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|. General

All gold catalysed reactions were performed under argon atmosphere in pre-dried glassware.with freshly
distilled methanol from magnesium. [AuCl(IMes)]' and the corresponding diynes 3a", 3b", 3¢, 3d", 3f"
and 3g" were prepared according to literature. [AuCI(PEts)] and AgSbFs were purchased from Aldrich and
were used as received. All reactions were monitored by GC and thin-layer chromatography (TLC) using E.
Merck silica gel 60 F254 (0.25-mm thickness). Flash chromatography was carried out using Merck silica
gel 60 (0.040-0.063 mm). High Througput Flash Purification (HPFP) (SUPELCO®) was performed on
prepacked cartridges (VersaPakTM) using mixture of n-hexanelethyl acetate or toluene/ethyl acetate. *H and
13C NMR spectra were recorded using a Bruker Avance DPX 300 or 400 MHz spectrometer. Chemical
shifts are reported in ppm (8) downfiel from tetramethylsilane (TMS) as internal standard. Coupling
constants (J) are reported in Hertz (Hz). The attributions of the chemical shifts werde determined by means
of COSY, HMQC and NOESY experiments. Melting points (mp) were determined using a Stuart apparatus
and are uncorrected. High resolution mass spectra (HRMS) were determined with an Agilent 6520 QTOF
MS instrument equipped with a dual electrospray ion source. IR spectra were obtained with a Nicolet
20SXC FT-IR spectrometer by using a Smart Endurance reflexion cell.

[1. Synthesis of dimethyl 2-(pent-2-ynyl)-2-(3-phenylprop-2-ynyl)malonate (3¢).
(0]

MeO

MeO

e}
To an ice cold suspension of NaH (39.9 mg, 1.66 mmol) in dry THF (7 mL) was added a solution of 2-pent-2-
ynyl-malonic acid dimethylester”" (300 mg, 1.51 mmol) in dry THF (3 mL). After stirring for an additional 30
minutes 1-bromo-3-phenylprop-2-yne" (324 mg, 1.66 mmol) in dry THF (1 mL) was added. The cooling bath
was removed and stirring was continued for 4 hours. After the addition of water (35 mL) the agueous layer was
extracted with Et,0 (3 x 50 mL), the combined organic layers were washed once with brine (40 mL), dried over
N&SO, and evaporated to dryness. The residue was purified by flash chromatography (n-hexane/ethyl acetate =
15:1) to yield 3e (384 mg, 81%) as a pale yellow oil; R; 0.32 (n-hexane/ethyl acetate = 4:1); *H NMR (400 MHz,
CDCl3) o (ppm) 1.10 (t, J = 7.5 Hz, 3 H, CH,CH3), 2.14 (qt, J = 7.5/2.3 Hz, 2 H, CH,CH5), 2.99 (t, J= 2.3 Hz, 2
H, CH,), 3.19 (s, 2 H, CH,), 3.77 (s, 6 H, OCH3), 7.24-7.30 (M, 3 H, Haom), 7.32—7.40 (M, 2 H, Haom); “C NMR
(100 MHz, CDCl3) & (ppm) 12.4 (g, 1 C, CH,CH,3), 14.2 (t, 1 C, CH,CHs3), 23.2 (t, 1 C, CH,), 23.6 (t, 1 C, CH)),
53.0 (g, 2 C, OCHa), 57.3 (s, 1 C, CH,CCHy,), 73.4 (5,1 C), 83.6 (5,1 C),84.1(s,1C),85.4(s,1C), 1232 (s, 1
C, Caom), 128.0 (d, 1 C, Caom), 128.2 (d, 2 C, Caom), 1317 (d, 2 C, Caom), 169.6 (s, 2 C, CO); IR (film, cm™)
2953, 1737, 1435, 1199, 1054, 757, 692; HRMS (ESI) calcd for CigH2 0,4 313.1440, found 313.1436.

[11. Synthesis of acetophenone (2).

To a suspension of [AuCI(PEt3)] (8.59 mg, 0.025 mmol) and AgSbFg (10.10 mg, 0.029 mmol) in MeOH
(4.5 mL) was added phenylacetylene (1) (100 mg, 0.979 mmol, 108 uL). After stirring for 19 hours the
reaction mixture was poured into HCI (15 mL, 0.5 N) and the aqueous layer was extrected with Et,O (3 x
25 mL). The combined organic layers were dried over Na,SO, and evaporated to dryness. The residue was
purified by flash chromatography (n-hexane/ethyl acetate = 10:1) to yield 2 (74 mg, 63%) as a colourless
liquid.

V1. General procedurefor the gold catalysed cyclisation reaction (GP1) (Table 1).
The appropriate gold(l) precursor, the silver salt and solid diynes were placed in an oven dried Schlenk
flask. After the addition of methanol (substrate concentration 250 mM) the suspension was stirred at room



temperature for the time given. In case of aliquid diyne the starting material was added as a solution in the
appropriate amount of methanol. After complete conversion (GC, TLC) of the starting material the reaction
mixture was poured into HCl (10 mL/100 mg substrate, 1 N). After the addition of brine (5 mL/100 mg
substrate) the aqueous layer was extracted with ethyl acetate (3 x 25 mL for 100 mg substrate), the
combined organic layers were washed once with brine (20 mL/100 mg substrate), dried over NaSO, and
evaporated to dryness. The crude product was purified by flash chromatography on silica gel or HPFP.

Preparation of 4a.

A: The title compound was prepared according to GP1 from 3a (50.0 mg, 0.212 mmol), [AuCl(IMes)]
(2.85 mg, 0.005 mmol) and AgSbFs (2.19 mg, 0.006 mmol) in 3 hours. Purification by flash
chromatography (n-hexane/ethyl acetate = 6:1) provided 4a (32.5 mg, 60%) as a colourless oil.

