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ARTICLE INFO ABSTRACT

Article history: Reductive coupling of sterically hinderedopenty bromides with activated alkenes medii
Received by thein situ generated Ni(0) complexes along with some feedsi®echieved in good yie
Received in revised form under the mild conditions. This practically usefokthod of Cgp®)-C(sp®) bond formatio
Accepted provides a complementary approach to the traditicw@njugate addition of preform
Available online organometallic reagents to electrophilic olefingjch often requires cryogentemperature ar

rigorous exclusion of air and moisture. The rotailicationof this reductive coupling reacti
was demonstrated in a formal synthesis of stereogent (—)-copacamphor and {-)

Eeos pe:tjys/i bromide ylangqcamphor, which are yaluable _intermediates efoplass _of tricyclo[5.3.0%6decan
Nickel sesquiterpenes. Moreover, this convenient prota@sallted in dacile access to the homoloc
Reductive coupling Corey aldehyde en route to prostaglandins, implyimg possible involvement of radidile
Radical species.

Synthesis 2009 Elsevier Ltd. All rights reserved
1. Introduction yield at 60 °C after 36 h, the inherent danger imecdnveniency

. . . . . of this protocol (e.g., Ni(CQ)is a volatile, flammable, highly
The notorious steric hindrance aieopentyl halides is  (oyic |iquid!* and its preparation and subsequent reaction is

typically demolnstrated in bimolecular nucleophifiabstitution  aeded to run in nonpolar and polar solvents réispég) limited
reactions (92).” The extreme difficulty resulting frorbackside 5 practical utilization. Even in their hands, thield of this

attack’ of the electrophilic carbon in this kind lodlides by the  {ansformation was poor and irreproducible, hendeeyt
nucleophile, had been demonstrated by I_ngoltj@aﬂdmkers N abandoned this procedure eventually and utilizedumpolung
a series of seminal papers about kinetic a%?éF emd further ot involving cyanation, alkylation and decyaedfi® in the
approved Dby computational studies later. The limited  otq) synthesis of (+)-longifolerf@® Consequently, an effective

successful examples mainly focused on the casds Watero-  gkyjation approach afeopentyl halides is still in high demand.
~ rather than carbon nucleophiles. An alternativeleaphilic

displacement reactions via unimolecular proceg)(8lso could a) Prior study: reductive coupling of alkyl bromides with Arl (ref. 16)
give corresponding products; however, more favderab

. . i I Ralkyl

carbocation rearrangemé&tt always accompanied in most of Ru—Br + F6L | —2  » (7 | o

cases. Y N Ni(0)-2EC-Py ~
In a synthetic project, we needed to realize hogetion of

(+)-8-bromocamphor ethylene ketdl Many attempts such as  b) This work: radical addition of neopentyl bromide

enolate alkylation and direct cross—coupling falledvhich s

should be attributed to the remarkable steric ercance & Br N Zn, NiCly*6H,0

embedded thiseopentyl structure. We theturned to conjugate + Pyridine CO,Me
addition reaction promoted hy-BusSnH or Zn/Cu coupl&,but o COMe N o)

both of them still cannot effectively work on thisique substrate o_J via m o)

since competitive reduction of the bromitlevas predominant. (+)-1 MeO N o OMe (-)-2a (80%)
Although Money and co-worket$iad realized a cross—coupling P~ gram scale
between (-)-8-iodocamphor and arrallyl Ni complex® 07 \ NIy

[generated from prenyl bromide and 8 equiv of Nijg@ 40% Ni(0)s2MA<Py

OCorresponding author. E-mail address: pengyu@sadtucn (Y. Peng); wdli@swijtu.edu.cn (W.-D. Z. Li)
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Scheme 1A transferable ligand enables reductive couptihg
neopentyl bromide. [a] A yield of 73% was obtained and0
mol % Ni condition.

