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General Experimental

Experimental Techniques: All reactions were carried out in oven-dried glassware. Air-sensitive
reactions were performed under a positive pressure of nitrogen unless stated otherwise. Reaction
temperatures other than room temperature were achieved using an oil bath, ice/water bath or a dry
ice/acetone bath. ‘Concentrated’ refers to concentrating of the solution in vacuo until all (or most)
of the solvent and/or volatile components have been removed. ‘Chromatographed’ refers to flash
column chromatography on silica gel, particle size 33—70 um or 40—63 pum, unless otherwise
stated. Analytical TLC was performed on silica gel 60 F254 pre-coated aluminium-backed plates
and visualized with either irradiation with UV light (254 nm) or potassium
permanganate, vanillin or phosphomolybdic acid staining. Brine refers to a saturated aqueous

NaCl solution.

Characterization: Melting points were recorded on a Stanford Research Systems ‘OptiMelt’
automated melting point system. Fourier transform infra-red (IR) spectra were recorded neat using
an ATR-IR spectrometer and absorptions are reported to the nearest
wavenumber. *H and *C NMR spectra were recorded on either a Bruker DRX-400 or Bruker AV-
400. Chemical shifts (8) are expressed in parts per million (ppm) relative to the residual solvent
peak. 'H NMR spectra were recorded at 400 MHz.*C NMR spectra were recorded at
101 MHz. NMR acquisitions were performed at 298 K unless stated otherwise. Abbreviations are:
s, singlet; d, doublet; t, triplet; q, quartet; qu., quintet, m, multiplet. High resolution MS was

recorded by the Imperial College Department of Chemistry Mass Spectrometry Service.

Reagents: Triethylamine was distilled under nitrogen before use. The molarity of
'PrMgCI was determined by titration with menthol and 2,2’-bipyridine in THF directly before

use. All other reagents were obtained from commercial suppliers and used as received.
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Solvents: All reactions were carried out in anhydrous solvents, unless used in combination with
H,0. HPLC grade CH2Cl,, THF and toluene were dried by passing through a column of alumina
beads. Extraction solvents and chromatography eluents (n-hexane, pentanes, CH2Cl>, Et2O and
EtOAc) were used as received. Et,O and pentanes were GPR (VWR) grade. EtOAc, n-hexane, and

CH2Cl> were HiPerSolv (VWR) grade.
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Experimental details and characterizing data for compounds.

(S,E)-3-(5-(Allyloxy)-3-methylpent-3-en-1-yl)-2,2-dimethyloxirane (2)

M\O/\/

o
2
Following a modified procedure of Corey,! to a solution of (R,E)-8-(allyloxy)-2,6-dimethyloct-6-
ene-2,3-diol (1)? (1.13 g, 5.00 mmol, 1.00 equiv.) in CH2Cl> (10 mL) at 0 °C was added pyridine
(0.81 mL, 10 mmol, 2.0 equiv.) followed by MsCI (0.50 mL, 6.5 mmol, 1.3 equiv.) dropwise. The
reaction was allowed to gradually warm to room temperature and the mixture was stirred for 18 h.
Additional pyridine (2.4 mL, 30 mmol, 6.0 equiv.) was added and stirring was continued for an
additional 5 hours. The mixture was poured into a suspension of KoCOs (11.4 g, 82.5 mmol) in
MeOH (50 mL) and the resulting suspension was stirred for a further 17 h. The reaction mixture
was concentrated, diluted with H,O (100 mL) and extracted with EtOAc (3 % 40 mL). The
combined organic phase was washed with a saturated aqueous CuSOas solution (3 x 50 mL), then
brine (2 x 50 mL), dried over Na.SO4 and concentrated. The residue was chromatographed (5-
10% EtOAc in n-hexane), to give epoxide 2 (891 mg, 4.23 mmol, 85%) as a colorless oil.

10.14469/hpc/5771. Rs 0.57 (30% EtOAc in pentanes); [a]2° - 4.9 (¢ 1.0, CHCIs); IR (ATR, neat)

3075, 1670 cmt; *H NMR (400 MHz, CDCls) § 5.92 (ddt, J = 17.5, 10.5, 5.7 Hz, 1H), 5.43 — 5.36
(m, 1H), 5.26 (dg, J = 17.2, 1.7 Hz, 1H), 5.17 (dq, J = 10.5, 1.5 Hz, 1H), 3.9 (d, J = 6.8 Hz, 2H),
3.97 — 3.94 (m, 2H), 2.70 (t, J = 6.2 Hz, 1H), 2.26 — 2.07 (m, 2H), 1.68 (s, 3H), 1.67 — 1.62 (m,
2H), 1.29 (s, 3H), 1.25 (s, 3H); *C{'H} NMR (101 MHz, CDCls) § 139.4, 135.1, 121.5, 117.2,
71.3, 66.7, 64.2, 58.5, 36.4, 27.3, 25.0, 18.9, 16.7; HRMS (CI*) calcd for CisHz102 [M — H]*

209.1536, found 209.1535.
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(S)-9-(3,3-Dimethyloxiran-2-yl)-3,7-dimethylnona-2,6-dienal (4)3

o
4
To a mixture of epoxide 2 (53 mg, 0.25 mmol, 1.0 equiv.), citral 3 (0.210 mL, 1.25 mmol, 5.00
equiv.), AcOH (5.7 pL, 0.1 mmol, 40 mol%) and Cul (14 mg, 0.075 mmol, 30 mol%) was added
ruthenium benzylidene 5 (42 mg, 0.050 mmol, 20 mol%). The mixture was heated to 50 °C using
an oil bath for 1 h under a strong positive pressure of N2 (g) via a needle in/out to aid the removal
of volatiles. The resulting mixture was loaded directly onto a column of silica gel and
chromatographed (10-20% EtOAc in n-hexane), to give epoxy enal sesquiterpene 4 (51 mg, 0.22
mmol, 88%) as a light brown oil and as a mixture of E/Z geometrical isomers; E/Z = 73:27) at the

newly formed olefin and E/Z = 76:24 at the a,,3-unsaturated aldehyde. 10.14469/hpc/5772. R¢ 0.37