(2)-Dimethyl 3-acetyl-4-ethylidenecyclopentane-1,1-dicar boxylate (4a)

o (@]
MeO
MeO N
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Rr 0.49 (n-hexanelethyl acetate = 1:1); "H NMR (400 MHz, CDCl3) & (ppm) 1.57 (dm, J = 6.9 Hz, 3 H,
CH3), 2.17 (s, 3 H, COCHs3), 2.37 (dd, J = 13.5/7.1 Hz, 1 H, H-2), 2.74 (dd, J = 13.5/9.1 Hz, 1 H, H-2),
2.85 (d, J = 155 Hz, 1 H, H-5), 3.02 (dm, J = 15.5 Hz, 1 H, H-5), 3.64 (dd, J = 9.0/7.0 Hz, 1 H, H-3), 3.72
(s, 3H, OCH3), 3.75 (s, 3 H, OCH,), 5.58 (dm, J = 6.9 Hz, 1 H, CH); 3C NMR (100 MHz, CDCl3)  (ppm)
14.8 (g, 1 C, CHs), 27.5 (g, 1 C, COCHs), 36.4 (t, 1 C, C-2), 41.9 (t, 1 C, C-5), 52.9 (d, 1 C, C-3), 53.2(q, 2
C, OCHy), 58.8 (s, 1 C, C-1), 121.2 (d, 1 C, CH), 137.2 (s, 1 C, C-4), 171.4 (s, 1 C, COOCHy), 171.6 (s, 1
C, COOCH3), 207.6 (s, 1 C, CO); IR (film, cmh) 2955, 1732, 1708, 1434, 1250, 1201, 1161, 1066; HRMS
(ESI) calcd for Ci3H1e0s 255.1232, found 255.1229.

B: The title compound was prepared according to GP1 from 3a (50.0 mg, 0.212 mmol), [AuCI(PEts)] (1.86
mg, 0.005 mmol) and AgSbFg (2.19 mg, 0.006 mmol) in 3 hours. Purification by flash chromatography (n-
hexane/ethy| acetate = 6:1) provided 4a (32.5 mg, 60%) as a colourless ail.

C: The title compound was prepared according to A in a mixture of MeOH and H,0 (95/5) in 5 hours.
Purification by flash chromatography (n-hexane/ethyl acetate = 6:1) provided 4a (28.2 mg, 52%) as a
colourless ail.

Preparation of 4b and 5b.

The title compounds were prepared according to GP1 from 3b (100 mg, 0.378 mmol), [AuCI(PEt3)] (6.50
mg, 0.019 mmol) and AgSbFg (9.96 mg, 0.028 mmol) in 3.5 hours. Purification by flash chromatography
(n-hexane/ethyl acetate = 4:1 to 1:1) gave 4b (32.6 mg, 31%) as acolourless oil and 5b (48.3 mg, 43%) asa
colourless solid.

(2)-Dimethyl 3-propionyl-4-propylidenecyclopentane-1,1-dicar boxylate (4b)
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Rr 0.55 (n-hexane/ethyl acetate = 1:1); H NMR (300 MHz, CDCl3) & (ppm) 0.94 (t, J = 7.7 Hz, 3 H,
CH,CHs), 1.04 (t, J = 7.3 Hz, 3 H, COCH,CH3), 1.82-2.01 (m, 2 H, CH,CHs), 2.33 (dd, J = 13.2/7.5 Hz, 1
H, H-2), 2,51 (g, J = 7.3 Hz, 2 H, COCH,CHy), 2.74 (ddd, J = 13.2/8.5/1.5 Hz, 1 H, H-2), 2.81 (d, J = 15,5
Hz, 1 H, H-5), 3.04 (dm, J = 15,5 Hz, 1 H, H-5), 3.66 (dd, J = 8.5/7.5 Hz, 1 H, H-3), 3.72 (s, 3 H, OCH),
3.74 (s, 3 H, OCH3), 5.43 (t, J = 8.0 Hz, 1 H, CH); C NMR (100 MHz, CDCl3) & (ppm) 8.0 (g, 1 C,
CH,CHs), 13.7 (g, 1 C, COCH,CHs3), 22.9 (t, 1 C, CH,CH3), 33.5 (t, 1 C, COCH,CH3), 36.7 (t, 1 C, C-5),
419 (t,1C, C-2),52.2(d, 1 C, C-3), 52.8 (g, 2 C, OCH;), 58.8 (s, 1 C, C-1), 128.3 (d, 1 C, CH), 135.8 (s, 1
C, C-4), 171.3 (s, 1 C, COOCHS3), 171.7 (s, 1 C, COOCH3), 2105 (s, 1 C, CO); IR (film, cm) 2957, 1733,
1708, 1434, 1252, 1162, 1070; HRMS (ESI) calcd for CysH0s 283.1545, found 283.1548.

Dimethyl 2,2-bis(3-oxopentyl)malonate (5b)

MeO

MeO
0] (0]

Rr 0.38 (n-hexanelethy! acetate = 1:1); mp 102-103 °C; *H NMR (300 MHz, CDCl5) & (ppm) 1.04 (t, J =
7.4 Hz, 6 H, CH3), 2.09-2.18 (M, 4 H, CH,CH,), 2.36-2.47 (m, 8 H, CH,COCH.,), 3.71 (s, 6 H, OCH,); *C
NMR (75 MHz, CDCl3) & (ppm) 8.2 (g, 2 C, CH,CH3), 27.6 (t, 2 C, CCH,), 36.4 (t, 2 C, COCH.,), 37.6 (t, 2
C, COCH,), 52.9 (g, 2 C, OCHs), 56.6 (s. 2 C, CCH,), 171.9 (s, 2 C, COOCHS), 210.2 (s, 2 C, CO), 209.8
(s, 1 C, CO); IR (film, cm’®) 2979, 1725, 1707, 1274, 1228, 1182, 1108; HRMS (ES|) calcd for CigH:0s
301.1651, found 301.1647.

Preparation of 4'c, 4"c and 5c.

A: The title compounds were prepared according to GP1 from 3c (100 mg, 0.400 mmol), [AuCI(IMes)]
(540 mg, 0.010 mmol) and AgSbFs (4.10 mg, 0.012 mmol) in 3 hours. Purification by flash
chromatography (n-hexane/ethyl acetate = 4:1) gave a mixture of both regioisomers 4'c and 4”"c (89 mg,
83%, 4'c/4"c = 50:50) as a colourless ail. For characterisation pure samples of 4'c (28.7 mg, 27%) and
4""c (37.5 mg, 35%) were obtained by HPFP (toluene/ethyl acetate = 30:1).

