeOC6H4-g-lacone-1 3C
2013-07-06 20:27:13
13C
crbon jxp
99.55 MHz
513 KHz
098 Hx
32767
31250.00 Hz
¥

10486 sec

20000 sec

342 usec
IH

197¢
Mas

77.00 ppm

050 Hz

&0



(2)-y-(4-tert-Butylbenzylidene)+butyrolactone 3e)

Documents and

BuC6H4-g

ScRing

ALPHAV (XN

wtone-1H

3

T.365

7497
1492
7.481
7475
1.360
7.355
T1.343
T7.338
71.26.

(i Hanmsson'-#Hul

5.341

B

£ 4317
£ 433

0.000

| DFILE
COMNT
DATIM
OBNLUC
EXMOD
OBFROQ
OBSET
ORFIN
POINT
FREQU
SCANS
ACQOTM
m
PW1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

o

tBuC6H4-

-lactone-13(

Loruwmni ] lensais BuC e

175.016

M
3

—_— 9.7
— M1.502
— 131023

—_— |27.99%

= 1N

— .71

TI316

TosT4

M0
31238
27058

6263

Bl

Y
7=

S49

DFILE
COMNT
DATIM
OBNLUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

4-1BuC6H 4-g-lactone-1H-3 als

44BuC6H4-g-lactone-1H
2013-08-03 15:44:31
IH
proton. jxp
39588 MH2z
6.28 KHz
087 Hz
16384
742280 Hz
L]
22073 =c
5 0000 wc
3.12 usec
IH
09¢
CDCL3
0.00 ppm
0.00 Hz
46

BuCoH4-gdacone-13C als
BuC6H4-glacoae-13C
2013-07409 10:3125
13C
cwrbon jxp
99.55 MHz
513 KHz
098 Hx
32767
3125000 Hz
38
10486 sec
2 0000 soc
342 wsec
IH
2l3c
mas
77.00 ppm
050 He
60



(2)-y-(4-Phenylbenzylidenejbutyrolactone Jf)

PhC6H4-g-lactone-1H

Documents and Setgings A LPHAETX NJg /oA UozumiGHamasaks PRC6HA-g dacwae -1 al

| DFILE PC 6Hd-g-lactone-1H als

&8 §|§ COMNT  PhC6HA4-glactone-1H
vi viw = DATIM  2013-07-0921:46:11
OBNUC  IH
W EXMOD  proson.jxp
OBFROQ 305 88 MH 2
OBSET 628 KHz
_— OBFIN 087 Hz
o POINT 16384
FREQU 22 80 Hz
SCANS L}
ACQTM 22073 sec
PD 5 0000 sec
PWI 312 usec
i IRNUC  IH
CTEMP N2
SLVNT (D3
EXREF 0.00 ppm
BF 0.00 Hz
RGAIN “
J sy
PIM |
e | L L L
1] L [ 4 2 (]

PhC6H4-g-lactone- 1 3C

9
e

A LPHA Y
' DFILE PhC6HA-gdacwone-13C als
:‘5 p3-4 COMNT PhCoH4-g-dcone-13C
E 23 DATIM  2013-070922:2607
= vy OBNLIC 13C
EXMOD  cwbon jxp
OBFROQ 99 55 MHz
OBSET 513 KHz
OBFIN 09% Hz
POINT 32767
FREQU 31250.00 He
SCANS (2]
ACOT™ 10486 sec
PD 20000 sec
PW1 342 usec
RNUC IH
CTEMP 20c
SLVNT [ails &)
EXREF 77.00 ppm
BF 050 Hz
RGAIN 60
PPM|
TI‘II[ITI!I]I]IITI]II[I]II[I]IIII[ITIl[I
200 178 150 1 100 75 50 2 0
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(2)-y-(4-Nitrobenzylidene)+~butyrolactone 3g)

