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General

All reactions involving air- and moisture- sensitive compounds were carried out
under argon atmosphere, using flamed flask and dry, oxygen-free solvents. Diethyl
ether and tetrahydrofuran were distilled under argon from sodium benzophenone
ketyl. HMPA was distilled under vacuum from CaH, Allyl bromide, allyl chloride
and methallyl chloride were distilled under argon from K,COj;. n-BuLi was
commercially obtained from Aldrich and titrated under argon atmosphere by 1M 2
isobutanol solution in toluene, using 1,10-phenantrolin as an indicator. All NMR
spectra were recorded at room temperature with a Bruker-AM-200 and Bruker-AM-
400 instruments. Chemical shifts are referenced to the residual proton or carbon
resonance of the deuterated solvent and are reported relative to Si(CHz)a.

1-Methoxy-2-pentyl-(Z)1,4-pentadiene 3Z

To an ethereal solution (100 ml) of dibutyl cuprate reagent, prepared from Cul
(4.26 g, 25 mmol) and nBuLi (36.76 ml, 50 mmol, 1.36M solution in hexane) was
added dropwise at =50 °C, methoxyallene (2.8 g, 40 mmol) in 20 ml of Et,O. The
mixture was stirred at —40°C for 30 min, while the formation of the alkenyl cuprate
reagent was confirmed by GC analysis. The reaction mixture was cooled down to —
65°C, and allyl bromide (10.15 ml, 120 mmol) in THF (20 ml) was slowly added.
After the addition, the temperature was allowed to reach —40°C and was maintained
at this temperature for 1h. Hydrolysis was carried out by a saturated aqueous
solution of NH,CI/NH,OH=2:1. The mixture was then stirred 1h and then filtered
through a pad of Celite, on a sintered glass funnel (the salts were washed several
times with ether). The aqueous phase was extracted with ether (5x50 ml), the
combined organic extracts and filtrates were washed with a saturated solution of
NH,CI (until the blue color vanished), brine and dried over K,COj. Filtration and
concentration under reduced pressure afforded an orange crude oil, which was then
distilled on Kiigel-Rohr (130 °C/30 mmHg) to yield 6 g (89%) of 3Z. "H NMR (200
MHz, CDCl3) 6 0.85 (t, J=6.97Hz, 3H), 1.15-1.39 (m, 6H), 1.83 (t, J=7.43Hz, 2H),
2.76 (d, J=6.58Hz, 2H), 3.51 (s, 3H), 4.91-5.05 (m, 2H), 5.64-5.81 (m, 1H), 5.77 (s,
1H); °C NMR (50 MHz, CDCl3) § 13.9, 22., 27.7, 31.3, 31., 31.6, 59.1, 114.5,
116.2, 136.6, 142.3.



1-Methoxy-2-pentyl-(E)1,4-pentadiene 3E

The reaction was carried out according to the procedure described above, but in
THF instead of Et,0: Cul (457.1 mg, 2.4 mmol), nBuLi (194 ml, 2.4 mmol), THF
(15 ml), methoxyallene (140 mg, 2 mmol) in THF (5 ml), allyl bromide (0.3 ml, 3.5
mmole) in THF (2 ml). Purification by chromatography on silica gel
(Hexane/EtOAc=90:1) yielded 0.2 g (60%) of 3E. 'H NMR (200 MHz, CDCL,) §
0.87 (t, J=6.88Hz, 3H), 1.15-1.41 (m, 6H), 2.01 (t, J=7.78Hz, 2H), 2.57 (d,
J=6.65Hz, 2H), 3.51 (s, 3H), 4.94-5.06 (m, 2H), 5.65-5.79 (m, 1H), 5.74 (s, 1H); °C
NMR (50 MHz, CDCL) & 13.9, 22.5, 27.7, 31.3, 31.5, 31.6, 59.1, 114.5, 116.2,
136.6, 142.3.

1-Methoxy-2-pentyl-(Z)1,5-hexadiene 4

The reaction was carried out according to the procedure described for 3Z: nBul.i
(5.37 ml 7mmol), Cul (666.54 mg, 3.5 mmol) in Et,O (25 ml), methoxyallene (465.5
mg, 6.65 mmol). Then, freshly distilled HMPA (1.22 ml, 7 mmol) in THF (8 ml)
followed by 4-iodo-but-1-ene (1.27 g, 7 mmol) in THF (5 ml) were dropwise added
at -30°C. The mixture was allowed to reach room temperature and stirred for 3h at
+20°C, then hydrolyzed at —20°C with 3N HCI (16.8 ml). After classical treatment,
the crude was purified by chromatography on basic alumina (Hexane/EtOAc=100:1)
to yield 0.8 g (66%) of 4 as pale yellow oil. 'H NMR (200 MHz, CDCL,) § 0.86 (t,
J=6.79Hz, 3H), 1.24-1.39 (m, 6H), 1.83 (t, J=7.27Hz, 2H), 2.10 (s, 2H), 2.11 (s,
2H), 3.501 (s, 3H), 4.88-5.03 (m, 2H), 5.79-5.84 (m, 1H), 5.74 (s, 1H); "C NMR (50
MHz, CDCl,) § 14.2, 22.8, 26.6, 28.1, 31.6, 31.7, 32.2, 59.4, 114.1, 118.2, 139.2,
142.5.

1-Methoxy-2-pentyl-(Z)1,6-heptadiene 5

The reaction was carried out according to the procedure described for 3Z: nBuLi
(3.86 ml, 5.26 mmol), Cul (500.85 mg, 2.63 mmol) in Et,0 (18 ml), methoxyallene
(350 mg, 5 mmol). Then, freshly distilled HMPA (0.92 ml, 5.26 mmol) in THF (5
ml) followed by S5-iodo-pent-1-ene (1.03 g, 5.26 mmol) in THF (5 ml) and
triethylphosphite (1.35 ml, 7.89 mmol) were dropwise added at -30°C. The mixture
was allowed to reach room temperature and stirred for 17h at +20°C, then
hydrolyzed at —20°C with SN HCI. After classical treatment, the crude was purified
by chromatography on silica gel (Hexane/EtOAc=100:1) to yield 790 mg (80%) of
5. 'H NMR (200 MHz, CDCL,) 8 0.86 (t, J=6.94Hz, 3H), 1.15-1.34 (m, 6H), 1.42 (q,
J=7.89Hz, 2H), 1.82 (t, J/=7.23Hz, 2H), 1.96-2.07 (m, 2H), 3.49 (s, 3H), 4.89-5.02
(m, 2H), 5.73 (s, 1H), 5.75-5.89 (s, 1H); "C NMR (50 MHz, CDCl,) § 14.2, 22.5,
26.4,27.1,27.9,31.4,31.5,33.7,59.2, 114.1, 118.4, 139.1, 142.1.