(20% EtOAc in n-hexane); IR (ATR, neat), 1671, 1632, 1611 cm™; *H NMR (400 MHz, CDCls)
$9.98 (d, J = 8.0 Hz, 0.76H), 9.89 (d, J = 8.2 Hz, 0.24H), 5.86 (d, J = 8.1 Hz, 1H), 5.19 — 5.08 (m,
1H), 2.72 — 2.65 (m, 1H), 2.59 (t, 0.50H), 2.29 — 2.03 (m, 8.5H), 1.72 — 1.56 (m, 5H), 1.29 (s,
0.81H), 1.28 (s, 2.19H), 1.26 (s, 0.81H), 1.24 (s, 2.19H). The E:Z ratio at the newly formed olefin
was determined by integration of the resonances at & 1.24 (major) and 1.26 (minor) ppm, and at
the o,B-unsaturated aldehyde by integration of the resonances at 6 9.98 (major) and 9.89 (minor)
ppm; *C NMR (101 MHz, CDCl3) § 191.4, 191.4, 190.8, 163.7, 136.6, 135.8, 135.8, 128.8, 127.6,
127.5, 124.0, 123.2, 122.8, 64.2, 64.0, 58.5, 58.4, 40.8, 40.6, 36.4, 32.6, 28.7, 27.5, 27.5, 27.4,
27.1, 25.7, 25.6, 25.2, 25.0, 25.0, 23.4, 18.9, 18.9, 17.7, 17.7, 16.2, 16.2. The major geometry of
the newly formed trisubstituted olefin was assigned as the E on the basis of a characteristic shielded
methyl resonance* at 16.2 vs 23.4 ppm for the minor Z-isomer; HRMS (ES*) calcd for C1sHzs0:

[M + H]* 237.1855, found 237.1854.
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(S)-9-(3,3-Dimethyloxiran-2-yl)-3,7-dimethylnona-2,6-dien-1-ol (7)

o
7
Using a modified procedure of Zeynizadeh and Shirini,® to a solution of epoxy enal 4 (709 mg,
3.00 mmol, 1.00 equiv.) in THF (15 mL) was added DOWEX® 50WX8 (0.60 mg, 0.20 g mol™Y),
then NaBH4 (125 mg, 3.30 mmol, 1.1 equiv.) at 0 °C and the mixture was stirred for 30 min. The
reaction was quenched by the addition of a saturated aqueous NH4Cl solution (150 mL) and
extracted with EtOAc (4 x 50 mL). The combined organic phase was washed with brine (100 mL),
dried over NaxSO4 and concentrated. The residue was chromatographed (30% EtOAc in n-hexane),
to give allylic alcohol 7 (542 mg, 2.27 mmol, 76%) as a colorless oil and mixture of E/Z

geometrical isomers (A%® E/Z =69:31, A% E/Z =73:27). 10.14469/hpc/5774. R:0.28 (20% EtOAC

in n-hexane); IR (ATR, neat) 3600-3100 cm™; *H NMR (400 MHz, CDCl3) § 5.49 —5.33 (m, 1H),
5.20 — 5.09 (m, 1H), 4.18 — 4.11 (m, 1.38H), 4.11 — 4.06 (m, 0.62H), 2.70 (t, J = 6.1 Hz, 0.27H),
2.68 (t, J = 6.2 Hz, 0.73H), 2.23 — 1.98 (m, 6H), 1.75 — 1.73 (m, 1H), 1.71 — 1.68 (m, 1H), 1.67 (s,
2H), 1.64 — 1.57 (m, 4H), 1.42 (br s, 1H), 1.30 (s, 0.81H), 1.29 (s, 2.19H), 1.26 (s, 0.81H), 1.25 (s,
2.19H). The E:Z ratio at A?3 was determined by integration of the resonances at & 4.18 — 4.11
(major) and 4.11 — 4.06 (minor) ppm, and at A%’ by integration of the resonances at & 1.25 (major)
and 1.26 (minor) ppm; 3C NMR (101 MHz, CDCls) & 139.6, 139.3, 134.9, 134.5, 134.3, 125.3,
124.7, 124.6, 124.5, 124.3, 123.6, 123.6, 64.2, 64.1, 64.1, 59.3, 59.0, 58.9, 58.5, 58.4, 39.7, 39.4,
36.3, 36.3, 32.1, 31.8, 28.5, 27.4, 27.3, 27.2, 26.5, 26.4, 26.2, 24.9, 24.9, 23.6, 23.3, 23.3, 23.2,
18.8, 18.7, 16.3, 16.2, 16.0. The major geometry of the A5 trisubstituted olefin was assigned as

the E-isomer on the basis of characteristic shielded methyl resonances* at 16.2 and 16.0 vs 23.2
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and 23.3 ppm for the minor Z-isomer; HRMS (CI*) calcd for C1sH250 [M - OH]* 221.1900, found

221.1892.

(S)-3-(9-(Allyloxy)-3,7-dimethylnona-3,7-dien-1-yl)-2,2-dimethyloxirane (8)

My\)\#ﬁ\ O/\/
o"
8

Using a modified procedure of Rao and Senthilkumar,® to a mixture of allylic alcohol 7 (474 mg,
2.00 mmol, 1.00 equiv.), allyl bromide (0.52 mL, 6.0 mmol, 3.0 equiv.) and TBAI (37 mg, 0.10
mmol, 5 mol%) was added crushed KOH pellets (224 g, 4.00 mmol, 2.00 equiv.) at room
temperature. The resultant mixture was stirred for 7 h. The crude reaction mixture was loaded
directly onto a column of silica gel and chromatographed (5-10% EtOAc in n-hexane), to give

allyl ether 8 (541 mg, 1.94 mmol, 98%) as a colourless oil. 10.14469/hpc/5779. Rf0.81 (20%