4-02NC6H4-g-lactone-1 H

C:ie 1 A g ALPHAIFX N fgib s (i Harmsaka'W- OINCsHA-p-lucs IH-3a
DFILE 4-02NC6HA-gdactone- |H-3 als
- - L - = =g i - =i prris. - .
252-21:%%&535 IEE z::—glisgﬁﬁ EEEnz g COMNT 4(12,\!'.0“4-3-{::!““{
o6 o6 o6 od 6 06 I I S 1 1 g g g e T e = DATIM  2013-08-03 15:31:45
L | OBNUC  IH
= ) EXMOD p
OBFRQ 395 88 MHz
OBSET 6.28 KHz
OBFIN 0.87 Hz
POINT 16384
_—
o © FREQU T4I280 Hz
SCANS 8
ACQTM 22073 mc
m 50000 ¢
PW1 3.12 usec
[RNUC IH
OoN CTEMP 209¢
SLVNT CDCL3
EXREF 0.00 ppm
BF 0.00 Hz
RGAIN 4
> - I
- z 2 o
= i N e
' [ [ 1
i
i
e . —_ _Jl. A
P
T T I T T I T T T [ T T T | T |
10 3 6 4 2 o
b1
nd Settims ALPHAS X N fe b Al ormme G Hamasak GH-=1 319150 ak
= e - DFILE GH-1319-13C als
e 7 = - =z = -3 1.4 - & & | COMNT  GH-1319-13C
= = g ol 22 = ! ,§ 3 pe S | DATIM 20130708 22:44:58
e . s H S EifE &R ¥ |omnuc 13
EXMOD  carbon jgp
OBFRQ 99,55 MHz
OBSET 513 KHz
OBFIN 098 Hz
POINT 32767
FREQLU 3125000 Hz
=0~ O SCANS 612
ACQTM 10486 sec
PD 20000 sec
PW1 342 wee
IRNUC 1H
CTEMP 205¢
OyN SLVNT CDCL3
EXREF 77.00 ppm
BF 050 Hz
RGAIN ]
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(2)-y-(4-Fluorobenzylideney-butyrolactone 3h)

FC6H4-g-lactone

Documents and Setange'ALPHA VX (N fz b A\ Ulorwmi G lemasaka FC 614 g -lac tane - 11 als
- el —noo = o [-X-]
QRUGRRRSSSS=E88 UG~ 3 S8
"~ Lo T R o - Wi i oo
== (@]
1
E
g 3 - B
{ [ T |
| = ‘ |
|, ]
] . |
!
i L_J u.A._J\
PPM|
I I I I | I I 1 I I I I I =
10 6 4 2 o
4-FC6H4-g-lactone-13C
Documents and Setangs' Al FHA VX /5 fg /A Uerwme(y Heansaks 4-FC o4 - haone-| al
£ Q9% 83 GER3R BT 2 2z ae
£ ¢% sz g8RF =22 3 FE& EE
: I
= (@] "
I
E
| PPM |
ill |I[ I[ITI[I[III]I!I]I]IIIIII!IIII
200 175 150 15 100 5 50 25 o
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| DFILE

COMNT
DATIM
DBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™
PD

PWI1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
DBSET
OBFIN
POINT
FREQU
SCANS
ACQT™M
rD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

FC6HA-g-lactme-1H als
FC6H4A-g-1actne
2013-07-08 14:01:44
IH
proton jxp
395 88 MH 2
628 KHz
087 Hz
16384
T422 B0 Hx
§
22073 sec
50000 soc
3.12 usec
IH
3¢
mas
0.00 ppm
000 Hx
46

4-FC6HA-g-lactone-13C ak
4-FC6H4-g-bctone-13C
2013-07-17 19:0531
13C
carboa jxp

9. 55 MHz

513 KHz

098 Hz

32767

3125000 Hz

1 0486 sec
2 0000 sec
342 usec
IH
02c
a3
T7.00 ppm
0.50 Hz
&0



(2)-y-(4-Chlorobenzylideney-butyrolactone 3i)

GH-1433-1H
b H
-
cl
-~ i " “°
| r | |
) I ] ]
! |
1]
i
PP
1 | ) I | T T T
It ] L 1
Cill-1 (
Diocuments and Settings'A LPHA\ /2 il Hlamasaka GiH-1433-13C a
g $ E533
£ z sods g
| N I
6@0
cl