(2)-Dimethyl 3-acetyl-4-propylidenecyclopentane-1,1-dicar boxylate (4°c)

o 0
MeO
MeO N
0 H

colourless oil; Ry 0.46 (n-hexanefethyl acetate = 1:1); *H NMR (300 MHz, CDCl3) & (ppm) 0.95 (t, J= 7.5
Hz, 3 H, CH,CHs), 1.87-2.01 (m, 2 H, CH,CHs), 2.17 (s, 1 H, COCHs), 2.34 (dd, J = 14.0/7.5 Hz, 1 H, H-
2), 2.74 (ddd, J = 14.0/9.1/1.3 Hz, 1 H, H-2), 2.83 (d, J = 15.6 Hz, 1 H, H-5), 3.03 (dm, J = 15.6 Hz, 1 H,
H-5), 3.64 (dd, J = 9.1/7.5 Hz, 1 H, H-3), 3.72 (s, 3H, OCHs), 3.74 (s, 3H, OCH5), 5.46 (dm, J= 7.1 Hz, 1
H, CH); *C NMR (75 MHz, CDCl3) & (ppm) 13.6 (g, 1 C, CH,CHs), 22.8 (t, 1 C, CH,CHs), 27.4 (g, 1 C,
COCH3), 36,5(t,1C, C-2),418 (t, 1 C, C-5),52.8 (d, 1 C, C-3),53.2 (g, 2 C, OCHj3), 58.8 (s, 1 C, C-1),
128.7 (d, 1 C, CH), 1355 (s, 1 C, C-4), 171.3 (s, 1 C, COOCHs), 171.5 (s, 1 C, COOCHs), 207.7 (s, 1 C,
CO); IR (film, cm™) 2958, 1732, 1708, 1434, 1251, 1161; HRMS (ESI) calcd for CiHaoNaOs 291.1209,
found 291.1210.



(2)-Dimethyl 3-ethylidene-4-propionylcyclopentane-1,1-dicar boxylate (4" c)

o 0
MeO
MeO N
o H

colourless ail; R 0.50 (n-hexane/ethyl acetate = 1:1); *"H NMR (300 MHz, CDCl3) § (ppm) 1.05 (t, J = 7.2
Hz, 3 H, CH,CH,3), 1.56 (dm, J = 7.2 Hz, 3 H, CH3), 2.35 (dd, J = 13.4/7.1 Hz, 1 H, H-2), 251 (qd, J =
7.2/13.2 Hz, 2 H, CH,CHy), 2.74 (ddd, J = 13.4/8.8/1.7 Hz, 1 H, H-2), 2.83 (d, J = 15.6 Hz, 1 H, H-5), 3.02
(dm, J=15.6 Hz, 1 H, H-5), 3.67 (dd, J = 8.8/7.1 Hz, 1 H, H-3), 3.72 (s, 3 H, OCHy), 3.74 (s, 3 H, OCHy),
5.49-5.59 (m, 1 H, CH); *C NMR (100 MHz, CDCl3) & (ppm) 8.1 (g, 1 C, CH,CH3), 14.9 (g, 1 C, CHs),
335(, 1C, CH,CH,), 36.6 (t, 1 C, C-2),41.9(t, 1 C, C-5),52.2(d, 1 C, C-3), 52.7 (g, 1 C, OCHj), 52.8 (q,
1C, OCHj,), 58.8 (s, 1 C, C-1), 120.7 (d, 1 C, CH), 137.5(s, 1 C, C-4), 171.3 (s, 1 C, COOCHjy), 171.7 (s, 1
C, COOCHjy), 210.3 (s, 1 C, CO); IR (film, cm™) 2954, 1732, 1709, 1434, 1248, 1162; MS (El, 70 eV) m/z
(%). HRMS (ESI) calcd for Cy4H,;05 269.1389, found 269.1384.

B: The title compounds were prepared according to A by replacing [AuCl(IMes)] with [AuCI(PEts)] (3.50
mg, 0.010 mmol) in 5 hours. Purification by flash chromatography (n-hexane/ethyl acetate = 4:1) provided
a mixture of both regioisomers 4'c and 4"¢ (64.5 mg, 60%, 4'c/4”"¢c = 72:28) as a colourless oil together
with 5¢ (24.8 mg, 22%) as a colourless solid.

Dimethyl 2-(3-oxobutyl)-2-(3-oxopentyl)malonate (5c)

O O
MeO

MeO
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R 0.14 (toluenelethyl acetate = 4:1); mp 81-83 °C; 'H NMR (400 MHz, CDCl3) & (ppm) 1.00 (t, J = 7.3
Hz, 3 H, CH,CHj), 2.05-2.13 (m, 4 H, CH,CCHy), 2.10 (s, 3 H, COCH3), 2.34-2.45 (m, 6 H, CH,CHj,
COCHy,), 3.67 (s, 6 H, OCHz); *C NMR (100 MHz, CDCl3) & (ppm) 7.8 (g, 1 C, CH,CHs), 27.2 (t, 1C,
CCH,), 27.3(t, 1C, CCH,), 30.0 (g, 1 C, COCHz), 36.0 (t, 1 C, CH,), 37.2 (t, 1 C, CH,), 38.6 (t, 1 C, CHy,),
52.6 (g, 2 C, OCH3), 56.1 (s. 1 C, CCH,), 171.5 (s, 2 C, COOCHj3), 207.1 (s, 1 C, CO), 209.8 (s, 1 C, CO);
IR (film, cm™) 2961, 1726, 1708, 1187; HRMS (ESI) calcd for C14H»06 286.1416, found 286.1524.

Preparation of 4°d and 4""d.

A: The title compounds were prepared according to GP1 from 3d (60.0 mg, 0.201 mmol), [AuCI(IMes)]
(320 mg, 0.006 mmol) and AgSbFs (240 mg, 0.007 mmol) in 3 hours. Purification by flash
chromatography (n-hexane/ethyl acetate = 5:1) gave 4'd (35.6 mg, 56%) as a colourless oil and 4°°d
(aprox. 2.5 mg) as a colourless ail (purity aprox. 80 %).