Direct cross-electrophile coupling has already e@éras an
advantageous method for the formation ofCCbonds. It can
avoid some problems associated with preformed amatallic
reagents which are inevitable in conventional ciamgpling of a
nucleophile with an electrophile, therefore leadinggenerally
excellent functional-group compatibility. A notewloy advance
is Ni-catalyzed reductive coupling of the challerggunactivated
alkyl halides***® Recently, Wei¥** and Gon{f’®*"developed bi-
or tridentate amine ligated Ni complex-catalyzedact®ns
toward Cgp*)—C(sp?) and Cgp*)—C(sp°) bond construction, and
these catalytic systems had been further exparmdeaplings of
acyl halide$™**and allyl acetaté&™® with alkyl halides under
reductive conditions. In particular, NHR)-diphenyl-Box-
catalyzed asymmetric reductive acyl cross-couplimgth
secondary benzyl chlorides had been reported bgnRait>
Ni/PCys-catalyzed reductive carboxylation of benzyl haiséth
CO, had also been realized by Martfi. More importantly,
Weix"*® provided an elegant mechanism insight to this kifid
cross-electrophile couplings, which would enabletioral
improvement and reliable application of this stgate
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Scheme 2 Reductive couplings of variouseopentyl bromides

4d (66%)

Independently, w8 have disclosed inter- and unprecedentedang activated olefins.

intramolecular reductive coupling reactions catatyz by
Ni(0)s2EC<Py (Scheme la: EC = ethyl crotonate; Ryyrdine),

where EC act as-ligands to Ni and plays an important role on Protocol

those transformations with unactivated alkeneseldeswitch of
this unique ligand (EC) to methyl acrylate (MA) lad a
formation of Ni(0)s2MA<Py complex, which eventualkolved

Other Ni(0) complexes can be prepared in analogyhto
for  Ni(0)2MAsPy, and therefore provided
corresponding addition products in modest to goadedldy
(Scheme 2). For example, the Ni(0) complex deri¥eam
methyl a-methyl acrylate (MMA) also promoted the reductive

the problem mentioned above and achieved carborin chacoupling with (+)1, and2b as a pair of diastereomers could be

elongation of (+)t (Scheme 1b). The resulting (2& could be

easily converted to ()4a and (-)11b, thereby constituting a
formal synthesis of tricyclic sesquiterpenoids ¢epacamphor
and (-)-ylangocamphorvi@e infra). Moreover, several other
electron-deficient olefins were suitable as welll éhe generated
analogous Ni complexes promoted reductive coupdihgarious

neopentyl bromides successfully. The hypotheses inrglv
radical species were supported by the radical ceogeriments

and an efficient synthesis of Corey aldehyde hom8lo

2. Results and discussion

As shown in Scheme 1b and tR&perimental Section, once
subjection of (+)1 to red-brown Ni(0)*2MA-Py complein situ
generated from a mixture of regular
Zn/NiCl,*6H,0/pyridine/methyl acrylat&’ the desired reductive
coupling reaction was smoothly completed within @d&ur at
room temperature, and estetf)-@a was isolated in 80% yield.
Notably, the efficiency of this transformation remsa to be
almost identical on a scale of 30 mmol. The reactatalyzed by
the above complex generated from 10 mol% Ni&uld also
proceed under otherwise identical conditions, aB®% %ield of
(-)-2a can be obtained although the reaction time is \@ny (4
days) compared with that of the stoichiometric \@rsTo our
surprise, this unique Ni(0) complex did not receimmich
attention, and known utilization focused on theesidhain
elongation of C-22 steroidal ioditfeand glycosyl bromide¥. To
the best of our knowledge, reductive coupling rebpentyl
bromides with MA has not been reported to d&t€his fact
prompted us to investigate more cases with regpebis kind of
challenging substrates and further expand to divexanjugate
additions with other activated alkenes. Given thailability of
this Ni(0) complex from benchtop and very cheapemals, the
stoichiometric reaction conditions were employedr fthe
following studies.