PPM
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQL
SCANS
ACOQTM
4]
PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

| DEILE

COMNT
DATIM
OBNUC
EXMOD
OBRFRO
OBRSET
OBFIN
POINT
FREQL!
SCANS
ACQOTM
PD
PWI
IRNUC
CTEMP
SLVNT
FXREF
BF
RGAIN

GH-1433-1Hre2 als
GH-1433-1H
W013-0705 163930
IH
proton. jxp
395 88 Mz
628 KHz
087 Hz
16384
T422 R0 Hz
22073 sec
5 D000 sec
3.12 wsec
IH
2l5¢
mas
0.00 ppm
0.00 Hz
4%

GH-1433-13C als
GH-1433-13C
2013-0705 154702
13C
car bon jxp
9955 MHz
513 KHz
098 Ha
32767
3125000 Hz
[
| D486 sec
2 0000 sec
342 usec
IH
2lbe
a3
77.00 ppm
0.50 Hz
60



(2)-y-(2-Methylbenzylideney-butyrolactone §j)

2-MeC6H4-g

Documents and SettingdALPHA VN /Njg /b M Uoz umii Hammsaks - MeC 5Hd-g dactone- 11 ol

lactone-1H

DFILE 2-MeC6HA-g-lacwone-1H als

E’: COMNT 2-MeCoHA-g-lacmne-1H
P DATIM  2013-07-18 14:36:49
OBNLUC IH
EXMOD  prown jxp
OBFRQ 39588 MHz
OBSET 628 KHz
_ o OBFIN 0X7 Hz
M (@) POINT 13107
e FREQU $938 24 Hz
SCANS &
ACQT™ 22073 s
PD 50000 sec
PWI1 3.12 usec
IRNUC IH
CTEMP 2ife
SLVNT a3
i EXREF .00 ppm
BF 0.00 Hz
RGAIN 43
= -
[ r
|
I "
j | g
I
J A
P
T T T | T T T T T T | T T T I T T T 1
10 L & 1 2 (
2-MeC6H4-
C ‘Documents and Sctting: b vl oz wnn (5 Hamasaka 2 -MeC 6l 4-g dacwone -1 3C ol
| DFILE 2 MeColHd-glacione-13C als
‘Z i ns COMNT  2-MeC6H4-gdacone-13C
- el Pk DATIM 2013-07-18 17:3828
= = o OBNUC  13C
) EXMOD  carbon jxp
OBFRQ 99 55 MHz
‘ H‘ OBSET 513 KHz
OBFIN 098 Hz
POINT 32767
FREQI 3125000 Hz
M =070 SCANS 303
€ ACQT™M 1 0486 sec
| PD 2 0000 sec
Wi 342 usec
1 IRNUC 11
CTEMP 2l8¢
SLVNT mas
| EXREF 77.00 ppm
HF 050 Hz
. RGAIN 60
PP
II]II[I[III]lII[I!IIIIlllllllllllll[l
200 175 150 12 100 75 50 25 0
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(2)-y-(1-Naphthalenylmethyleng}butyrolactone k)

Naph-g-lactone-1H
DFILE Naph-g-lctonc-1H als
- } COMNT Naph-g-lactone-1H
= 1 DATIM 2013-07-18 12:22:46
L OBNUC  IH
EXMOD  prowa jxp
OBFR) 39588 MH =z
OBSET 628 KHz
OBFIN 087 Hz
POINT 16384
=0 O FREQU 7422 80 Hz
SCANS ]
ACQOTM 22073 sec
PD 0000 sec
PWI 3.12 usec
IRNUC IH
CTEMP 2l2¢
SLVNT mas
EXREF 000 ppm
— BF 0.00 Hz
- RGAIN i

PPM |
[ T 1 I ] I I T I T T T ] I I T I T T T |
It 8 & 1 2
naph-g-lactone-13(
Do and SertngsALIHAY i 1 (i) L sk ng x 13C o
- | DFILE naph-g-lacione-13C als
& = 2 COMNT  naph-g-lacwne-13C
- o v DATIM  2013-07-18 17:1619
= 2 L OBNUC  13C
l J EXMOD  cwbon jxp
\ / OBFRQ 99,55 MHz
| || OBSET 513 KHz
OBFIN 098 Hz
| POINT 32767
FREOQL 3125000 Hz
= o O SCANS 195
ACOTM 1 D486 sec
C FD 2 0000 sec
I PWI1 342 usec
IRNUIC IH
CTEMP 219¢
SLVNT a3
1 EXREF T7.00 ppen
] BF 050 Hz
| RGAIN 60
PP
: T N O | [ | L FEL I L L l 4 kA I T, I [ T [ | l 0 A [ | 1
200 175 150 135 100 75 50 25 0
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(2)-y-(2-Thienylmethylene)-butyrolactone )

