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General

All reactions were performed under nitrogen or arggmosphere in flame-dried
glassware equipped with a magnetic stir bar andibdbar septum, unless otherwise
indicated. All solvents were freshly distilled qrito use; diethyl ether and THF over
sodium and benzophenone; toluene, DMF, triethylamidMSO, DME, and DCM over
calcium hydride. MgBrOEb was prepared in our laboratory and stored in tlogeg
box. All other commercial reagents were used withourification, unless otherwise
noted. Reactions were monitored by thin layer ctatmgraphy (TLC) analysis of
aliquots using glass sheets pre-coated (0.2 mmn thigkness) with silica gel 60§ (E.
Merck). Thin layer chromatography plates were @dwinder UV light and stained with
phosphomolybdic acid gp-anisaldehyde staining solution. Column chromatphbres
were carried out with silica gel 60 (230-400 melsterck). *H and**C NMR spectra
were recorded in deuterated solvents, on Bruker ABOR MHz and Bruker AMX 500
MHz spectrometers. IR spectra were recorded wiBomem Michaelson 100 FTIR
spectrometer. HRMS were obtained on a Kratos Aially Concept instrument
(University of Ottawa Mass Spectrum Centre). Migave reactions were conducted in a
CEM Model ESP-1500 Plus oven, equipped with a ESTBlus temperature probe. All
experiments were effected in a quartz tube in thegnce of two carboflons.™

2-1sopropenyl-cyclohexanol and 2-Isopropenyl-cyclogxanone (A)

MHj . Mﬁj A dry round bottom flask was charged with CuBr-DMS
(4.810 g, 23.4 mmol) and THF (300 mL). The solutweas

cooled to -30 °C, followed by the addition of isopenylmagnesium bromide (608.0 mL,

0.304 mol). The mixture was stirred for 20 minutaiswhich point cyclohexene oxide

(22.96 g, 0.234 mol) was added and the solution stia®d to room temperature. The
reaction was followed by TLC and quenched with s;8H(sat. aq.) upon completion.
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The mixture was extracted with diethyl ether (3n)l ahe combined organic layers were
dried over MgS@Q filtered,and concentrated. A dry round bottom flask wasgdth
with oxalyl chloride (9.69 mL, 0.111 mol) and DCKIOQ mL). The solution was cooled
to -78 °C, and DMSO (15.8 mL, 0.222 mol) was slowlyded. After 20 minutes of
stirring, the crude alcohol in DCM (20 mL) was adde give an opaque white mixture.
The latter was stirred at -78 °C for 1.5 hourslofwed by the addition of triethylamine
(64.4 mL, 0.463 mol). The solution was again stirat O °C for an additional hour and
guenched with NECI (sat. ag.). The mixture was extracted with DQ3%) and the
combined organic layers were dried over MgS€@itered, and concentrated. Flash
chromatography (3-10% ethyl acetate in hexanesyddtl A (9.690 g, 76% over two
steps) as a yellow oil. Characterization datavilable through the literature.

1-Ethynyl-2-isopropenyl-cyclohexanol (B)

OH To a solution of keton& (1.055 g, 15.9 mmol) in THF (40 mL) at 0 °C was
added dropwise ethynylmagnesium bromide (94.8 nm.4 4nmol). The
N\ solution was warmed to room temperature and allowedtir overnight.
The reaction was quenched with MH (sat. aq.) and the mixture was
extracted with diethyl ether (3x). The combinedanric layers were dried over MgaO
filtered, and concentrated. Flash chromatograpPy €thyl acetate in hexanes) afforded
the major diastereoisomesq:40) B as a yellow oil (2.421 g, 59%). IR (neat, 53548
(m), 3468 (br), 3307 (s), 3079 (w), 2938 (s), 28856 1639 (m), 1447 (m), 1071 (m), 972
(s): *H NMR (CDClk, 300 MHz)8 4.95 (s, 1H), 4.79 (s, 1H), 2.37 (s, 1H), 2.2313),
2.18-2.08 (m, 2 H), 1.92 (s, 3H), 1.72-1.37 (m, 6H)28-1.12 (m, 1H)}*C NMR
(CDCl3;, 75 MHz) 6 148.4 (C), 112.8 (CH), 89.0 (C), 71.7 (CH), 67.4 (C), 52.8 (CH),
40.1 (CH), 27.0 (CH), 26.1 (CH), 26.1 (CH), 20.8 (CH); HRMS (El) m/z calcd for
Ci1H14 [(M-H 20)+] 146.1095, found 146.1095.

1-Ethynyl-2-isopropenyl-1-prop-2-ynyloxy-cyclohexang7)

It To a solution ofB (2.545 g, 15.5 mmol) and propargyl bromide (5.116, m
J 46.0 mmol) in THF/DMF (9:3 mL) was added sodium tigd 60% in oil
? (2.860 g, 46.0 mmol) slowly at room temperature.he Treaction was
Es& followed by TLC and quenched with N&I (sat. ag.) upon completion. The
\ mixture was extracted with diethyl ether (3x) ar tcombined organic
layers were dried over MgSQ(filtered, and concentrated. Flash chromatogra(@%y
ethyl acetate in hexanes) afforde(2.568 g, 81%) as a yellow oil. IR (neat, tn3303
(s), 3073 (m), 2934 (s), 2858 (s), 1641 (m), 1448 1376 (m), 1143 (m), 1094 (s), 1063
(s), 892 (s)!H NMR (CDCh) 6 4.81 (d, J=1.2 Hz, 2H), 4.24 (ddg ¥ 15.2 Hz, dx =
2.5 Hz, 1H), 4.13 (dd,ad = 15.2 Hz, gk = 2.5 Hz, 1H), 2.48 (s, 1H), 2.34 (t, J = 2.5
Hz, 1H), 2.25-2.12 (m, 2H), 1.86 (qd, J = 12.4, BZ 1H), 1.78 (s, 3H), 1.75-1.67 (m,
1H), 1.60-1.38 (m, 4H), 1.33-1.16 (m, 1HJC NMR (CDCE) & 146.6 (C), 113.5 (CH),
84.2 (C), 80.9 (C), 75.9 (C), 74.9 (CH), 73.1 (CH4,3 (CH), 51.9 (Ch), 35.8 (CH),

! (a) Onishi, T.; Nishida, T.J. Chem. Sacl978 651. (b) Fujita, Y.; Onishi, T.; Nishida, TSynthesis
1978 12, 934. (c) Utagawa, A.; Hirota, H.; Ohno, S.; Tla&shi, T. Bull. Chem. Soc. Jpi988 61, 1207.
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26.2 (CH), 25.7 (CH), 22.1 (CH), 20.6 (CH): HRMS (EI) m/z calcd for GH10 (M")
202.1358, found 202.1348.

2-1sopropenyl-cyclopentanone (C)

mmoles) and THF (100 mL). The solution was codted30 °C, followed

o by the addition of isopropenylmagnesium bromide{98L, 46.4 mmoles).
The mixture was stirred for 20 minutes, at whichnpayclopentene oxide (3.11 mL,
36.0 mmoles) was added and the solution was stiocedom temperature. The reaction
was followed by TLC and quenched with MH (sat. aq.) upon completion. The mixture
was extracted with diethyl ether (3x) and the carabiorganic layers were dried over
MgSQ,, filtered,and concentrated. The residue was re-dissolvddethyl ether (50 mL)
and Jones’ reagent (20.6 mL, 53.5 mmoles) was gladtled at 0 °C. The reaction was
allowed to reach room temperature. Upon completisnobserved by TLC analysis, the
reaction was quenched with W&l (sat. ag.). The mixture was extracted with fuet
ether (3x) and the combined organic layers wereddiover MgSQ@ filtered, and
concentrated. Flash chromatography (15% ethybse@t hexanes) affordecl (2.145 g,
48%) as a yellow oil. Characterization data isilats#e through the literature.

@/J\ A dry round bottom flask was charged with CuBr-DNIE733 g, 3.57

1-Ethynyl-2-isopropenyl-cyclopentanol (D)

o To a solution of keton€ (2.145 g, 17.3 mmol) in THF (40 mL) at O °C was
added dropwise ethynylmagnesium bromide (69.1 mL6 3nmol). The
\ reaction was warmed to room temperature and sturgd completion by
TLC, at which point it was quenched with WH (sat. aq.). The mixture was
extracted with diethyl ether (3x) and the combir@danic layers were dried over
MgSQ,, filtered, and concentrated. Flash chromatogrdfB9o ethyl acetate in hexanes)
afforded the major diastereoisomé6(34) D as a yellow oil (0.989 g, 38%). IR (neat,
cmi’) 3496 (br), 3305 (s), 3085 (W), 2969 (s), 2923, (8875 (m), 1640 (m), 1450 (m),
1376 (m), 1019 (m), 896 (m), 649 (M NMR (CDCk, 300 MHz)& 5.03 (s, 1H), 4.89
(s, 1H), 2.60 (m, 1H), 2.41 (s, 1H), 2.19-1.97 @hi), 1.92 (s, 3H), 1.85-1.53 (m, 4H);
3C NMR (CDCE, 75 MHz)$8 143.9 (C), 113.5 (CH), 87.9 (C), 73.2 (C), 71.84JC57.9
(CH), 42.2 (CH), 28.4 (CH), 25.2 (CH), 21.8 (CH); HRMS (El) m/z calcd for
C10H140 (M") 150.1045, found 150.1016.

1-Ethynyl-2-isopropenyl-1-prop-2-ynyloxy-cyclopentae (14)

41.4 mmol) in THF/DMF (30:10 mL) was added sodiuydide 60% in oil

J To a solution ofD (2.070 g, 13.8 mmol) and propargyl bromide (4.61, mL
o (1.656 g, 41.4 mmol) slowly at room temperaturdie Teaction was followed
L%\/K

by TLC and quenched with a saturated aqueous soluf NH,ClI upon

2 Sate, T.; Takezoe, KTetrahedron Lett1991, 32, 4003.
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completion. The mixture was extracted with dietbyler (3x) and the combined organic
layers were dried over MgSQ(filtered, and concentrated. Flash chromatogra(@%y
ethyl acetate in hexanes) affordbti(2.234 g, 86%) as a yellow oil. IR (neat, 3297
(s), 3076 (w), 2970 (s), 2875 (m), 1640 (m), 145, (1375 (m), 1185 (m), 1065 (s), 894
(s);*H NMR (CDCk, 300 MHz) 4.88-4.86 (m, 2H), 4.25 (ddgX 15.5 Hz, dx = 25 Hz,
1H), 4.16 (dd, & = 15.5 Hz, gx = 2.5 Hz, 1H), 2.62-2.54 (m, 1H), 2.54 (s, 1HB2(t,

J = 2.5 Hz, 1H), 2.32-2.24 (m, 1H), 2.03-1.86 (H),21.85 (s, 3H), 1.83-1.56 (m, 3H);
¥C NMR (CDCE, 75 MHz)5 143.7 (C), 113.7 (Ch), 84.2 (C), 82.6 (C), 81.4 (C), 75.2
(CH), 73.7 (CH), 58.3 (CH), 53.3 (GH 38.9 (CH), 28.1 (CH), 23.0 (CH), 21.6 (CH);
HRMS (EI) m/z calcd for gH160 (M*) 188.1201, found 188.1117.