obtained in 78% vyield. This convergent and highldjrey
synthesis is advantageous compared to the usualylagon of
ester (—)2a because the latter would suffer from over
methylation. The Ni(0) complex with MMA as liganddso
reductively coupled with (+)-9-bromocamphor ethgeketal”™
affording ester3b in 70% yield. Especially, the reaction of this
bromide mediated by the Ni(0) complex generatednfrmore
sterically demanding ethyi-isopropyl acrylate also proceeded
smoothly, and the correspondi8g was obtained in 76% vyield.
More reactive enond%? such as methyl vinyl ketone was
certainly suitable activated alkene for the redwcttoupling of
(+)-1, thus delivering the expected ketone 2€)in 55% isolated
yield. Besides chiral bromides with a bicyclo[2]2gkeleton,
other simple neopentyl bromides also could participate the
reductive couplings with MA, as exemplified in tlwases of
4a~4c. Additionally, the successful syntheses of pipeeddd
and tetrahydropyrrolesA¢ and 4f) demonstrated mild nature of
the present conditions since none of halides wiithogen-
containing heterocycles was involved in the relapgdvious
reactions.?®** Some features of the present system are
noteworthy: the described Ni(0) complexes can beegsed
from air-stable and moisture-insensitive chemicaisluding
ligands, hence none of glove box and anhydrousatiper is
necessary; the reductive couplings proceed rapatlyroom
temperature; the reactions are easily scaled umwitsignificant
loss of the efficiency.

The next radical clock experimefitsindicated that radical
species generated from the bromides by SET prooeih Ni(0)
complexes may be involved in the above reductivetings. As
shown in Scheme 3, subjection of (3-phenylcyclophopethyl
bromidé® to Ni(0)*2MA«Py furnished produdi in 40% isolated
yield via regioselective radical rearrangement aatbsequent
conjugate addition to MA, accompanying with equaloants of
homocoupling product from favourable dimerizatiofi the
resulting benzyl radical. The reaction of 6-iodtrxené®2



mediated by this Ni complex also worked well, aratlical
cyclization-coupling producé and direct addition produ& as
an inseparable mixture (1:1.6) were obtained adoghy
Interestingly, when Zn/NiGt6H,O/pyridine were mixed and
heated at 50 °C for 20 min followed by the additair(+)-1 and
MA, almost no formation of «)-2a could be observed. This
result highlighted the dual critical roles of MA ast only the
reactive Michael acceptor but also the efficieftligand”’ to
Ni(0). This mechanism is different from that ofydtiickel(ll)
intermediates, where the enone had been proved &gbligand
assisted by ESBiCl in the investigation by Wef&.

(40%)
Ph/<l/\Br _(40%) _ pp CO,Me
S~

ser\i(0)2MA+Py o ;
L/}

Ph/<l/' -

r

Scheme 3Radical clock experiments.

Ni(0)-2MA-Py
(55%, 1:1.6)

Further support for the plausible radical mechanisame
from the following tin-free synthesis toward Corejdehyde
analogue for an access to prostaglandins (BGsispired by
Stork’s classic radical cyclization—trapping stggtefeaturing
stereocontrolled formation of two adjacent carbamters in
PGs?® |ater the modifications by Kek and Scheffold™ and
the recent extension by Oshifiap-halo acetald that is readily
available fromcis-2-cyclopentene-1,4-diol monosilyl-eti&was
subjected to Ni(0)*2MA+Py complex (Scheme 4).
inconsequential epimer8 (dr = 2:1) were produced in fairly
good yields compared to those of previous appraacheis

noteworthy that methyl esteBcould be viewed as a new two-

carbon homologation of well-known Corey aldehyds] aerved
as another potentially useful precursor to prostagjhs such as

PGR, (Dinoprost") and analogs such as Latanoprost
(Xalatad™).3*

EtO OFt

3 X
@ Ni(0)2MA+Py G\/\
: i,0.5h \ cote

S X = Br (45%) TBSO

TBSO _ bl .

Corey aldehyde

Scheme 4 Stereoselective synthesis of a potential precuisor
PGF,, by tandem cyclizatiorcoupling.