thiophene-g-lactone-11H

CDoo ats and Settimgs  ALPHA (X /N g /b ivl orumd 7 Hamask s Suophone-g-1
I TE o & e
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[1] B [ 1 2 0
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Documents and Settinge' A LPHA VX /N fg b A\ Loz um G Lsnsakal $uophene g -lactone- 1 3C als
- = o s =
3 § § BSs - 883 38
E £ £ 433 g EEE B B
=
o O
=
S
—
|
PPM |
FIIII'II!ITII[IITI]IITIITII!I!IITII]III
280 175 150 12 100 50 25 0 |
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

PWI
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

PWI
IRNUC
CTEMP
SLVYNT
EXREF
BF
RGAIN

thiophe ne-g- lactone-1H als
thiophe ne-g- lactone-1H
2013-08-01 1827:50
IH
prota_jxp
3% 88 MHz
628 KHz
087 Hz
16384
T422 80 Hz
B
22073 sec
5.0000 sec
312 wmec
IH
219¢
CDCL3
0.00 ppm
0.00 Hz
a8

thiophene g-lactone- 1 3C als
i -g-lactone- 13C
2013-07-20 19:33:58
13C
carboa jxp
9955 MHz
513 KHz
098 Hz
32767
3125000 Hz
R

1. 0486 sec

20000 sec

342 usec
IH

196 ¢
mas

77.00 ppm

040 Hz

]



2-Propargyloxyphenol3)

Gl-1522-1H
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DFILE
COMNT
DATIM
OBNLX
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREOQL
SCANS
ACQTM
M

W1
IRNUIC
CTEMP
SLVNT
EXREF

RGAIN

GH-1522-1H als
GH-1522-1H
2013-05-01 09:59.37
IH
proton pp
395 88 MHz
6.28 KHz
0.87 Hx
16384
742280 Hz
8
22073 mc
50000 ¢
3.12 usec
1H
196¢
CDCL3
0.00 ppm
0.00 Hz
36




1-Methoxymethoxy-2-propargyloxybenzergd)

OMOM

6,940
69317

L s938
_k 5236
s.24

2515
2 509
2 503

_é

0,000

1 DFILE

PPM

OMOM

COMNT
DATIM
OBNLUIC
EXMOD
OBFROQ
ORSET
OBFIN
POINT
FREQU
SCANS
ACQTM
m
Ml
IRNLC
CTEMP
SLVNT
EXREF
BF
RGAIN

| DFILE

PP
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o -
== 5
i

N S S N L AR SN N B
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COMNT
DATIM
OBNLUIC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQT™
M
MWl
IRNLIC
CTEMP
SLVNIT
EXREF
BF

RiG AN

GH-1553-1H als
GH-1533.1H
2013-05-30 16:45:32
IH
proton. jop
394 88 MHz
6.28 KHz
0.87 Hz
16384
742280 Hz
8
27T =c
50000 wc
312 usec
IH
187¢
()

GH-1553-13C als
GH-1553-13C
201 3-05-30 16:48:06
13C
carbon pp
99,55 MHz
5.13 KHz
0.9% Hz

31250 00 Hz
152
10486 sec
2 0000 sec
3. 42 usec
IH
190¢
CDCL3
T7.00 ppm
0.50 Hx
&0