2-Ethynyl-bicyclohexyl-1'-en-2-ol (E)

OH To a solution of 2-(1-cyclohexenyl)-cyclohexanoB&0 g, 22.4 mmol) in
Es/g THF (60 mL) at 0 °C was added dropwise ethynylmagme bromide

A\ (67.2 mL, 33.6 mmol). The reaction was warmedtmm temperature and

stirred until completion by TLC, at which point was quenched with

NH4CI (sat. ag.). The mixture was extracted with ldieether (3x) and the combined
organic layers were dried over Mgg@iltered, and concentrated. Flash chromatography
(5% ethyl acetate in hexanes) afforded the majastdreoisomer6Q:40) E as a white
solid (2.454 g, 54%). IR (neat, €N3439 (br), 3253 (M), 2939 (w), 1642 (M) NMR
(CDClg, 300 MHz)8 5.53 (s, 1H), 2.51-2.40 (m, 1H), 2.34 (s, 1H),52(8, 1H), 2.13-
2.06 (m, 1H), 2.04-1.89 (m, 4H), 1.71-1.32 (m, 108)26-1.11 (m, 1H)}*C NMR
(CDCls, 75 MHz) 140.8 (C), 123.8 (CH), 89.4 (C), 71.4 (¢H7.6 (C), 53.0 (CH), 39.9
(CHy), 32.3 (CH), 26.8 (CH), 26.3 (CH), 25.7 (CH), 23.4 (CH), 22.8 (CH), 20.9
(CH,); HRMS (EI) m/z calcd for GH»O (M*) 204.1514, found 204.1498; m.p. 77.5-
78.3 °C.

2'-Ethynyl-2'-prop-2-ynyloxy-bicyclohexyl-1-ene (20

13.7 mmol) in THF/DMF (9:3 mL) was added sodium tged 60% in oil

(0.548 g, 13.7 mmol) slowly at room temperaturehe Treaction was

followed by TLC and quenched with N@&I (sat. ag.) upon completion.

\ The mixture was extracted with diethyl ether (3x)dathe combined

organic layers were dried over Mg&Qiltered, and concentrated. Flash
chromatography (5% ethyl acetate in hexanes) a#tb20 (0.938 g, 99%) as a colourless
oil. IR (neat, crit) 3307 (s), 2930 (s), 2856 (s), 1447 (m), 1137 0Y1 (m), 1072 (m),
1056 (m);*H NMR (CDCk, 300 MHz)8 5.54 (s, 1H), 4.26 (ddad = 15.2 Hz, dx = 2.5
Hz, 1H), 4.15 (dd, »b = 15.2 Hz, dx = 2.5 Hz, 1H), 2.44 (s, 1H), 2.34 (t, J = 2.4 Hz,
1H), 2.17 (m, 2H), 1.98 (m, 4H), 1.85 (qd, J = 186 Hz, 1H), 1.73-1.69 (m, 1H), 1.58-
1.36 (m, 8H), 1.32-1.21 (m, 1H)*C NMR (CDCk, 75 MHz)$ 138.9 (C), 124.7 (CH),
84.8 (C), 81.5 (C), 76.7 (C), 75.1 (CH), 73.4 (CH3,3 (CH), 52.3 (Ch), 36.5 (CH),
28.1 (CH), 26.5 (CH), 26.3 (CH), 25.8 (CH), 23.7 (CH), 23.0 (CH), 20.1 (CH);
HRMS (El) m/z calcd for GH»,0 (MY) 242.1671, found 242.1625.

J To a solution oE (0.800 g, 3.92 mmol) and propargyl bromide (1.53 mL
(e]
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2-1sopropenyl-2-methyl-cyclohexanone (F)

at 0 °C was added ketoe(2.633 g, 46.3 mmol) in THF (20 mija canula.

The solution was stirred for 20 minutes and fredtibtilled methyl iodide
(2.40 mL, 38.6 mmoles) was added. The reactionfalémved by TLC and quenched
with NH4CI (sat. ag.) upon completion. The mixture wagaeted with diethyl ether
(3x) and the combined organic layers were dried MgSQ, filtered, and concentrated.
Flash chromatography (3% hexanes in benzene) afidfdas a yellow oil. (3.73 g,
64%). IR (neat, cif) 2967 (m), 2937 (s), 2865 (m), 1710 (s), 1638 (Md}9 (m), 898
(m); 'H NMR (CDChk, 300 MHz)8 4.90 (s, 1H), 4.69 (s, 1H), 2.52-2.42 (m, 1H),72.2
2.17 (m, 2H), 1.97-1.87 (m, 1H), 1.72-1.53 (m, 3HB3 (s, 3H), 1.44-1.33 (m, 1H), 1.06
(s, 3H);**C NMR (CDCE, 75 MHz)$§ 214.5 (C), 146.7 (C), 112.3 (GH55.2 (C), 39.8
(CHy), 37.9 (CH), 27.9 (CH), 24.5 (CH), 21.8 (CH), 19.5 (CH); HRMS (El) m/z
calcd for GoH160 (MY) 152.1201, found 152.1329

To a solution of sodium methoxide (5.330 g, 38.6alas) in THF (100 mL)
o

1-Ethynyl-2-isopropenyl-2-methyl-cyclohexanol (G)

temperature was added dropwise ethynylmagnesiumitieo(73.7 mL, 36.9

mmol). The reaction was warmed to room temperatune allowed to stir

until completion by TLC, at which point it was quied with NHCI (sat.
ag.). The mixture was extracted with diethyl et{8x) and the combined organic layers
were dried over MgSg) filtered, and concentrated. Flash chromatogra{d®9o ethyl
acetate in hexanes) afforded the major diastere@s®3:37) G as a yellow oil (1.712
g, 39%). IR (neat, c) 2537 (br m), 2206 (m), 2933 (s), 2867 (m), 1625, (1445 (m),
981 (s);'H NMR (CDCk, 300 MHz)§ 5.08 (s, 1H), 5.03 (s, 1H), 2.47 (s, 1H), 2.40 (s,
1H), 1.98 (s, 3H), 1.99-1.78 (m, 3H), 1.63-1.38 &4H), 1.27 (s, 3H), 1.28-1.17 (m, 1H);
13C NMR (CDCE, 75 MHz)$ 150.6 (C), 114.5 (C}), 88.3 (C), 72.4 (CH), 70.1 (C), 45.5
(C), 35.3 (CH), 31.1 (CH), 23.0 (CH), 20.9 (CH), 20.1 (CH), 20.0 (CH); HRMS (EI)
m/z calcd for GH150 [(M-CHa)] 163.1123, found 163.1130.

OH To a solution of keton& (3.736 g, 24.6 mmol) in THF (100 mL) at room
%

1-Ethynyl-2-isopropenyl-2-methyl-1-prop-2-ynyloxy-g/clohexane (17)

48.1 mmol) in THF/DMF (18:6 mL) was added sodiundtige 60% in oil
o (1.924 g, 48.1 mmol) slowly at room temperaturde Teaction was followed
by TLC and quenched with NI (sat. ag.) upon completion. The mixture
Vi was extracted with diethyl ether (3x) and the caratliorganic layers were
dried over MgSQ filtered, and concentrated. Flash chromatografdlogo
hexanes in benzene) afforded (1.89 g, 91%) as a yellow oil. IR (neat, 8302 (s),
3095 (w), 2933 (s), 2886 (m), 1630 (m), 1445 (n¥)74 (m), 1087 (s), 1066 (s), 895 (m);
'H NMR (CDCk; 300 MHz)$ 5.01 (s, 1H), 4.94-4.93 (m, 1H), 4.26 (dgs & 15.5 Hz,
Jax = 2.5 Hz, 1H), 4.17 (ddad = 15.5 Hz, dx = 2.5 Hz, 1H), 2.54 (s, 1H), 2.33 (t, J =
2.5 Hz, 1H), 2.12-1.98 (m, 2H), 1.89 (s, 3H), 11810 (m, 1H), 1.61-1.32 (m, 5H), 1.24

J To a solution ofG (1.712 g, 9.62 mmol) and propargyl bromide (5.36, m
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(s, 3H);*C NMR (CDCk; 75 MHz)$ 150.3 (C), 113.2 (Ch), 83.7 (C), 81.1 (C), 80.5
(C), 76.5 (CH), 73.0 (CH), 52.0 (GH 45.3 (C), 32.1 (Ch), 31.4 (CH), 23.1 (CH),
22.3 (CH), 21.0 (CH), 20.8 (CH); HRMS (EI) m/z calcd for GH170 [(M-CHs)]
201.1279, found 201.1272.

Typical procedure :
1-(4b-Hydroxy-3,9-dimethylene-1,2,3,4b,5,6,7,8,8a31®,10a-dodecahydro-
phenanthren-1-yl)-ethanone (11)

H To a microwave quartz cell (100 mL) containing aasghcoated
CARBOFLON™ (2 cm) was added a solution 047 mg, 0.23 mmol)
in toluene (10 mL) and triethylamine (2.3 mmol)ftek bubbling argon
for 20 minutes, the solution was heated at 207938 minutes using
microwaves (600 W). The solution was cooled tawdgemperature and
concentrated. The residue was dissolved in diohlethane (2 mL) and added to a
solution of 2,6-lutidine (0.11 mL, 0.92 mmol) andyBl,-OEt (118.8 mg, 0.46 mmol) in
dichloromethane (4 mL) previously stirred for 30noities.  After stirring for 2 hours at
room temperature, methyl vinyl ketone (40.3 mg,76.5nmol) was added. The solution
was stirred for overnight and quenched with a saétak solution of ammonium chloride.
The mixture was extracted with dichloromethane (8Kl the combined organic phases
were dried over MgS§) filtered and concentrated. The residue was igdriby flash
chromatography (10% ethyl acetate in hexanes)ftocaill (31 mg, 49%) as a yellow
oil. *H NMR (CDCk, 300 MHz)5 6.43 (s, 1H), 4.88 (s, 1H), 4.85-4.83 (m, 2H),14(3,
1H), 2.99 (quint., J = 6.2 Hz, 1H), 2.89 (quints 5.6 Hz, 1H), 2.44 (d, J = 9.9 Hz, 1H)
2.39-2.08 (m, 4H), 2.18 (s, 3H), 1.91-1.25 (m, 9 ¥ NMR (CDCE, 75 MHz)§ 209.4
(C), 149.7 (C), 145.7 (C), 141.3 (C), 125.2 (CH)25 (CH), 109.9 (CH), 72.6 (C),
49.9 (CH), 46.6 (CH), 37.0 (G 32.9 (CH), 32.5 (CH), 28.8 (CHJ}, 27.6 (CH), 25.7
(CH,), 22.6 (CH), 21.4 (CH): IR (neat, crit) 3498 (br), 3078 (w), 2931 (s), 2856 (m),
1709 (s), 1644 (m), 1608 (w), 1436 (m), 1355 (n¥Y1 gm), 888 (s); HRMS (EI) m/z
calcd for GgH»40, (M+) 272.1776, found 272.1813.