(2)-Dimethyl 3-acetyl-4-benzylidenecyclopentane-1,1-dicar boxylate (4'd)

o o]
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Rr 0.50 (n-hexane/ethy! acetate = 1:1); *H NMR (300 MHz, CDCl3) & (ppm) 1.99 (s, 3 H, CH3), 2.43 (dd, J
= 13.3/7.0 Hz, 1 H, H-2), 2.79 (ddd, J = 13.3/9.0/1.4 Hz, 1 H, H-2), 3.11 (dtt, J = 16.0/1.4 Hz, 1 H, H-5),
3.28 (dt, J = 16.0/2.5 Hz, 1 H, H-5), 3.75 (s, 3 H, OCH3), 3.76 (s, 3 H, OCH3), 3.94-4.03 (m, 1 H, H-3),
6.58 (bs, 1 H, CH), 7.12-7.24 (m, 3 H, Haon), 7.27-7.34 (M, 2 H, Haom); *C NMR (75 MHz, CDCly) §
(ppm) 28.1 (g, 1 C, CHy), 37.8 (t, 1 C, C-2), 43.7 (t, 1 C, C-5), 53.3 (g, 1 C, OCHy), 53.4 (g, 1 C, OCHS),
54.2(d, 1 C, C-3),58.7 (s, 1 C, C-1), 126.7 (d, 1 C, CH), 127.5 (d, 1 C, Cpura), 1284 (d, 2 C, Cyrony), 128.9
(d, 2 C, Caom), 137.3 (S, 1 C, Caom), 139.5 (s, 1 C, C-4), 171.7 (s, 1 C, COOCHj), 171.9 (s, 1 C, COOCHS),
208.1 (s, 1 C, CO); IR (film, cm®) 2954, 1731, 1709, 1434, 1254, 1164, 1068, 698; HRMS (ESI) calcd for
CisH2,05 317.1389, found 317.1386.

(2)-Dimethyl 3-benzoyl-4-ethylidenecyclopentane-1,1-dicar boxylate (4" "d)

0 0
MeO
MeO N
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4 NMR (CDCl3, 300 MHz) & (ppm) 1.35-1.43 (m, 3 H, CH3), 2.26 (dd, J = 13.6/8.2 Hz, 1 H, H-2), 2.90-
3.02, 2 H, H-2 + H-5), 3.12-3.24 (m, 1 H, H-5), 3.71 (s, 3 H, OCHS), 3.76 (s, 3 H, OCHs), 4.54-4.60 (m,
H-3), 5.54-5.64 (M, 1 H, CH), 7.45-7.53 (M, 2 H, Hmea), 7.58 (tt, J = 7.3/1.5 Hz, 1 H, Hyaz), 7.98-8.03 (M,
2 Hl Hortho)-

B: The title compounds were prepared according to GP1 from 3d (75.0 mg, 0.251 mmol), [AuCI(PEt3)]
(221 mg, 0.006 mmol) and AgSbFs (2.58 mg, 0.007 mmol) in 3 hours. Purification by flash
chromatography (n-hexane/ethyl acetate = 5:1) gave a mixture of 4'd and 4°d (38.9 mg, 49%) as a
colourless oil.

Preparation of 4eand 4’e.

The title compounds were prepared according to GP1 from 3e (100 mg, 0.320 mmal), [AuCl(IMes)] (4.30
mg, 0.008 mmol) and AgSbFg (3.30 mg, 0.010 mmol) in 3 hours. Purification by flash chromatography (n-
hexane/ethyl acetate = 6:1) gave a mixture of both regioisomers 4’e and 4 "e (67.9 mg, 64%, 4'€/4’e =
87:13) as a colourless ail. For characterisation a pure sample of 4" e (35.9 mg, 34%) was obtained by HPFP
(toluene/ethyl acetate = 20:1). Regioisomer 4”"e could not be isolated.

(2)-Dimethyl 3-benzylidene-4-propionylcyclopentane-1,1-dicar boxylate (4'€)

0 (@]
MeO
MeO N
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colourless oil; R 0.52 (n-hexane/ethyl acetate = 1:1); *H NMR (300 MHz, CDCl5) & (ppm) 0.88 (t, J= 7.3
Hz, 3 H, CH,CH5), 2.30 (t, J = 7.3 Hz, 2 H, CH,CH5), 2.39 (dd, J = 13.6/6.8 Hz, 1 H, H-2), 2.79 (ddd, J =
13.6/8.8/1.5 Hz, 1 H, H-2), 3.08 (dt, J = 16.0/1.3 Hz, 1 H, H-5), 3.29 (dt, J = 16.0/2.4 Hz, 1 H, H-5), 3.74
(s, 3 H, OCH3), 3.75 (s, 3 H, OCH3), 3.954.03 (m, 1 H, H-3), 6.55 (bs, 1 H, CH), 7.10-7.15 (m, 2 H,
Hortho), 7.16-7.23 (M, 1 H, Hyya), 7.26-7.33 (M, 2 H, Hpe); °C NMR (100 MHz, CDCl3) § (ppm) 8.1 (g, 1
C, CH,CHa), 33.7 (t, 1 C, CH,CHy), 37.7 (t, 1 C, C-2), 434 (t, 1 C, C-5),52.9(d, 1 C, C-3), 529 (q, 2 C,
OCHjy), 584 (s, 1 C, C-1), 120.9 (d, 1 C, CH), 127.0 (d, 1 C, Cyara), 128.1 (d, 2 C, Cyriro), 128.5 (d, 2 C,
Cret)s 137.1 (s, 1 C, Caom), 139.5 (s, 1 C, C-4), 171.2 (s, 1 C, COOCHj3), 171.5 (s, 1 C, COOCH3), 210.4



(s, 1 C, CO); IR (film, cm?) 2953, 1732, 1708, 1434, 1253, 698; HRMS (ES|) cacd for
CigH2505 331.1545, found 331.1548.

(2)-Dimethyl 3-benzoyl-4-propylidenecyclopentane-1,1-dicar boxylate (4”"€)

o 0

MeO

MeO N
O H

Only identified in the mixture (see copy of *H NMR spectrum).

V. Reaction of 3a with only AuCI(PEtz), AUCI(IMes) or AgSbFg

The reaction was performed according to GP1 from 3a (30.0 mg, 0.127 mmol) and either only
[AuCI(PEt3)] (1.12 mg, 0.003 mmol), only [AuCI(IMes)] (1.72 mg, 0.003 mmol) or only AgSbFs (1.31 mg,
0.004 mmol) in 24 hours. According to GC no reactions took place in any of these experiments.