1-Methoxymethoxy-2-phenylpropargyloxybenze8s)(

GH-1602-F r62-68-111

DFILE GH-1602-Fre2-68-1H als
—— . ] " - » 3
HERR =] =2 COMNT  GH-1602-Fr62-68-1H
¢ 2 - DATIM 20130801 184122
I | OBNUC IH
/J EXMOD  prowon jp
OBFRQ 19 &8 MHz
OBSET 628 KHz
OBFIN 087 Hz
POINT 16384
FRECA! T422 80 Hz
. SCANS 8
o~ ACOTM 22073 sec
PD 5 0000 sec
PW1 312 wee
OMOM IRNUC  IH
CTEMP 2kc
1 SLVNT CIXL3
EXREF 0,00 ppn
BF 000 Hz
RGAIN b
“
L
. y B
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il b
| | I
™ I I l
PPM)
[ T T T 1 T T T I T T T I T T T i T T T 1
10 8§ 6 '] 2 0 |
GH-1602-1 r62-68- 1 3(
Documents and Sertimg v ALPHA X /N fg /b ivil osune G Hanuak g GH- 1602 F 6 ) £
- DFILE  GH-1602-Fré2-68-13C als
E ;;' i’ é 1 E %E COMNT  GH-1602-Fr&2-68-13C
ot S et e | - DATIM 20030801 18:44:15
- ® e e i OBNUC 13C
J EXMOD  carbon jxp
] OBFRQ 9955 MHz
| | OBSET 513 KHz
OBFIN 098 Hz
POINT 32767
FREQU 3125000 Hz
— SCANS 251
ACOT™ | 0486 sec
o Z PD 20000 sec
FWI 342 mec
IRNLC IH
OMOM i CTEMP Nse
SLVNT  CDCL3
EXREF T7.00 ppm
| BF 040 Hz
1 I 1l RGAIN 60
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2-Phenylpropargyloxyphenofi(

DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFRO
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
D

Wi
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

GH-1604-1H
' H-1604- 1H-2 4
g S O A £ .
TTZRHS8EELERZRE z £
L - =1
/
o~ ;
OH
]
g
o 1
:
s | -
e . J.
M
T ] T T T l T T T T l
L] 4 0
Ul Hamasska GH-1604- 130 sy
s =S2HEzagZD —nee <
- EEHAE £ :::éf‘ ~
23 o888E8ZC EQREE >
o F
1
Iy
OH
I
PPM
I I L L I | 3 B A ' L L | 1 I T ] [
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DFILE
COMNT
DATIM
OBNUC
EXMOD
OBFROQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD

W1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

GH- 1604-1H-2als
GH- 1604-1H
2013-08-02 23:29:12
IH
proton. pp
395 88 MHz
6.28 KHz
087 Hz
16384
T422 80 Hz
]
22073 mc
50000 ¢
3.12 usec
IH
W7e
CDCL3
0.00 ppm
0.00 Hz
42

GH- 1604-13C als
GH- 1604-13C
2013-08-02 22: 200 16
13C
carbon pop
99.55 MHz
513 KHz
0.98 Hz
32767
3125000 Hx
481
10486 =c
2 0000 =c
3 42 usec
IH
Wic
nCL3
77.00 ppm
0.50 Hx
60



2,3-Dihydro-2-(Z)-phenylmethylene-1,4-benzodioxi) (

catecol_cyclized-1H

3] unad Segines\A L
233399 5 g
el R + =
(e}
o
] =
1
I
ol
I
LU ;
it
T T T I T T T I T T T I T T T I T ] T I
It 8 6 4 2 )
catecol cyclized-13(
{doouments and Seging xS i Hammssion'c = i 1
583 8
=i 8
o
o
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| DERLE

COMNT
DATIM
OBNUC
EXMOD
OBFRQ
OBSET
OBFIN
POINT
FREQU
SCANS
ACOTM
a4

W1
IRNUC
CTEMP
SLVNT
EXREF
BF
RGAIN

| DFILE

COMNT
DATIM
CBNUC
EXMOD
OBFRQ
OBSET
CHFIN
POINT
FREQU
SCANS
ACQT™
Mm

Ml
IRNUC
CTEMP
SLVNT
EXREF
e
RGAIN

arwoml_cydeed- |H als
arwl_cydead-1H
2013-08-03 15:14:60
IH
proton. o
395 88 MHz
628 KHz
0.87 Hz
13107
593824 Hzx
L]
22073 mc
5.0000 =c
3.12 usec
IH
W09¢
CDCL3
0.00 ppm
0.00 Hz
42

arol_cydwed-13C als
carwl_cyded-13C
2013-08-03 15:37:16
13C
carbon. jop

99.55 MHz

513 KHz

098 Hz

1.0486 ec

2 0000 ¢

342 usec
IH

210¢
CIX13

77.00 ppm

0.50 Hz

60