4b-Hydroxy-3,9-dimethylene-1,2,3,4b,5,6,7,8,8a,9,10a-dodecahydro-
phenanthrene-1-carboxylic acid methyl ester (9)
IR (neat, crit) 3517 (br), 3079 (w), 2931 (s), 2856 (m), 1737 (s)
. 1644 (m), 1608 (w), 1437 (m), 1276 (m), 1203 (nD63 (m), 891
“~ome (M); 'H NMR (CDCk, 300 MHz)$ 6.42 (s, 1H), 4.89 (s, 1H), 4.85 (s,
2H), 4.71 (s, 1H), 3.69 (s, 3H), 2.96 (quint., 5.2 Hz, 1H), 2.84
(quint., J = 5.6 Hz, 1H), 2.48-2.11 (m, 6H), 1.9@d (m, 8H);**C
NMR (CDCk, 75 Hz)d 174.4 (C), 150.2 (C), 146.4 (C), 141.5 (C), 128°81), 113.0
(CHy), 110.1 (CH), 73.0 (C), 52.0 (CH}, 46.9 (CH), 42.4 (CH), 37.3 (GH 33.5 (CH),
33.0 (CH), 28.5 (ChH), 26.1 (CH), 23.0 (CH), 21.8 (CH); HRMS (EI) m/z calcd for
C18H2202 [(M-H 20)+] 270.1620, found 270.1565.
4b-Hydroxy-1-methyl-3,9-dimethylene-1,2,3,4b,5,6,8,8a,9,10,10a-dodecahydro-
phenanthrene-1-carboxylic acid methyl ester (10)

IR (neat, crit) 3524 (br), 3078 (w), 2933 (s), 2857 (m), 1732 {644
(m), 1435 (m), 1255 (m), 1236 (m), 1109 (m), 891);(mMH NMR
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(CDCls, 300 MHz)8 6.38 (s, 1H), 4.93 (s, 1H), 4.88 (s, 1H), 4.821¢d), 4.68 (s, 1H),
3.67 (s, 3H), 2.58-2.50 (m, 2H), 2.46-2.36 (m, 2M)9 (d, J = 14.9 Hz, 1H), 2.15-2.04
(m, 1H), 1.86-1.25 (m, 9H), 1.16 (s, 3HJC NMR (CDCk, 75 MHz)$ 148.3 (C), 146.1
(C), 140.3 (C), 123.6 (CH), 113.5 (@H109.1 (CH), 76.4 (C), 72.4 (C), 51.5 (GM
46.4 (CH), 43.7 (C), 39.7 (CH), 36.5 (gk34.8 (CH), 34.2 (CH), 25.5 (CH), 23.1
(CHs), 22.4 (CH), 21.2 (CH); HRMS (EIl) m/z calcd for GH2603 (M*) 302.1882, found
302.1863.

4b-Hydroxy-3,9-dimethylene-1,2,3,4b,5,6,7,8,8a,9,10a-dodecahydro-
phenanthrene-1-carbaldehyde (12)

IR (neat, crit) 3476 (br), 2931 (s), 2854 (m), 2718 (w), 1721 ($42
8 (m), 1445 (m), 1073 (m), 890 (M NMR (CDCk, 300 MHz)$ 9.75
v (d, 3 =1.2 Hz, 1H), 6.44 (d, J = 1.9 Hz, 1H), 4831H), 4.91 (s, 1H),
4.88-4.87 (m, 1H), 4.78-4.77 (m, 1H), 3.02 (quidt.z 6.8 Hz, 1H),
2.76-2.69 (m, 1H), 2.55-2.29 (m, 4H), 1.99 (d, 13:0 Hz, 1H), 1.84-
1.41 (m, 8H):*C NMR (CDCk, 75 MHz)$ 203.6 (CH), 148.1 (C), 145.8 (C), 139.9 (C),
125.1 (CH), 113.4 (Ch), 109.7 (CH), 71.8 (C), 49.1 (CH), 45.4 (CH), 36.7 (©H33.1
(CHy), 32.1 (CH), 27.8 (ChJ, 25.3 (CH), 23.2 (CH), 21.2 (CH); HRMS (EI) m/z calcd
for C17H2,0, (M*) 258.1620, found 258.1634.

4b-Hydroxy-3,9-dimethylene-1,2,3,4b,5,6,7,8,8a,9,10a-dodecahydro-
phenanthrene-1,2-dicarboxylic acid dimethyl esterX3)

IR (neat, crif) 3535 (br), 3084 (w), 2931 (m), 2855 (w), 1739, (s)

1643 (w), 1436 (m), 1280 (m), 1260 (m), 1225 (m)p3 (m), 894
Heome  (M): *H NMR (CDChk, 300 MHz)$ 6.41 (s, 1H), 5.03 (d, J = 2.5 Hz,
~H 1H), 4.91 (s, 1H), 4.81 (s, 2H), 3.72 (s, 3H), 3(8p3H), 3.59-3.53
~coMe (m 1H), 2.78-2.64 (m, 3H), 2.30-2.17 (m, 2H), 22002 (m, 1H),
1.84-1.69 (m, 2H), 1.66-1.29 (m, 6HJC NMR (CDC}, 75 MHz)5
174.8 (C), 173.1 (C), 147.4 (C), 145.8 (C), 1399, (125.3 (CH), 113.6 (Chi 110.3
(CHy), 71.3 (C), 52.5 (CH), 52.4 (CH), 50.0 (CH), 48.5 (CH), 44.9 (CH), 38.6 (9H
35.8 (CH), 35.5 (CH), 25.6 (Ch), 24.1 (CH), 22.0 (CH); HRMS (EI) m/z calcd for
Ca0H2404 [(M- H20)] 328.1675, found 328.1668.

OH

7,8-Bis-hydroxymethyl-6,10-dimethylene-1,3,4,6,7 8,9,10,10a-decahydro-2H-
phenanthren-4a-ol.

IR (neat, crit) 3390 (br), 2929 (s), 2850 (m), 1707 (m), 1651,(m)
1447 (m), 1034 (m), 890 (WIH NMR (CDCk; 300 MHz)3 6.37 (d, J
= 1.9 Hz, 1H), 4.99 (s, 1H), 4.93 (s, 1H), 4.871¢d), 4.74 (s, 1H),
3.43-3.57 (m, 4H), 2.84-2.74 (m, 1H), 2.58 (quidts 6.8 Hz, 1H),
2.44 (g, J = 6.2 Hz, 1H), 2.36 (t, J = 7.4 Hz, 1M),5-1.22 (m, 13H);
13C NMR (CDCE, 75 MHz)3 149.0 (C), 146.5 (C), 142.6 (C), 124.6
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(CH), 112.3 (CH), 109.2 (CH), 71.9 (C), 63.9 (ChH), 63.1 (CH), 45.7 (CH), 43.3 (CH),
43.3 (CH), 38.0 (Ch), 37.4 (CH), 32.3 (CH), 25.5 (Ch), 22.8 (CH), 21.6 (CH);
HRMS (EI) m/z calcd for @H»40, [(M-H,0)"] 272.1776, found 272.1738.

9b-Hydroxy-4,8-dimethylene-2,3,3a,4,5,5a,6,7,8,9tedahydro-1H-
cyclopenta[alnaphthalene-6-carboxylic acid methyl ster (15)

IR (neat, crit) 3490 (m, br), 3080 (w), 2952 (s), 2870 (m), 178p

1647 (m), 1429 (m), 1196 (s), 1172 (s), 882 (f);NMR (CDClh,

300 MHz)5 6.21 (s, 1H), 4.93 (s, 1H), 4.90 (s, 1H), 4.851(3), 4.77
(s, 1H), 3.61 (s, 3H), 2.93-2.89 (m, 1H), 2.78-2(60 4H), 2.46-2.37
(m, 2H), 2.18 (br. s, 1H), 2.10-1.71 (m, 6HJC NMR (CDCE, 75

MHz) § 173.6 (C), 146.7 (C), 143.3 (C), 140.0 (C), 12€81), 113.4
(CHy), 109.5 (CH), 80.5 (C), 51.5 (Ch), 49.4 (CH), 43.1 (CH), 36.0 (CH), 35.9 (@H
34.4 (CH), 33.4 (CH), 25.6 (CH), 21.3 (CH); HRMS (EI) m/z calcd for gH2,03

(M) 274.1569, found 274.1583.

1-(9b-Hydroxy-4,8-dimethylene-2,3,3a,4,5,5a,6,7,8%ecahydro-1H-
cyclopentaJa]naphthalen-6-yl)-ethanone (16)

IR (neat, crit) 3486 (br, m), 2986 (w), 2945 (m), 2859 (m), 176))
1644 (m), 1361 (m), 1160 (m), 884 (M) NMR (CDCk, 300 MHz)8
6.14 (s, 1H), 4.91 (s, 1H), 4.87 (s, 1H), 4.841(3), 4.77 (s, 1H), 2.98-
2.94 (m, 1H), 2.79-2.74 (m, 4H), 2.58 (s, 1H), 22436 (m, 1H), 2.31
(d, J = 11.2 Hz, 1H), 2.11 (s, 3H), 2.06-1.91 (rHl),31.84-1.69 (m,
3H); **C NMR (CDCE, 75 MHz) & 209.6 (C), 146.8 (C), 144.3 (C),
139.7 (C), 123.7 (CH), 113.5 (GH 109.5 (CH), 80.5 (C), 50.9 (CH), 49.4 (CH), 36.0
(CH), 35.8 (CH), 32.9 (CH), 28.8 (CH), 25.6 (CH), 21.3 (CH); HRMS (EI) m/z cald
for C17H2202 (M+) 258.1620, found 258.1620.

1-(4b-Hydroxy-8a-methyl-3,9-dimethylene-1,2,3,4b,6,7,8,8a,9,10,10a-dodecahydro-
phenanthren-1-yl)-ethanone (18)

IR (neat, crit) 3461 (br w), 2927 (s), 2859 (m), 1707 (m), 1445 (
1336 (w), 885 (m)*H NMR ((CD5),CO, 500 MHz)s 6.26 (s, 1H), 5.01
(s, 1H), 4.86 (s, 1H), 4.83 (s, 1H), 4.68 (s, 18188 (d, J = 11.6 Hz,
1H), 2.71-2.65 (m, 1H), 2.55-2.48 (m, 1H), 2.4172(8, 1H), 2.23-
2.11 (m, 1H), 2.15 (s, 3H) 1.98-1.90 (m, 2H), 11786 (m, 8H), 1.02
(s, 3H);*C NMR (CDCE, 125 MHz)3 210.2 (C), 154.9 (C), 147.7 (C),
140.7 (C), 123.6 (CH), 113.8 (GH 108.5 (CH), 73.8 (C), 54.9 (CH), 41.6 (C), 36.2
(CHyp), 34.5 (CH), 33.6 (CH), 32.6 (Ch), 30.4 (CH), 26.7 (CH), 25.9 (CH), 20.8 (CH

x 2); HRMS (EI) m/z calcd for GH260, (M*) 286.1933, found 286.1919.

4b-Hydroxy-1,8a-dimethyl-3,9-dimethylene-1,2,3,4b,6,7,8,8a,9,10,10a-
dodecahydro-phenanthrene-1-carbaldehyde (19)
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IR (neat, crit) 3463 (br w), 2930 (s), 2861 (m), 1718 (s), 1684, (
1458 (w), 1444 (w), 1372 (w), 888 (m NMR (CDCk, 300 MHz)5
9.48 (s, 1H), 6.24 (d, J = 2.5 Hz, 1H), 4.92 (s),14189-4.85 (m, 3H),
2.95 (dddd, J = 14.3, 14.3, 2.5, 2.5 Hz, 1H), 268 (m, 5H), 2.07 (br.
s, 1H), 1.95-1.89 (m, 1H), 1.78-1.52 (m, 6H), 1(483H), 1.01 (s, 3H);
3¢ NMR (CDCE, 75 MHz)$ 205.3 (CH), 155.3 (C), 143.9 (C), 139.7
(©), 124.7 (CH), 113.9 (Chi 108.8 (CH), 73.7 (C), 48.8 (C), 41.6 (C), 40.9 (CH, gH
32.9 (CH), 30.8 (CH), 30.3 (CH), 26.2 (CH), 21.0 (CH), 20.9 (CH), 20.3 (CH);
HRMS (EI) m/z calcd for @H.60,(M™) 286.1933, found 286.1928.