1-Methoxy-2-(7-octene)-E(1)-heptene 6

The reaction was carried out according to the procedure described for 3Z:
nBuLi (3.87 ml, 5.23 mmol), Cul (498 mg, 2.6 mmol) in Et,O (12 ml),
methoxyallene (347 mg, 5 mmol), freshly distilled HMPA (1.83 ml, 10.46 mmol) in
THF (5 ml), 8-iodo-oct-1-ene (0.88 ml, 5.23 mmol) in THF (5 ml) and
triethylphosphite (1.34 ml, 7.85 mmol) were dropwise added at -30°C. The mixture
was allowed to reach room temperature and stirred for 1 h at +20°C, then
hydrolyzed at —20°C with SN HCI. After classical treatment, the crude was purified
by chromatography on silica gel (Hexane/EtOAc=100:1) to yield 786 mg (66%) of
6. 'H NMR (200 MHz, CDCL,) & 0.86 (t, J=7.04Hz, 3H), 1.27 (m, 14H), 1.81 (t,
J=7.17Hz, 2H), 1.96-2.07 (m, 4H), 3.49 (s, 3H), 4.87-5.00 (m, 2H), 5.71 (s, 1H),



5.71-5.86 (m, 1H); "C NMR (50 MHz, CDCl,) § 14.0, 22.5, 26.7, 27.7, 27.9, 28.9,
29.0,29.4, 314, 31.6, 33.8,59.2, 114.1, 118.9, 139.3, 141.9.

1-Methoxy-2-pentyl-Z(1,4)-trans-hexadiene 7.

The reaction was carried out according to the procedure described for 3Z: Cul
(2.23 g, 12 mmol), nBuLi (19.5 ml, 24 mmol), Et,O (50 ml), methoxyallene (700
mg, 10 mmol) in Et,0 (8 ml), crotylbromide (3.1 ml, 3.0 mmol) in Et,0O (8 ml). The
reaction was complete within 1h 40 min. Purification by chromatography on silica
gel (Hexane/EtOAc=100:1) gives 1.045 g of pure 7 and 66 mg of the isomeric 1-
methoxy-3-methyl-2-pentyl-Z(1,4)-pentadiene (the balance being the mixture of the
two products) 'H NMR (200 MHz, CDCl,) 6 0.85 (t, J=7.15Hz, 3H), 1.17-1.38 (m,
6H), 1.6 (d, J=4.81, 3H), 1.82 (t, J/=7.36Hz, 2H), 2.68 (d, J=5.18Hz, 2H), 3.51 (s,
3H), 5.26-5.48 (m, 2H), 5.73 (s, 1H); "C NMR (50 MHz, CDCl,) § 14.0, 22.5, 27.7,
30.3,31.2,31.5, 31.8, 59.2, 115.0, 125.2, 138.2, 141.9.

1-Pentyl-2-methoxy-Z(1,4)-pentadiene 8

The reaction was carried out according to the procedure described for 3Z: nBuLi
(1.71 ml, 2.4 mmol), Cul (228.5 mg, 1.2 mmol) in Et,0 (10 ml) on methyloxy-hexa-
1,2,5-triene (110mg, 1 mmol) in Et,O (5§ ml). The reaction was stirred over 1 h at -
20°C. Purification by column chromatography on basic alumina (hexane as eluent)
afforded 118 mg (70%) of 8 (Z/E ratio equal 10:1). 'H NMR (200 MHz, CDCl,) §
0.86 (t, J=6.63Hz, 3H), 1.24-1.42 (m, 6H), 1.93 (m, 2H), 2.85 (d, J=6.1 Hz, 2H),
3.46 (s, 3H), 4.39 (t, J/=7.34Hz, 1H), 5.02 (m, 1H); "C NMR (50 MHz, CDCL,) §
14.0, 22.5, 26.4, 30.6, 31.4, 34.9, 54.1, 97.6, 115.3, 136.0, 156.9.

1-iodo-(1,1)-bisdeutero-hex-3-trans-ene

A 150-ml dry 4-necked flask under Ar, equipped with mechanical stirrer and reflux
condenser was loaded with ethyl trans-3-hexenoate (4.25 ml, 0.026 mol) and dry
Et,O (60 ml). Then LiAID, powder (900 mg, 0.0214 mol) was added in portions,
keeping the temperature of the reaction mixture at —5°C. After the addition, the
reaction mixture is heated under reflux for 1h. The reaction was quenched by 1ml of
aqueous solution of saturated Na, SO, at 0°C. After 2h of stirring, the white
precipitate was filtered off, washed several times with ether and the combined
ethereal phases were removed under vacuum (30 mmHg). The crude (1,1)-
bisdeutero-hex-3-trans-ene-1-ol  (84.3%) was without further purification,
transformed into the corresponding mesylate in the step (b). 'H NMR (200 MHz,
CDCl,) & 0.95 (t, J/=7.46Hz, 3H), 2.00 (m, 2H), 2.20 (d, J=6.68Hz, 2H), 5.26-5.40
(m, 1H), 5.50-5.64 (m, 1H); "C NMR (50 MHz, CDCl,) & 13.06, 24.9, 35.7, 60.1(q),
124.7, 135.73.

(b) Mesityl chloride (2.08 ml, 0.027 mol) was added dropwise at 0°C to the mixture
of E-(1,1)-bisdeutero-hex-3-ene-1-ol (2.3 g, 0.022 mol) and Et,N (4.65 ml, 3.3 mol)
in dichloromethane (50 ml). The reaction was allowed then to reach the ambient
temperature, and stirred for 45 min. When the reaction was complete (followed by
TLC, 20% ethyl acetate-hexane), ice water was added and the separated aqueous
layer was washed several times with dichloromethane. The combined organic
extracts were successively washed with an aqueous solution of HCI 1M, brine, then
dried over MgSO, and concentrated, to afford 4.02 g (100% yield) of the crude E-
methanesulfonic acid (1,1)-bisdeutero-hex-3-enyl ester.



(c) To the crude E-methanesulfonic acid (1,1)-bisdeutero-hex-3-enyl ester (4 g,
0.022 mol), Nal (5.32 g, 0.035 mol) and acetone (22 ml). The reaction was over
within 3h, as indicated by TLC analysis. Distillation of the crude residue by means
of Kiigel-Rohr apparatus (80-95 °C/30 mmHg) afforded the title product in 76%
yield (3.58 g). 'H NMR (200 MHz, CDCL,) 8 0.95 (t, J=7.44Hz, 3H), 1.91-2.05 (m,
2H), 2.48 (d, J/=6.47Hz, 2H), 5.31 (dt, J=6.59Hz, 15.54Hz, 1H), 5.38 (dt, J/=6.39Hz,
15.46Hz, 1H); "C NMR (50 MHz, CDCl,) 5.6 (q), 13.9, 25.7, 36.9, 127.5, 135.5.