Application of reductive coupling product ofieopentyl

bromide (+)1 was demonstrated in Scheme 5. With sufficient

amounts of methyl ester (2g in hand, its conversion to (+)-

campherenon® was straightforward: the addition by MeLi, ketal

hydrolysis and dehydration of the resulting testiafcohol; the
whole protocol
purification, and the overall yield of 74% was asféd. Since
direct epoxidation of (+B with m-CPBA didn't afford either of
the single diastereomer (4Paor (+)-10b, we first utilized NBS
to obtain diastereomeric bromohydrins, which canseparated
by careful column chromatography (see ExperimeSedtion),
and absolute stereochemistry of more polar diasteee (—)9b

was determined by X-ray crystallographic structlireThe

Two

needed only one column chromatograph

3
respective subjection of these two bromohydrinsKi&O,
afforded both epoxyketones (#pa and (+)40b in
diastereomerically pure form, which set the stager f
intramolecular  nucleophilic ~ ring-opening  promoted y b
carbaniof® and can compare the difference of their cyclizatio
behaviors** Stereospecific cyclization of (+)9afinished rapidly
in the methylsulfinyl sodium solutidh even at room
temperature, providing tricyclic keto-alcohol (Ha in 81%
isolated vyield, whose stereochemistry was unamhigiyo
confirmed by single-crystal X-ray diffraction ansly (Figure
1)32 However, the Gxo-tet cyclization of (+)10b needed to
raise temperature to 70 °C and prolong reactioe tion5 h, and
the corresponding (31b was isolated in only 50% yield. It is
noteworthy that stereodivergent (Ha and (-)11b could be
easily converted to (-)-copacamphor and (-)-ylaaggzhor,
two valuable intermediates en route to a class of
tricyclo[5.3.0.6%decane sesquiterpene¥® Not only the
stereochemistry but also substituéhts the epoxide would exert
the influence on cyclization. When H is substituted Me at
C(12), regioselective cyclization of tetrasubsétlitepoxide (+)-
12acould also take place albeit under the rathertheosdition
(see Experimental Section), and the desired progiet3* with
an all-carbon quaternary stereocenter was obtained7%
isolated yield.

MeLi =~ NBS
COMe  then p-TsOH then K,CO5
o\)o (74%) o (84%)
(+)-camphereneone
(-)-2a 9
o) QOH ‘\k
M=\ 1) \
,05h Ho rero H
0 NaH 0 O
(+)-10a pmso (H)-Ma [Xray] (—)-copacamphor

70°C,5h

v T

0 0
(+)-10b (-)-11b (-)-ylangocamphor

Scheme 5 Stereospecific synthesis of diastereomeric

epoxyketone40ab and respective cyclization.

Figure 1. X-ray crystal structure of)-11a
3. Conclusion

We have demonstrated in this work a solution onefffective
alkylation of variousneopentyl bromides with steric bulk by
means of Ni(0)»2MA«Py complex and analogues-irgtat
reductive conjugate addition reactions. As an application of this



4
alternative C—C coupling protocol, three-carbon blmgation
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1.80-1.60 (m, 1H), 1.58-1.42 (m, 1H), 1.40-1.382#), 1.37—

product (—)2a allowed rapid access to a class of sesquiterpenes15 (m, 2H), 1.16 (dJ = 7.2 Hz, 3H), 1.09-0.95 (m, 1H), 0.83

with an unique tricyclo[5.3.0°]decane skeleton. In addition to
the radical clock experiments, the realization a&yathesis of a
potentially useful precursoB to PGk, provided supportive
evidences for the plausible radical-associated B@sm.
Extension studies toward the other type of hafidasd activated

(s, 3H), 0.78 (s, 3H) ppm*C NMR (75 MHz, CDCJ): § =
177.4, 116.9, 64.8, 63.5, 53.3, 51.3, 50.8, 44125,440.0, 30.4,
30.1, 29.7, 26.6, 17.1, 16.4, 9.8 pprthe(cther isomer) & =
177.5, 64.9, 44.1, 41.6, 40.2, 29.5 ppm, other aigrare
inseparable; HRMS (ESI): caled. for #8,00," [M+H]™:

alkenes or ligand&are currently ongoing, and those results will 297.2060, found: 297.2057.

be reported in due course.
4. Experimental section
4.1. General

For product purification by flash column chromatgny,
silica gel (200~300 mesh) and petroleum ether (@p96 °C)
were used. All solvents were purified and dried digndard
techniques, and distilled prior to use. Organicaots were dried