4b-Hydroxy-1-methyl-3-methylene-1,2,3,4b,5,6,7,8,860,11,12,12a,12b-
tetradecahydro-triphenylene-1-carbaldehyde (21)

IR (neat, crit) 3454 (br w), 2929 (s), 2858 (m), 1720 (s), 1449 {H
NMR (CDCk, 300 MHz)$ 9.74 (s, 1H), 6.11 (s, 1H), 5.53 (s, 1H),
4.97 (s, 1H), 4.93 (s, 1H), 2.66 (d, J = 11.2 H4),12.36 (q, J = 14.7
Hz, 1H), 2.18-2.08 (m, 1H), 2.03-1.97 (m, 2H), 1(81J = 11.8 Hz,
1H), 1.84-1.06 (m, 14H), 1.01 (s, 3HJC NMR (CDCE, 75 MHz)$
205.0 (CH), 146.9 (C), 140.2 (C), 139.2 (C), 12&H), 120.6 (CH),
114.2 (CH), 72.5 (C), 51.7 (CH), 48.9 (C), 47.1 (CH), 43GH(, 34.0 (CH), 33.2 (CH
2), 29.7 (CH), 25.7 (CH), 25.6 (CH), 24.2 (CH), 21.4 (CH), 21.3 (CH), 20.7 (CH);
HRMS (EI) m/z calcd for gH.50,(M™) 312.2089, found 312.2077.
4b-Hydroxy-1,8a-dimethyl-3-methylene-1,2,3,4b,5,6,8,8a,10,11,12,12a,12b-
tetradecahydro-triphenylene-1-carbaldehyde (22)

IR (neat, crit) 3423 (br w), 2930 (s), 2856 (m), 1718 (m), 1447, (

896 (w);*H NMR (CDCk; 300 MHz)$ 9.69 (d, J = 4.3 Hz, 1H), 6.32

(d, 1.9 Hz, 1H), 5.64-5.59 (m, 1H), 4.96 (s, 1HQ0 (s, 1H), 2.84
" (quint., J = 4.3 Hz, 1H), 2.69-2.62 (m, 1H), 2.58&2 (m, 2H), 2.12-

1.17 (m, 17H);*C NMR (CDCk, 75 MHz)§ 205.5 (CH), 144.6 (C),

139.3 (C), 138.3 (C), 123.4 (CH), 123.3 (CH), 114CH,), 72.0 (C),
48.9 (CH), 47.2 (CH), 42.3 (CH), 39.6 (CH), 34.2H&, 31.3 (CH), 27.8 (CH), 25.6
(CH,), 25.5 (CH), 24.1 (CH), 21.5 (CH), 20.7 (CH); HRMS (EIl) m/z calcd for
CaoH240 [(M-H,0)"] 280.1827, found 280.1824.

4b-Hydroxy-3-methylene-1,2,3,4b,5,6,7,8,8a,10,11,12a,12b-tetradecahydro-
triphenylene-1,2-dicarboxylic acid dimethyl ester 23)

IR (neat, crit) 3533 (br w), 2931 (m), 2858 (m), 1739 (s), 1489, (
1265 (m), 1167 (m)*H NMR (CDCk, 300 MHz)$ 6.47 (s, 1H), 5.36
(s, 1H), 4.97 (s, 1H), 4.71 (s, 1H), 3.74 (s, 389 (s, 3H), 3.47 (d, J
= 11.2 Hz, 1H), 3.18-3.04 (m, 2H), 2.61-2.50 (m,)1R.32 (d, J =
11.8 Hz, 1H), 2.19-1.99 (m, 3H), 1.88-1.17 (m, 11B97-0.82 (m,
1H); **C NMR (CDC}, 75 MHz)$ 174.7 (C), 173.0 (C), 147.3 (C),
139.6 (C), 139.5 (C), 127.0 (CH), 121.3 (CH), 11(C84,), 71.3 (C), 52.1 (CH), 51.7
(CHs), 48.2 (CH), 44.9 (CH), 43.5 (CH), 39.1 (§H38.5 (CH), 38.0 (CH), 25.4 (GH
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24.2 (CH), 24.1 (CH), 22.1 (CH x 2), 21.5 (CH); HRMS (EI) m/z calcd for §Hz00s
(M*) 386.2093, found 386.2071.

7-Methyl-13-oxa-tricyclo[7.4.1.0 tetradeca-1(14),6,11-triene (24)

To a solution of7 (51.5 mg, 0.255 mmol) in toluene (12 mL) in a
microwave cell was addeddit (0.355 mL, 2.55 mmol). The solution was
— degassed with argon (30 minutes) and subsequezdketh with microwaves
o__ at 200 °C for 35 minutes. The solution was corregetl and once it was
cooled to room temperature, it was put under thegp(very important as
the compound is somewhat volatile). Purificatigrflash chromatography (5 % ethyl
acetate/ 95 % hexanes) gave the tandem pr@&yatid not calculated since it is
unstable on silica gel) along with the tricycliomgoound24 (13.9 mg, 27% vyield) and
tricyclic compound5 (2.2 mg, 4 % vyield).

=

24: IR (neat, crif) 2928 (s), 2856 (m), 1570 (w), 1436 (m), 1222 @06 (W), 727 (W);
'H NMR (CDCk, 400 MHz)3 6.88 (s, 1H), 4.99 (t, J=7.5 Hz, 1H), 3.72-3.66 (i),
3.25 (ddd, J=13.7, 5.7, 1.2 Hz, 1H), 2.66 (ddd,3J213.1, 1.1 Hz, 1H), 2.62-2.49 (m,
3H), 2.03-1.87 (m, 4H), 1.82-1.73 (m, 1H), 1.6934), 1.41-1.32 (m, 1H), 1.11-1.01
(m, 1H);**C NMR (CDCE, 100 MHz)d 146.7 (C), 133.9 (C), 129. 6 (CH), 128.7 (CH),
124.8 (C), 124.5 (C), 45.0 (GH 41.2 (CH), 32.1 (Ch), 28.7 (CH), 28.5 (CH), 26.7
(CHy), 22.6 (CH), 16.3 (CH); HRMS (EIl) m/z calcd for @H170 (M-H)" 201.1274,
found 201.1275.

2,4-Dimethylene-2a,3,4,4a,5,6,7,8-octahydro-2H-cptiuta[a]jnaphthalen-8a-ol (25)

IR (neat, crit) 3462 (br), 3079 (W), 2932 (s), 2854 (M), 1718, (1§67
(W), 1446 (w), 1276 (w), 890 (WJH NMR (CDCk, 500 MHz)3 5.93
(s, 1H), 5.00 (d, J=1.6 Hz, 1H), 4.75 (d, J=1.0H4), 4.60 (d, J=1.2
Hz, 1H), 4.50 (s, 1H), 3.12 (dd, J=10.4, 6.7 Hz),1468 (dd, J=12.4,
6.8 Hz, 1H), 2.05-1.96 (m, 4H), 1.83-1.79 (m, 1HY1-1.56 (m, 6H);
13C NMR (CDCE, 125 MHz)3 161.3 (C), 150.3 (C), 147.6 (C), 123.3 (CH), 11(T8),
97.2 (CH), 70.1 (C), 51.3 (CH), 46.3 (CH), 41.3 (9H31.2 (CH), 25.7 (CH), 23.4
(CHp), 20.6 (CH); HRMS (EI) m/z calcd for GH1O (M)* 202.1358, found 202.1358.
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The proposed mechanism {24 :
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13C with proton decoupling

Current Data Parameters

NAME rc_688p
™ ®» « ~ v o T -~ o W @O~ 0w [lel sl EXPNO 2
& & o N 2 & K §E8n N 2o BRLTEFTER PROCND 1
= > D e
g uo7 [Ts] m o ~r ™ @ ~ ~ L N e R~ = =] . L
= l S N o9 M~ o~ AR o B &5 B <2 B QUANSVIN VN oY) F2 - Acquisition Parameters
Date 20040317
\
INSTRUM v
PHOBHOD 5 mm GNP 1K/
PULPROG 7gpg30
O 32768
SOLVENT €0C13
NS 252
0s a
ShH 17985.611 Hz
FIDRES 0.548877 Hz
AG 0.9110004 sec
ARG 5160.6
In 27.800 usec
JE 6.00 usec
TE 300.0 K
: 01 1.00000000 sec
dit 0.03000000 sec
dai12 000002000 sec
”””””” CHANNEL f1
NuCt 13C
| a1 5.00 usec
| ALy
i SFO1
| R I T | e R — CHANNEL f2
| i CPOPRG2 waltz16
| Nuc2 1H
AcPoZ 70.00 usec
a2 -3.00 08
L1z 13 .48 dB
aL13 15.63 dB
SFQ2 0.1314860 MHz
| 1 Processing paranzters
65336
75.4677481 MHz
EM
0
1.00 Hz
Q
1.40

10 NMR plot parameters

X 20.00 cm
oy 12 50 cm
EiR 220.000 pom
=4 16602.90 Hz
-2 0.000 pem
8 0.00 Hz

11.00000 ppm/cm
830 14520 Hz/cm

I P i
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Current Data Parameters

NAME rc_668pb
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20040401

Time 9.49
INSTRUM av300
PROBHD 5 mm GNP 1H/1
PULPROG 2930

D 30720
SOLVENT €0c13

NS 32

s ]

SwH 5081.301 Hz
FIDRES 0.165407 Hz
AQ 3.0228980 sec
RG 912.3

OW 98.400 usec
DE 6.00 usec
TE 300.0 K

D1 1.00000000 sec

NUCH 1H

P1 10.50 usec
PL1 -3.00 dB
SFO1 300.1319477 MHz

F2 - Pracessing parameters

sI 65536
SF 300.1300000 MHz
HOW EM
y 3B 0
i L8 0.10 Hz
i GB 0
! PC 1.00

iD NMR plaot parameters

cy 10.00 cm
- I b \J F1p 10.000 ppm

S,

F1 3001.30 Hz

FapP 0.000 ppm
= =) @ o @ | ) @) @) Q)N D) D o7 F2 0.00 Hz
o b= [32] @ | @ O|@ O] —i— ~|w
8 =) =] ofw @|ma(vio|—lols s PPMCM 0.50000 ppm/cm
< -~ -~ ~i|m olojolololwimio mfm HZCM 150.06500 Hz/cm
S =
:lll(vIt|4El!lllr!lt:.lllvlI‘vli<-lllivv4]..4rl|l|l|1!-i|v|III\V..KIIII4|I~I<I>II!vl--1l>yl|44-\|9|‘1—|
ppm 9 a Z & L} 4 3 F !
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13C with proton decoupling

Current Data Parameters

NAME rc_670c13
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20040331
Time 15.27
INSTRUM AV500HB
PROBHD 5 mm BBI 1H-BB
AULPROG 29pg30
& 2 g o H B8 fBams =Tzcoos o oz m 6353
= @ ~ e « 0o =1 0 @@ ~ N OGNS & TS «@ SOLVENT €oc13
2 o T o~ o ¢l ™ @ P~ M T =0T Moy = w = NS 2661
8 wog g o hali=} M~ S 0T Mmemm & [SUSH & oS 0
i 1 { i t L SHH 30030.029 Hz
i H i \ / FIDRES 0. 458222 Hz
i i i \ { ra 1.0912244 sec
: : : RG 3251
OW 16.650 usec
nE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
a1 0.03000000 sec
da12 0.00002000 sec

SFO1L 125.7703643 MHz

= CHANNEL f2 =
CPOPRG2 waltz16
Nuc2 1H
PCPD2 80.00 usec
PL2 3.00 d8
pPLi2 20.64 dB
PL13 23.56 dB
SF02 500.1320005 MHz

F2 - Processing parameters

SI 32768
SF 125.7578051 MHz
WOW EM
3B 0
LB 1.00 Hz
GB 0
PC 1.00

1D NMR plot parameters

cX 20.00 cm
cY 80.00 cm
F1iP 220.000 ppm
F1 27666.72 Hz
Fop 0.000 ppm
F2 0.00 Hz
PPMCM 11.00000 ppm/cm
HZCM 1383.33582 Hz/cm
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1.000 = r——

