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General Experimental

All reactions were performed under No usng oven dried glassware. EtoO, THF, and
benzene were digtilled from sodium / benzophenone ketyl before use. CH>Clo and Et3N were
didilled from CaH» before use. Anhydrous HBr vapor was used directly from the compressed
gas cyclinder. TiCly wasdidtilled (bp 135-136) under nitrogen and stored in the freezer at -33
°C asal.0M solution in anhydrous CH>Clo. Solutions of reactive hydrides were titrated by
measuring hydrogen evolution with a gas burette upon hydrolysis. Ozone was generated as a
dilute stream in oxygen by a Wellsbach T-816 ozonator. Solvents used for chromatography
were didtilled prior to use. All other reagents and solvents used were reagent grade.

Column chromatography was performed according to Still'st procedure using 100-700
times excess Woelm 32-64 nim grade dlica gd. HPLC separations were performed using a
Waters Associates M6000 pump and Waters 2410 Refractive Index Detector with the
folowing solvents and columns: Method A = AcetonitrileH>0 (80:20) at 16 mL/min and
Phenomenex Luna 5mC8(2) semi-preparative scae column, Method B = Et;O:hexane (5:95) at
16 mL/min usng a DynamaX®-60A semi-preparaive scale column. TLC anaylss wes
performed usng Merck glass TLC plates (0.25 mm 60 F-254 dlica gd). Visudization of the
developed plates was accomplished by staining with ethanolic phosphomolybdic acid, ceric
ammonium molybdate, or p-anisaldehyde followed by hesting on a hotplate (ca 120°C). GC
was conducted using a Shimadzu Modd 14A-GC on a Rt,-200 300 mm fused slica capillary
column (split ratio~ 100:1) and the following temperature programs. Method A = 75 °C for 2.0
min, ramp 12 °C/min to 270 °C, and hold for 20 min; Method B = 125 °C for 2.0 min, ramp
12°C/min to 270 °C, and hold for 10 min. The standard operating conditions were 300 °C
injector temperature and 310 °C detector temperature. A Hewlett-Packard 3395 integrator
was used to integrate the FID detector signal. GC-M S was performed with a Hewlett-Packard
HP 5890A on a HP-1° column (100% dimethlypolysiloxane; ID 0.22 mm, 0.33 nm film
thickness) with the method A temperature profile. Electron impact (El) mass spectrd ion



andysis of the raw column effluent was performed with the attached HP 5970 quadrapole MS
and related data station.

NMR spectrd data were collected in the Universty of Illinois Vaian-Oxford
Instruments Center for Excdlencein NMR (V.O.1.C.E.) using the Unity 400, Unity 500 Unity-
Inova 500 NB, and Keck 750 MHz spectrometers. The following solvents and reference
values (ppm) were used: CDCk (*H: 7.26, °C: 77.0), GDs (*H: 7.15, ¥*C: 128.0), GDsN
(*H: 7.19, *C: 1235). In some cases, chloroform-d, was passed through a pipette filled with
basic duminaimmediately before use. In the NMR spectra data, a forward dash indicates that
the designated assgnment is ambiguous. IR pectra were collected usng a Mattson Gaaxy
Series Modd 5000 FTIR. Samples for IR analyss were prepared as either dilute solutions in
CCl, or neat filmson NaCl plates. Mdting points were determined in open capillary tubes and
are uncorrected. Microandysis and mass spectra data were collected by the University of
[llinois Microandysis and Mass Spectroscopy Laboratories, respectively.

_/—s iCHs

TiCly, CH,Cly, -78 °C

»

(1S",55,8S")-3,3,5-Trimethyl-8-(2-pr openyl)bicyclo[3.3.0]octan-2-one (7). This
preparation is based on a procedure described by Hosomi and Sakurai.2 A 1.00 M solution of
TiClg in CHxCl> (2.44 mL, 2.44 mmol) was added dropwise over 5 min to a stirred solution of
enone 6 (400 mg, 244 mmol) in CHxCl> (8 mL) a -78 °C (dry ice / 2-propanol). The
resulting dark yellow solution was girred at -78 °C for 10 min before the dropwise addition
dlyltrimethysilane (306 mg, 2.68 mmol) in CH>Cl> (3 mL). An opaque purple color developed
immediately. The purple solution was dirred at -78 °C for 20 min and then at 0 °C for 10 min.
During this time, diquots were spotted directly onto TLC plates.  Although fadt, the
disappearance of the bicyclic enone at -78 °C could be followed by TLC. The solution was
stirred and cooled at 0 °C as water (10 mL) was added to hydrolyzethe TiCly. After 5 min the

entire heterogeneous mixture was diluted with ether (60 mL). The organic layer was washed



with 10% HCl (25 mL), satd. NaHCO3 (25 mL), satd. NaCl (20 mL); dried (MgSO,); and
concentrated under reduced pressure to afford 468 mg of crude 7. Purification by flash
chromatography (32 g SO»; ether:pentane, 15:85) afforded 409 mg (82%) of 7 as a clear,
colorless ail: TLC R = 0.65 (EtOAc:hexang, 15:85), tg = 11.62 min (GC Method A); 1H
NMR (400 MHz, CDCl3) d5.78 (ddt, 1H, J = 17.0, 10.3, 6.7 Hz, C2-H), 5.04 (ddt, 1H, J =
17.0, 2.2, 1.7 Hz, C3-H), 5.00 (ddt, 1H, J = 9.6, 2.2, 1.2 Hz, C3-H), 2.23 (m, 2H), 2.14 (d,
1H, J = 3.6 Hz, C1-H), 2.10 (m, 1H), 1.77 (d, 1H, J = 13.7 Hz, C4-H), 1.72 (d, 1H, J =
13.7 Hz, C4-H), 1.60-1.69 (m, 2H), 1.40-1.56 (m, 2H), 1.27 (s, 3H, CHg), 1.10 (s, 3H,
CHg), 1.07 (s, 3H, CHg); 13C NMR (100 MHz, CDCly) d 225.88 (Cq, C2), 137.29 (CH,
C2), 115.97 (CHy, C1), 63.82 (CH, Cl), 50.78 (CHy), 47.15 (Cg), 44.11 (Cq), 43.65
(CH), 41.89 (CHy), 40.04 (CHy), 31.33 (CHy), 29.93 (CHj3), 27.55 (CHg), 26.05 (CH3); IR
(neet film) Npax 2956 (C-H), 2936 (C-H), 2867 (C-H), 1732 (C=0), 1641, 1456, 912 cnrl.
Didillation of a smdl sample in a Kugelrohr apparatus (ot 100-110 °C at 0.8 Torr) gave the
andyticd sample And. Calcd for Ci4H20 (206.33): C, 81.51; H, 10.74. Found: C, 81.52;
H, 10.82.