(-)-2cwas prepared as a colorless oil (55% yield) adagrtb
the general procedurB; = 0.41 (petroleum ether/EtOAc = 6 : 1);
[a] 18 = —10 € = 1.5, CHCY); IR (film): vimax = 2950, 2877, 1715,
1450, 1362, 1112, 1044, 951 TmH NMR (300 MHz, CDC)):

0 = 3.94-3.72 (m, 4H), 2.43 (8 = 6.9 Hz, 2H), 2.14 (s, 3H),
1.95-1.81 (m, 4H), 1.72-1.59 (m, 2H), 1.52-1.35 k), 1.25—
1.15 (m, 1H), 1.08-0.95 (m, 1H), 0.86 (s, 3H), 0(F83H) ppm;
C NMR (75 MHz, CDCJ): § = 209.7, 117.3, 65.2, 64.8, 53.6,
51.4, 45.0, 44.6, 41.9, 32.7, 30.2, 29.9, 26.90,206.7, 10.1

over MgSQ or NaSQ,, unless otherwise specified. Experimentsppm; EFMS (70 eV):m/z (% relative intensity) 266 () 14.3),

were conducted under an argon or nitrogen atmosgheoven-

dried or flame-dried glassware with magnetic stgri unless

otherwise noted. NMR spectra were measured on 200,and

400 MHz instruments at room temperaturez-NM$§ was obtained
on GC/MS QP-2010 SE. High-resolution mass spedatd were

measured with electrospray ionization (ESI), atrhesp

pressure chemical ionization (APCI) and secondary mass

spectroscopy (SIMS). Infrared spectra were recomtedn FT-

IR spectrophotometer. The X-ray diffraction studie=re carried

out on a Bruker SMART Apex CCD area detector ddfeeneter

equipped with graphite-monochromated Ma-kKadiation source.
Melting points were measured dfofler hot stage and are
uncorrected.

4.2. General procedure for the reductive cross-coupling reaction
promoted by the Ni(0) complex

To a stirred slurry of Zn (390 mg, 6 mmol) in regupyridine
(3 mL) was added the electron-deficient alkene (@afh at room
temperature. Under vigorous stirring, Ni®®H,O (475 mg, 2
mmol) was added to the above mixture. The temperatuen
rose to 50 °C, and stirring was continued for 2(.mfrhe
resulting red-brown Ni(0) complex was cooled to moo
temperature, and a solution of the alkyl bromidern{gol) in
pyridine (1 mL) was added dropwise. The mixture stsed for
0.5 h, and then filtered with a short plug (elutwith 50 mL of
Et,0) and washed with HCI (1N), water and brine, draaer

251 (1.1), 181 (10), 155 (17), 147 (16), 125 (1A®3 (27), 95
(69); HRMS (ESI): calcd. for @H,;0;" [M+H]": 267.1955,
found: 267.1963.

(+)-3a was prepared as a colorless oil (78% yield) adogrd
to the %eneral procedurg = 0.51 (petroleum ether/EtOAC = 6 :
1); [alp = +3 € = 1.6, CHCY); IR (film): vya = 2952, 2877,
1739, 1455, 1438, 1259, 1119, 1047 tnH NMR (300 MHz,
CDCly): ¢ = 3.94-3.90 (m, 1H), 3.88-3.76 (m, 2H), 3.73-3.69
(m, 1H), 3.67 (s, 3H), 2.30 (§ = 7.2 Hz, 2H), 2.01-1.82 (m,
2H), 1.78-1.48 (m, 2H), 1.44-1.30 (m, 3H), 1.2561(, 3H),
1.06-0.95 (m, 1H), 1.03 (s, 3H), 0.78 (s, 3H) ppl@;NMR (75
MHz, CDCk): 6 = 174.2, 117.3, 65.0, 63.6, 53.2, 50.8, 44.4, 42.0,
34.9, 32.6, 29.7, 29.5, 26.5, 20.1, 16.7, 9.8 pdRMS (APCI):
calcd. for GgH,,0," [M+H]*: 283.1904, found: 283.1903.