=] mI~No @ —(gfofm(s|im M| ~)

Fd W= @ Bl Bl =l ol o e DN || WD 0

E Mmoo (=21 I=15ad i ot Al ol al|njxo -

= ofcufe o —feje-lomle hal 3] Ral 1= ™

L o e o L L e e S B L o s e e o B e manman |
ppm 6 L] 4 3 2 1
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Current Data Parameters

NAME rc_670pt
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_

Time 9.24
INSTRUM AV500N8
PROBHD 5 mm BBI 1H-B8
PULPROG 2930

™ 65536
SOLVENT Acetone

NS 32

0s 0

SNH 7440.476 Hz
FIDRES 0.113533 Hz
AQ 4.4040694 sec
RG 45.25

on 67.200 usec
DE 6.00 usec
TE 300.0 K
D1 0.01000000 sec
=z=z==zaza CHANNEL fj‘ axzzssas
NUCt 1H

P 10.50 usec
PLL 3.00 d8
SFOL §00.1327766 MHz

F2 - Processing parameters
sI 65536

SF 500. 1300049 MHz
WOW EM

SsB 0

L8 0.00 Hz
<] 0

PC 1.00

1D NMR plot parameters

[23 20.00 cm
cY 10.00 cm
FiP 8.000 ppm
F1 4001.04 Hz
Fop 0.000 ppm
F2 0.00 Hz
PPMCM 0.40000 ppm/cm
HZCM 200.05200 Hz/cm
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13C with proton decoupling

Current Oats Parameters

NAME rc_651p
I — 0 a am o o @00 M= MO =@ oM T < v @ EXPNO 2
5 88r 82 b 5 B8c dalzfeoss 2953 PAaci i
= } PSR- ST 8
Ehs o < O @ ™oM< ~ ~ o DS N O T <m0 Tt s 5
(= =1 T O m = ~ ~ o~ o~ NI T oMU QQ [SVERSVARSY) F2 - Acquisition Parameters
o 5 T T AT & | i : Date_ 20040302
\ L] J) ) 5
| ‘/ v / \ = INSTRUM av300
| | PROSHO & mm GNP 1H/1
PULPROG 29pg30
™ 32768
SOLVENT €BC13
NS 561
0s Q
SHH 17985611 Hz
<10RES 0.548877 Hz
i A 0.9110004 sec
| A6 229t.3
OW 27.800 usec
0E 6.00 usec
TE 300.0 K
01 1.00000000 sec
di1 0.03000000 sec
12 0.00002000 sec

NuCt 480
P1 5.00 usec
PLt -6.00 08
S04 75.4752653 MHz
CHANNEL f2
CPOPAG2 waltz16
nuc2 1H
pCeD2 70.00 usec
P2 -3.00 08
| P12 12.48 a8
| aL13 15.63 d8
SFo2 300.1314860 MHz

F2 - Processing paraneters

51 65536
SF 75.4677190 MHz
WOW EM
558 0
LB 1.00 Hz
jeiz] Q
BC 1.40

10 NMR plot parameters

CX 20.00 cm
cy 12.50 cm
1R 220.000 ppm
Fi 16602 90 Hz
Far 0.006 ppm
F2 0.00 Hz
PPMCM 11.00000 ppm/cm
HZCM 830.14490 Hz/cm
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Current Data Parameters

NAME rc_651 b
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20040301

Time 11.28
INSTRUM av300
PROBHD 5 mm GNP 1H/1
PULPROG 2930

0 30720
SOLVENT coC13

NS 16

‘DS Q

SWH 5081.301 Hz
FIDAES 0.1659407 Hz
AQ 3.0228980 sec
RG 287.4

OW 98.400 usec
DE 6.00 usec
TE 300.0 K

D1 1.00000000 sec

P1 10.50 usec
PL1 ~3.00 d8
SFO1 300.1319477 MHz

F2 - Processing parameters

SI 66536
SF 300.1300000 MHz
WOW EM
SSB 0
L8 0.10 Hz
GB 0
PC 1.00
1D NMR plot parameters
CX 20.00 cm
// cY 10.00 cm
FiP 10.000 ppm
L — F1 3001.30 Hz
FeP 0.000 ppm
F2 0.00 Hz
PPMCM 0.50000 ppm/cm
FEE=] o -~ o ©f=|m 0 |efo HZCM 150.06500 Hz/cm
21o o a a —|ajo o |=|S
g - - - a i - oY ~| |offm
I ) T . I T T T 1 : I T T B 1 T T T T : L
ppm 9 8 7 6 S 4 3 1
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13C with proton decoupling

Current Oata Psrameters

NAME rc_505
o ~ 0o ~ ~ M o ™~ Y0 Mo NSO MY W EXPNO 2
< S S R 3 RS T@E SR AGHmABE83B PROCNG !
e : ) = o ’ 1o e ee
g o QW = [te] ™ o ~ o~ oo WM~ NDOE M &
8 Lﬂ : : E : : M~ S~ U< Mmoo g ooy F2 - Acguisition Parameters
v | J J ( Date_ 20031031
{ / \ k ‘ Time 14.10
S \ f / \ \\\ // INSTRUM av300
[ | PROBHD 5 mm GNP 1H/1
PULPROG 2gpg30
i3} 32768
SOLVENT coc13
NS 217
0s 0
SHH 17985.611 Hz
FIDRES 0.548877 Hz
A8 0.9110004 sec
AG 3649.1
0w 27.800 usec
DE 6.0C usec
TE 300.0 K
01 1.00000000 sec
did 0.03000000 sec
a12 0.00002000 sec
== CHANNEL f1 ==
13C
5.00 usec
-6.00 dB
75.4752653 MHz
CPOPRG2 waltz16
Nuc2 1H
PCPO2 70.00 usec
AL2 -3.00 ¢8
pL12 13.48 d8
PL13 15.63 a8
SFG2 300.1314860 Mz
F2 - Processing parameters
SI 65536
SF 75.4677190 MHz
WOW EM
ss8 0
LB 1.00 Hz
Gl 0
PC 1.40

10 NMF plat parameters
Cx

M"h: R

T 1 T LA I il g | ‘ c 20.00 cm
T o T e TR o,
ot g bt b b ‘ e sl ek I T 2 S0 on
Ul Lm n‘!‘i l* MW ’ 11 i h[ﬁl}‘un;m \ o oo b
pom 200 175 5 125 100 o 03014160 B
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Current Data Parameters

NAME rc_505
EXPNO 1
PROCNO i

F2 - Acquisition Parameters

Date_ 20031031

Time 14.06
INSTRUM av300
PROBHD & mm GNP 1H/1
PULPROG zg30

s 30720
SOLVENT coc13

NS 64

0s Q

SWH 5081.301 Hz
FIDRES 0.165407 Hz
AQ 3.0228980 sec
RG 287.4

oW 96.400 usec
DE 6.00 usec
TE 300.0 K

D1 1.00000000 sec

SFO1 300.1319477 MKz
/ F2 - Processing parameters
’ SI 65536
| SF 300.1300000 MHz
WDW EM
558 0
( LB 0.10 Hz
GB a
PC 1.00
10 NMR plot parameters
cX 20.00 cm
U o 10.00 cn
| L U«_L Fip 8.000 pon
J F1 2401.04 Hz
Fap C.000 ppm
F2 0.00 Hz
/) PPMCM 0.40000 ppm/cm
o (=] {fo|—|o o= HZCM 120.05200 Hz/cm
: g Sl 2|8
E - |l N
{ T T T T ' T T T T ]
ppm 7 6 2} 1
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13C with proton decoupling

Current Dats Parameters

NAME rc_630_2
o < 0w m @ [T} T o~y MO oo QN0 OO T S W EXPNO 1
b 58 98 8 SEHS SELEEEE LR Procio :
=3 3 i ) §
EN ~ oo ~ - N AU TOOD DO T T A o N .
< @ M oo — M~~~ N0 ¥ T TOMmMmAU NN F2 - Acquisition Parameters
P —_ = - = - 211
T ) I k | ‘ Date 20040211
y / \ \/ ) V//
\ \ \ INSTAUM av300
1 FROSHD 5 mm ONP 1K/t
PULPAOG 2gpg30
0 32768
SOLVENT coci3
NS 256
0s ¢
SWH 17985.611 Hz
FIDRES 0.548877 Hz
AQ 0.9110004 sec
A6 3251
o 27.800 usec
OE 6.00 usec
TE 300.0 K
o1 1.00000000 sec
dif 0.03060000 sec
d12 0.00002000 sec
CHANNEL 1
13C
5.00 usec
~6.00 dB

75.4752653 MHz

<44 N ——==-== CHANNEL 2 ===

CPOPRG? waltz16

R NUC2 1H
PCPD2 70.00 usec
L2 -3.00 dB
PLI2 13.48 9B
PL13 15.63 dB
SFO2 300.1314860 MHz

F2 - Processing parameters

st 85536
‘ 5 75.4677478 Wiz
| WO Y
| 558 0
i 8 1,00 Hz
6 0
PC 1.40

10 NMA plot parameters

| i ! | AT P R cx 20.00 ¢
‘ i »; | ] I f 1 IR LI cy 12.50 cm
g | i A ) ! ) I | Fip 180.000 ppn
‘ l EH | | “ I R A i Fi 13584.20 Hz
] ‘ i x I ' ‘ I “I l l i W I ‘ | Fap 0.000 ppn
’ il il | M U H i “\h k| d 1N AR I Fo 0.00 Hz
.3 e - PPMCHM 9.00000 ppa/cm
ppm 160 140 120 100 80 60 40 20 HZCM £79.20978 Hz/cm
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1H NOESY

Curvent Dats Parasetecs
re_¢M. 24

[

oo

F2 - Mquisition Raraseters
200303

Date_
i

ine (X
INSTRN 00
PROBHD 5 ma OF /1
PULPRAG Noesyetgp
- m w024
o SOLVENT oty
L s ]
L o [
r s 2.4 1
- FIORES 2.000246 H
1 » .22 see
F o 72082
F ™ 2,000 wac
b 1.3 6.00 usec
b L3 300.0 K
L w 0.00000%0 sec
C o 1.00000000 sec
o 1.00000000 sec
r ot 0.03000000 sec
P mne 0.00010000 sec
s - ELTA 0.00110300 sec
2 BT 0.0otiom e
C 3 ©.00046720 sac
NCREST 0.00000000 sec
_ Lol 0.00750000 sec
r STIONT 120
C i 092890000 sac
L - e f1 smen
C "
10.50 osec
r B2 21.00 usec
r AL -2.00
3 so 3001912017 wir
C o R —
L ] ‘sine. 100
[ nd sine. 100
r P 2ine. 100
r e 0.00 %
- *e 0.00 ¥
E @n 6001
L @n ooy
C @2 0001
@n .00
—4 @2 .00
4 F on YL
F on 3001
b L 1000.00 usec
L F1 - dequisition pacsnrtens
0 '
L ) 5
- 0 3001312 W2
™ FIORES 8.3650080 12
e - £ ] 712 e
N 5 F2 - Processing paceseters
st 024
_ ¥ 300.1300000 Mtz
r W 0
F = 2
L I com
- *® Q
r ] ™
r Fi - Pracesting parsseters
st 1024
Eﬁ L echa-entiecha
¥ 00, 1300000 W2
r o e
r = 2
n 0.0
— 8 © E H ]
f b 20 W plat parametens
b o 15,4
A L o 15.00 cu
s Faa 7.
- . a0 2m.01 ke
7 Famt 0. Lad
7 F Fant 12050
—_— F Fio 7. Pos
k FiLa 2151 W
1 FiPHL 0.438 pou
Fne 131 50 2
o F ppm o't mce
Fato 162,806 tujce
0.47544 pow/c
LB e e
ppm 7 6 5 4 3 2 1
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‘@
= o °
w SN o
° >
= i
d .
o,
= = |
: 1
= ©0
= 200 !
3 o
= o
B o L B S e e e