VI. |somerisation of 4a.

Dimethyl 3-acetyl-4-ethylcyclopent-3-ene-1,1-dicar boxylate (6)

o o]

MeO

MeO
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To a solution of 4a (36.5 mg, 0.144 mmol) in CH,Cl, (0.5 mL) was added neutral Al,Os; (294 mg, 2.88
mmol). The yellow suspension was stirred for 24 hours at room temperature. After the solvent was
removed under reduced pressure the residue was directly used for flash chromatography (n-hexane/ethyl
acetate = 4:1) to yield 6 (16.6 mg, 45%) as a colourless oil. Analytical datas are in accordance with the
literature.™

VII. General procedurefor the gold catalysed reaction of terminal diynes (GP2) (Table 2).

The appropriate gold(l) precursor, the silver salt and the diyne were placed in a Schlenk flask. After the
addition of methanol (substrate concentration 250 mM) the suspension was stirred at the temperature and
the time given. After complete conversion (GC, TLC) of the starting material the reaction mixture was
poured into HCI (10 mL/100 mg substrate, 1 N). After the addition of brine (5 mL/100 mg substrate) the
aqueous layer was extracted with ethyl acetate (3 x 25 mL for 100 mg substrate). The combined organic
layers were washed once with brine (20 mL/100 mg substrate), dried over NaSO,; and evaporated to
dryness. The crude product was purified by flash chromatography on silica gel.

Dimethyl 2-(but-2-ynyl)-2-(2-oxopr opyl)malonate (8)
(0]
MeO —

MeO
(0]

The title compound was prepared according to GP2 from 3f (70.0 mg, 0.315 mmol), [AuCI(PEts)] (5.50
mg, 0.016 mmol) and AgSbFs (5.94 mg, 0.017 mmol) in MeOH (1.5 mL) in 28 hours at room temperature.



Purification by flash chromatography (n-hexane/ethyl acetate = 4:1) gave 8 (40 mg, 53%) as a colourless
oil. Analytical datas arein accordance with the literature.”

Dimethyl 2-acetyl-3-methylcyclopent-2-ene-1,1-dicar boxylate (7)
O]
MeO
MeO

O

O

A: The title compound was prepared according to GP2 from 3f (100 mg, 0.450 mmol), [AuCI(IMes)] (6.0
mg, 0.011 mmol) and AgShFs (4.60 mg, 0.014 mmol) in MeOH (1.8 mL) in 18 hours at 60 °C. Purification
by flash chromatography (n-hexane/ethyl acetate = 3:1) gave 7 (32.4 mg, 30 %) as a colourless oil. R; 0.24
(n-hexanelethyl acetate = 1:1); *H NMR (300 MHz, CDCl3) & (ppm) 2.10 (t, J = 1.0 Hz, 3H, CHa), 2.33 (s,
3 H, COCHg), 2.44-2.51 (m, 2 H, H-5), 2.59-2.66 (m, 2 H, H-4), 3.75 (s, 6 H, OCHs); *C NMR (100
MHz, CDCls) 6 (ppm) 17.1 (g, 1 C, CH3), 30.2 (g, 1 C, COCHg), 33.0 (t, 1 C, C-5),39.2 (t, 1 C, C-4), 52.8
(0,2 C,0OCH3), 67.9(s,1C, C-1),136.9 (s, 1 C, C-3), 155.1 (s, 1 C, C-2), 172.0 (s, 2 C, COOCHz), 197.0
(s, 1 C, CO); IR (film, cm") 2954, 1726, 1665, 1433, 1250, 1224, 1161, 1077; HRMS (ESI) calcd for
C12H1705 241.1076, found 241.1072.

B: Thetitle compound was prepared according to GP2 from 3f (75.0 mg, 0.337 mmol), [AuCl(PEts)] (3.51
mg, 0.010 mmol) and AgSbFs (4.12 mg, 0.012 mmol) in MeOH (1.3 mL) in 24 hours at 60 °C. Purification
by flash chromatography (n-hexane/ethyl acetate = 3:1) provided 7 (35.2 mg, 43 %) as a colourless oil.

Dimethyl 3-methyl-5-oxocyclohex-3-ene-1,1-dicar boxylate (9)
(0] O

MeO
MeO

@)
A: The title compound was prepared according to GP2 from 3g (100 mg, 0.480 mmol), [AuCI(PEts)] (4.20
mg, 0.012 mmol) and AgSbFs (4.90 mg, 0.014 mmol) in MeOH (1.9 mL) in 16.5 hours at 35 °C.
Purification by flash chromatography (n-hexane/ethyl acetate = 4:1) gave 9 (66.5 mg, 61 %) as a pae
yellow oil. Analytical datas are in accordance with the literature.”

B: The title compound was prepared according to A by replacing [AuCI(PEts)] with [AuCI(IMes)] (6.50

mg, 0.012 mmol) in 18 hours at 60 °C. Purification by flash chromatography (n-hexane/ethyl acetate = 4:1)
provided 9 (20.9 mg, 19 %) as apae yellow ail.

VI1II. Deuteration experiment

(0]
O p
MeO
MeO N
o D

The deuterated compound d-4a was prepared according to GP1 from 3a (50.0 mg, 0.212 mmol),
[AUCI(PEt3)] (3.72 mg, 0.011 mmol) and AgSbFg (4.36 mg, 0.013 mmol) in CD;OD (0.75 mL) in 3 hours.



Purification by flash chromatography (n-hexane/ethyl acetate = 6:1) provided d-4a (34.8 mg, 64%) as a
colourless oil. *H NMR (400 MHz, CDCl3) § (ppm) 1.57 (d, J = 2.3 Hz, 3 H, CHs), 2.11-2.16 (m, 3 H,
COCHy), 2.35(d, J=13.5 Hz, 1 H, H-2), 2.74 (d, J = 13.5 Hz, 1 H, H-2), 2.85 (d, J = 15.5 Hz, 1 H, H-5),
2.97-3.05 (m, 1 H, H-5), 3.72 (s, 3 H, OCH3), 3.75 (s, 3H, OCHy).