EtOAc in n-hexane); IR (ATR, neat) 3080, 1668, 1648 cm™; 'H NMR (400 MHz, CDCls) § 6.00
~ 5.84 (m, 1H), 5.40 — 5.33 (m, 1H), 5.31 — 5.23 (m, 1H), 5.22 — 5.12 (m, 2H), 4.02 — 3.92 (m,
4H), 2.74 — 2.66 (m, 1H), 2.22 — 1.99 (m, 6H), 1.77 — 1.73 (m, 1H), 1.71 — 1.65 (m, 3H), 1.63 —
1.58 (m, 4H), 1.32 - 1.28 (m, 3H), 1.28 — 1.24 (m, 3H). E:Z ratios could not be determined due to
overlapping *H NMR resonances; *C NMR (101 MHz, CDCls) & 140.4, 140.0, 139.9, 135.1,
134.7,134.4,125.3,125.2, 124 .5, 124.3, 122.0, 121.9, 121.0, 120.9, 116.9, 116.9, 71.8, 71.1, 71.0,
68.7, 66.6, 66.3, 64.2, 64.1, 64.1, 58.3, 39.8, 39.5, 36.7, 36.3, 32.4, 32.2, 29.6, 28.5, 27.4, 26.6,
26.4, 26.3, 26.1, 24.9, 23.5, 23.3, 18.8, 18.7, 16.5, 16.0; HRMS (ES™) calcd for C1gH3102 [M +

H]* 279.2324, found 279.2323.
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(S)-13-(3,3-Dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trienal (9)’

M\J\W\J\WCHO

o
9
To a mixture of allyl ether 8 (144 mg, 0.520 mmol, 1.00 equiv.), citral 3 (0.44 mL, 2.6 mmol, 5.0
equiv.), AcOH (12 uL, 0.21 mmol, 40 mol%) and Cul (31 mg, 0.16 mmol, 30 mol%) was added
ruthenium benzylidene 5 (85 mg, 0.10 mmol, 20 mol%) and heated to 50 °C using an oil bath for
30 min. under a strong positive pressure of N2 (g) via a needle in/out to aid the removal of volatiles.
The resulting mixture was loaded directly onto a column of silica gel and chromatographed (10-
20% EtOAC in n-hexane) to give diterpene epoxy enal 9 (98 mg, 0.32 mmol, 62%) as a light brown
oil and a mixture of E/Z geometrical isomers (E/Z = 66:34 at the a,B-unsaturated aldehyde).

10.14469/hpc/5780. Rr 0.51 (20% EtOAC in n-hexane); IR (ATR, neat) 1673, 1631 cm™; *H NMR

(400 MHz, CDCls) 6 9.99 (d, J = 8.1 Hz, 0.66H), 9.93 — 9.88 (m, 0.34H), 5.93 — 5.84 (m, 1H),
5.18 — 5.05 (m, 2H), 2.73 — 2.67 (M, 1H), 2.62 — 2.55 (m, 1H), 2.27 — 2.20 (m, 3H), 2.18 — 2.16
(M, 2H), 2.12 — 2.02 (m, 4H), 2.00 — 1.96 (m, 2H), 1.72 — 1.67 (m, 2H), 1.64 — 1.54 (m, 8H), 1.32
—1.28 (m, 3H), 1.27 — 1.25 (m, 3H). The E:Z ratio at the a,3-unsaturated aldehyde was determined
by integration of the resonances at 6 9.99 (major) and 9.93 — 9.88 (minor) ppm, E:Z ratios at the
remaining olefins could not be determined due to overlapping *H NMR resonances; **C NMR (101
MHz, CDCl3) 6 191.2, 163.8, 136.6, 136.5, 134.5, 134.2, 128.6, 127.4, 125.4, 124.6, 124.5, 123.3,

122.6, 122.5, 64.2, 64.1, 58.3, 40.8, 40.6, 39.8, 39.6, 36.3, 31.9, 30.9, 28.6, 27.5, 27.4, 27.1, 26.6,
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26.4,26.4, 25.7, 25.5, 24.9, 23.4, 18.8, 17.6, 16.1, 16.0; HRMS (CI*) calcd for CaHs302 [M + H]*

305.2475, found 305.2464.

(S)-13-(3,3-Dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trien-1-ol (10)®

PPN P N N

o
10
Using a modified procedure of Zeynizadeh and Shirini,® to a solution of epoxy enal 9 (163 mg,
0.540 mmol, 1.0 equiv.) in THF (2.7 mL) was added DOWEX® 50WX8 (0.11 mg, 0.20 g mol™),
then NaBHa4 (22 mg, 0.59 mmol, 1.1 equiv.) at 0 °C and the mixture was stirred for 30 min. The
reaction was quenched by the addition of a saturated aqueous NH4Cl solution (30 mL) and
extracted with EtOAc (3 x 25 mL). The combined organic phase was washed with brine (50 mL),
dried over Na2SO4 and concentrated. The residue was chromatographed (15% EtOAc in toluene)

to give allylic alcohol 10 (117 mg, 0.380 mmol, 71%) as a colorless oil. 10.14469/hpc/5781. Rt

0.37 (20% EtOAc in toluene); IR (ATR, neat) 3600-3050, 1667 cm™*; *H NMR (400 MHz, CDCls)
§5.48 —5.33 (M, 1H), 5.21 — 5.03 (m, 2H), 4.13 (d, J = 6.9 Hz, 1.45H), 4.11 — 4.03 (m, 0.55H),
2.74 - 2.66 (M, 1H), 2.21 — 1.92 (m, 10H), 1.75 — 1.53 (m, 11H), 1.29 (s, 0.87H), 1.29 (s, 2.13H),
1.26 (s, 0.87H), 1.24 (s, 2.13H). E:Z ratios could not be determined due to overlapping *H NMR
resonances; **C NMR (101 MHz, CDCls) & 139.8, 139.5, 139.4, 134.0, 135.74, 135.4, 135.2,
135.1, 134.3, 134.3, 134.1, 134.1, 134.0, 125.7, 125.6, 124.8, 124.7, 124.7, 124.6, 124.5, 1245,
124.0, 123.9, 123.7, 123.6, 123.5, 64.22, 64.2, 59.3, 59.0, 58.5, 58.4, 39.9, 39.9, 39.8, 39.8, 39.6,
39.5, 395, 36.3, 32.3, 32.2, 32.0, 32.0, 31.9, 31.8, 28.5, 28.5, 27.5, 27.4, 26.6, 26.5, 26.4, 26.3,
26.2,25.3,24.9, 23.5, 23.4, 23.4, 23.3, 19.5, 18.7, 18.7, 16.3, 16.3, 16.0, 16.0; HRMS (ES") calcd

for C20H3402Na [M + Na]* 329.2457, found 329.2468.
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Ethyl 4-hydroxy-3-iodobenzoate (12)°