1-Methoxy-(3,3)-bisdeutero-2-pentyl-Z(1,5)-octadiene 18

The reaction was carried out according to the procedure described for 3Z: nBul.i
(5.37 ml, 7mmol), Cul (666.54 mg, 3.5 mmol) in Et,O (25 ml), methoxyallene
(465.5 mg, 6.65 mmole) in Et,O (10 ml), freshly distilled HMPA (1.22 ml, 7 mmol)
in THF (8 ml), 1-iodo-(1,1)-bisdeutero-hex-3-trans-ene (1.48 g, 7 mmol) in THF (5
ml) were dropwise added at -30 °C. The mixture was allowed to reach room
temperature and stirred overnight at +20°C, then hydrolyzed at —20°C with SN HCI
(12 ml). After classical treatment, the crude was purified by chromatography on
basic alumina (hexane) to yield 294 mg of 18. 'H NMR (200 MHz, CDCl,) 6 0.89-
1.00 (m, 6H), 1.17-1.38 (m, 6H), 1.82 (t, J=7.36Hz, 2H), 1.9-2.05 (m, 4H), 3.51 (s,
3H), 5.35-5.45 (m, 2H), 5.69 (s, 1H).

General Procedure for the isomerization-elimination sequence mediated by
zirconocene 1

A solution of n-butylithium in hexane (2.4 eq) was added dropwise to a stirred
solution of bis(cyclopentadienyl)zirconiumdichloride (1.2 eq) in dry THF at —78°C
under inert atmosphere. The temperature was slowly allowed to reach —50°C and the
substrate (1 eq), diluted in 5 ml THF, was added dropwise, keeping the temperature
below —50°C. When the addition was finished, the cooling bath was removed and
the reaction mixture was warmed as fast as possible to room temperature (the delay
in warming the reaction mixture may cause the formation of side products). It was
then heated to +50°C for 15 min, and the metallated diene is ready for further use,
or, alternatively, can be hydrolyzed by IN HCI, after cooling down to room
temperature. The layers were separated and the aqueous phase was extracted 5 times
with ether. The combined organic extracts were washed successively with sodium
bicarbonate saturated solution, brine and dried over MgSO4. The obtained residue is
finally purified by column chromatography on silica gel.

2-Pentyl-1,3-trans-pentadiene 10

The previously described procedure was carried out on 3Z; (168 mg, Immol) in
THF (5 ml), Cp,ZCl, (350.6 mg, 1.2 mmol) in THF (15 ml) and nBuLi (1.8 ml, 2.4
mmol). The purification of the crude residue afforded the desired diene in 80% of
yield. 'H NMR (200 MHz, CDCl,) & 0.87 (m, 3H), 1.22-1.49 (m, 6H), 1.73 (d,
J=6.08Hz, 3H), 2.15 (t, J=7.96Hz, 2H), 4.80 (s, 1H), 4.83 (s, 1H), 5.71 (dq, J=6.58,
15.72Hz, 1H), 6.01 (d, J=15.77Hz, 1H); "C NMR (50 MHz, CDCl,) & 13.3, 17.5,
21.9, 274, 31.2, 31.6, 111.9, 123.9, 132.8, 145.9. Anal. Calcd for C, H ,: C, 86.87;
H, 13.12 Found: C, 87.10 H, 13.67

1-Iodo-2-pentyl-(Z,E)1,3-pentadiene 11
The previously described procedure was carried out on 3Z; (295 mg, 1.75 mmol)

in THF (5 ml), Cp,ZCl, (614 mg, 2.01 mmol) in THF (15 ml) and nBuLi (1.7 ml,
4.2 mmole). Iodinolysis (1.1 g, 4.4 mmol) in THF was carried out at —-40°C. After



classical work-up, crude 11 was obtained as reddish oil. Due to the high sensitivity
to light, heat and acidic conditions, 11 was quickly purified by florisil (pentane as
an eluent) to afford 11 in 75% of yield. 'H NMR (200 MHz, C,DD,) 6 0.81 (m, 3H),
1.02-1.21 (m, 6H), 1.47 (dd, J=1.19, 6.64Hz, 3H), 2.01 (t, J=7.78Hz, 2H), 5.5-5.71
(m, 1H), 5.75 (s, 1H), 6.42 (d, J=15.8Hz, 1H); "C NMR (50 MHz, CDCL,) § 14.0,
18.5, 22.6, 28.4, 31.5, 35.0, 76.7, 129.8, 132.3, 145.9.

5-Pentyl-(Z,E)-1,4,6-octatriene 12

The previously described procedure was carried out on 3Z; (168 mg, 1 mmol)
in THF (5 ml), Cp,ZCl, (350.64 mg, 1.2 mmol) in THF (17 ml) and nBuLi (1.17 ml,
2.4 mmol). When the formation of the dienyl zirconium derivative 9 was complete
and confirmed by GC analysis, freshly distilled allyl chloride (0.12 ml, 1.5 mmol),
CuCl (9.9 mg, 0.1 mmol) and LiCIl (85 mg, 2 mmol) were added at 0°C. The
solution was then heated to +60 °C and stirred at this temperature for 1 h. Quenching
the reaction by addition of an aqueous mixture of NH,CI/NH,OH (2:1) was done at
room temperature and the solution was worked-up as usual. Further purification by
column chromatography on silica gel (hexane) afforded the expected 12 as a unique
isomer in 70 % yield. 'H NMR (200 MHz, CDCl,) & 0.87 (t, J=6.78Hz, 3H), 1.24-
1.52 (m, 6H), 1.76 (d, J=6.744Hz, 3H), 2.14 (t, J=7.92Hz, 2H), 2.88 (t, /=6.83Hz,
2H), 4.93-5.05 (m, 2H), 5.21 (t, J=7.5Hz, 1H), 5.62-5.84 (m, 2H), 6.24 (d,
J=15.7Hz, 1H); "C NMR (50 MHz, CDCl,) § 14.0, 18.6, 22.5, 28.7, 31.6, 31.9, 34.2,
114.5, 124.0, 125.1, 127.4, 134.6, 137.3.