]

\_/—SiCH3
TiCly, CH,Cly, -78 °C

(1S*,55*,85%)-3,3,5-Trimethyl-8-[(1'R and 1'S)-(1'-methyl-2'-pr open-1-
yl)]bicyclo[3.3.0]octan-2-ones (8a,8b). This preparation is based on a procedure described

by Sakurai.23 A solution of bicydic enone 6 (1.49 g, 9.0 mmoal) in CH,Cl, (72 mL) was
stirred and cooled at -78 °C as an aliquot of 1.00 M TiClg in CHxCl» (9.0 mL, 9.0 mmol) was
added dropwise over 7 min. After 10 min, a solution of (Z)-crotyltrimethysilane (1.50 g, 11.7
mmoal, ZE = 5:1) in CHxCl, (27 mL) was added dropwise over 10 min. The purple solution
was dirred at -78 °C for 5 min and at 0 °C for 5 min. During this time, diquots were spotted
directly onto TLC plates. The TiCly was hydrolyzed by adding water (24 mL). After 5 min,



the heterogeneous mixture was diluted with ether @2 x 70 mL). The combined organic layers
were washed with 10% HCI (60 mL), satd. NaHCO3 (60 mL), satd. NaCl (60 mL); dried
(MgSOy); and evaporated to give 1.88 g of crude. Purification by flash chromatography
(Et20:hexane, 5:95) afforded 1.73 g (87%) of a 1:1 mixture of 1'a (anti) and 1'b (syn) methyl
isomers (GC) as a clear, colorless ail: TLC R = 0.65 (15:85, Et,O:hexane); The following
data were obtained by analyses and spectra of the isomer mixture: GC tr = 12.08 (1'a), 12.16
min (1b) (Method A); *H NMR (500 MHz, CDCl) (1'a-isomer) d 1.01 (d, 3H, J = 6.4 Hz,
1'-CHs), 1.08 (s, 3H, CHs), 1.10 (s, 3H, CHs), 1.207 (s, 3H, CHs), 1.41-1.81 (m, 8H, a+ b
isomer), 1.74 and 1.79 (ABQ, 2H, Jas = 13.4 Hz, C4), 1.96-2.11 (m, 3H, a + b isomer), 2.21
(d, 1H, J = 4.9 Hz, C1), 4.95-5.01 (m, 4H, C3, a+ b isomers), 5.67 (ddd, 1H, J = 17.1,
10.3, 8.5 Hz, C2); (1'b-isomer) d 1.06 (d, 3H, J = 6.8 Hz, 1'-CH3), 1.06 (s, 3H, CHs), 1.09
(s, 3H, CHs), 1.211 (s, 3H, CHs), 1.41-1.81 (m, 8H, a + b isomer), 1.72 and 1.76 (ABq, 2H,
Jas = 13.6 Hz, C4), 1.96-2.11 (m, 3H, a + b isomers), 2.14 (sext, 1H, J = 7.3 Hz), 2.29 (d,
1H, J = 3.66 Hz, C1), 4.95-5.01 (m, 4H, C3, a+b isomer), 5.74 (9-line symm m, 1H, C2);
3C NMR (126 MHz, CDCl) (1I'b isomer)d 19.5, 26.6, 27.9, 29.2, 29.4, 41.7, 42.8, 44.4,
47.1,49.6, 50.3, 62.4, 114.1, 142.4, 226.2 (C2); (1'a-isomer) d 18.8, 26.4, 28.1, 28.9, 29.8,
41.6, 43.2, 44.3, 46.8, 48.8, 50.1, 61.8, 113.9, 143.8, 226.1 (C2); IR (CCly) 2962, 2931,
2869, 1734 (C=0), 1466, 1376 cni’; MS (El, 70 €V) miz (rel intensity %): 220 (20), 192 (4),
165 (4), 136 (43), 125 (10), 108 (8), 93 (6), 81 (100). Kugelrohr distillation a 60-65°C
(0.30 torr) gave an andyticd sample: Andl. Caled for CisH»40 (220.34): C, 81.76; H, 10.98.
Found: C, 81.78; H, 11.06. A subsequent reaction carried out as described above using
bicydlic enone 6 (0.50 g, 3.0 mmal) and (E)-crotyltrimethylsilane (0.50 g, 3.9 mmoal) proceded
to give 0.57g (86%) of a1:1.8 (1'a-Me:1'b-Me) mixture of keto-olefins. In a smilar reaction,
a solution of @)-crotyltrimethysilane (82 mg, 0.64 mmal, ZE = 6:1) in CH,Cl, (3 mL) was
added to asolution of enone 6 (100 mg, 0.61 mmol) and TiCls (0.61 mmoal) in CH,Cl, (9 mL)
a -78 °C and dlowed to stir a -78 °C for 20 min and then a 0 °C for 10 min. Workup gave
118 mg of of a1.2:1 (GC) mixture of 8a,b. Purification by flash chromatography (13 g SO»;
EtOAc:hexane, 5:95) afforded 81 mg (61%) of 8a,b asaclear, colorless ail.



(1S*,55%,85%)-3,3,5-Trimethyl-8-[(1'R and 1'S)-(1-deuterio-1'-methyl-
2'-propen-1-yl)]bicyclo[3.3.0]octan-2-ones. A solution of ketones 8a,8b (40 mg, 0.18
mmol, 1:1 isomer ratio) and KOH (8 mg, 0.14 mmal) in CD;OD (0.18 mL) was stirred and
heated at 50 °C for 2 hr. After cooling to rt., Et,O (4 mL) and 5% HCI (1 mL) were added.
The organic layer was washed with satd. NaHCO; (1 mL) and satd. NaCl (1 mL), dried
(MgS0,), and evaporated to afford 23 mg of crude ketone. *H NMR spectrd andysis
indicated 90% deuterium incorporation a Cl. Purification by column chromatography
(Et20:hexane, 10:90) afforded 20 mg (50%) of a 1:1 mixture of 1'a and 1'b isomers (GC) as a
clear, colorlessail: TLC R = 0.65 (15:85, Et,O:hexane); The following data were obtained by
anayses and spectra of the isomer mixture. GCtr = 11.41 (1'a), 11.49 min (1b) (Method A);
'H and **C NMR (500 and 125 MHz, CDCl;) spectra were identical to those of the tarting
ketone except for the following: absence of the d = 2.21 and 2.29 signals (C1-H) in the 'H
spectrum and d = 61.8 and 62.4 (C1) in the **C spectrum.