T
ppm 7 6 5 4 8 2 1

=100

=125

150

3 6.00 usac
® 0.0 K
owrz 1450000000
© 0.00000300 sec.
o 100000000 sec
a2 0/00344828 se
a2 600002000 sec
a3 6 oto004aa sec
o6 0.68010000 sec
o 0.00242428 sec
0.00003
WCREST 000000000 ¢
™~ 1109000000 sec

s CHNOEL (1
™

10.50 usec
2100 usec
300 @

o1 0. 1312123 Wiz

sfoy 75,4976 wiz
Floves 53.074007 2
=
£2 -+ Processing paraseters
st
E 00.1300000 w2
o sthe
s o
w 0.00 4
) o
oc Lo
FL - Processing paraseters
st si2
w2
B3 75.4677150 et
o ste
s o
@ 000w
3 o
20 N plet paranetecs
o2 15.00 ca
Y 15,00 cn
o 7567 pon
a0 228,01 12
oo )
Fau 156
FieLo 170.018 pon
Fito 830,98
Fienl -10.019 oo
Finl -756.0
F2poan 0 46302 pon/ca
Fanck 140.76578 rrca
12/00244 ope/cn
Finacn 50579712 wesca
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1H COSY
Current Data Paraneters

e ec_434za)
exna

PAGCIO s

£2 - Acquisition Parameters

oate. 20030922
Tine 2054

i PROBHD S am GNP IR/t
PULPROG «cosy4sgoaé

™ 1024
SOLVENT 3

1 N i
os [
SHH 2185.172 W2
FIORES 2.104651 Wz

i 2 0.2376180 sec

3 2580.3
o 232.000 usec
0 6.00 usec
e X
@ 0.00000300 sec
o1 1.00000000 sec

2 a3 0.00000400 sec
016 0 00010000
™o 0.61045400 sec
CREST 0.00000000 sec
oW 1.00000000 sec

g = CHANNEL f1 =
s
00 5.25 usec
10.50 usec
Ly -3.00 6B
3 sFoL 3004311982 NHz

L0 NS
=

.0
0
.00
0
0
[ 1000 %
J 4 e16 1000.00 usec
FL - Acquisition paraneters
Do i
) 256
sfo1 20.1312 N2
FIORES 8.418642 Mz
™ 7.181 ppn
8 5 s1 1024
L e 300.1300000 Hz
» vou sie
- 558 [
® 0.00 Hz
- @ [
.oz rc 1.00
§F F1 - Peocessing paraneters
" s1 1024
Vi ; F w2 o
o ! —6 SF 300..1300000 Mz
° S wou s
: - 538 o
T w .00 Mz
—_— 80 oo i F 8 o
» i r 20 NMR plot parameters
& F cx2 15.00 ca
. ! Cxt 15.00 ca
i r FarL0 7.
[ fa0 2275.77 Wy
V=7 f2n1 0.402 ppm
| r F2u1 120.60 H
o |t e
4 m
(-4 | I: FipuL 0.402 pon
. - ppm FIHE 120.60 K2
i i F2PPHCH 0.47672 ppa/ca
Fauzoy 143 67816 Hz/cn
FIPPACK 047872 pon/ca
T T T T T T [T T T T L FiHzoH 143 67816 He/cn
pom 7 6 5} 4 3 2 1
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13C with proton decoupling

Current Date Parameters

NAME 5 re_434
N w WV o = — o T o ) =1 QMWW - o EXPNO 2
850 g 23 5888 B¢ GEBYRY Fasg orocio i
=3 g w m < [aViNe)) N~ 0o < @ O Mmoo~ w0 m .
a T S < o - O L A 0 0 AR R e ] [SVIRaViN Y| F2 - Acquisition Parameters
T T T T TT | | Date_ 20030919
l Y ) )
\ | | | \( / / | / INSTAUM av300
I | | | \ | PAGBHD 5 nm GNP 1K/L
PULPAOG 2gpg30
bl 32768
SOLVENT cocl3
NS 407
15 )
SHH 17985.611 Hz
7 I0RES 0.548877 Hz
49 0.9110004 sec
A6 36431
oW 27.800 usec
0E £.00 usec
TE 300.0 K
01 1.00000000 sec
a1t 0.03000000 sec
d12 0.00002000 sec
CHANNEL f1
NUCt 13C
EN 5.00 usec
Lt -6.00 8
SFO1 75.4752653 MHz
CHANNEL f2
CPOPAG2 weltz16
Nuc2 1H
PCPO2 70.00 usec
L2 -3.00 B
pL12 13.48 98
PL13 15.63 dB
sFa2 300. 1314850 MHz

F2 - Processing parameters

51 85536
BF 75.4677180 MHz
WO EM
SSB 0
LB 1.00 Hz
Gl a
PC 1.40

10 NMR plot parameters

(93 20.0C cm
E¥ 6.00 cm
F1pP 160.00C ppm
F1 12074.83 Hz
Fap 0.000 ppm
2 0.00 Hz
IPMCM 8.00000 ppm/cm
HZCM 603.7417€ Hz/cm
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Current Data Parameters

NAME rc_434
EXPNO 1
PROCNO 1

F2 - Acquisitian Parameters

Date_ 20030919
Time 15.49
INSTRUM av300
PROBHD 5 mm GNP 1H/1
PULPROG zg30
0 30720
SOLVENT coc13
NS 64
0s a
SWH 5081.301 Hz
FIDARES 0.165407 Hz
AQ 3.0228980 sec
RG . 512
oW 98.400 usec
DE 6.00 usec
TE 300.0 K
D1 1.000000600 sec
= = CHANNEL f1
NUCt 1H
P1 10.50 usec
PLL -3.00 dB
SFO1 300.1319477 MHz
/ F2 - Processing parameters
/ | st 65536
SF 300.1300000 MHz
WOW EM
S8 a
LB 0.10 Hz
GB Q
[ / / PC 1.00
!
10 NMR plot parameters
4 [ X 20.00 cm
\ / | cy 10.00 cm
__,LJ ﬂ‘ b f Um ' FiP 8.000 ppm
d \“ L Fi 2401 .04 Hz
FapP 0.000 ppm
‘ F2 0.00 Hz
| / PPMCM 0.40000 ppm/cm
1 [=] ~ |l @ o HZCM 120.05200 Hz/cm
2 =} Wi~ @ =
4 IS) oficd ~ 1S]
g - ailled < &
| R — ! 1 T 1 T ! ' ' ! ‘
gpm 7 6 3 4 1
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1H NOESY
Curvent Gats Paremeters
e 530 2
e ‘
P '
A A\
F2 - Acquisition Paraseters
oate_ 2000611
Time 2.18
r frsTa i
! o D 5w Be 1
L naspecgp
n 024
F savenr 13
-1 s £
L os ]
on 1815, 60 K
F Fimes 1774278 e
» o.8540 sec
! ; g =
o 275,200 usee
L x 6.00 usec
¢ L T 0.0 K
© 0.00000300 see
[: o 100000000 sec
» 1100000000 sec
r ast 0.03000000 sec
0.00010000
0 —2 0T 0lootiox0 sec
L OELTAL 0.00110800 sec
L [ 0.000m040 sec
WREST 0.00000000 sec
o o 0.00750000 sec
L stior 120
a 050000 sec
L PRy T —
L wet "
I 10.50 usec
F 0 21,00 usec
- at 300 a8
{1 o 001310812 Wz
' L wenanreeasns GRADIENT CHUNEL -=rsosse
fe @ ine. 100
A ine. 100
r @ stne.100
L @ 0001
! L @ 000 %
@n 0.00%
- @n 0wy
L @r 0.00 %
] L @ o008
@7 2]
+ on 001
L4 @n .00 §
N PiE 1000.00 usec
F F1 - Acquisition paraseters
o L 100 t
n 2%
o s 20,1301 w2
- Floves 718026
L s 6.054 gom
- ,> o F2 - Procesaing parsseters
L st
0 0 H 300.1300000 we
. r o osie
¢ 5 = :
: 18 [
@
0 re 100
< @ =] W o F1 - Processing paraseters
r st
w2 echa~satiecna
F & 0. 300000
o asive
r s 2
L @ .00t
@
Fe -
L o 15.00 e
t 0 o 15.00 cn
s o Fa 628
N } Faa 1989.60
L 2t 0.578 gpm
7 ‘ iy . = ==
L ppm Fuo 1909.60 12
FieHE 0.576 ppw
FiHL 172.74 bt
2P 0,407 poasca
LI L L S S S [t e 2 Fazon 121, 12403 Hesea
FLemON 0,407 pow/ca
ppm 6 5 4 3 2 1 s s
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P Y U SN U

6

L L B . O B Ly S B B e

ppm 6 5 4 3

100

-125

pem

.00 %
o0 %
0%
o0 x
03
003
0%
o0 %
0%
00 v

[
o
o
o
0.
o
E
ES
«©
00 00 veee

Fi - acavisition parmeters
2

o 256
s .
Froves 53074007 2
En i8o.
F2 ~ Pracessing paraneters
st
& 300.1300000 W
o ane
ssa ]
Iy a0
= 1]
pc 100
F1 ~ processing paraneters
st EY)
w2 o
& 75467710 Wit
v s
s ]
® 0.00 12
] ]
20 e pot parsmeters
e 15.00 ca
o 15.00 ca
290 5.620 pon
a0 1909.50 W
F2ou1 0.576 pon
i 17274
FI0 170,018 oo
Fno 126%.80
F1paL “10.019 ape
€Il -7%.08
Fapmen 7 vpw/ca
00 12112403 r/en
1200244 opa/ca
Finzon a5, 79712 pa/cn
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S28

A

a
°
.4 -
-
o
,
@: a o o @
T T B o o o o e L I R B e B e S R
ppm 6 5} 4 3 2 1

LI o

LI L P e B B
n

T

LI e e o
o, S

LI

T
o

T T T

L ppm

Current Data Paraneters
830,

e
or
PROCN 1
F2 - Acquisitian Paraneters
Date_ R ]
Tine 21,31
INSTAN 2y300
S e O it
PUPROG  casyasgedl
™ 1024
SOLVENT 13
) 20
o5 []
o 1616.860 Hz
FIDFES 1.774278 W2
a0 02818548 sec
% 2696.3
o 275.200 usec
3 6.00 usec
I3 200.0 K
a0 0.00000300 sec
o1 1.00004000 sec
a13 0.00000400 sec
016 0.00010000 sec
0.00055040 sec
WREST 0.00000000 sec
HOHK 1.00000000 sec
mremmmmsnnen CHAVMEL (1 suesmmanssecs
et H
v0 .25 usec
B 10.50 uses
LX) .00 a8
sFot 3001316812 W2
....... GAADIENT CHAMEL sesassms
PN stne. 100
PR stne. 100
Xt 0.00 %
P 600 %
vt aonx
vz .00 X
@ 10.00 &
P22 10.00 %
N 1000.00 usec
F1 - Acquisitian paraneters
00 I
™
ot 20.1311 Wiz
FIORES 7.097114 W
EY 6.054 pon
F2 - Pracessing parsneters
st
s 300.1300000 Wiz
VoN SnE
558 ]
8 0.00 12
@ ]
e 1.00
Fi - Pracessing paraneters
st 1024
2 *
& 300.1300000 Miz
WON e
58 ]
8 0.00 W2
@ o
20 MR plot paraneters
15.00 cn
ox 15.00 cn
FoPLO 6.629 ppn
1969.60 H2
FaPHL 0.578 ppn
FaHL 172.74 2
FiPL0 6.629
110 1960.60 H2
FAPHL 0.576 py
FIHL 172.24 &2
F: 0.40357 ppa/cn
FazeH 121.12403 Ha/en
FAPPHOY 0.40357 ppa/cm
FAHZOH 124.12403 Ra/en
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Current Data Parameters