3b was prepared as a colorless oil (70% yield, d1:B
according to the general proceduRe.= 0.55 (petroleum
ether/EtOAc = 6 : 1); IR (film)vma = 2951, 2877, 1737,
1458, 1379, 1319, 1198, 1121, 1048, 967, 845 'cthl
NMR (300 MHz, CDCJ): ¢ = 3.95-3.90 (m, 1H), 3.88-3.78
(m, 2H), 3.75-3.71 (m, 1H), 3.68 (s, 3H), 2.43-2(34,
1H), 2.02-1.90 (m, 2H), 1.88-1.83 (m, 1H), 1.80%1(6,
1H), 1.65-1.49 (m, 2H), 1.47-1.25 (m, 3H), 1.2351(M,
1H), 1.15 (d,J = 7.2 Hz, 3H), 1.04-0.94 (m, 1H), 1.01 (s,
3H), 0.78 (s, 3H) ppnt*C NMR (75 MHz, CDC)): é =
177.2, 117.3, 64.9, 63.6, 53.2, 51.5, 50.7, 44138,440.1,
30.1, 29.5, 28.7, 26.5, 17.0, 16.6, 9.8 pprie (other

MgSQ, filtered and concentrated. The crude product wagdsomer) 6 = 40.3, 30.4, 28.8, 17.3 ppm, other signals are

purified by flash chromatography on silica gel fioad desired
ester products.

(-)-2a was prepared as a colorless oil (80% yield) adogrd
to the general procedurig: = 0.51 (petroleum ether/EtOAc = 6 :
1); [o] ¥ = -11 € = 0.7, CHQY); IR (film): vnax = 2951, 2877,
1740, 1439, 1264, 1174, 1042, 952 &mH NMR (300 MHz,
CDCly): ¢ = 3.93-3.67 (m, 4H), 3.64 (s, 3H), 2.28 (t, J 5 Hz,
2H), 1.92-1.83 (m, 3H), 1.76-1.53 (m, 2H), 1.5121(vh, 1H),
1.40-1.30 (m, 2H), 1.22—0.96 (m, 3H), 0.83 (s, 3HJ6 (s, 3H)
ppm; **C NMR (50 MHz, CDQ)): § = 174.3, 117.0, 64.9, 64.5,
53.3, 51.4, 51.0, 44.2, 41.6, 35.0, 32.5, 29.65,2%1.0, 16.5, 9.8
ppm; EFMS (70 eV):mz (% relative intensity) 282 (M 11),
251 (5.4), 194 (8), 181 (17), 149 (10), 125 (1@®),85); HRMS
(SIMS): calcd. for GH,;O,” [M+H]": 283.1904, found:
283.1910.

2b was prepared as a colorless oil (78% vyield, d.i1:¥)
according to the general procedurB = 0.47 (petroleum
ether/EtOAc = 6 : 1); IR (film)yyax = 2950, 2877, 1737, 1456,
1380, 1320, 1305, 1268, 1247, 1196, 1171, 11521,11046,
1023, 971, 843 ciy 'H NMR (300 MHz, CDC)): ¢ = 3.97-3.71
(m, 4H), 3.70 (s, 3H), 2.41-2.36 (m, 1H), 2.00-1(82 4H),

inseparable; HRMS (ESl)calcd. for G/H,O," [M+H]™:
297.2060, found: 297.2057.

3c was prepared as a colorless oil (76% yield, d1:B
according to the general proceduRe.= 0.67 (petroleum
ether/EtOAc = 6 : 1)JR (film): vnax = 2960, 2876, 1730,
1452, 1375, 1318, 1121, 1046, 967 &ntH NMR (300
MHz, CDCk): 6 = 4.20-4.10 (m, 2H), 3.94-3.91 (m, 1H),
3.88-3.80 (m, 2H), 3.78-3.72 (m, 1H), 2.05-1.92 2id),
1.88-1.80 (m, 2H), 1.74-1.50 (m, 2H), 1.48-1.33 4i),
1.29-1.14 (m, 3H), 1.26 (d, = 6.9 Hz, 3H), 1.01 (s, 3H),
0.94 (d,J = 7.8 Hz, 3H), 0.92 (d) = 6.3 Hz, 3H), 0.77 (s,
3H) ppm;**C NMR (75 MHz, CDC)): 6 = 175.7, 117.3,
64.9, 63.6, 59.8, 53.6, 53.2, 50.8, 44.3, 41.89,3G0.7,
30.5, 29.5, 26.6, 24.6, 20.5, 16.7, 14.4, 9.8 pfihe other
isomer) 6 = 175.8, 29.4, 26.3, 20.3, 16.6 ppm, other signals
are inseparable; HRMS (SIMS)calcd. for GoHssO,
[M+H]": 339.2530, found: 339.2540.