LiHB(sBu)3

(1S",2S" 55",85")-8-[(I'R and 1'S)-(1'-Methyl-2'-propen-1-y1)]-3,3,5-

trimethylbicyclo-[3.3.0]octan-2-0ls (9a,b). A solution of ketones 8a,b (800 mg, 3.63 mmadl)
in THF (6 mL) was stirred and cooled at 0 °C in an ice water bath under N> as a solution of L-
Sdlectride® (lithium tri-sec-butylborohydride) in THF (Aldrich; 7.26 mL, 7.26 mmol) was
added dropwise over 3 min. The resulting solution was dtirred a 0 °C for 4 h. The reaction
was stopped and excess hydride was destroyed by the careful addition of 3M NaOH (5 mL).



The flask was fitted with an efficient reflux condenser, and 30% H02 (4 mL) was added
dropwise over 30 min (Caution! Vigorous reaction). After the solution had stirred at rt for
30 min, ether (100 mL) and water (20 mL) were added. The organic layer was washed with 3
M NaOH (20 mL), water (20 mL), and satd. NaCl (20 mL); dried (MgSOy); ad
concentrated under reduced pressure to afford 1.28 g of crude 9a,b as a clear, colorless ail.
GC andyss of the crude product showed an 1:1.76 ratio of methyl isomers. Flash
chromatography (80 g SO»; ether:hexane, 1.9) of the crude oil gave 782 mg (97%) of 9a,b as
a clear colorless ail. The GC ratio of methyl isomers was 1:1.74. Data taken from mixture:
Minor isomer (1'a-Me isomer): tg = 10.86 min. (Method A); 13C NMR (CDClz, 100
MH2) d 144.55 (CH), 112.92 (CHp), 82.64 (CH), 60.16 (CH), 52.19 (CHyp), 50.09 (C),
47.04 (Cg), 44.97 (CH), 44.08 (CH), 43.71 (CHy), 33.07 (CHy), 30.36 (CHg), 27.94 (CHg),
24.12 (CH3), 19.05 (CHg3); GC-MS (Cl, 130 eV) nvz (reaive intendty %): 223 (5, MH™),
221 (12), 205 (47), 149 (100), 135 (36), 109 (36). Major isomer (I'b-Me isomer): tg =
11.08 min (Method A); 13C NMR (CDCls, 100 MHZ) d 143.77 (CH), 112.78 (CH,), 82.89
(CH), 59.96 (CH), 52.11 (CHy), 50.16 (Cq), 47.19 (Cq), 44.15 (CH), 43.87 (CH), 43.67
(CHy), 32.77 (CHy), 30.32 (CHs), 27.90 (CHg), 24.17 (CHsg), 19.14 (CH3); GC-MS (Cl,
130 eV) m/z (relaive intensity %): 223 (4, MHY), 221 (11), 205 (48), 149 (100), 135 (37),
109 (36).

(1S",2S" 55",85")-8-[(2 R and 2'S)-(2'-Methyl-1'-ethanal)]-3,3,5-

trimethylbicyclo-[3.3.0]octan-2-0ls. A solution of olefin 9a,b (318 mg, 1.430 mmad) in
anhydrous MeOH (20 mL) was stirred and cooled a -78 °C (dry ice / 2-propanol) while
purging with O, (1.0 L/min) for 5 min. Oxygen containing Oz (~1.8 mmol / min) was passed



through the solution until the K1 trap darkened. Oz generation was stopped, the solution was
purged with O, for 10 min, and Me>S (1.5 mL, ~20 mmol) was added in a sngle portion. The
solution was tirred at -10 °C (ice/ water / sdt) for 2 h under N and at rt for another 2 h. The

solvents were removed under reduced pressure, and the residue was partitioned between

hexane (40 mL) and water (10 mL). The organic layer was washed with H,O (2~ 10 mL) and
satd. NaCl (10 mL), dried (NaS0Og,), and carefully concentrated under reduced pressure to
afford (279 mg, 87%) of aclear, dightly ydlow oil. GC of the crude product showed a methyl
isomer ratio of 1:1.34, but a IH NMR andysis of same materid showed 1:1.83. Product
mixture: IR (negt film) Npmax 3503 br. s (OH), 2947, 2866, 2718, 1721 (C=0), 1716 (C=0),
1456, 1376, 1075 cnrl; Minor product: tg = 12.32 min (Method A); GC-MS (ClI, 130 eV)
Mz (relative intensity %): 223 (MH*) (3), 209 (31), 189 (28), 149 (100), 109 (76). Major
product: tr = 12.53 min (Method A); GC-MS (CI, 130 eV) m/z (rddive intendty %): 223
(MH*) (3), 209 (31), 189 (27), 149 (100), 109 (54).