NAME rc_630
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
02“ Date_ 20040211
Time 16.20
INSTRUM av300
PROBHD 5 mm GNP 1H/1
PULPROG 2930
T0 30720
SOLVENT coc13
NS 16
0s 0
SWH 5081.301 Hz
FIDRES 0.165407 Hz
AQ 3.0228980 sec
RG 406.4
on 98.400 usec
3 6.00 usec
TE 300.0 K
01 1.00000000 sec
CHANNEL f1 =
1H
10.50 usec
-3.00 dB
SFG1 300.1319477 MHz
/ F2 - Processing parameters
SI 65536
SF 300.1300000 MHz
3 HOW EM
558 [
L8 0.10 Hz
/ G8 0
PC 1.00
10 NMR plot parameters
. / cx 20.00 cm
/ / c 10.00 cm
t J J Jd M F1P 8.000 ppm
| m‘_/LN F1 2401.04 Hz
Fap 0.000 opm
| ) \ \ F2 0.00 Hz
k\f:E::\E\ ) PPMCM 0.40000 ppm/cm
= o © <! (o] ~) l“‘:’\\‘ <] ol o\l o ﬁ HZCM 12005200 Hz/cm
-4 =} J<5) | = w|o toim (=N @| [~] (vl @ w
i o <] a | oo oo —jo @| |@| |3 al [ts]
H - = o'o" m'm“\oaﬁj‘ ;ﬂmml@'q 5
T 1 v 1 \ i T " T ‘ T T \ E 1
pom 7 6 3] 4 3 2 4
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13C with proton decoupling

Current Data Parameters

NAME rc_658 ¢
(=} ] oy o= @ a4~ Mo~ = NN o @S O s~ @0 EXPNO 2
= 5 O — o w0 S~ DU O DT MU D OO PAOCNG i
= (=) @ a0 - N o wow W WO~ MO NSNS W0 Mo
= [fe] 0 oo o v ~ o~ @ C O N O YO OO0 T o O
j=) N SN m ooy o~ P~ P P P~ [Po R 50 B B Y N A VAN QURN QU o Vi QUi gV ) F2 - Acquisition Parameters
& TYY oot s ! Date_ 20040308
\) J ]) \k\ { k ‘ ) i Time 12.08
ST N B TR
/ | INSTRUM avi00
| | f \W \ ! PROBHD & mn GNP 1H/1
PULPROG 290930
i 32768
SOLVENT coc13
NS 99
05 q
SiH 17985.611 Hz
FIDRES 0.548877 Hz
A8 0.9110004 see
AG 143.7
O 27.800 user
0E 6.00 use
TE 300.2 «
01 1.00000000 sec
di1 0.03000000 sec
d12 0.00002000 sec
= = CHANNEL f1
NUCt 130
1 §.00 usec
| PL1 -6.00 dB
| SFO1 75. 4752653 MHz
7777777777 == CHANNEL f2 =
CPOPAG2 waltz16
nuca 1H
oCPD2 70.00 usec
| L2 -3.00 d8
2 | EREl 13.48 aB
PL13 15.63 d8
SFa2 300. 1314860 MHz
F2 - Processing parameters
ST 65536
SF 75.4677486 MHz
WOW EN
58 0
8 1.00 Hz
G 0
B 1.40

10 NMA plot parameters

ox 20.00 cm
oY .00 cm
=1p 220.000 pom
1 : 18602.90 Hz
=2p 0.000 pom
2 0.00 Hz
2PNMCM 11.00000 pom/cm
H2eM 830.14520 Hz/cm

S30



L

Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2008

=

1.00

“ Integral

k=]
=]
3

S31

4
|
|

w0
|

R
1

N ) ‘/ )

o w ki DOV D[ | T |
< ‘O: - O~ M O[O~ |O]| <
~ iﬂi [qY} ~|cu vﬂi(u —|lo|m|<|m
T T 7 T | T T 1 T I T T
7 6 5 4 3 2 1

Current Date Parameters

NAME rc_658_c
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20040308

Time 12.05
INSTAUM av300
PROBHD 5 mm GNP 1H/1
PULPROG 7930

T0 30720
SOLVENT coc13

NS 16

DS 0

SWH 5081.201 Hz
FIDRES 0.165407 Hz
AG 3.0228980 sec
RG 258

oW 98.400 usec
DE 6.00 usec
TE 300.0 K

01 1.00000000 sec
=== == CHANNEL f1

NUC1 1H

P 10.50 usec
PL1 -3.00 d8
SFO1 300.1319477 MHz

F2 - Processing parameters

SI 65536
SF 300.1300000 MHz
WOW EM
5s8 a
LB 0.10 Hz
GB 0
PC 1.00

10 NMR plot parameters

cx 20.00 cm

44 10.00 cm

Fip 10.000 ppm

F1 3001.30 Hz

Fap G.000 ppm

F2 0.00 Hz
PPMCM 0.50000 ppm/cm
HZCM 150.06500 Hz/cm
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13C with proton decoupling

Current Data Parameters

NAME rc_550_a
) 0w g ~ < ~ @ [s2Te) O Wm0 < O 0 EXPNO 2
5 £Re G @8 5Y 85 8SSEYBIES Procto :
£ « ¢ & 1 r + . % - - :
g o (=] [l [z =] o ™~ [felyte) OO WU T A C U _ _
o T v oM o ~ O @ ™~ ~ o~ DY MMmmMmo F2 - Acquisition Parameters
£l et gl s . Date_ 20031125
\ | | \ ) / Tine 17.50
\ ! \ ! [/ INSTAUM av300
| | Wil PROBHD 5 nm GNP 114/1
PULPACG 200930
™ 32768
SOLVENT coc13
NS 547
0s 0
SH 17985.611 Hz
FI0RES 0.548877 Hz
" i 49 0.9110004 sec
' | a6 10321.3
f lt 27.800- usec
0E 5.00 usec
. g TE 300.0 K
0t 1.00000000 sec
di1 0.03000000 sec
da12 0.00002000 sec
R CHANNEL 1 =
NuCt 13C
P1 5.00 usec
PLL -6.00 d8
SFO1 75.4752653 MHz
= = CHANNEL f2 =
CPOPAG2 waltz16
nuc2 1H
°CPO2 70.00 usec
L2 -3.00 d8
pL12 13,48 oB
pL13 15.63 dB
SFO2 300.1314860 MHz
F2 - Processing parameters
ST 65536
SF 75.4677484 MHz
HOW EM
558 0
LB 1.00 Kz
8 0
PC 1.40
il (Al ) I i | 10 NMA plot parameters
i ‘ [ i ! | i At | 11 20.00 cn
i ) L L A ! ; "l i cY 12.50 cm
| L it - . I Fie 220,000 pom
\ f ‘ l\\“ ’M | m b i‘ M“ | L [ I | i Fi 16602.90 Hz
f i p ! L i i Fop 0.000 opm
IM\“ { | H | L ]N h IM WI | ]M\ MM ﬁ H [ F2 0.00 Hz
- o ‘ PAMCN 11.00000 ppm/cm
opm 20 175 150 125 HZCM §30. 14520 Hi/m
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%_

Integral

1.000

4.281

108

4.347

1.146
1.266

3.466
3.741
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Current Data Parameters

NAME rc_550_a
EXPNO 1
PROCNQ 1

F2 - Acquisition Parameters

Date_ 20031125
Time 17.48
INSTRUM av300
PROBHD 5 mm GNP 1H/1
PULPROG 2930
0 30720
SOLVENT coCc13
NS 32
0s 0
SWH 5081.301
FIDRES 0.165407
AQ 3.0228980
RG 406.4
DW 98.400
OE 6.00
TE 300.0
D1 1.00000000
. = CHANNEL f1
NUCt 1H
P1 10.50
PLL -3.00
SFO1 300.1319477

Hz
Hz
sec

usec
usec
K
sec

usec
dB

F2 - Processing parameters

ST 65536
SF 300.1300000
WOW EM
SsSB 0
LB 0.10
GB 0
PC 1.00

1D NMR plot parameters

CX 20.00
cy 10.00
FiP 8.000
F1 2401.04
FeP 0.000
F2 0.00
PPMCM 0.40000
HZCM 120.05200

MHz

cm
cm
ppm

Hz

ppm

Hz
ppm/cm
Hz/cm



ppm
174.055
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13C with proton decoupling
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Current Data Farameters

NAME rc_437
EXPNO 2
PROCNQ 1

F2 - Acquisition Parameters

Date_ 20030916
Time 16.23
INSTAUM av300
PROBHO 5 mm ONP 1R/t
PULPAOG 2gpg30

0 32768
SOLVENT coc13

NS 318

0s 0

SHH 17985.611 Hz
FI0AES 0.548877 Hz
aq 0.9110004 sec
AG 5792.6

H 27.800 usec
0E 6.00 usec
TE 300.0 K
01 1.00000000 sec
a1t 0.03000000 sec
a12 0.00002000 sec

CHANNEL f1

NUCt 13C

Pt 5.00 usec
PLL 5.00 dB
SFO1 75.4752653 MHz

==== CHANNEL f2

CPOPRG2 waltzib
Nuce iH
pcro2 70.00 usec
PL2 -3.00 dB
PL12 13.48 0B
PL13 15.63 dB
5F02 300.1314860 MHz

F2 - Processing param

SI 65536
SF 75.4677190 MHz
WOW EM
SSB 4
8 1.00 Hz
6B 0
PC 1.40

10 NMA plot parameters

Cx 20.00 cm
cy 12.50 cm
Fip 180.000 ppm
F1 13584 .19 Hz
F2pr 0.000 ppm
F2 0.00 Hz
2PMEM 9.00000 ppm/cm
HZCM 679.20947 Hz/cm
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Current Data Parameters

NAME rc_437(_2)
EXPNO 1
PROCNO 1

F2 - Acgquisition Parameters

Date 20030918
Time 15.49
INSTRUM 3v300
PROBHD 5 mm GNP 1H/t
PULPROG 2930
0 30720
SOLVENT coc13
NS 121
0s 0
SWH 5081.301 Hz
FIDRES 0.165407 Hz
40 3.0228980 sec
RG 512
0w 98.400 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
= CHANNEL f1
1H
P1 10.50 usec
PL1 -3.00 d8
SFO1 3001319477 MHz
F2 - Processing parameters
/ / sl 65535
/ SF 300.1300000 MHz
[ WO EM
/ | 558 0
L8 0.10 Hz
( 68 a
f PC 1.00
10 NMA plot parameters
cX 20.00 cm
cy 10.00 cm
% 1 FiP 8.000 ppm
WL F1 2401.04 Hz
Fop 0.000 ppm
J ) 2 0.00 Hz
‘ \ PPMCM 0.40000 ppm/cm
3 =] v‘m H2CM 12005200 Hz/cm
< = — |0
g =] ™ <r‘
c — el
= ————— 17—
ppm 7 5 5

S35
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13C with proton decoupling