5-pentyl-1-4Z-6E-nonatriene 13

The previously described procedure was carried out on 4 (182 mg, 1 mmol) in
THF (5 ml), Cp,ZCl, (350.6 mg, 1.2 mmol) in THF (17 ml) and nBuLi (1.65 ml, 2.4
mmol). When the formation of dienyl zirconium derivative was complete and
confirmed by GC analysis, freshly distilled allyl chloride (0.12 ml, 1.5 mmol), CuCl
(9.9 mg, 0.1 mmol) and LiCl (85 mg, 2 mmol) were added at 0°C. The solution was
heated then to +60°C and stirred at this temperature for 2 h. After classical treatment
and further purification by column chromatography on silica gel (hexane), 13 was
isolated as a unique isomer in 68% yield. 'H NMR (200 MHz, CDCl,) & 0.87 (t,
J=6.7Hz, 3H), 1.01 (t, J=7.46Hz, 3H), 1.24-1.50 (m, 6H), 2.05-2.18 (m, 2H), 2.88 (t,
J=6.73Hz, 2H), 4.92-5.07 (m, 2H), 5.23 (t, J=7.48Hz, 1H), 5.65-5.82 (m, 2H), 6.22
(d, J=15.7Hz, 1H); "C NMR (50 MHz, CDCL,) § 13.8, 14.0, 22.5, 26.3, 28.6, 31.6,
31.9,34.2, 114.5, 124.3, 125.0, 132.3, 137.3, 137.5.

5-Pentyl-1-4Z-6E-decatriene 14

The previously described procedure was carried out on 5 (98 mg, 0.5 mmol) in THF
(3 ml), Cp,ZCl, (306.81 mg, 1 mmol) in THF (15 ml) and nBuLi (1.38 ml, 2 mmol).
When the formation of dienyl zirconium derivative was complete and confirmed by
GC analysis, freshly distilled allyl chloride (0.17 ml, 2.1 mmol), CuCl (9.9 mg, 0.1
mmol) and LiCl (110.2 mg, 2.6 mmol) were added at 0°C. The solution was heated
then to +60 °C and stirred at this temperature for 2 h. After classical treatment and
further purification by column chromatography on silica gel (hexane) pure 14 was
isolated in 65% yield. 'H NMR (200 MHz, CDCL,) § 0.83-0.92 (m, 6H), 1.23-1.52
(m, 8H), 2.03-2.18 (m, 4H), 2.88 (t, J=6.86Hz, 2H), 4.93-5.05 (m, 2H), 5.22 (t,
J=7.48Hz, 1H), 5.61-5.9 (m, 2H), 6.21(d, J=15.7Hz, 1H); "C NMR (50 MHz,
CDClL) 6 14.0, 14.3, 22.5, 22.7, 28.6, 31.6, 31.8, 34.2, 35.4, 114.5, 124.2, 126.1,
130.6, 137.3, 137.5.



2-Pentyl-1-3E-decadiene 15

The previously described procedure was carried out on 6 (131 mg, 0.55 mmol) in
THF (3 ml), Cp,ZCl, (208.6 mg, 0.71 mmol) in THF (13 ml) and nBuLi (0.89 ml,
1.43 mmol). Purification by column chromatography on silica gel (hexane) yielded
63% of the desired product 15. 'H NMR (200 MHz, CDCL,) § 0.84-0.87 (m, 6H),
1.23-1.48 (m, 14H), 2.01-2.19 (m, 4H), 4.81 (s, 1H), 4.84 (s, 1H), 5.67 (dt, J=6.78,
15.75Hz, 1H), 5.98 (d, J=15.8Hz, 1H); "C NMR (200 MHz, CDCl,) 8 14.0, 22.5,
22.6, 28.0, 28.9,29.4,29.7, 31.7, 31.8, 32.3, 32.8, 112.7, 130.1, 132.0, 146.6.

2E-47-decadiene 17

The previously described procedure was carried out on 8 (100 mg, 0.59 mmol) in
THF (3ml), Cp,ZCl, (208.6 mg, 0.714 mmol) in THF (15 ml) and nBuLi (1.02 ml,
1.4 mmol). Purification by column chromatography on silica gel (hexane) yielded
17 in 75% yield. 'H NMR (200 MHz, CDCL,) & 0.81-0.90 (m, 3H), 1.25-1.38 (m,
6H), 1.76 (d, J=6.44Hz, 3H), 2.13 (m, 2H), 5.28 (dt, J=7.43Hz, 1H), 5.65 (m, 1H),
5.93 (t, J=10.75Hz, 1H), 6.28 (m, 1H); "C NMR (200 MHz, CDCL,) & 14.09, 22.56,
22.7,27.66, 29.37, 31.5, 31.95. Anal. Calcd for C, H,,: C, 86.87; H, 13.12 Found: C,
87.02 H, 13.56

2-pentyl-3,5-bisdeutero-1,3-trans-octadiene 19

The previously described procedure was carried out on 18 (105 mg, 0.49 mmol)
in THF (5 ml), Cp,ZCl, (434.2 mg, 1.48 mmol) in THF (20 ml) and nBuLi (2.2 ml,
2.9 mmol). Purification by column chromatography on silica gel (hexane) yielded
62% of the desired 19. An unidentified side product was formed as well. 'H NMR
(200 MHz, CDCl,) 8 0.86 (m, 6H), 1.23-1.49 (m, 10H), 1.93-2.06 (m, 1H), 2.15 (t,
J=7.88Hz, 2H), 4.82 (s, 1H), 4.84 (s, 1H), 5.62, (d, J=6.4Hz, 1H); "C NMR (200
MHz, CDCL,) & 13.9, 14.0, 22.1, 22.7, 28.0, 29.7, 31.5, 31.8, 32.2 (1), 112.7, 129.9,
130.6(t), 146.5.

(Nona-1,3-diene-3-sulfonyl)-benzene 21a

A solution of nBuLi (11.8 ml, 17.7 mmol, 1.50M in hexane) was slowly added to the
stirred solution of allylphenyl sulfone (3.0g, 16.5 mmol) in THF (20ml) at —78°C.
After being stirred at —78°C for 30 min, a solution of valeraldehyde (1.80g, 16.9
mmol) in THF (5ml) was added and stirred for 1h at that temperature. Then, acetic
anhydride (7.5 ml) was added and warmed up to room temperature for 2h, followed
by addition of a solution of KOH (10g, 178 mmol) in water (10ml). The reaction
mixture was stirred for an additional 2h. The mixture was then diluted with water
(50ml) and dichloromethane (50 ml). After classical treatment, the crude was
purified by chromatography on silica gel [eluent: hexane-ethyl acetate(1:9)] to give
the title compound 21a as a mixture of two geometric isomers trans/cis 85/15 in 72%
yield. '"H NMR (CDCls, 200 MHz) (major) & 7.80 — 7.73 (m, 2H), 7.56 — 7.37 (m,
3H), 6.96 (t, ] = 7.6Hz, 1H), 6.26 — 6.11 (dd, J = 17.7, 11.5 Hz, 1H), 5.45 (d, J =
17.9Hz, 1H), 5.32 (d, J = 11.6Hz, 1H), 2.30 — 2.02 (m, 2H), 1.46 — 1.19 (m, 6H),
0.81 (bs, 3H); >C NMR (CDCls, 50 MHz) & 143.41, 142.92, 140.05, 132.84,
128.73, 127.64, 125.40, 122.84, 31.19, 28.37, 28.06, 22.14, 13.70.