NaCI02

(1S,2S°,55",8S")-8-[(2R and 2'S)-(2'-Methyl-1'-ethanoyl]-3,3,5-
trimethylbicyclo-[3.3.0]octan-2-ols. The sdective oxidation of the aldehyde in the presence
of the secondary acohol was performed by a procedure of Lindgren and Kraus® with isoprene
asthe Cly scavenger. A suspension of adehyde (287 mg, 1.28 mmdl) in t-butyl acohol (15
mL.), isoprene (12.8 mmal), and agueous phosphate buffer (1 M, pH = ~3.5) (15 mL) was
dtirred at rt as NaClO» (159 mg, 1.41 mmal) in HO (2 mL) was added in one portion. The
suspension rgpidly turned light green.  After 15 min at rt ether (150 mL), water (30 mL), and
10% HCI (5 mL) were added. The organic layer was washed with H,O (20 mL) and extracted
with3M NaOH (2" 20 mL). The organic layer was washed with satd. NaCl (20 mL), dried
(MgSQOy), and evaporated under reduced pressure to give 117 mg of neutral products. The
basic agueous layer was acidified with 6 M HCl and extracted with ether (2"~ 25 mL). This
ether layer was dried (MgSO,4) and concentrated under reduced pressure to give 263 mg (86
%) of acid mixture as alight yellow ail: H NMR (400 MHz, CDClg) d 3.52 (d, 1H, J = 5.4
Hz, mgjor), 3.50 (d, 1H, J = 5.6 Hz, minor), 2.55 (app. quintet, 1H, J = 7.1 Hz), 2.30-2.46
(m, 3H), 2.04 (t, 1H, J = 6.1 Hz), 2.00 (t, 1H, J = 5.9 HZ), 1.85-1.95 (m, 2H), 1.66 (d, 2H, J
=12.9 Hz), 1.53-1.62 (m, 1H), 1.51 (d, 1H, J = 12.9 Hz), 1.40-1.51 (m, 4H), 1.33 (d, 1H, J
=129 Hz, mgor), 1.32 (d, 1H, J = 12.9 Hz, minor), 1.21 (d, 3H, J = 6.8 Hz, CH3, minar),
1.19(d, 3H, J = 6.8 Hz, CH3, mgjor), 1.10 (s, 6H, (CHj3),), 1.02 (s, 3H, CH3, mgor), 1.01
(s, 6H, (CHg),), 0.99 (s, 3H, CHz, minor); 13C NMR (100 MHz, CDCl3) (mgjor) d 182.37,
82.49, 59.01, 51.99, 50.39, 49.12, 44.54, 43.30, 41.18, 32.81, 30.32, 27.98, 24.17, 15.11,
(minor) d 182.78, 81.74, 61.15, 52.19, 50.42, 46.80, 46.30, 43.03, 41.62, 32.76, 30.57,
28.25, 16.50.



p-TsOH

(1S",2S" 55",85")-8-[(2'R and 2'S)-(2'-M ethyl-1'-ethanoic acid)]-3,3,5
trimethylbicyclo-[3.3.0]octan-2-ol Lactones (10a,10b). A solution of acid mixture (197 mg,
0.820 mmoal) and crygdline p-TsOH<H>O (3 mg, 0.015 mmal) in benzene (25 mL) was sirred
and hesated at reflux for 45 min. The reaction progress was monitored by directly spotting
aiquots onto TLC plates and observing the gppearance of the lactones. A second portion of p-
TsOH«H>0 (3 mg, 0.015 mmol) was added after 45 min, and the refluxing was continued for ~
30 min. The solution was rapidly cooled to rt, and ether (20 mL), water (10 mL), and 10%
HCI (2 dps) were added. The ethered solution was extracted with 3 M NaOH (2~ 10 mL),
water (10 mL), and satd. NaCl (20 mL); and dried (MgSO,4). Evaporation of the solvents at
reduced pressure to provided 75 mg (41%) of an oil. Purification by flash chromatography (12
g SOy; ether:hexane, 1.9) afforded pure 10b (27 mg, 15%), a mixture of a + b secondary
methyl isomers (20 mg, 11%), and 10a (18 mg, 10%) were obtained (totd yield 36%; a/b
ratio 1.8:1). The combined agueous base extractions were acidified to pH ~1 with 10% HCI
and extracted with ether (2~ 10 mL). The organic layer was dried (MgSO,4) and evaporated
to give nearly pure 1'b-Me starting acid (37 mg, 19%) that contained a smal amount (~ 5 % by
IH NMR) of the 1'a-Meisomer.

(1S,2S°,55",8S")-8-[(2' 9)-(2-M ethyl-1-ethanoic acid)]-3,3,5-
trimethylbicyclo-[3.3.0]octan-2-ol Lactone (10a): tg = 13.36 min (GC Method A); TLC R
= 0.28 (EtOAc:hexane, 15:85); IH NMR (400 MHz, CDCl3) d 4.59 (d, 1H, J = 6.3 Hz, C1-
H), 2.24 (dg, 1H, J = 12.2, 7.1 Hz, C8-H), 1.82-1.96 (m, 4H), 1.65-1.73 (m, 2H), 1.60 (s,
2H, C3-H,), 1.27 (d, 3H, J = 7.1 Hz, C8-CHs), 1.18 (s, 3H), 1.17 (s, 3H), 1.11 (s, 3H); 13C
NMR (100 MHz, CDCl3) d 175.02 (C-9), 90.84 (C-1), 59.49, 57.02, 45.91, 45.03, 43.30,
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42.54, 41.95, 33.06, 29.79, 28.56, 28.14, 15.25; IR (CCls s0ln.) nmax 2956, 2929, 2870,
2856, 1736 (C=0), 1460, 1376, 1182, 1169, 1149, 1115, 1050, 908 cnrl; MS (ClI, 130 eV)
m/z (relaive intensity %): 223 (27, MH*+), 205 (47), 177 (42), 163 (16), 149 (100); HRCIMS
Calcd for C14H2309: 223.1698. Found: 223.1702 (D = 1.8 ppm).

(1S",2S 55",85")-8-[(2'R)-(2 -M ethyl-1'-ethanoic acid)]-3,3,5-
trimethylbicyclo-[3.3.0]octan-2-ol Lactones (10b): tgr = 13.66 min (GC Method A); TLC
R = 0.25 (EtOAChexane, 15:85); IH NMR (400 MHz, CDCl) d 4.58 (d, 1H, J = 6.8 Hz,
C1-H), 2.88 (qd, 1H, J = 7.6, 5.0 Hz, C8-H), 2.29 (tt, 1H, J = 12.9, 5.2 Hz), 2.05 (dd, 1H, J
= 13.2, 6.8 Hz), 1.84-1.93 (m, 2H), 1.66-1.74 (m, 1H), 1.60 (s, 2H), 1.42-1.53 (m, 1H),
1.19 (d, 3H, J = 7.6 Hz, C8-CHyg), 1.19 (s, 3H, CHsg), 1.18 (s, 3H, CH3), 1.11 (s, 3H, CHy);
13C NMR (100 MHz, CDCl) d 175.47, 91.19, 57.00, 51.89, 45.50, 43.30, 41.84, 41.53,
38.18, 33.10, 28.59, 28.41, 27.15, 10.71; IR (CCls s0In.) nmax 2955, 2872, 2856, 1736
(C=0), 1462, 1377, 1040, 908 cmrl; MS (Cl, 130 eV) m/z (rdlative intensity %): 223 (82,
MH™), 205 (47), 177 (47), 149 (100), 79 (45); HRCIMS Calcd for CigH2302: 223.1698.
Found: 223.1699 (D = 0.4 ppm).