CO,Et

OH
12

Using the procedure of Carroll,® to a solution of ethyl 4-hydroxybenzoate (11) (25.6 g, 152 mmol,
1.00 equiv.) in AcOH (125 mL) at 65 °C, was added dropwise a solution of ICI (25.0 g, 152 mmol,
1.00 equiv.) in AcOH (50 mL). The reaction mixture was stirred at 65 °C using a heating mantle
for 5 h., before pouring onto ice/H>O. The resulting precipitate was collected by filtration and
successively washed with a saturated aqueous Na>SOz solution (100 mL) and H20 (100 mL). The
cream solid was dissolved in EtOAc, dried over Na>SO4 and concentrated. The crude reaction
mixture was purified by recrystallization (n-hexane) to give iodophenol 12 (46.0 g, 137 mmol, 90

%) as colourless crystals. 10.14469/hpc/5784. m.p. 117-118 °C; R¢ 0.38 (CH2Cl2); IR (ATR, neat)

3450 — 3050, 1679 cm™: *H NMR (400 MHz, CDCl3) § 8.37 (d, J = 2.0 Hz, 1H), 7.95 (dd, J = 8.5,
2.0 Hz, 1H), 7.01 (d, J = 8.5 Hz, 1H), 5.76 (br s, 1H), 4.35 (g, J = 7.1 Hz, 2H), 1.38 (t, J = 7.1 Hz,
3H); 13C NMR (101 MHz, CDCl3) § 165.4, 159.1, 140.5, 131.9, 124.4, 114.7, 84.8, 61.3, 14.3; MS

(ES) m/z 291 [M - H]; HRMS (ES") m/z calcd for CoHsOs2I [M - H]- 290.9518, found 290.9515.
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Ethyl 4-ethoxy-3-iodobenzoate (13)

CO,Et

O

]

13

To a solution of iodophenol 12 (2.92 g, 10.0 mmol, 1.00 equiv.) in DMF (100 mL) at 0 °C, was
added K>CO3 (1.15 g, 30.0 mmol, 3.00 equiv.) and the mixture was stirred at 0 °C for 10 min.
Ethyl iodide (1.61 mL, 20.0 mmol, 2.00 equiv.) was added dropwise and the mixture was allowed
to warm to room temperature at which the mixture was stirred for 17 h. The reaction mixture was
then concentrated. H.O (150 mL) was added to the residue and this was extracted with EtOAc (4
x 50 mL). The combined organic phase was washed with a 10% LiCl aqueous solution (5 x 20
mL), brine (100 mL), dried over Na,SO4 and concentrated. The residue was dissolved in n-hexane
(200 mL), and the product was precipitated by cooling in a liquid N2 bath. Collection by filtration
gave ethyl ether 13 (2.97 g, 9.28 mmol, 93%) as a cream solid. Recrystallization (n-hexane)

provided 13 as colorless crystals. 10.14469/hpc/5785. m.p. 47-49 °C; IR (ATR, neat) 1699 cm™;

IH NMR (400 MHz, CDCl3) & 8.44 (d, J = 2.1 Hz, 1H), 7.98 (dd, J = 8.6, 2.1 Hz, 1H), 6.78 (d, J
= 8.6 Hz, 1H), 4.34 (q, J = 7.1 Hz, 2H), 4.14 (q, J = 7.0 Hz, 2H), 1.50 (t, J = 7.1 Hz, 3H), 1.37
J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCls) § 165.1, 161.0, 140.9, 131.5, 124.5, 110.7, 85.9,

65.1, 60.9, 14.6, 14.4; HRMS (EI*) calcd for C11H1303l [M]™* 319.9909, found 319.9894.
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Ethyl (E)-3-(3,7-dimethylocta-2,6-dien-1-yl)-4-ethoxybenzoate (14)

CO,Et

14

Using a modified procedure of Lang and Steglich,® to a solution of iodo ether 13 (5.72 g, 17.9
mmol, 1.00 equiv.) in THF (90 mL) at -30 °C was added a solution of 'PrMgCl in THF (2 M, 10.1
mL, 20.1 mmol, 1.125 equiv.) over 10 min. at -30 °C. A solution of LioCuCls in THF (0.1 M, 5.4
mL, 0.54 mmol, 3.0 mol%) was added and stirring was continued for 5 min. at -30 °C before
geranyl bromide (3.55 mL, 17.9 mmol, 1.00 eq.) was added using a syringe-pump over 35 min.
The reaction mixture was stirred at -30 °C for 2 h and allowed to warm to room temperature at
which it was stirred for 18 h. A saturated aqueous NH4ClI solution (150 mL) was added and the
mixture was extracted with EtOAc (3 x 100 mL). The combined organic phase was washed with
a 2 M aqueous NH4OH solution (2 x 100 mL) and brine (100 mL), dried over Na,SO4 and
concentrated. The residue was chromatographed (80-100% toluene in n-hexane), to give geranyl

benzoate 14 (5.68 g, 17.2 mmol, 96%) as a colourless oil. 10.14469/hpc/5786. R¢0.60 (20% EtOAcC

in n-hexane); IR (ATR, neat) 1712, 1604 cm™*; 'H NMR (400 MHz, CDCl3) § 7.92 — 7.77 (m, 2H),
6.82 (d, J = 8.5 Hz, 1H), 5.37 — 5.24 (m, 1H), 5.16 — 5.05 (m, 1H), 4.33 (g, J = 7.1 Hz, 2H), 4.09
(9, 3 = 7.0 Hz, 2H), 3.34 (d, J = 7.3 Hz, 2H), 2.17 — 1.96 (m, 4H), 1.72 (s, 3H), 1.66 (s, 3H), 1.59
(s, 3H), 1.44 (t, J = 7.0 Hz, 3H), 1.37 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCls) & 166.7,
160.5, 136.3, 131.4, 130.9, 130.1, 129.3, 124.3, 122.3, 122.0, 110.2, 63.7, 60.5, 39.8, 28.5, 26.8,