VI, *H, **C and NOESY spectras

Current Data Farameters
NAME CZ43

EXFNO 1
FROCKD 1
FZ 7 Acquizition Farameters
Date_ Z00B1023
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Current Data Parameters
NANE 2811

EXFRO 6
PROCKO 1

E2 ? Acqui=mitlon Parameters
Date 20080122

Tim= 13,37
[NSTRIM spect
FROBHD 5 mo PADUL 13C
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Current Data Paranster=
NaME 2881
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Current Data Parameters
NAME C241

EXPNO 1
PROCND 1
F2 7 Acquisition Paramsters
Date_ 20081021
Time 14.04
INSTRUM sSpect
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 65336
SOLVENT 3 CDhCl
NS 15
03
SWH 8276, 146 Hz
FIDRES 0.126314 Hz
_ﬂ.g 3.0584243 sec
R 287
v G0, 400 usec
IE 12 .00 usec
TE K 208.0
ol 1. 00000000 sec
MCREST 0.00000000 sec
MCHEE 0.01500000 sec
======== CHANNEL f] =======
NuCl1 1H
Pl 11 .50 usec
| PLI 76.00 dB
, | SFOL 400.1324710 MH=
d_4 a F2 7 Processi aramsters
31 e B5536
SF 400, 1300057 MH=z
WON no
33B 0
LE 0.00 H=
GE o]
PC 1.00
[ l
iy
i
- LM !
i v — 8 | I
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Current Data Parameters

L

NAME 2201
EXPNO k]
PROCNG 1
Fz 7 Acquisition Parameters
Date_ 2000205

ime 15.25
INSTRUM dpx300
PROBHD 5 om QNF 1H
PULPROG zg30
Th 32768
SOLVENT COC12
N3 1
s 2

SWH Gl72.83% H=
FIDRES 0. 188380 Hz

Ay 2 BE42580 =ec
R 362

N £1.000 usec
DE 6. 00 usec
TE E 300.0

il 1. 00000000 sec
============ CHANNEL f] ===
NUCL 1H

F1 10, 50 usac
PL1 76,00 dB
SFOL 200.1318534 MH=
Fz 7 Processing parameters
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5F 200 . 1300042 MH=
WOW no

558 o

LE 0.00 Hz
GB [u}

PC 1.00

LI I e
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Current Data Farameter
HAME 2771
EXFHD

FROCED 1

F2 7 Acquisitiocn Paremeter
Date_ 2 :'7
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SFOL 100. 6238354 NHx

[+3

MeO N T N 12 e
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SFOE 400, 1316005 NHz

F2 7 Frocessing parmmster
sL [ 53
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WO no
SSB o
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4] 0
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Current Data Parameters
NAME 2752

EXPND 1
PROCHO 1

F2 7 Acquisition Parameters
Date_ Z005111%

Time .
[NSTRUM dpre 300
FROEHD 5 mm QKF 1M
PULFROG 730

T 3ZTGHE
SOLVENT COC13

K& 16

s 2
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FIDEES 0. 188380 H=
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============ CHANNEL fl =====:
jLioe | 11
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FL1 PG00 dB
EF01 300.1318534 NH=

F2 7 Processi arameters
e 32768

EF 300, 1300030 MH=

WD nc

S8R [}

LE 0,00 Hz

(5] [}

FC 1,08
Ppm
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oo
% £ g E E E t ; 8 o7 Current Data Parameters
. ol = [TeNe)] W o Lo NAME 2752
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Current Data Parameters
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Current Data Parameters
NANE 30zl

EXFHO 8
FROCHD 1
F2 7 Acqulslticn Parameters
Date_ 20000127
Time 11.26
@) LHETRUM dpa
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w [ap)Nppen [Ty} ! [ap}
(=] - o) = [¥a] [xw] L [valas o] 00 LD 00 T — = T (3] Current Data Parameters
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Current Data Paramsters
24913

EXPND 1
PROCHO 1
F2 7 Acquisition Parameters
Date_ 20081211
Tine 12,07
INSTRUM sp=ct
FROBHD 5 mm PADUL 13C
PULPROG 30
D 65536
SOLVENT CDC12
NS 16
DS 2
SWH B275. 146 Hz
O FIDRES 0.128314 H=z
Al 3.0584243 sec
E‘ﬁ' 1G61.3
60400 nsac
Meo DE 12,00 usac
TE K 208.0
i} 1. 00000000 sec
MEREST 0, 00000000 sec
MCWRE 0.01500000 sec
Meo ======= CHAMNEL fl ======
RUC1 1H
(@) Pl 11,50 usac
FL1 76,00 dB
SF01 4001324710 MH=
E% 7 Processing paransters
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Current Data Parameters

; NAME 2913
: G L T EXPND 2
t A ™ e T o e FROCHO 1
| | Pt 1
b s I | A L IUJ" F2 - Acquisitieon Parameters
\.i.f | WY Date_ 20081211
Time 13 .53
INSTRUM spect
PFROBHD § mm PADUL 13C
PULPROG zgpgldl
TD 131072
SOLVENT CDC13
O NS 750
Ds 4
SWH 23148.148 Hz
MeO FIDRES 0.176606 Hz
ADQ 2.8312051 sec
RG 11585.3
D 21.600 useac
DE 40.00 usec
MeO TE 298.0 K
Dl 0.50000000 sec
O d11 0.03000000 sec
DELTA 0.40000001 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
5c ======== CHANNEL £l ========
NUCl 13C
Pl 9.00 usec
PL1 -4.00 dB
SFO1 100.623B364 MHz
======z=z= CHANNEL f2 ==
CFDPRG2 walczlé
NUC2 1H
PCPD2 80.00 usec
PL2 -6.00 dB
PL12 10.85 4B
PL13 15.00 dB
SF02 400.1316005 MHz
F2 - Processing parameters
I} 51 65536
sF 100.6127667 MHz
WD no
SSB 0
LB 0.00 H=
GB 0
PC 1.00
| ' T | * | | T | T |
200 180 160 140 120 80 60 40 20 0 ppm
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Current Data Parameters
NAME 3062

EXPND 1

PROCND 1

FZ 7 Acquisition Parameter
Dat 20090121
Time

INSTRUM Spect
FROBHD 5 mm PADUL 13C
FULFROG zg3o

™ 63536
SOLVENT 3 CDCL

NS 16

DS

SWH B278.146 Hz
FIDRES 0.126314 Hz
AQ 3.0584243 sec
Rix 256

o 0. 400 usac
LE 12,00 usec
TE K 205.0

Dl 1.00000000 sec
MCEEST 0. 00000000 sec
MCWRE 0.01500000 sec

======== CHANNEL fl ========
1 1H

-1
o

a4
L B

[ 951N\ @]
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0.944 —

973 —
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J.
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FL1 T6.00 dR
SF01 400 . 1324710 MHz
F2 7 Processing parameter
51 55
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LB 0.00 Hz
GB 0