(1-Cyclohexyl-buta-1,3-diene-2-sulfonyl)-benzene 21b



The previously described procedure was carried out for the preparation of 21b with
cyclohexane carboxaldehyde; Combined yield 70%

21b (E): "H NMR (CDCls, 200 MHz) & 7.75 — 7.71 (d, J = 8.0Hz, 2H), 7.53 — 7.36
(m, 3H), 6.79 (d, J = 10 Hz, 1H), 6.26-6.12 (dd, J = 17.7, 11.6 Hz, 1H), 547 (d, ] =
17.3 Hz, 1H), 5.29 (d, J = 11.6 Hz, 1H), 2.41 — 2.36 (m, 1H), 1.65 — 1.60 (m, 4H),
1.17 (bs, 6H); "C NMR (CDCls, 50 MHz) & 147.83, 140.13, 137.60, 132.87,
128.79, 127.65, 125.48, 122.60, 37.50, 31.80, 25.50, 25.10

21b (Z): 'H NMR (CDCl;, 200 MHz) § 7.81 (d, J = 7.0 Hz, 2H), 7.58 — 7.29 (m,
3H), 6.49 — 6.35 (dd, ] = 17.0, 10.8 Hz, 1H), 6.06 (d, ] = 10.8 Hz, 1H), 5.35(d,J =
17.0 Hz, 1H), 5.10 (d, J = 10.9 Hz, 1H), 3.31 — 3.25 (m, 1H), 1.76 — 1.61 (m, 4H),
1.30 — 0.89 (m, 6H); C NMR (CDCl;, 50 MHz) & 148.05, 141.68, 138.42, 133.12,
131.71, 128.88, 127.04, 118.15, 37.49, 32.39, 25.91, 25.43.

(1-Benzyl-buta-1,3-diene-2-sulfonyl)- benzene 21c

21c¢ (E): White solid, 89%. '"H NMR (CDCls, 200 MHz) & 7.88 — 7.45 (m, 2H), 7.57
—7.33 (m, 8H), 6.43 — 6.28 (dd, J = 18.3, 11.6 Hz, 1H), 5.88 (d, J = 18.2 Hz, 1H),
5.44 (d, J = 11.7Hz, 1H). *C NMR (CDCl;, 50 MHz) & 139.93, 138.60, 138.20,
133.25, 133.08, 130.35, 129.92, 128.88, 128.58, 128.05, 126.40, 123.85.

General Experimental Procedure for the preparation of 24a-c

A solution of nbutyllithium in hexane (3.4 mmmol) was added slowly to a
solution of bis(cyclopentadienyl)zirconium dichloride (1.7 mmol) in dry THF
(10ml) at —78°C. The solution was stirred for 30 min at —78°C and the vinylsulfone
21a-¢ (1 mmol) was added at —78°C. The reaction mixture was allowed to warm to
room temperature very rapidly and stirred for 2h for 21c and overnight for 21a-b.
Then, the reaction mixture was quenched by a 1M HCI aqueous solution and diluted
with ether (10ml). The layer was separated; the aqueous layer was extracted with
ether (3 x 5ml). The combined organic layers were washed with aqueous NaHCO;
(3x10ml), brine (3x10ml) and evaporated under vacuum to afford a crude residue,
which was purified by column chromatography on silica gel using hexane as eluent.

Nona-1,3Z-diene 24a

52 %: '"H NMR (200 MHz, CDCls) 6 6.72-6.53 (dt, J = 16.8, 10.5 Hz, 1H), 5.97 (t, J
=10.9 Hz, 1H), 5.50 -5.37 (m, 1H), 5.14 (d, J = 16.8 Hz, 1H), 5.05 (d, J = 10.2 Hz,
1H), 2.21 — 2.07 (m, 2H), 1.43 — 1.23 (m, 6H), 0.89 — 0.83 (m, 3H). 3C NMR (50
MHz, CDCls) 6 133.10, 132.39, 129.13, 116.63, 31.45, 29.30, 27.72, 22.53, 14.02.
Anal. Calcd for C,_ H : C, 92.25; H, 7.77 Found: C, 92.73 H, 7.95

107 710°

Buta-1,3Z-dienyl-cyclohexane 24b

Yield: 71%; "HNMR (200 MHz, CDCl;) § 6.72-6.53 (m, 1H), 5.87 9(t, J = 10.9 Hz,
1H), 5.28 (t, J = 9.8 Hz, 1H), 5.15 (d, J = 16.8 Hz, 1H), 5.04 (d, J = 9.3 Hz, 1H),
2.45 (m, 1H), 1.60 (m, 4H ), 1.16 (m, 6H ). °C NMR (50 MHz, CDCl3) & 138.9,
132.6, 127.3, 115.1, 36.8, 33.2, 26.0, 25.8. Anal. Calcd for C, H,: C, 88.15; H,
11.84 Found: C, 88.62 H, 12.24

Buta-1,3Z-dienyl-benzene 24c

Yield 73%; "HNMR (200 MHz, CDCl3) § 7.41-7.17 (m, 5H), 6.97 (dt, J=16.8, 11.4
Hz, 1H), 6.45 (d, J = 11.5 Hz, 1H), 6.25 (t, J = 11.4 Hz, 1H), 5.36 (d, J = 16.7
Hz,1H), 5.22 (d, J = 10.1 Hz, 1H ). *C NMR (50 MHz, CDCl3) & 137.36, 133.21,
130.79, 130.42, 129.01, 128.22, 127.04, 119.61.



Transmetallation of vinyl zirconocene 23aZr into 23aCu. Isomerization of
Metallated Dienes.

After the formation of vinyl zirconocene 23aZr, anhydrous CuCl (1.8 mmol) and
LiCl (3.6 mmol) were added to the reaction mixture and heated at 45°C for 1hr.
Then, a mixture of 25% NHj and saturated aqueous solution of NH4Cl (1:1) was
added and stirred for 2h. The mixture was then filtered through celite and washed
with ether (50ml). After classical treatment, the crude product obtained was purified
by column chromatography on silica gel with hexane as eluent to give the
corresponding trans diene exclusively.

Buta-1,3E-dienyl-benzene 24c¢

Yield 73%; "HNMR (200 MHz, CDCl3) § 7.41-7.17 (m, SH), 6.97 (dt, J=16.8, 11.4
Hz, 1H), 6.45 (d, J = 11.5 Hz, 1H), 6.25 (t, J = 11.4 Hz, 1H), 5.36 (d, J = 16.7
Hz,1H), 5.22 (d, J = 10.1 Hz, 1H ). °C NMR (50 MHz, CDCl;) § 137.36, 133.21,
130.79, 130.42, 129.01, 128.22, 127.04, 119.61.