25.7,17.7, 16.2, 14.8, 14.4; HRMS (ES") calcd for Co1Hz10s [M + H]* 331.2273, found 331.2273.
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(S)-3-(13-Bromo-3,7,11-trimethyltrideca-3,7,11-trien-1-yl)-2,2-dimethyloxirane (15).2

o
15

To a solution of diterpene alcohol 10 (113 mg, 0.37 mmol, 1.0 equiv.) in CH2Cl, (1.9 mL) was

added NEtz (61 pL, 0.44 mmol, 1.2 equiv.), then MsCl1 (34 uL, 0.44 mmol, 1.2 equiv.) at 0 °C and

the mixture was stirred for 40 min. LiBr (38 mg, 0.44 mmol, 1.2 equiv.) in THF (1 mL) was added

and the mixture was stirred for an additional 4 h at 0 °C. The mixture was chromatographed

(CH2Cl>) to give crude bromide 15 (111 mg, 0.27 mmol, 74%) which was used directly in the next

step. 10.14469/hpc/5783. *H NMR (400 MHz, CDCls) § 5.60 — 5.44 (m, 1H), 5.22 — 5.08 (m, 2H),

4.13 (d, J =8.0 Hz, 1H), 4.05 (d, J = 8.4 Hz, 1H), 2.77 — 2.70 (m, 1H), 2.23 — 1.94 (m, 10H), 1.81
—1.53 (m, 11H), 1.35-1.32 (m, 3H), 1.30 — 1.28 (m, 3H) E:Z ratios could not be determined due

to overlapping *H NMR resonances.

Ethyl (S)-3-(13-(3,3-dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trien-1-yl)-4-

ethoxybenzoate (16)

16
Using a modified procedure of Lang and Steglich,° to a solution of iodo ether 13 (106 mg, 0.330
mmol, 1.22 equiv.) in THF (1.5 mL) at -30 °C was added dropwise a solution of 'PrMgCl in THF
(2 M, 0.19 mL, 0.37 mmol, 1.4 equiv.) over 10 min. at -30 °C. A solution of Li>CuCls in THF (0.1

M, 0.1 mL, 0.01 mmol, 3 mol%) was added and stirring was continued for 5 min. at -30 °C. A
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solution of crude bromide 15 (111 mg, 0.27 mmol, 1.0 equiv.) in THF (1 mL) was added using a
syringe-pump over 35 min. The reaction mixture was stirred at -30 °C for 2 h and allowed to warm
to room temperature at which it was stirred for 19 h. A saturated aqueous NH4Cl solution (30 mL)
was added and the mixture was extracted with EtOAc (3 x 30 mL). The combined organic phase
was washed with a 2 M aqueous NH4OH solution (2 x 30 mL) and brine (30 mL), dried over
Na>SO4 and concentrated. The residue was chromatographed (10-15% EtOAc in n-hexane), to
give diterpene benzoate 16 (80 mg, 0.17 mmol, 63%) as a colourless oil. Alternatively, diterpene
benzoate 16 could be prepared by the following procedure: to a mixture of allyl ether 8 (70 mg,
0.25 mmol, 1.0 equiv.), geranyl benzoate 14 (413 mg, 1.25 mmol, 5.0 equiv.), AcOH (5.7 uL, 0.10
mmol, 40 mol%) and Cul (14 mg, 0.075 mmol, 30 mol%) was added ruthenium benzylidene 5 (42
mg, 0.05 mmol, 20 mol%) and heated to 50 °C using an oil bath for 1 h under a strong positive
pressure of N2 (g) via a needle in/out to aid the removal of volatiles. The resulting mixture was
loaded directly onto a column of silica gel and chromatographed (toluene to 5% Et20 in toluene)

to give diterpene benzoate 16 (63 mg, 0.13 mmol, 52%) as a light brown oil. 10.14469/hpc/5792.

Rf 0.33 (20% EtOAc in n-hexane); IR (ATR, neat) 1712, 1605 cm™; *H NMR (400 MHz, CDCls)
§7.92 —7.77 (m, 2H), 6.81 (d, J = 8.5 Hz, 1H), 5.34 — 5.24 (m, 1H), 5.23 —5.08 (m, 2H), 4.32 (q,
J=7.1Hz, 2H), 4.08 (g, J = 7.0 Hz, 2H), 3.34 (d, J = 7.3 Hz, 2H), 2.76 — 2.64 (m, 1H), 2.19 —
1.92 (m, 10H), 1.74 — 1.56 (m, 11H), 1.44 (t, J = 7.0 Hz, 3H), 1.36 (t, J = 7.1 Hz, 3H), 1.31 — 1.27
(m, 3H), 1.27 — 1.23 (m, 3H) E:Z ratios could not be determined due to overlapping *H NMR
resonances; 13C NMR (101 MHz, CDCls) § 166.7, 160.5, 136.4, 136.3, 136.2, 135.0, 134.9, 134.8,
134.2, 134.0, 130.9, 130.1, 129.2, 125.7, 125.2, 125.0, 124.9, 124.8, 124.4, 124.3, 122.6, 122.3,
122.1, 121.9, 110.2, 110.0, 64.2, 64.1, 63.7, 60.5, 58.4, 58.3, 40.1, 39.8, 39.6, 36.3, 32.1, 31.9,
28.5, 28.2, 27.5, 27.4, 26.7, 26.6, 26.6, 26.5, 26.5, 26.3, 24.9, 23.6, 23.4, 23.3, 18.8, 18.7, 18.3,

16.2, 16.0, 16.0, 14.8, 14.4; HRMS (ES™) calcd for Ca1H4704 [M + H]* 483.3474, found 483.3479.
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(S)-3-(13-(3,3-Dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trien-1-yl)-4-ethoxybenzoic

acid (17)
COOH
e
?\/WWW

17

Using a modified procedure of Lang and Steglich,' to a stirred solution of ester 16 (73 mg, 0.15
mmol, 1.0 equiv.) in EtOH (0.75 mL) and H>O (0.25 mL) was added LiOH*H>0O (13 mg, 0.30
mmol, 2.0 equiv.) and the mixture was heated to 50 °C using an oil bath for 7 h. The mixture was
cooled to room temperature and quenched by the addition of a 2.5% aqueous AcOH solution (25
mL). The aqueous mixture was extracted with CHxCl> (3 x 20 mL) and the combined organic
phase was dried over Na,SO4 and concentrated. The residue was chromatographed (15% MeCN
in toluene with 1% AcOH), to give carboxylic acid 17 (66 mg, 0.146 mmol, 97%) as a white solid.