PC 1.0o0

2 PpPm
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Current Daca Farameters

HAME 2782
EXENO 2
FROCND 1
o™ © M e
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u il e (R S m= o ~MN=m- o — Rzggmm o doa 00
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o™l 1 o il e e muouowm <t m ] o 65516
SOLVENT coels
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& 2
SHH 18115.941 Hz
FIDRES 0,276427 H=z
AQ 1.6088436 sec
RG 4557.6
B 27,600 usec
oE 6,00 usec
TE 300.0 K
o) | 1. 00000000 sec
b1l 0.03000000 sec
O D12 6.00002000 sec
[P —— < A 3
HuCL 13c
Meo Pl 6.60 usec
FL1 -6.00 4B
SFOL 75 4752658 MMz
MeO N =
BL2 -6,00 ds
PL12 17.00 d=
PL13 17.00 dB
sPO2 300.1312005 MH=
F2 - Processing parameters
ST 12768
4’d &F 754677180 HHz
WDH no
SEB ]
LB 0.00 Ha
GB o
BC 1.00
!
I I | I [ | 1 5 1
200 180 140 120 80 60 40 20 0 ppm
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Current Data Parameters
KANE 3E11
EXPNO z
FROCKD 1
F2 7 Acquisition Parapeters
Date_ 2009020
Tige 15, 12
INSTROW _ dpx 300
PROEHD 5 oo QNEK LK
O FULPROG zgi‘i-
O ™ 32768
SOLVENT CoCLa
K2 “
MeO Shit 8172539 Hz
FIDRES 0. 15E3ED Hz
.];Jg 2 6542580 =ec
NN i}
TE
MeO ol
O ----------- CHANNEL fl mmemeae
H Kuc1 L
Fl 10
FL1 76 dB
4,,d 5F01 00, 131E534 MH
F2 7 Processing parabpsters
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WO w
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i}
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Current Data Parameters
NAME 2872

EXPHN( 1
PRICHC 1
F2 7 Acquisltlon Farameters
Date_ 20081201
Tine 17.28
INSTRUM dpx30D
PROBHD 5 omm QNP I
O PULEROG 230
(@) D 32765
;s{guzu‘r 3 CEC}B
s z
MeO SWH 6172 633 Nz
FIDRES 0.158380 Hz
AD 2.6542580 sec
RD 2 203
NN 7] 81,000 usec
MeO DE 6.00 usec
TE K 3000
o) ol 100000000 sec
H ============ CHANNEL fl ======
WUC
Pl 10,50 usec
4e FL1 7600 dB
5K 300 1318524 MHz
F2 7 Processi aramet ers
sI iy
SF 300 1300045 MHz
WIW no
S5R a
LE 0.00 He
f CE o
‘ PC 1.00
[
-
il I
I |||
I -
e e B o L B L e o e e e e e B w e
7.5 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2.0 1.5 1 0.5 pPpm

7.0
NN

4.0
JEW .



H-3 4 4

CH 4

Hortho 3

ppm
oa

20

25

a0

Hortho
—T

CH

A

H-3

I
(¢

35

G0

G5

B

i
&

70

-

74

MeO

MeO

=
]
=1
(=]

@
L=
o
=
w
tn—
tn
=]

Fz 7 Processing paragatars
: 8 e

=¥ 0113 NHz
o =]
55R ]

LE 20k
ck o

K 1.00

F1 7 Pro

ing par a;?iar:
atas7TRR]

1zeaTa Wiz
SINE

a2.00 Bz



MeO

MeO
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Current Data Parameters

NAME 2872
EXPNO 3
PROCHO b

F2 - Acquipition Parameters
Date_ 20081202
Time 10.45
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zgpg30

D 131072
SOLVENT CDC13

NS 750

Ds 4

SWH 23148.148 Hz
FIDRES 0.176606 H=z
AQ 2.8312051 sec
RG 11585.3

oW 21.600 usec
DE 40.00 usec
TE 298.0 K

Dl 0.50000000 sec
dll 0.03000000 sec
DELTA 0.40000001 sec
MCREST 0.00000000 sec
MCWRE 0.01500000 sec
mmmmme== CHANNEL fl ========
NOC1L 13C

Pl 9.00 usec
PL1 -4.00 4B
S5FO1 100.6238364 MH=z
e YHNNNEL F2 oo
CPDPRG2 waltzlé

Nuc2 1H
PCPD2 80.00 usec
PL2 -6.00 dB
PL12 10.85 dB
PL13 15.00 48
SFo2 400.1316005 MH=z

200

180

ppm

F2 - Processing parameters

65536
100.6127736 MHz
no
a
0.00 Hz
a

1.40



Current Data Parameters

NAME 2871
EXEND 1
FROCND 1
FZ2 7 Acquizition Parameters
© o Date_ 20081127
ss Time 18,03
O INETRIM spect
[oNe} FROBHD 5 mm PADUL 13C
O FULFROG 0
0 §EB35
MeO SOLVENT 3 (Il
NS 16
LS z
SIWH 5278.145 Hz
FIDRES 0.126314 Hz
| 3. 6584243 sec
M O \ RG 121
[ 0. 400 usec
e CE 12.00 usec
TE K 2498 .0
(@) rl 1. Q0000000 sec
H WCREST 000000000 sec
4,9 MCWRE 0.01500000 sec
======== CHAMNEL fl ========
, ,r NUCL 1H
= " Fl 11.50 usec
4'eld " e=87:13 Bl 11.50 us
SFOL 400, 1324710 MH
O FZ 7 Processing parameters
O 51 i
SF 400, 1280080 MH
WO no
558 i
MeO . LB 0.00 Hz
T CB 0
O FC 1.00
MeO N
.. H
4e
: T
5 3
. @ 0
5 T Q
g 5 \ - .
I
T
o
’ T N ‘ T
(@] T * O
' Jn.l‘,\. L I . -, =
8 7 6 5 4 1 0 ppm
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Current Data Farameters
HAME 3251

EXPNO L
PROCKD 1
F2 7 &cquisttlon Paransters
Date_ 20090210
Time 15,18
IRSTRIM dpx300
PROEHD 5 mm QNP 1N
PULFROG #ga0
TD 32T 6E
O SOLVENT COC13
@) NS 16
ns 2
SWH 6172.53% Hz
MeO FITRES 0182380 Hz
AR 2 GGAZER0 sac
RE 203 .2
oW 8L.000 usec
OE G, 00 usec
TE 3000 K
MeO 0l L.C0D00000 sac
============ CHANNEL fl ======
O HC1 1K
6 Pl LD.50 usec
PLL 76,00 dB
5FO1 300, 1218534 MHz
F2 7 Processi arameters
51 ity
SF 200, 1200028 MHz
WIN no
| 5B ]
| LE 0.00 Hz
GE ]
. PC 1.00
| |
|
J |I| J
| A I J - ,
T[T [T [T [T [T [T [ [ [ [ [ [
7T 70 6,5 60 55 50 45 40 35 30 25 20 1.5 1.0 0.5 ppm
/ .
-] —
o —
oo oo
— E c\j 3