Reaction of 23cCu with allyl chloride
Preparation of E-(2-vinyl-penta-1,4-dienyl)-benzene 29

When the transmetalation step was over as described above, the reaction
mixture was cool down to 0°C and then freshly distilled allyl chloride (5 mmol, 3
fold excess) was added followed by heating at 45°C for 1h. The reaction mixture
was then hydrolyzed with aqueous. NH4Cl and 25 % NHj solution (1:1). The
mixture was filtered off through a celite pad on a sintered glass funnel, and after
classical treatment, the residue was purified by column chromatography on silica gel
(eluent hexane) to give the title product in 76% yield. '"H NMR (200 MHz, CDCI3) &
7.37 (m, SH), 6.62 (s, 1H), 6.55 — 6.41 (dd, J = 17.4, 10.7 Hz, 1H), 6.10 (m, 1H),
5.29 (d, J = 17.4 Hz, 1H), 5.15 - 5.07 (m, 3H), 3.22 - 3.18 (m, 2H); "°C NMR (50
MHz, CDCl;) & 140.36, 137.45, 137.26, 135.95, 132.80, 128.77, 128.18, 126.94,
115.87, 113.70, 31.30. Anal. Calcd for C, |H,,: C, 91.70; H, 8.28 Found: C, 91.45 H,
8.66

Preparation of cis-3-bromo-4-phenyl-1,3-butadiene 25'

When the transmetalation step was over as described above, the reaction
mixture was cool down to 0°C and then NBS (1.7 mmol, 1.7 eq.) was added. After
classical treatment, the residue was purified by column chromatography on silica gel
(eluent hexane) to give the title product in 61% yield. '"H NMR (200 MHz, CDCl5) &
7.70 (d, J=6.9 Hz, 2H), 7.41 — 7.25 (m, 3H), 6.97 (s, 1H), 6.56 — 6.43 (dd, J = 16.2,
10.4 Hz, 1H), 5.72 (d, J = 16.2 Hz, 1H), 5.33 (d, J = 10.3 Hz, 1H). *C NMR (50
MHz, CDCI13) 6 137.11, 135.57, 132.31, 129.55, 128.27, 128.15, 123.92, 119.02.

Preparation of 3E-(1-benzylidene-allyl)-cyclohexanone 30

A premixed solution of cyclohexenone (0.18 ml, 1.8 mmol) and TMSCI (0.3
ml, 2 mmol was added to the mixture in THF at 0°C. After 30 min, the cool bath was
removed and the reaction mixture was stirred overnight at room temperature. After
usual work-up, the purification by column chromatography on silica gel afforded 30
in 59% yield. "H NMR (200 MHz, CDCl3) § 7.35-7.13 (m, 5H), 6.64 (s, 1H), 6.50 —



6.36 (dd, J = 17.2, 10.9 Hz, 1H), 5.56 — 5.47 (dd, J = 17.4, 1.3 Hz, 1H), 5.18 - 5.13
(dd, J = 10.8, 1.1 Hz, 1H), 3.24 — 3.12 (m, 1H), 2.53 (t, J = 14.0 Hz, 1H), 2.35 -
2.24 (m, 3H), 2.11 — 2.01 (m, 1H), 1.84-1.78 (m, 2H), 1.68 — 1.62 (m, 1H); *C
NMR (50 MHz, CDCl;) & 210.75, 142.19, 137.09, 136.02, 128.62, 128.36, 127.28,
126.92, 115.86, 46.33, 41.13, 39.20, 30.03, 25.37. Anal. Calcd for C H,O: C,
84.91; H, 8.01 Found: C, 85.23 H, 8.44

Preparation of trans-(hept-6-en-2-one)-benzene 28

Yield: 75%; "H NMR, (200 MHz, CDCl3) 8 7.36 — 7.20 (m, 5H), 6.50 (s, 1H), 6.46 —
6.32 (dd, J = 17.6, 10.8 Hz, 1H), 5.24 (d, J = 17.6 Hz, 1H), 5.12 (d, J = 10.8 Hz,
1H), 2.77 — 2.57 (m, 4H), 2.11 (s, 3H); "C NMR (50 MHz, CDCl;) § 207.81,
140.05, 138.97, 137.77,132.14, 128.54, 128.35, 126.92, 113.00, 42.67, 29.74, 20.66.
Anal. Calcd for C, H O: C, 83.95; H, 8.05 Found: C, 84.22 H, 8.62

147716

Pd-Catalyzed Cross-Coupling Reactions

Preparation of cis-(2-vinyl-oct-1-en-3-ynyl)-benzene 26

When the transmetalation step was over as described above, the reaction
mixture was cool down to room temperature and Pd(PPhs), (10%) and 1-iodohexyne
(1mmol) was added. The mixture was heated to reflux at 68 °C for 4hrs. Then, after
hydrolysis and classical treatment, the crude was purified by chromatography on
silica gel (eluent hexane) to afford the desired product in 61% yield. '"H NMR (200
MHz, CDCl3) 6 7.44-6.87 (m, 10H), 6.78 — 6.64 (dd, /= 17.2, 10.4 Hz, 1H), 6.56 (s,
1H), 5.13 (d, J = 10.4 Hz, 1H), 4.83 (d, J = 17.3 Hz, 1H), 2.83 (s, 3H); "C NMR (50
MHz, CDCl;) 6 142.17, 142.03, 137.10, 134.00, 132.51, 131.60, 131.31, 130.30,
128.17, 127.06, 116.50, 21.23.

Preparation of cis-(2-vinyl-oct-1-en-3-tolyl)-benzene 27°

The same experimental procedure was used with piodotoluene and 27 was obtained
in 59% yield. "H NMR (200 MHz, CDCl;) § 7.89 (d, J = 7.0 Hz, 1H), 7.38-7.18 (m,
4H), 6.62 (s, 1H), 6.55 - 6.41 (dd, J=16.9, 10.1 Hz, 1H), 5.71 (d, J=17.4 Hz, 1H),
5.24 (d, J =10.0 Hz, 1H), 2.51 (t, J = 6.8 Hz, 2H), 1.70 — 1.42 (m, 4H), 0.95 (t, J =
7.3 Hz, 3H); >C NMR (50 MHz, CDCl5) § 141.81, 138.73, 136.22, 128.90, 128.12,
128.03, 121.71, 119.04, 115.96, 30.69, 22.08, 19.48, 13.60.