4a* was prepared as a colorless oil (72% yield) adngrd
to the general procedurBs = 0.55 (petroleum ether/EtOAc
= 8 : 1); IR (film): vna = 2956, 2870, 1743, 1470, 1437,
1364, 1253, 1207, 1173, 1069, 1014 &mMH NMR (300



MHz, CDCk): 6 = 3.68 (s, 3H), 2.28 (1) = 7.5 Hz, 2H),
1.63-1.57 (m, 2H), 1.21-1.16 (m, 2H), 0.89 (s, ppin;**C
NMR (75 MHz, CDC}): 6§ = 174.3, 51.4, 43.6, 34.8, 30.3,
29.2 (3C), 20.2 ppm.

4b was prepared as a colorless oil (65% yield) adogrd
to the general procedurB = 0.69 (petroleum ether/EtOAC
=6 : 1); IR (film): vna = 2928, 2853, 1740, 1603, 1494,
1457, 1364, 1170, 1033, 747, 6997&MH NMR (300 MHz,

CDCly): 6 = 7.30-7.25 (m, 3H), 7.19-7.17 (m, 2H), 3.66 (s

3H), 2.58 (tJ = 6.6 Hz, 2H), 2.28 (1) = 7.2 Hz, 2H), 1.71—
1.52 (m, 3H), 1.48-1.10 (m, 5H), 0.88 (s, 3H), O(843H)
ppm;=C NMR (100 MHz, CDGJ): 6 = 174.3, 142.8, 128.4
(2C), 128.2 (2C), 125.6, 51.4, 36.5, 36.4, 36.24332.5,
29.3, 27.1, 22.5, 19.5 ppm; S (70 eV):mV/z (% relative
intensity) 262 (M, 1.4), 248 (4), 216 (3), 147 (5), 143 (7),
104 (22), 91 (100), 74 (31).

4¢* was prepared as a colorless oil (62% yield) adngrd
to the general procedurB = 0.55 (petroleum ether/EtOAC
=6 : 1);IR (film): vy = 2924, 2851, 1742, 1442, 1257,
1199, 1168 crt; *H NMR (300 MHz, CDCJ): 6 = 3.66 (s,

4.3. Radical clock experiments

5 was prepared as a colorless oil (40% yield) adngrtb
the general procedurB = 0.50 (petroleum ether/EtOAc = 6
1 1); IR (film): vax = 3027, 2921, 2844, 1737, 1641, 1602,
1493, 1438, 1370, 1204, 1163, 914, 761, 736, 70T;ch
NMR (300 MHz, CDCY): § = 7.33-7.26 (m, 2H), 7.22-7.19
(m, 1H), 7.17-7.13 (m, 2H), 5.73-5.60 (m, 1H), 489 =
17.1 Hz, 1H), 4.94 (dJ = 9.9 Hz, 1H), 3.61 (s, 3H),

'2.68-2.58 (m, 1H), 2.38 (tJ = 6.9 Hz, 2H), 2.16 (q] = 7.2

Hz, 2H), 2.16-2.02 (m, 1H), 1.91-1.79 (m, 1H) ppig,
NMR (50 MHz, CDC}): ¢ = 174.0, 143.9, 136.5, 128.4
(2C), 127.7 (2C), 126.4, 116.2, 51,4, 45.2, 4121 330.8
ppm; HRMS (ESI): caled. for G4H;s0,Na” [M+Na]":
241.1199, found: 241.1200.