(1S",2S" 55",85")-8-[(2'R)-(2 -M ethyl-1'-ethanoic acid)]-3,3,5-

trimethylbicyclo-[3.3.0]octan-2-0ol. 1H NMR (400 MHz, CDCl) d 5.0 ¢r. s, 1H, -
COOH), 3.51 (d, 1H, J = 5.4 Hz, C2-H), 2.55 (app. quintet of d, 1H, J = 6.8, 2.5 Hz), 2.44
(app. quintet, 1H, J = 6.8 Hz), 2.04 (t, 1H, J = 6.0 Hz), 1.86-1.94 (m, 1H), 1.65 (d, 1H, J =
12.9 Hz, C4-H a or b), 1.46-1.60 (m, 2H), 1.52 (s, 1H), 1.33 (d, 1H, J = 12.9 Hz, C4-H b or
a), 1.20 (d, 3H, J = 6.8 Hz, C1'-CHa), 1.10 (s, 3H, CHg), 1.02 (s, 3H, CH3), 1.01 (s, 3H,
CHg); 13C NMR (100 MHz, CDCly) d 182.47 (Cq, C2), 82.49 (CH, C2), 59.03 (CH, C2),
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51.98 (CHp), 50.38 (Cy), 47.13 (Cy), 44.57 (CH), 43.30 (CHyp), 41.16 (CH), 32.81 (CHy),
30.32 (CHg), 27.97 (CHg), 24.16 (CHg), 15.15 (CHg). Attempts to obtain MS data with El

and Cl ionization falled to give amolecular ion.
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'31 Br
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(1S*,55+,85)-3,3,5,Trimethyl-8-[1R' and 1S)-(1'-methyl-3 -

bromaopropyl)]bicyclo[3.3.0]octan-2-ones (11). Theradica hydrobromination was based on
a procedure described by Molander.® A solution of olefin (100 mg, 0.45 mmol, 1:1 isomer
ratio) in HPLC grade pentane (30 mL, Aldrich) was placed in a 300-mL round bottomed
quartz flak. The flask was fitted with a gas-disperson tube (5 mm OD, 25-50 micron
porosity) and sedled with a gas outlet connected to a trap followed by a satd. NaHCOg bath.
The gas diperson tube was lowered below the solution level and the solution was purged with
N2 for 5 min. The flask was lowered into the Rayonnet photochemical reactor equipped with 8
254-nm bulbs symmetrically positioned around the flask. The gas disperson tube was raised
above the liquid levd, and HBr flow wasinitiated (ca. 5 crt/min). Once HBr was observed to
reach the neutrdization bath, the gas-disperson tube was lowered below the solution levd,
magnetic girring was initiated, and the lamps were energized. After 13 min, the irradiation and
HBr flow were terminated. The solution was purged with Np for 5 min, washed with satd.
NaHCO3 (4 mL) and satd. NaCl (4 mL), dried (MgSOg), and evaporated to give 120 mg of
crude bromo ketone. Purification by flash chromatography ( 2:98, EtOAc:hexane) afforded
105 mg (73%) (Purity: 95%, 1.1 isomer ratio by GC) as a clear, colorless oil: The NMR
assgnments for the individua isomers were made by comparison with spectra of the 1:1.8
isomer mixture, TLC R = 0.64 (15:85, Et,O:hexane); tr = 15.64 (1'a), 15.74 min (1'b)
(Method A); *H NMR (500 MHz, CDCl) d 0.90 (d, 3H, J = 6.6 Hz, 1'-CHs, 1'a), 0.94 (d,
3H, J = 6.2 Hz, 1'-CHs, 1'b), 1.08 (s, 6H, CHs, 1'a + 1'b), 1.101 (s, 3H, CHs, 1'b), 1.104 (s,
3H, CHs, 1'a), d1.21 (s, 3H, CHs, 1'b), 1.22 (s, 3H, CHs, 1'a), 1.43-1.79 (m, 12H), 1.74 and
1.81 (ABGq, 2H, Jas = 13.6 Hz, C4, 1'a), 1.74 and 1.82 (ABq, 2H, Jas = 13.6 Hz, C4, 1'b),
1.93 (qd, 1H, J= 8.0, 5.3 Hz, 1'a), 2.00 (m, 2H), 2.07 (dddd, 1H, J = 14.0, 8.9, 8.0, 3.2 Hz,
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1'a), 2.19 (d, 1H, J = 5.3 Hz, 1'b), 2.21 (d, 1H, J = 5.3 Hz, 1'a), 3.40 (m, 2H), 3.56 (M, 2H);
3C NMR (126 MHz, CDCl;) (1'a- isomer) d 16.3, 26.7, 28.08, 29.1, 29.8, 32.3, 36.5, 38.7,
41.7, 445, 47.1, 49.4, 50.1, 62.5, 226.1 (C2); (1'b-isomen)d17.0, 26.8, 28.12, 28.9, 30.4,
32.4, 36.0, 38.0, 41.6, 44.6, 47.0, 48.9, 50.0, 61.4, 226.3 (C2); IR (CCl,) 2958, 2867, 1731
(C=0), 1458, 1380, 1088 cmi*; MS (El, 70 eV) m/z (rel intensity %): 302 (4), 300 (4), 221
(62), 203 (5), 165 (36), 137 (55), 125 (63), 109 (29), 95 (15), 81 (100), 67 (13); Kugerohr
didtillation at 130-135°C (0.09 torr) gave a sample for dementd andyss And. Cacd for
CisH240 (301.27): C, 60.00; H, 8.36. Found: C, 59.52; H, 8.25. HRMS (El, 70 eV) Calcd
for CisHosOBr: 300.1089. Found: 300.1097 (D= -2.7 ppm). A subsequent reaction carried
out as described about using a 1:1.8 (1'a-Me:1'b-Me) mixture of keto-olefins (150 mg, 0.68
mmol) gave 148 mg (72%) of a 1:1.8 mixture of bromo ketones.