MeO

MeO

Current Data Parameters

3251
2
1

F2 - Acquigition Parameters

Date_
Time
INSTRUM
FROBHD
PULPROG

CFDPRG2
NUC2
PCPD2
PL2
PL12
PL13
SF02

51

20090211
11.13
spect

5 mm PADUL 13C
zgpg3l
131072
cDpCla

1000
4
23148.148 Hz
0.176606 Hz
2.8312051 sec
11585.2
21.600 usec
40.00 usec
298.0 K
0.50000000 sec
0.03000000 sec
0.40000001 sec
0.00000000 sec
0.01500000 sec

100.6238364 Miz

CHANNEL f2 ==s=====
waltzlée
1H
80.00 usec
-6.00 dB
10.85 dB
15.00 4B
400.1316005 MH=z

F2 - Processing parameters

65536
100.6127671 MHz
no
0
0.00 Hz
0

1.40

200 180 160
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Current Data Parameters
NAME 27

L al
EXPHD L
PROCHD 1
F2 7 Acquisition Paramsters
Date_ 20081126
Time 15.25
INSTRUM dpx 300
PROBHD 5 mn QP 1H
PULFROG Zg30
T 32T6E
SOLVENT ChC13
Ns 16
(@) s 2
M SEEBE
MeO A 2 6542580 sec
i} a1 o
00 usec
Meo DE G.00 usec
TE 3ng.0 K
o1 L CODnong sac
O ===—==—==== CHANNEL ]l ==
KUl 11
Pl L0 50 usec
PL1 TG00 dR
O r EF01 300, 1318534 MH=
F2 7 Processi arameters
7 5] e
5F 300, 1300318 MHz
WDW no
SER i}
LE 0.00 Hz
il
[ EE 1.00
II
|
|
|
f
J 18
. b — \
L L By o B L L L B L L B - L B S L B R e
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 0 1.5 0.5 ppm

3.0 2.5 2
|



MeO
MeO

current Datd Parageters
HAME 2701

EX
PROCH

F2 7 Acquisltion Parameters
Date_ 00BL12

Tine

1N5TRUM Spect
FEOEHD 5 mm PADUL 13C
PULFROG | o
m 155?2
SOLVENT 3 o

N5 200
D5 4

FiH E£314E. 14E Hz
FIDRES 0. 1TEE06 Hz
A Z.831 2051 =ec

mm e CHANNEL 2 e
OFRGZ waltzl6

PLLZ
PL1Z
EFOZ 400,131 8005 NH

F2 7 Processing parametecs
Al AE536

aF 100.8127725 MHz
WO no

5B [+]

LE 0.00 Hz
4] o

PC L.40

200 190 180 170 160 150

PRm

37



Current Data Parameters

NAME 2622
EXFRO 1
PROCHO 1
F2 7 MAcquisition Parameters
[ate_ 20081107
Time 17.21
INSTRIM dpx300
PROBHD I mn Q}FBXSIE[
FULFROG zg30
D 32768
SOLVENT CDC1z
@) N5 16
5] 2
- SAH G6172.83% Hz
MeO — FIDRES 0188380 Hz
Ag 2. 6542580 sec
O RE 256
K] 51.000 usec
EJ_E G, 00 Ese«:
300, 0
Meo (]} 1. pO0Q0000 sec
O = CHANNEL f1 —=—-=
HUC1
Pl 10,50 usec
FL1 76,00 48
SFO1 001318534 MH=
F2 ? Processing paramsters
&l 32768
=F 200, 1300026 MH=
WO il
S5B o
I LE .00 Hz
| GE o
PC 1.a0
| m [] l 1 il
e e e e e o L e e e B L e e e e T e
7 6 5 4 3 2 1 0 ppn

\

\

\

\
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Current Data Paraneters
NAME 2092

EXPRD 1
FRICKO L

F2 ? Acquisition Parameters

Date_ 20020115

Tine 1726

INSTRUM spect

FROBHD 5 mm PADUL 13C

FULFROG zga0

T 65538

SOLVENT COC13

NS 16

L& 2

EWH E27E. 146 H=

FI1ORES 0.126314 H=

A 3.05384243 =ac

R 161.

C GO A0 usec

CE 12 .00 usec

TE K 238.0

B 1 0000A0CD sac

MCREST 0. 00000000 sac
WEE 0. 01500000 sac

======== CHANNEL {1 ========

NUC1 1H

Fl 11.50 usec

FLL 76 .00 dB

EF01 400, 1324710 MH=

65536
5F 400 13BO01E MH
W lyal
5B 0
LE 0.00 Hz
GE o
FC 1.00

MeO
MeO
0]
9
[
7.5 7.0 6.5 6.0 55 50 4.5

4.0

3.5

3.0 2.5 2.0

1.5

1.0

0.5

Ppm
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Current Data Parameter
{ANE

it X 20az
EROCHD 1
F2 7 ulsition Faramsters
Foa 20060115
Tia= 18.21
[NSTRIN spect
ERGID 5 mn PADETS
G )
] itz
SOLVENT 1 Cocl
55 )
IS 1
B 21148, 148 ¥
FITRES 0.1TEEDS Hx
@) O A 2.8312051 mec
B 211588,
oW
DE
TE K
MeO A P
d11 g ==
DALTA 0 e
YTFEST 0.0000E000 ==
MeO WAEE 0.61500000 zec

CHAKKEL f1

NIC1
Pl El
O ELL 740
5F01 100, 5228354
9 CHANNEL f2
CFDERGZ
NIC2
PCFD2
PLZ
L1z

FLL1Z 15
SFOR 400, 13180

5 Mz
Ei'! 7 Procsssing parmmster

536
IDD.ELZTT3E MHz

EF

WO no
S5B a

LB 0.00 H=z
GH a

PC L.

200 190 180 170 160 150 140 130 120 110 100 90 8O 70 60 50 30 ppm
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