10.14469/hpc/5788. R 0.33 (20% EtOAcC in n-hexane with 1% AcOH); IR (ATR, neat) 1673, 1604

cm™; IH NMR (400 MHz, CDCls) § 7.97 (br d, J = 8.5 Hz, 1H), 7.92 (br s, 1H), 6.88 (d, J = 8.5
Hz, 1H), 5.34 (br t, J = 7.3 Hz, 1H), 5.27 — 5.08 (m, 2H), 4.14 (q, J = 6.9 Hz, 2H), 3.38 (d, J = 7.3
Hz, 2H), 2.82 — 2.69 (m, 1H), 2.25 — 1.94 (m, 10H), 1.80 — 1.57 (m, 11H), 1.48 (t, J = 7.0 Hz, 3H),
1.33 (br s, 3H), 1.31 — 1.26 (m, 3H). E:Z ratios could not be determined due to overlapping H
NMR resonances; *C NMR (101 MHz, CDCl3) § 171.8, 161.2, 136.5, 135.1, 135.0, 134.8, 134.2,
133.9, 131.5, 130.3, 130.2, 125.8, 125.0, 124.9, 124.3, 124.2,121.8, 121.8, 110.3, 64.3, 64.2, 63.8,
58.6, 40.1, 39.9, 39.8, 39.6, 36.3, 31.9, 28.5, 28.4, 27.4, 26.7, 26.6, 26.5, 26.5, 24.9, 24.9, 23.3,
18.8, 18.7, 16.2, 16.0, 16.0, 14.8; HRMS (ES") calcd for C29H304 [M + H]" 455.3161, found

455.3166.
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(S)-3-(15-Bromo-14-hydroxy-3,7,11,15-tetramethylhexadeca-2,6,10-trien-1-yl)-4-ethoxybenzoic
acid (18) and (R)-3-(14-bromo-15-hydroxy-3,7,11,15-tetramethylhexadeca-2,6,10-trien-1-yl)-4-

ethoxybenzoic acid (18a)

Using a modified procedure of Krauss,*! to a solution of epoxide 17 (41 mg, 0.09 mmol, 1.0 equiv.)
in CH2Cl2 (0.9 mL) at -78 °C, was added n-BusNBr (174 mg, 0.54, 6.0 equiv.), then MgBr2+OEt;
(139 mg, 0.54 mmol, 6.0 equiv.). The reaction mixture was allowed to gradually warm to -40 °C
and was maintained at -40 °C, with stirring, for 5 h. Silica gel was added and the mixture was
concentrated and chromatographed (5-15% Et,O in n-hexane with 1% AcOH), to give first 3°
bromide 18 (39 mg, 0.073 mmol, 81%) as a white solid and second 2° bromide 18a (5 mg, 0.009

mmol, 10%) as a white solid. 18: 10.14469/hpc/5789. Rt 0.46 (20% MeCN in toluene with 1%

AcOH); IR (ATR, neat) 1675, 1604 cm™; 'H NMR (400 MHz, CDCls) § 7.97 — 7.93 (m, 1H), 7.91
—7.87 (m, 1H), 6.85 (d, J = 8.6 Hz, 1H), 5.36 — 5.27 (m, 1H), 5.24 — 5.10 (m, 2H), 4.11 (g, J=7.0
Hz, 2H), 3.46 — 3.37 (m, 1H), 3.35 (d, J = 7.4 Hz, 2H), 2.34 — 1.92 (m, 10H), 1.87 — 1.54 (m, 16H),
1.50 — 1.42 (m, 4H). E:Z ratios could not be determined due to overlapping *H NMR resonances;

13C NMR (101 MHz, CDCl3) § 171.7, 161.2, 136.4, 134.9, 134.5, 134.2, 131.5, 130.3, 130.1,

SI'16


https://data.hpc.imperial.ac.uk/resolve/?doi=5789&access=ffpd-wgm3

126.2, 125.3, 125.2, 125.1, 124.4, 124.2, 121.9, 121.8, 121.1, 110.3, 79.3, 79.1, 75.1, 63.8, 40.1,
40.0, 39.8, 39.6, 36.4, 31.9, 31.0, 30.2, 30.1, 29.0, 28.8, 28.6, 28.4, 26.6, 26.6, 26.5, 23.3, 16.2,
16.2, 16.0, 15.9, 15.9, 14.8; HRMS (ES*) calcd for C29H4404"°Br [M + H]* 535.2423, found

535.2419. 18a: 10.14469/hpc/5790. Rt 0.43 (20% MeCN in toluene with 1% AcOH); IR (ATR,

neat) 1680, 1604 cm™*; *H NMR (400 MHz, CDCl3) & 7.98 — 7.90 (m, 1H), 7.91 — 7.85 (m, 1H),
6.85 (d, J = 8.4 Hz, 1H), 5.37 — 5.26 (m, 1H), 5.26 — 5.08 (m, 2H), 4.11 (q, J = 7.0 Hz, 2H), 4.03
—3.92 (m, 1H), 3.35 (d, J = 7.3 Hz, 2H), 2.38 — 1.90 (m, 11H), 1.85 — 1.69 (m, 4H), 1.71 — 1.63
(m, 2H), 1.64 — 1.55 (m, 4H), 1.51 — 1.41 (m, 4H), 1.36 — 1.31 (m, 6H). E:Z ratios could not be
determined due to overlapping *H NMR resonances; 3C NMR (101 MHz, CDCl3) § 171.0, 161.2,
161.2, 136.7, 136.5, 136.4, 135.0, 134.9, 134.9, 134.8, 133.4, 133.2, 133.1, 132.8, 130.9, 130.3,
130.1, 128.8, 126.9, 126.9, 126.1, 125.8, 125.1, 124.4, 124.2, 122.4, 121.8, 121.7, 121.0, 111.1,
110.3, 72.6, 72.6, 70.9, 70.9, 70.7, 70.6, 68.2, 63.8, 40.0, 40.0, 39.7, 39.6, 38.7, 38.2, 38.0, 32.4,
32.2,32.1, 31.9, 31.9, 30.5, 30.4, 30.3, 29.7, 28.9, 28.4, 28.3, 28.3, 28.1, 26.7, 26.6, 26.6, 26.5,
26.4, 25.9, 25.8, 23.7, 23.5, 23.4, 23.2, 23.0, 16.2, 16.2, 16.0, 15.8, 14.8; HRMS (ES™) calcd for

C29H4404"°Br [M + H]*535.2423, found 535.2418.