References
(1) Krijnen, Erik, S.; Zuihof, H.; Lodder G. J. Org. Chem. 1994, 59, 8139
(2) Leach, Andrew G.; Houk, K. N. J. Org. Chem. 2001, 66, 5192



leujolojmjml =] < wjwo| < ]
onlai i si=
0| —aulenfiol (ol s injcutl ol
mlou|ojeolhols <)

\ohol~sis = {mimim|c
777777‘777777
=

SM03/089-PURE

(= WO |
~io| o) |
@i W[~ @y
)} ™~ 0|
o] T 0l
LOJO| 0| ~|

W
__ /yw/ moﬁﬂ??
/1/1/?
J
. P Y
| L
_
| |
_—
|
lf\L f&cif{»t
—
<€
o - | ol 52l
& F EB 8 B A
W oy JL o ) )
_|.|1___A,_A____A____A_A_.,_.,___ .____._,_____________.__,,_._.__.*_.‘_“V_,,_‘1.|q
8.0 7.8 7.0 m.,m 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.9 2.0 1.5 1.0
ba N PPM

|



@ 7 INTEGRAL
o]
—_— e ———
[fezs Q\ —

~N — J—

A TF \\ —— — e

w | S —_— -

o

ol 6.87283

§2.1 == — 82196

o]

o L
— - 6.22595
.—x D — ) 16§1Q

o]

(=0
] L

9 5T Paw —_

o ] R

67.2 TR S
] [

o

o |

oA

o] b =2

% ; s

o] \ %

4 s

w ]

o

w

(=2

n '—/—

o [T 6B.9 — 2.40728
i AN

o

o
] / \ 1727

. :% — _ 8038

Sy

o
T™382.3 _ 1.23522

o]




ori 0S7 091

0ET
I

oet
.

ory
i

L

oot

06

Wdd

08

ov

0€

0c

ey

PPM

147.832

140.128
137 .606

mr
If

101.088

77.699
77.075

w
=z
o
N
o
o
[02]
=

37.507

_ 31.800

25.502
= 25.099

—



oo ~iNjo] < olojay wlay ujol mla~N<loolololo] o mlofhol
Ol OO i~ NN QO OO, |cof s} o = O
OlO| < |oulao) <O fse/an ~| T HO|ONQOf<—+hO|r~| [l ™~ oo[~+a0| <7

7| FaX e Ik ) ~H0|o) Of ©f< o)l ity < O~ | s]
=T LI9 hng an O] 07| ~ i~ o)) (D] JOU Ol <~ &

[P (ONORORO| OO [Ts) OO o)




SM04.006C

(ORI | C0IM)| WOIO|M)| (oo} WO
o~ [~ gl o enien| Oy miojol || oo |
(anjco(r~ |t L] < ©0|fM) <o OIC
colooco [P HOICUIa0) 7./. ) Qa0 ‘.Wﬁ L
cujcutadlouloutouoalouf < I~ ~|er foulculo|

o\

I | A . L i

T
100 80 60 40
PPM

T i
160 140 120



Wdd

| INTEGRAL PPM
L\ —

D
D|O|m}

Ao

o
o
N
o | N
w ]
o] /";
1 V2R
J N
> S
o
1 -
] 2.68407
_ 2.64692
B
n
i 2.34809
o 7 2.31166
i = 2.27487
14.01 — 2<227_1.5_
*.:LAM
] 91504
> 87892
4 60927
i 55794
52122
1 . 48714
o 45228
b 41767
:ﬁ‘ 31000
32.86 — é%u
il 59248
o ~— 23926
ol _:g:i
Te277 = — Raoad
~— — 248
1 132
J 710




Wdd
‘ov 09 0°08 0°007V 0°'oct 0" ort
| | 1

0°0¢c

i

PPM

/ \

nojrolrofrolnojrofw|wiw |s]s (s s

;

o)
~

& N

= R

[N o)

77.002 ‘k

: ]

g RN

A

. waJ\“




oMU4 . U3d0o

paisel o 28N Sl
T~ o] @
ool : [ S
W Y
4/? + ﬁJ“(
A4
2 o$%
-
~
_
_ I 1]
!\w
-
HAH i O /iy
a 5 Y N
m ) ol | e | |l
T T T L EEL L A S B B B BB B B LS LS I I B
7.9 7.0 .5 5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0



SM04 .056

47 70701 ~| al @[~~~

- ool ™) of <o~

2, ~woln o 6] w|o|™m

37 olo|o|@| ™~ @ ~|~|w0|

™ Myl o -~ ~I~ |~
| - p

i

il
]

————— ?E}

B o s e s ) s B B L AR I LA e e s s s B A AL ENLL NN A e e TR i e o e L B (SN BSOS R

& i = 19N 105 120 115 110 105 100 g5 90 85 80 75 70

éa 139-3¢10
=
-_



SM04/081-PURE

| <—Jojr~| < || |unf<rjooirs| <] <t~lio|o]
[T~ G0 0oL € ONOROIC
Of (RO O T |~ ) OO
9 fodloin]~fofenf <ol o|-4w0|
leojo|dir o <~ cenjoul—|
I}oleolwolwlwlololololwl| nfofiolie

m&/“/\\

! _

|

]

N

<
O 10|

4 INTEGRAL

1.53100

LA I B B S B

o

]

e
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
PPM

LN AL AN B RO R e B B e B B B B B LML MRS ot

T T

3.

0

2.5



Wdd

‘08 0007 O'III)EI 0'(?71
L
Il

0°09

0°'ov

002

PPM
__145.909%

1l

ro{rOINVIPIPO LW

117 .562

77.637
\/ — 76.996
— 76.365

i i
3
2
3
3
f
3
3
|
A
3
2
<
4
jL
3
‘5&
k]




INTEGRAL

PR BT R R N SO MR |

A

T RO

ds
D

N

PRI

|
o
o

TN B

A

PR BN SETIE TN TSI W TR S S

il

23.3

,kA.‘.u‘l|.,l..-l)

1

oioolojojol|oy
R
)
)
=
o)

n
i
(82
jw
o
it}

e
N
I~
N
N

Ei?n
I
©lo|
N
ofn

.24216

.23055
.21547
.20883

0

1.53384

1.27073

£G0/VONWS

Ge)




097

0ct

001

08

09

ov

0¢c

o

A

e

PPM

I
=
w

Bl

132.80
2877

C
= |W|DHVIO | VDO ™

.42

115.872
.721

31.290

€GO/ OWS



v L v

PPM

S—
[T niofu v o o) o
olr DO |l (< <l < [ss;
~olnlmlous|—ier e mioyf 0| O
= oloojoioismitimi o TN = %
a ~NNolss Ujouied € N m{m)| o
& NN lololoke reins 2o - -
L
/\r\w
.w.«
4
<€
[o fe} oyl (s3] Tg) )
5] o < <} Ga o ]
= <] o o o )
z <
L e e e e e e e e e e S e 1 e L B B B L B B B R B B LI B B B DL AL R
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.



Wdd

oy 0S 09 0L 08 06 00% (39 oct 0ET ort 067

0€

W
|

PP

o

> >
Wi
o~
(65159
I~
N~

OHON| B >

o|olon|o||m|w)|

oo|oo|ms|w|w)!