Current Oata Parameters

NAME rc_398
< @ u @ M ol — = M9 Q= 0O =M< OWOI ™~ WO EXPNO 2
g5 98 § 5 88 5888 TEEac88e 88y Phocno i
le,j,rg ~o0 o9 Te] m o NSO oV RNV e B = o BT 1o BT N D S
-5 N r"_] of i M~ S S NN I ITOMMOM AN F2 - Acquisition Parameters
J | 1 Date_ 20030821
/ v / //H \l/ Tine 1510
INSTRUM av300
| PROBHD 5 mm GNP 1H/1
PULPROG 290930
0 32768
SOLVENT €ocl13
NS 213
0s [
SWH 17985.611 Hz
FI0RES 0.548877 Hz
AQ 0.9110004 sec
RAG 3649 .1
O 27.800 usec
DE 6.00 usec
TE 300.0 ¥
D1 1.00000000 sec
dif 0.03000000 sec
da12 0.00002000 sec
CHANNEL f1 =:
13C
5.00 usec
-6.00 dB
75.4752653 MHz
= CHANNEL £2 =
CPDPRG2 waltz16
Nuc2 1H
PCPD2 70.00 usec
PL? -3.00 dB
PL42 13.48 d8B
PL13 15.63 dB
SFO2 300. 1314860 MHz
F2 - Pracessing parameters
SI 65536
SF 75.4677190 MHz
WOW EM
SS8 0
L8 1.00 Hz
6B 0
oC 1.40
10 NMA plat parameters
| Ml ox 20.00 cm
[ oY 12.50 cm
| FiP 180.000 ppm
“ F1 13584 .19 Hz
FoP 0.000 ppm
- A Fa 0.00 Hz
PPMCM 9.00000 ppm/cm
ppm HZOM 679.20347 Hz/cn
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Integral
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3.097

2.260
2.903
0
0

. 486
. 480

4.086

S37

.
—|aulm
— 0|0
olc|o
=i
T
5

Current Data Parameters

NAME rc_398
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20030821
Time 16.03
INSTRUM av300
PROBHD 5 mm GNP 1H/1
PULPROG 2930
0 30720
SOLVENT CDC13
NS 32
DS 4
SWH 5081.301
FIDRES 0.165407
AQ 3.0228980
RG 203.2
oW 98.400
DE 6.00
TE 300.0
o1 1.00000000

CHANNEL f1
NUCYL 1H
P 10.50
PL1 ~3.00
SFO1 300.1319477

Hz
Hz
sec

usec
usec
K
Sec

usec
a8
MHz

F2 - Processing parameters

SI 65536
SF 300.1300000
WOW EM
SSB Q
LB 0.10
GB 0
PC 1.00

10 NMR plot parameters

CX 20.00
cy 10.00
F1iP 8.000
F1 2401 .04
Fep 0.000
F2 Q.00
PPMCM 0.40000
HZCM 120.05200

MHz

cm
cm

ppm

Hz

ppm

Hz
ppm/cm
Hz/cm
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13C with proton decoupling

< — o 0 ooy Do umS o <
= @© - © 0 QO DS O AU O

5 o [3eANTe] oy m O W wm o oo

= ~ o o ~© o~ Moo o)~
((? A P~ M P~ MM m Aoy
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125.724
—114.036
110.280
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Current Data Parameters

NAME rc_544_1
EXPNO 2
PROCND 1

F2 - Acquisition Parameters

Date_ 20031121
Time 17.03
INSTRUM av300
PROBHD 5 mm GNP 1H/1
PULPROG 2gpg30

0 32768
SOLVENT coc13

NS 627

0s 0

SWH 17985.611 Hz
FIORES 0.548877 Hz
AQ 0.9110004 sec
RG 6502

oW 27.800 usec
DE 6.00 usec
TE 300.0 K
01 1.00000000 sec
dtt 0.03000000 sec
di2 0.00002000 sec

CHANNEL f1

CPOPRG2

nucz2

PCPO2 0 usec
pL2 dB
pL12 dB
PLI3 3 dB
SFa2 300.1314860 MHz

F2 - Processing parameters

SI 65536
SF 75.4677190 MHz
WOW EM
558 Q
L8 1.00 Hz
GB Q
[ 1.40

lD NMR plot parameters

20.06 cm
CV 12.5C cm
1P 220.000 ppm
71 16602.90 Hz
Fap 0.000 ppm
F2 0.00 Hz
PPMCM 11.00000 pom/cm
HZCM 830.14490 Hz/cm
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Current Data Parameters

NAME rc_544_1
EXPNO 1
PROCNO 1

F2 - Acguisition Parameters

Date_ 20031121

Time 16.57
INSTRUM av300
PROBHO S mm GNP 1H/1
PULPROG 2930

0 30720
SOLVENT coci3

NS 16

bs 0

SHH 5081.301 Hz
FIORES 0.165407 Hz
AQ 3.0228980 sec
RG 456.1

ow 98.400 usec
DE 6.00 usec
TE 300.0 K

D1 1.00000000 sec
= CHANNEL f1

NUCt 1H

Pi 10.50 usec
Pl -3.00 a8
SFOL 300.1319477 MHz

F2 - Processing parameters

ST 65536
SF 300.1300000 MHz
WOW EM
SSB a
L8 0.10 Hz
6B Q
PC 1.00

10 NMR plot parameters

—

cX 20.00 cm
cY 10.00 ¢m
F1F 10.000 ppm
F1 3001.30 Hz
Fap 0.000 ppm
| | F2 0.00 Hz
' / \ PPMCM 0.50000 ppm/cm
32T [ts} o (=) ow q\\ <|cu|~| [~{ao]~ @ HZCM 150.06500 Hz/cm
glala © ~| [0 wl |lololo| |ajo|«= <
g = e N 22| !
H-lo o Sl V'«—« iﬂHﬂ ajau| =[] o
I T T T T T T Te——— T T T T — T T T . T v
opm <) 8 7 6 5} 4 3 2 1
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13C with praton cecoupling

Current Data Parameters

NAME rc_508
- o oy (e} e lNTe} @O T~ D ~ O WY YT M U0~ 00 EXPNG R
m< w w ~ o o o @ M OO0 OOS~SOMST PAOCNG 1
= <r‘(", - ~ LDm T N O D W V\LOGD“LGQMLD(\JLDQ
= oe o 2] sz Be)] NS~ o — W OO TI0ON
Q ¥ < < 3% ~ O P~ S S S N I ITO@MOM®MAUN N F2 - Acquisition Parameters
FEL 5 = T o= 1 | Date_ 20031104
\ | | \ ¢ k \ } \ Time 17.08
| f | ‘ | \ INSTAUM av300
| | i | M I PAOBHD 5 mm ONP  1H/1
PULPAOG 2gpg30
32768
| SOLVENT coc13
| NS 398
0s 0
SHH 17985.511 Hz
FIDRES 0.548877 Hz
A0 0.9110004 sec
AG 7298.2
oW 27.800 usec
DE 6.00 usec
TE 300.0 K
0t 1.00000000 sec
d11 0.03000000 sec
d12 0.00002000 sec

CHANNEL 1
13C
5.00 usec

-6.00 dB
75.4752653 MHz

CHANNEL f2 =

CPOPRG2 waltzi6
Nuc2 1H
PCPO2 70.00 usec
PL2 -3.00 dB
PL12 13.48 dB
PL13 15.63 dB
SF02 300.1314860 MHz

F2 - Processing parameters

S 65536
8F 75.4677478 MHz
WOW EM
S5B Q

| LB 1.00 Hz
GB a
PC 1.40

10 NMR plot parameters

i : AR 1 i ) cx 20.00 cn

| R A ‘ R [ | b |3‘i sl cy 12.50 cm

I L ‘ | Rim ‘ RN F1P 160.000 ppn

i M’ “ : v 1l \ \N il i il | ; | F1 12074.84 Hz

il il } ‘ N i “ HI} | Fop 0.000 ppn

; ' Hl “m‘ | “l “‘ Y ] L) ‘ il J‘. H | F2 0.00 Hz
) ! \ | J i PPMOM 8.00000 ppn/cm
ppm 140 120 100 80 60 40 20 Hzew 603.74200 Hz/cm
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Current Data Parameters

NAME rc_508
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20031104

Time 17.04
INSTRUM av300
PROBHD 5 mm QNP 1H/1
PULPROG 2930

0 30720
SOLVENT CDC13

NS 32

0s a

SiH 5061 301 Hz
FIDRES 0.165407 Hz
AG 3.0228980 sec
RG 382

oW 98.400 usec
0E 6.00 usec
TE 300.0 K

01 1.00000000 sec

= = CHANNEL f1 =
NUCt 1H

P1 10.50 usec
PL1 -3.00 dB
SFO1 300.1319477 MHz

F2 - Processing parameters

SI 65536
SF 300.1300000 MHz
/ WOW M
/ SSB 0
LB 0.10 Hz
8 0
PC 1.00
/ / 10 NMR plot parameters
/ CX 20.00 cm
& /r cY 10.00 cm
| J\Ml Fip 8.000 ppm
. L_ "*M"h F1 2401.04 Hz
FaP 0.000 ppm
F2 0.00 Hz
/ \ PPMCM 0.40000 ppm/cm
= © @ o) <)o o\ A AN G e [t HZCM 120.05200 Hz/cm
2 | nio|olo | = | |O| |~ ~|~
a o Qoo O: ~|N|(WO OOy uw =~
: | ) D || alalslelsle e
i : T T T T 7 T | T T T T T T T
opm 7 6 5 4 3 2 1

S41



Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2008

Current Data Ferameters

> NAME engB72top
ExPn0 1
PROSND 1
=
re 5 F2 - Acquisition Farameters
oste_ 20060420
Tame 16.19
INSTAUM AVSO0WE
PROBHD 5 ma TBO BB/IH
PULPROG 1g30
T B5536
SOLVENT Acetaone
NS 16
0s 0
SHH 7440, 475 1z
N FIDRES 0.143833 Hz
AR 4 4D40B94 sec
;. T 203.2
) oW 67.200 usec
DE 6.00 usec
TE 300.0 K
04 001000000 sec
CHAMNEL ff ==smsns=
tL1
13.50 usee

0.00 0B
500 1327766 MHz

| F2 - Processing parameters
s j v s 5
Ed 5001300049 Wiz
i = . , WON N
\ 558 0
L8 0.00 He
C e ]
} ag 1.00
/ 10 WHR plot paraseters
. = 20.00 cm
14 10.00 cn
F1p 8.000 pon
F1 4001 04 H
- Fop 0.000 pom
3 F2 0.00 Hz
H PRHCM 0.40000 pp/ce
g HIOH 20095200 He fem
[Baa s T  BEEmE e e T e e — - ,
pom 7 6 5 a 3 2 i
Lurrent Data Paraseters
AN erus7ztop
e 2 mowoo o womoanony ExPNO 2
- B BIBIA 8B SEHBRABESS PROCHD 1
a R e ALBII ng 8 IFREDRAES F2 - dcquisitian Pacameters
s} il R el Date 20050420
= Tine 1825
INSTRUM AvSlowE
PAOBHD 5 na TED EB/1H
PULPROG 200930
o £3536
SOLVENT 1l
s 1024
s o
SHM 30030029 w2
FIORES 0. 858222 W2
an 1 0G912244d sec
3 a6 L4E00
L oM 16,650 usac
: ! %€ 40,00 usec
SFoM £25. 7703643 MMz
neeeanen DUNIEL 12 smeenenn
s o walbz1f
Nuc2 1H
PCPO2 80.00 usec
L2 000 dB
Lz 15 46 dB
PLI3 14.90 aB
sroe 500, 1320005 Mz
F2 - Processing parareters
st 27158
¥ 125 7578051 Mz
oM ]
558 0
8 1.00 1
& o
L 100
10 WA ot saraneters
E l | £ 2,00 ca
oy 20,00 cn
P 218 000 p
Fi 27037 93 H
F2p 5,000 ppm
T T T T T & T T A N U e ;;"u -!;ijsz
n 7 a 1" nen/cn
npm 200 175 150 125 100 5 50 ) 1] W2on 1383 33582 H1fem
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1H NMR 500 MHz
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