Br
15
iy 1) [
KO-tBu ge 14
—_—
THF 13

12

(x)-Cameroonanone and  (x)-9-epi-Cameroonanone. (1S*,55*,8S* ,9R*)-and-
(1S*,5S5*,85%,95%)-3,3,5,9-Tetramethyl-tricyclo[6.3.0.0lundecan-2-ones (12,13). The
cyclization was based on a procedure described by Piers.” Andiquot of L0 M KO-tBu (2.79
mL, 2.79 mmol) in THF was added dropwise over 4 min to a stirred  solution of 613 mg (560
mg pure ketone, 1.86 mmoal, 1:1 1'a:b isomer ratio) of bromo ketonein THF (42 mL). After 10
min, the excess base was neutralized by adding 10% HCI (6 mL). The solution was diluted with
hexane (35 mL). The organic layer was washed with satd. NaHCOs (17 mL), satd. NaCl (17
mL), dried (MgS0,), and evaporated to give 387 mg (93% crude yield) of pade-yelow oil that
was 99% pure by GC. Purification by column chromatography (57 g SIO,; 0.75:99.25,
Et,O:hexane) afforded 152 mg of clear, colorless oil 12 that was >98% pure by GC. Two
additiond column chromatographies (25 g SO, and 32 g SO, respectively; 0.75:99.25,
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Et,O:hexane) of fractions containing a mixture of epimeric ketones afforded 15 mg (GC Purity:
100%) of 12 in addition to 16 mg (GC Purity: 100%) and 82 mg (GC Purity: 98%) of 13.
HPLC purification (Method A) gave an andyticd sample of 13 (68 mg, GC Purity: 100%).
The nmr spectral data were identical to those previously reported for 12.% (#)-12: TLC R =
0.78 (15:85, Et,O:hexane); tr = 12.11 min (Method A); *H NMR (500 MHz, CDCl) d 0.99
(d, 3H, J = 5.9 Hz, C15), 1.06 (s, 3H, CHs), 1.08 (s, 3H, CHs), 1.09 (s, 3H, CHs), 1.39-
1.61 (m, 6H), 1.64 and 1.72 (ABq, 2H, Jas = 13.9 Hz, C5), 1.72-1.84 (m, 3H), 1.90 (t, 1H,
J =7.7Hz, Cl1); ®C NMR (126 MHz, CDCk) d 18.8, 24.6, 27.4, 27.7, 28.8, 31.7, 36.6,
40.8, 43.3, 45.0, 47.6, 48.4, 61.2, 70.7, 229.3 (C7); *H NMR (750 MHz, GDsN)d 0.90
(d, 3H, J = 6.6 Hz, C15), 0.99 (s, 3H, C12), 1.04 (s, 3H, C14), 1.09 (s, 3H, C13), 1.27 (ddi,
1H,J =131, 6.6, 1.8 Hz, C2-bH), 1.37 (m, 1H, C9), 1.38 (ddd, 1H, J = 12.7, 10.9, 6.3 Hz,
C11-bH), 1.46 (m, 1H, C3), 1.47 (m, 1H, C3), 1.51 and 1.60 (ABq, 2H, Jxs = 13.8 Hz, C5
bH and aH), 1.57 (qd, 1H, J = 11.2, 6.5 Hz, C10-aH), 1.69 (m, 1H, C10-bH), 1.70 (m, 2H,
C2-aH), 1.81 (ddd, 1H, J=12.7, 6.5, 2.9 Hz, C11-aH), 1.90 (td, 1H, J = 8.3, 1.7 Hz, C1);
3C NMR (189 MHz, CsDsN) d 19.5 (C15), 25.0 (C12), 27.9 (C14), 28.3 (C13), 29.5 (C2),
32.3 (C11), 37.3 (C10), 41.4 (C3), 43.8 (C9), 45.4 (C6), 48.2 (C4), 48.7 (C5), 61.8 (C1),
71.2 (C8), 228.4 (C7); IR (CCl) 2954, 2870, 1727 (C=0), 1549, 1468 cm*; MS (El, 70
eV) m/z (rel intensity %): 220 (27), 205 (3), 192 (6), 177 (4), 165 (100), 149 (5), 136 (30),
121 (56), 110 (42), 94 (34), 79 (58), 67 (16). Kugerohr distillation at 40-45°C (0.30 torr)
gave an andyticd sample: And. Calcd for CisH,40 (220.34): C, 81.76; H, 10.98. Found: C,
81.46; H, 11.22. (+)-13: TLC Ri= 0.74 (15:85, Et,O:hexane); tz = 12.67 min (Method A); *H
NMR (500 MHz, CDCl)d 0.93 (d, 3H, J = 6.8 Hz, C15), 1.06 (s, 3H, CHs), 1.09 (s, 3H,
CHs), 1.14 (m, 1H), 1.15 (s, 3H, CHs), 1.46 (m, 1H), 1.56-1.82 (m, 6H), 1.65 and 1.76
(ABQ, 2H, Jag = 13.6 Hz, C5), 2.05 (m, 1H), 2.40 (m, 1H); **C NMR (126 MHz, CDCl)d
15.2 (CHs), 24.5 (CHs), 24.6 (CHy), 27.4 (CHs), 28.6 (CHs), 29.9 (CH,), 34.8 (CH,), 37.9
(CH), 43.1 (CH,), 45.2 (C), 485 (C), 49.2 (CH,), 57.1 (CH,), 71.5 (C), 228.1 (C7); *H
NMR (750 MHz, CsDsN)d 0.83 (d, 3H, J = 6.9 Hz, C15), 0.98 (s, 3H, C12), 1.04 (s, 3H,
C13/14), 1.06 (qd, 3H, J = 12.2, 7.1 Hz, C10-bH), 1.15 (s, 3H, C13/14), 1.34 (dt, 1H, J =
12.2, 8.1 Hz, C3), 1.42 (m, 1H, C2), 1.50 (m, 1H, C2), 1.52 and 1.64 (ABq, 2H, Js = 13.6
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Hz, C5), 1.56 (m, 1H, C3), 1.58 (m, 1H, C11-bH), 1.63 (dt, 1H, J = 12.5, 6.2 Hz, C10),
1.92 (ddd, 1H, J = 13.2, 12.5, 7.0 Hz, C11-aH), 2.00 (dsext, 1H, J = 12.8, 6.5 Hz, C9),
2.39 (ddd, 1H, J= 94, 7.7, 5.7 Hz, C1); *C NMR (189 MHz, CsDsN)d 15.3 (C15), 24.5
(C12), 24.7 (C2), 27.5 (C13/14), 28.7 (C13/14), 30.0 (C11), 34.9 (C10), 38.2 (C9), 43.0
(C3), 45.0 (C6), 49.00 (C4), 49.01 (C5), 57.2 (C1), 71.6 (C8), 226.6 (C7); IR (CCly)
2960, 2929, 2862, 1728 (C=0), 1460, 1380 cm’; MS (El, 70 eV) mVz (rdl intensity %): 220
(100), 205 (47), 192 (29), 178 (38), 165 (56), 149 (12), 135 (42), 121 (82), 107 (49), 93
(56), 79 (90), 67 (25). Kugdrohr didtillation at 45-50°C (0.65 torr) gave an andytica sample:
And. Calcd for GsH,O (220.34): C, 81.76; H, 10.98. Found: C, 81.41; H, 11.06. A
subsequent reaction carried out as described above using a 1:1.8 (1'a-Me:1'b-Me) mixture of
bromo ketones (65mg, 0.22 mmol) gave 37 mg (77%) of a1:1.6 mixture of ketones 12 and 13.
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(x)-Cameroonan-7a and /-ols. (1S*,55*,7R*,85*,9S*)-and-(1S*,5S*, 7S*,85*,9S%)-
3,3,5,9-Tetramethyl-tricyclo[6.3.0.0Jundecan-2-ols (1,14). The reduction was performed
according to the procedure described by Weyerstahl.®2 A sugpendon of LiAIH4 (22mg, 0.579
mmol) in ether (3 mL) was stirred and cooled at 0 °C as a solution of (+)-12 (85 mg, 0.386
mmol) in ether (2 mL) was added dropwise over 1 min. After 30 min a 0 °C, the excess
hydride was consumed by the sequentid addition of water (22 nL), 15% NaOH (22 nlL), and
water (66 nL) a 1 min intervals according to standard procedures’ and the suspended salts
were dlowed to gir a 0 °C for 30 min and rt for 15 min. The ethered supernatent was
pipetted from the white sdts, and the salts were washed with ether (2x4 mL). The ethered
solution and washes were combined, dried (MgSO,), and evaporated to give a white solid
resdue (79 mg) that was a 1.4:1 mixture of ab isomers by GC. Purification by column
chromatography (8:92, Et,O:pentane) gave 74 mg (86%) (isomer ratio of 1.4:1 by GC).
Further column chromatography (2:98, Et,O:pentane) followed by HPLC purification (Method
B) of fractions containing amixture of a:b acohols afforded 34 mg (GC Purity: 100%) of 1 and
24 mg (GC Purity: 99%) of 14 as cryddline solids The spectrd data were identical to those
previoudy reported” except for coupling observed in the present case between the hydroxyl
proton and the carbinol proton. 1: mp = 48-49 °C; TLC R;= 0.47 (15:85, Et,O:hexane); tr =
7.52 min (Method B); *"H NMR (500 MHz, CDCl) d 0.91 (s, 3H, CHs), 0.97 (s, 3H, CHs),
1.00 (d, 3H, J = 6.6 Hz, C15), 1.04 (s, 3H, CHs), 1.24 (m, 1H), 1.32 (dddd, 1H, J = 12.6,
6.0, 2.2, 1.4 Hz), 1.34 (d, 1H, J = 8.1 Hz, OH, Ex D.O), 1.39-1.47 (m, 3H), 1.41 and 1.55
(ABq, 2H, Jas = 14.3 Hz, C5), 1.53 (m, 1H), 1.58-1.68 (m, 2H), 1.78 (ddt, 1H, J = 12.4,
10.6, 8.4 Hz), 1.91 (t, 1H, J = 8.2 Hz), 3.69 (d, 1H, J= 7.9 Hz, C7; exch DO 5); *C NMR
(126 MHz, CDCl)d 19.4 (CHs), 23.8 (CHs), 25.7 (CHs), 29.0 (CH,), 32.4 (CHs), 35.3