(S,7E,11E,15E)-4-(2-Bromopropan-2-yl)-14-ethoxy-7,11,15-trimethyl-3-oxa-1(1,3)-

benzenacycloheptadecaphane-7,11,15-trien-2-one (E,E,E-19)

E,E,E-19
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Using a modified procedure of Shiina et al.,'? a solution of 2-methyl-6-nitrobenzoic anhydride
(MNBA) (15.5 mg, 0.045 mmol, 1.30 equiv.) and DMAP (15.4 mg, 0.126 mmol, 3.6 equiv.) in
toluene (50 mL) was heated to 50 °C using a heating mantle and seco acid 18 (18.5 mg, 0.035
mmol, 1.0 equiv.)) in toluene (4 mL) was added over 2 days via syringe pump. Additional MNBA
(15.5mg, 0.045 mmol, 1.3 equiv.) and DMAP (15.4 mg, 0.126 mmol, 3.6 equiv.) were added after
10 h. After complete addition, the mixture was stirred for 3 h at 50 °C, then cooled to 0 °C and
quenched with a saturated aqueous NaHCOs3 solution (25 mL). The mixture was concentrated and
extracted with CH.Cl, (3 x 25 mL). The combined organic extract was dried over Na,SO4 and
concentrated. The residue was chromatographed (5% Et2O in n-hexane) to obtain the non-polar
components. Further purification by preparative thin-layer chromatography on silica gel (5%
EtOAc in n-hexane), gave macrolide 7E,11E,15E-19 (5.0 mg, 0.010 mmol, 29%) as a colourless

oil. 10.14469/hpc/5791. The olefin geometry was established as E,E,E- by the presence of

characteristic (shielded) **C NMR resonances at & 16.5, 15.9, 15.0 ppm (for E-olefins) and the
absence of 3C NMR resonances between 22-24 ppm (for Z-olefins).* Rf 0.43 (10% EtOAc in n-
hexane); [a]3? - 48.1 (¢ 0.2, CHCI3); IR (ATR, neat) 1714, 1604 cm*; *H NMR (400 MHz, CDCls)
§7.86 —7.77 (m, 2H), 6.81 (d, J = 8.5 Hz, 1H), 5.27 (br t, J = 7.3 Hz, 1H), 5.07 — 4.96 (m, 3H),
4.15—4.06 (m, 2H), 3.58 (dd, J = 15.5, 6.8 Hz, 1H), 3.15 (dd, J = 15.5, 8.1 Hz, 1H), 2.27 — 1.96
(m, 9H), 1.97 — 1.80 (m, 2H), 1.77 (s, 3H), 1.74 (s, 3H), 1.68 (br s, 3H), 1.50 (br s, 3H), 1.46 (t, J
= 7.0 Hz, 3H), 1.48 — 1.43 (m, 1H), 1.40 (s, 3H); 1*C NMR (101 MHz, CDCl3) 6 165.5, 160.3,
135.3,135.0, 132.4, 131.7, 130.8, 128.9, 127.4, 123.5, 123.0, 122.1, 110.1, 79.5, 68.2, 63.9, 39.2,
39.0, 38.4, 31.5, 30.2, 28.6, 27.5, 26.7, 24.4, 16.5, 15.9, 15.0, 14.9; HRMS (ES") calcd for

C29H4203°Br [M + H]*517.2317, found 517.2330.
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Comparison of *H and 3C NMR shifts of E,E,E-19 (P = Et; this work) vs E,E,E-19 (P =
MOM).1t

ﬁ 28’ 27

E,E,E-19 (P = Et)

E,E,E-19 (P = MOM)L

Table 1. 'H NMR data comparison between macrolide E,E,E-19 (P = Et) and Krauss’ macrolide
19 (P = MOM). 1

_ 11
19 (P = MOM) EEE-19(P=E)  agsignment 'H
0/ppm 0 /ppm A0/ ppm
7.87-7.78 786—7.77 21,23 0.01¢
7.06 6.81 20 0.25
528 5.27 16 0.01
5.08-4.95 5.07-4.96 4,8, 12 0.00°
- 4.15-4.06 28 -
3.58 3.58 17a 0.00
3.50 - 29’ -
3.18 3.15 178 0.03
CH,
2.32-1.90 2.27-1.96 (multiple) -0.01¢
1.90-1.70 1.97 -1.80 CH, -0.09°
1.76 1.77 1/3 -0.01
1.73 1.74 1/3 -0.01
1.68 1.68 27 0.00
1.50 1.50 25/26 0.00
1.52-1.43 1.48-1.43 CH»/29 0.02¢
1.40 1.40 25/26 0.00
Average AO: 0.02 ppm
Root-mean-square deviation: 0.1 ppm

“ Based on the centre of the multiplet range.
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Table 2. *C NMR data comparison between macrolide E,E,E-19 (P = Et) and Krauss’ macrolide
19 (P = MOM) 1