LDU'A:an nloloiw

MNPV PVINDINDIND L)

)|
e

119.

(=]
iy
In>

77.637
- 77.003

— 76.370



\1;1 INTEGRAL

w ;——_/__
3.485 P —
] *
= -
o
(=>4 o

.| i
ol '
’ L

- — :

I 5 — =

o]

I

o | 0
3] 3
[ RSN ' ~

i o
~ < o A

- ~

N I
=
w ]
o] |
|
w 1
o

2871
o
o

] ‘ 214834

e e S— 5.11938
n
< -

1 ' 1.72875
b 1.59369
o 1.42327

. 139571,

} ‘ sago |

B ,i}»uw MM

A



SM04.047

<lonjwls oy <dwlay 3V
0o ioofT |l Tt {an) o
Slaio]—{~lnimio) O
ojo|rijoui=lootonir ol ™)
Simimimimimiadcdeulod

-

49.877
42.668
29.740
29.627

7.371
20.659

T T T
200 180 140 120 100



~==—GW0%.040-AFTER COLUMN . : , T

< | SOl inl . . ool olololiolaioolo|o) ool <! OZiEE <tho
iz I £3, i e O T O] O[O =D 347567627716670108%
o R 9 Kaiilyile Lo <l joloir o]~ o|onf T ool Ol T |
) i aY < M cculo t=! o Mico|cocolr~ir~Ir~{O[WO{Olrer
)| s mic n. deu|eajcaleujadoviad RE———

,_ in _ ‘ : a‘s,.‘.ﬁ j o X\ Wl\

4 ~

& e /

.2170

1.1874

i INTEGRAL

5 50 4.5 4.0 3.5
PPM

~
(&)
~
o
()]
(&)
(o)}
o




nuy

00e

087

097

ov?i

0et

007

08

08

ov

142.187

137.089
— — 136.018

ekt sackl b ot bt

el

b 115.857

)

it At etk
~J|
o
(o8]
o]
|

46.328

41.134
— — 39.196

30.032
25. 366

Wﬁr&‘rﬂlﬂmmrm hpiphisipioly



Nob 5

CDCL3

-
[}
~
k-3
~
n
~
(=]
o
@
o
()]
=2}
I
=]
n



——— —

SM04.040 200"0LD" 1D NOE S3=53L

L
NN\

N\ —

-

—




AN

PPM

[~
eI
oo
(o
s
O~

i~
INH

3~y

siololo|o]-s i)

—irolo |iloilm|wm|wojw
)|
ke
(s}

2.37798
= 2.35222
2.32642

1
I




oMU4.UD1

NE SEEeeE! o Som s 3
= N e e i Y I e Y e i b 1)
g Y Semmeaa b= NN e & ~
- o
XXX &/]\//\
_
_
_
Il
_
I
.\{Lﬁ i, St
T T T T T T T T T T T T T T T
140 130 120 80 60 50 40



1 INTEGRAL

L

0'¢L

$

A

)

)

l

ﬁ
ol vA(_\'llﬂ
Ol
5
=

NN
inojrololwiw)

/

SN
PN

!

&
<
4

o

o
=
10|
L

|

ey
I~
N
{n|

(oo
[
O
ino|

SIININGLE

oloiol~in

o

=

|

Ol i)

|

o
o

NNARE




0€ oy 0G 09 0L 08 06 007 (119" oct 0€7 ort

oe

1

)

P,

i

Diojofo
|
"

TGO

116.211

100.086




~ (093(0-88 SM04/076-CISDIENE ?

I~ - T[] OO~ (O OO O O T [T O) ~ <~ 0| -

bt < SN OHAO O I OOICO{CUOROICIRO(CRILOIONIC | U T |0 CUl OO o

< OO NNOROINCNUHOND! T [OIOO{T<HLON [N THHO] tOfu LI O~ (a0l )

= i i~y OO}~~~ @D| ("] QO [~ T O T e T laojue (o1 e 0 -~

a OO~~~ OO a = o<l ufouicul 0| coj ™| O
~| [te! Te' 0 .MM cutoujatada

o o
© o

XXy

._...._‘_n.____4_______,.___.~___ T

INTEGRAL

LN N s e B A S st B B R I B B L AN T SN S L L B L L

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 . . . . . 0.0



Wdd

0L

09

0S8

oy

0€

0c

(09

1

PPM \

57.6005

= 56.8887

_ 53.6256

mm
ol
=N G0D
i

_41.14351

oo~
oo

él

9/.0/V0OWS

-44.0467

-46.1919

— -47.7743

-52.9586

-60.3750

—-61.4646



INTEGRAL

o.)j

T

©raros’ .
——__x

w

m~—/—
_16.62

;30,08

LT T~

o

|

w

o

0. 4

Jo

<

w.

[&4)

w

o

n I

o170
.

g i

O——\——
78,08

= ;

~ 1106730

O . \

loolonjojonjoy
nlujololo
o)

~ololoifolonjolon
lolof-f=jrotrotu

Inolol~iolol]
> JLolL ~ge->
|

~io|

:

TN
-—xmkn

O

N

ol
Ol~lim! i~ v [OTlcolon

w0

I~

)|

|
Iwlroltrlojfof| s ofd

i
Ol
ROy
)
=
-0

[ R

=

"7 OWS

3



ov?

0T

oct

(113

007

06

V}-}

UL

vo

v

(O

PPM

32.87

127.235

116.638

77.628

76. 360

93

6E0 " FOWS




PPM
7.23976

e

.81189
. /7663

64345
05211
5190

4395

.40510
. 79556
. 76265

S

INTEGRAL

. 998

8671

24491

2.446

8.711

3.709




N

09 08 0071 021 ovt

ov

PPM

142.351

@(mw

. 136.603

116.247

114.592

59.139

hee
()]
I~
o

iwlw|w
NN

L |0}
OO
| |0

Ino|
~
~
N
O]

22.506

13.966

. aENA PTA-SN



Fs; 4IfTEGHAL . 7?2%837
<l ——feSRAL
o

i .
@]
18
o ]

o] 5.73998
°] 5.63586
] R
i 5,460
. 212008

= B
“ 1 5. 36911
] 5.34345
] ;.5_4?:
2 4.92449
© 4 791695
.-
o
N
3o
= J
: 3.51254
2 —3.47690
[8;]
i
> S 2.80226
° ; % 2.76900
Iy 271546
5680
o
7 E
(&1
Beo
i N
m: % M '3?957)3
o e T =:
i - \ 60885
J— q 561
S
[¢] d .3
)I)l) 32197
& - 26089
- IN1.24175
f T17124
B . 410
074z
_ LY
6-0 N\_88758
g\ o “B2181
IR