17



(CH,), 36.1 (CH,/C), 38.6 (CH./C), 40.0 (CH,/C), 43.8 (CH), 47.6 (CH,/C), 51.4 (CH),
52.6 (CH,/C), 67.1 (CH./C), 89.7 (C7); *H NMR (500 MHz, GDg)d 0.91 (s, 3H, CHa),
0.92 (s, 3H, CHs), 0.97 (s, 3H, CHs), 1.05 (d, 3H, J = 6.3 Hz, C15), 1.27 (dddd, 1H, J =
12.7,5.2, 3.2, 1.4 Hz), 1.33 and 1.48 (ABq, 2H, Jas = 14.2 Hz, C5), 1.33-1.42 (m, 4H),
1.37(d, 1H, J = 5.2, OH), 1.44-1.49 (m, 1H), 1.54-1.62 (m, 2H), 1.76 (ddt, 1H, J = 12.9,
9.6, 8.9 Hz), 2.08 (t, 1H, J = 7.8 Hz), 3.50 (d, 1H, J = 55 Hz, C7); *C NMR (126 MHz,
CeDe) d 195, 24.1, 25.8, 29.3, 32.5, 35.6, 36.5, 38.9, 40.3, 44.2, 47.6, 51.5, 52.9, 67.4,
89.4 (C7); IR (CCly) 3634 (OH), 2949, 2866, 1549, 1464 cm’; MS (El, 70 eV) miz (rel
intensity %): 222 (5), 204 (22), 189 (15), 166 (36), 148 (34), 135 (100), 124 (46), 109 (29),
96 (42), 81 (32), 67 (17). 14: mp = 62-63°C; TLC R = 0.43 (15:85, Et,O:hexane); tz = 7.81
min (Method B); *H NMR (500 MHz, CDC) d 0.83 (s, 3H, CH), 0.92 (d, 3H, J = 6.6 Hz,
C15), 0.97 (s, 3H, CHs), 1.04 (s, 3H, CHy), 1.18 (ddt, 1H, J = 12.1, 9.7, 9.4 Hz), 1.34-1.55
(m, 5H), 1.37 and 1.38 (ABq, 2H, Jas = 13.4 Hz, C5), 1.42 (d, 1H, J = 6.8 Hz, OH, Ex
D,0), 1.59-1.70 (m, 2H), 1.79 (dddd, 1H, J = 12.0, 7.5, 6.3, 3.5 Hz), 1.88 (ddd, 1H, J =
13.7, 8.8, 3.6 Hz), 3.36 (d, 1H, J = 6.8 Hz, C7, Ex DO 5); *C NMR (126 MHz, CDCl)d
19.0 (CHs), 21.5 (CH3), 25.7 (CH,), 26.4 (CH,), 28.4 (CHs), 28.5 (CHs), 36.7 (CHy), 38.1
(CH), 41.7 (CH,/C), 43.5 (CH,/C), 48.4 (CH,/C), 52.7 (CH,/C), 62.7 (CH), 65.7 (CH/C),
88.2 (C7); *H NMR (500 MHz, CsDg) 0.85 (s, 3H, CH), 0.92 (s, 3H, CHs), 0.95 (dd, 3H, J
= 6.5, 0.8 Hz, C15), 1.00 (s, 3H, CHy), 1.22 (dtd, 1H, J = 11.7, 9.2, 8.9 Hz), 1.27-1.34 (m,
1H), 1.27 and 1.30 (ABq, 2H, Jas = 13.0 Hz, C5), 1.35-1.48 (m, 5H), 1.51-1.62 (m, 2H),
1.76 (m, 1H), 2.09 (ddd, 1H, J = 12.7, 85, 3.4 Hz), 3.14 (d, 1H, J = 5.16 Hz, C7); =C
NMR (126 MHz, CiDg)d 19.2, 21.8, 25.9, 26.8, 28.5, 28.7, 37.1, 38.5, 42.0, 43.8, 48.4,
53.0, 62.9, 66.2, 87.9 (C7); IR (CCly) 3630 (OH), 2949, 2934, 2866, 1454, 1374, 1085
cmi’; MS (El, 70 eV) iz (el intensity %): 222 (11), 204 (19), 189 (14), 176 (10), 166 (63),
148 (32), 135 (100), 124 (61), 109 (38), 96 (63), 81 (43), 67 (22).
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(£)-Cameroonan-7a -yl Trifluoroacetate. (1S*,5S%,7R* 85 ,9R*)-3,3,5,9-Tetramethyl-