19 (P = MOM)!! E,E,E-19 (P = Et) . B¢
Assignment
0/ ppm 0/ ppm A0 / ppm
165.3 165.5 24 0.2
158.5 160.3 19 1.8
1354 135.3 22 -0.1
135.2 135.0 15 -0.3
132.4 132.4 7/11 0.0
131.9 131.7 23 -0.2
131.3 130.8 7/11 -0.5
128.8 128.9 21 0.1
127.3 127.4 8/12 0.1
123.4 123.5 16 0.1
123.3 123.0 8/12 -0.3
122.9 122.1 18 -0.8
112.8 110.1 20 -2.7
94.2 - 28’ -
79.6 79.5 4 -0.1
68.0 68.2 2 0.2
- 63.9 28 -
56.5 - 29° -
39.2 39.2 CHz 0.0
39.0 39.0 CH> 0.0
38.4 38.4 CH» 0.0
31.4 31.5 1/3 0.1
30.1 30.2 1/3 0.1
28.5 28.6 CHz 0.1
27.6 27.5 CHz -0.1
26.6 26.7 CHz 0.0
24.4 24.4 CHz 0.0
16.5 16.5 25/26/27 0.0
15.8 15.9 25/26/27 0.0
- 15.0 29 -
14.9 14.9 25/26/27 0.0
Average A0: -0.1 ppm
Root-mean-square deviation: 0.7 ppm
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Copies of 'H and 3C NMR spectra
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(S,E)-3-(5-(Allyloxy)-3-methylpent-3-en-1-yl)-2,2-dimethyloxirane (2)
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(S)-9-(3,3-Dimethyloxiran-2-yl)-3,7-dimethylnona-2,6-dienal (4)*
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(S)-9-(3,3-Dimethyloxiran-2-yl)-3,7-dimethylnona-2,6-dien-1-ol (7)
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(S)-3-(9-(Allyloxy)-3,7-dimethylnona-3,7-dien-1-yl)-2,2-dimethyloxirane (8)
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(S)-13-(3,3-Dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trienal (9)’
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(S)-13-(3,3-Dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trien-1-ol (10)®
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"H NMR (400 MHz, CDCl5)
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Ethyl 4-ethoxy-3-iodobenzoate (13)
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Ethyl (E)-3-(3,7-dimethylocta-2,6-dien-1-yl)-4-ethoxybenzoate (14)
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Ethyl (S)-3-(13-(3,3-dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trien-1-yl)-4-ethoxybenzoate (16)
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(S)-3-(13-(3,3-Dimethyloxiran-2-yl)-3,7,11-trimethyltrideca-2,6,10-trien-1-yl)-4-ethoxybenzoic acid (17)
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(S)-3-(15-Bromo-14-hydroxy-3,7,11,15-tetramethylhexadeca-2,6,10-trien-1-yl)-4-ethoxybenzoic acid (18)
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(R)-3-(14-bromo-15-hydroxy-3,7,11,15-tetramethylhexadeca-2,6,10-trien-1-yl)-4-ethoxybenzoic acid (18a)
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(S,7E,11E,15E)-4-(2-Bromopropan-2-yl)-1*-ethoxy-7,11,15-trimethyl-3-oxa-1(1,3)-
benzenacycloheptadecaphane-7,11,15-trien-2-one (E,E,E-19)

3 0000 [e)

8 SN Q

(] [TETETET) sy
T ennne cmoamann oL E e - S
@ & N eR®R NNNGS —HAobnnnh T dra SRRQNAT T YT
28 ¥ §8§  RAASS J33%ea0aagsenasy GRREHAEEeS
\V RN R N |

E,E,E-19
'H NMR (400 MHz, CDCls)

T I 7 g g T T e
& S ] = = a=a859ma
- RN N - - RN RN RERE RV RN
T T T T T T T T T T T T T T T T T T 1
10.0 9.5 9.0 8.5 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 1.0 0.5 0.0
sfho
oo
no . MoOTRN®ROAT IO~ - O ©
w9 WSS BN MM S 0 ® N o NeQTnNNQINNT Qo
A i Bupupupapaagagat = RRER & 3 SRRARIRNEIRAL2
I SN [ ~ [ N SN N

3C NMR (101 MHz, CDCls)

ismeiovirpnil sty Hlblnnion

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

SI 35



References

1. Corey, E. J.; Noe, M. C.; Shieh, W.-C. A Short and Convergent Enantioselective Synthesis of

(35)-2,3-Oxidosqualene. Tetrahedron Lett. 1993, 34, 5995-5998.

2. Bahou, K. A.; Braddock, D. C.; Meyer, A. G.; Savage, G. P.; Shi, Z.; He, T. A Relay Strategy
Actuates Pre-Existing Trisubstituted Olefins in Monoterpenoids for Cross Metathesis with

Trisubstituted Alkenes J. Org. Chem. 2020. DOI: 10.1021/acs.joc.0c00067.

3. Surendra, K.; Corey, E. J. Rapid and Enantioselective Synthetic Approaches to Germanicol and

Other Pentacyclic Triterpenes. J. Am. Chem. Soc. 2008, 130, 8865-8869.

4. For E- vs Z-8-(3,3-dimethyloxiran-2-yl)-6-methyloct-5-en-2-one, see: Watanabe, Y.; Laschat,
S; Budde, M.; Affolter, O.; Shimada, Y.; Urlachera, V. B. Oxidation of Acyclic Monoterpenes by
P450 BM-3 Monooxygenase: Influence of the Substrate E/Z-isomerism on Enzyme Chemo- and

Regioselectivity. Tetrahedron 2007, 63, 9413-9422.

5. Zeynizadeh, B.; Shirini, F. Mild and Efficient Reduction of o,B-Unsaturated Carbonyl
Compounds, a-Diketones and Acyloins with Sodium Borohydride/Dowex1-x8 System. Bull.

Korean Chem. Soc. 2003, 24, 295-298.

6. Rao, H. S.; Senthilkumar, S. P. A Convenient Procedure for the Synthesis of Allyl and Benzyl

Ethers from Alcohols and Phenols. J. Chem. Sci. 2001, 113, 191-196.

7. van Altena, I. A. Terpenoids from the Brown Alga Cystophora Moniliformis. Aust. J. Chem.

1988, 41, 49-56.

8. Corey, E. J.; Luo, G.; Lin, L. S. A Simple Enantioselective Synthesis of the Biologically Active

Tetracyclic Marine Sesterterpene Scalarenedial. J. Am. Chem. Soc. 1997, 119, 9927-9928.

S136



9. Olson, J. P.; Gichinga, M. G.; Butala, E.; Navarro, H. A.; Gilmour, B. P.; Carroll, F. I. Synthesis
and Evaluation of 1,2,4-Methyltriazines as MGIuR5 Antagonists. Org. Biomol. Chem. 2011, 9,

4276-4286.

10. Lang, M.; Steglich, W. An Effective Method for the Synthesis of 3C-Labeled

Polyprenylhydroxybenzoic Acids. Synthesis 2005, 1019-1027.

11. Lin, H.; Pochapsky, S. S.; Krauss, I. J. A Short Asymmetric Route to the Bromophycolide A

and D Skeleton. Org. Lett. 2011, 13, 1222-1225.

12. Shiina, I.; Kubota, M.; Oshiumi, H.; Hashizume, M. An Effective Use of Benzoic Anhydride
and Its Derivatives for the Synthesis of Carboxylic Esters and Lactones: A Powerful and
Convenient Mixed Anhydride Method Promoted by Basic Catalysts. J. Org. Chem. 2004, 69,

1822-1830.

S137