Tricyclo[6.3.0.0|lundecan-2-yl Trifluoroacetate. The procedure was based on one
described by Ho.? A solution of cameroonan-7a-ol (15 mg, 0.067 mmol) and pyridine (7 nL) in
ether (0.4 mL) was stirred and cooled at 0 °C as trifluoroacetic anhydride (10 nl, 0.074 mmal)
was added dropwise over 10 s. The reaction was stirred for 20 min at 0 °C, during this time
aiquots were removed and spotted directly onto TLC plates. After 20 min, the reaction was
diluted with pentane (5 mL). The pentane solution was washed with 10% HCl (2 mL), satd.
NaHCO; (2 mL), HO (2 mL), and satd. NaCl (2 mL); dried (MgSO,); and evaporated to
afford 15 mg of crude trifluoroacetate. The spectra data were smilar to those previoudy
reported™’, except for the presence of a mutliplet a d= 1.00 in the '"H NMR and a signd (@=
67.0) in the ®°C NMR previoudy reported as 77.2. Purification by column chromatography
(pentane) gave 14 mg (67%) of aclear cololess oil. TLC Ry = 0.40 (pentane); tr = 11.69 min
(Method A); 'H NMR (500 MHz, CDCl)d 0.95 (s, 3H, CHs), 0.98 (d, 3H, J = 6.6 Hz
C15), 1.00 (m, 1H), 1.06 (s, 3H, CHs), 1.13 (s, 3H, CHs), 1.35 (dddd, 1H, J = 13.1, 5.3,
3.2, 1.6 Hz), 1.42-1.48 (m, 3H), 1.50 and 1.71 (ABgq, 2H, Jas = 14.1 Hz, C5), 1.53-1.56 (m,
1H), 1.60-1.68 (m, 2H), 1.87 (ddt, 1H, J = 13.1, 10.1, 8.6, Hz), 2.11 (td, 1H, J = 8.4, 1.3
Hz), 5.17 (s, 1H, C7); *C NMR (126 MHz, CDCk)d 19.1, 24.9, 25.2, 29.0, 31.8, 35.2,
35.5, 39.66, 39.69, 43.6, 49.3, 52.6, 53.0, 67.0, 95.1 (C7) (The signals for the trifluoromethyl
and carbonyl carbons were too weak to detect); IR (neat) 2949, 2872, 1780 (C=0), 1464,
1382, 1345, 1223, 1166, 981 cmi’; MS (El, 70 V) m/z (rd intensity %): 318 (2), 303 (18),
272 (2), 247 (9), 229 (4), 220 (2), 204 (28), 189 (16), 176 (9), 161 (13), 148 (42), 135
(100), 121 (13), 107 (15), 93 (19); HRMS (El, 70 eV) Calcd for GyHos0, Fs: 318.1807.
Found: 318.1808 (D = -0.5 ppm).
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(x)-Cameroonan-7b -yl Trifluoroacetate. (1S*,5S*,7S*,85*,9R*)-3,3,5,9-Tetramethyl-
tricyclo[6.3.0.0]lundecan-2-yl trifluoroacetate.  Edterification as described above of
cameroonan-7b-ol (10 mg, 0.045 mmoal) with trifluoroacetic anhydride (7 nl., 0.05 mmoal) and
pyridine (4 nL) in ether (0.4 mL) afforded 9 mg of crude trifluoroacetate. Purification by column
chromatography (pentane) gave 7 mg (49%) of aclear cololess ail. TLC Rs= 0.43 (pentane);
tz = 11.59 min (Method A); *H NMR (500 MHz, CDCk)d 0.93 (d, 3H, J = 6.6 Hz, C15),
0.97 (s, 3H, CHa), 1.06 (s, 3H, CHs), 1.10 (s, 3H, CHs), 1.39-1.60 (m, 8H), 1.71-1.85 (m,
4H), 4.95 (s, 1H, C7); C NMR (126 MHz, CDCk)d 19.2, 24.2, 26.8, 27.6, 28.0, 29.1,
36.0, 40.5, 42.0, 42.1, 50.9, 52.7, 61.0, 66.4, 93.4 (C7) (The signas for the trifluoromethyl
and carbonyl carbons were too weak to detect); IR (CCly) 2953, 2872, 1781 (C=0), 1225,
1162; MS (El, 70 eV) miz (rel intensity %): 318 (3), 303 (4), 275 (2), 220 (3), 204 (32), 189
(16), 176 (8), 161 (15), 148 (25), 135 (100); HRMS (El, 70 eV) Calcd for GCi7HasO.Fs:
318.1807. Found: 318.1814 (D = -2.3 ppm).
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