6" and 6'** were prepared as colorless oils (1:1.6, 55%
yield) according to the general procedud®. = 0.55
(petroleum ether/EtOAc = 8 : 1); IR (film)ya = 3077,
2929, 2857, 1742, 1640, 1438, 1362, 1251, 1170,co1i;
data for6": *"H NMR (300 MHz,CDCl,): § = 5.85-5.76 (m,

3H), 2.27 (t,J = 7.5 Hz, 2H), 1.70-1.51 (m, 6H), 1.43-1.3g 1H), 4.99 (ddJ =17.1, 1.8 Hz, 1H), 4.94 (dd,= 11.7, 1.2

(m, 1H), 1.31-1.16 (m, 7H), 0.84 (s, 3H) ppit; NMR (75

Hz, 1H), 3.67 (s, 3H), 2.31 (4, = 7.5 Hz, 2H), 2.04 (q] =

MHz, CDCL): 6 = 174.6, 51.7, 37.9, 37.6, 37.2, 34.6, 33.5/-2 Hz, 2H), 1.76-1.73 (m, 1H), 1.66-1.42 (m, 3H}1-

(2C), 26.8, 26.6 (2C), 22.6 ppm; IS (70 eV):m/z (%
relative intensity) 198 (M 0.2), 184 (3), 167 (4), 153 (4),
141 (49), 97 (19), 74 (100), 55 (98), 41 (91).

4d was prepared as a colorless oil (66% yield) adogrd
to the general procedurBs = 0.45 (petroleum ether/EtOACc
=5 :1); IR (film): vna = 2923, 2854, 1739, 1597, 1493,
1452, 1258, 1165, 1110, 741, 6997&MH NMR (300 MHz,

CDCly): § = 7.36—7.19 (m, 5H), 3.64 (s, 3H), 3.58 (s, 2H),

2.62-2.54 (m, 1H), 2.42-2.36 (m, 2H), 2.27—-2.10 2id),
2.08-1.99 (m, 1H), 1.64—1.32 (m, 8H), 0.74 (s, Bpin;°C
NMR (100 MHz, CDC)): 6 = 174.9, 140.4, 129.0 (2C),
128.0 (2C), 126.7, 66.4, 65.1, 57.9, 51.4, 40.07,381.3,
29.1, 24.7, 21.9 ppm; EMS (70 eV): m/z (% relative

intensity) 289 (M, 2.1), 274 (0.4), 258 (1), 216 (8), 174 (3),

160 (21), 134 (21), 91 (100).

4e was prepared as a colorless oil (68% yield) adogrd
to the general procedurB = 0.35 (petroleum ether/EtOAc
=5 :1); IR (film): vna = 2934, 2795, 1740, 1603, 1493,
1451, 1309, 1166, 1026, 740, 6997&MH NMR (300 MHz,
CDCl): 6 = 7.31-7.20 (m, 5H), 3.66 (s, 3H), 3.41 (o=
13.5 Hz, 2H), 2.42-2.23 (m, 2H), 2.21-2.17 (m, 2MH}L5—
2.05 (m, 1H), 2.01-1.95 (m, 1H), 1.68 Jt= 8.1 Hz, 2H),
1.63-1.58 (m, 2H), 1.35-1.18 (m, 2H), 0.88 (s, ppin;*°C
NMR (75 MHz, CDC}): § = 174.9, 139.2, 128.7 (2C), 128.1
(2C), 126.7, 64.1, 63.2, 54.6, 51.5, 35.6, 34.103328.7,
23.8, 22.1 ppm; HRMS (EShralcd. for G/H,NO,"
[M+H]": 276.1958, found: 276.1958.

4f was prepared as a colorless oil (47% yield) adogrd
to the general procedurBs = 0.43 (petroleum ether/EtOAc
=5 :1); IR (film): vha = 3067, 3027, 2934, 2795, 1740,
1638, 1603, 1493, 1450, 1439, 1315, 1252, 1171, 994,
740, 670 crit; '"H NMR (300 MHz, CDCJ): ¢ = 7.31-7.27
(m, 3H), 7.27-7.21 (m, 2H), 5.75-5.66 (m, 1H), 501 =
15.3 Hz, 1H), 5.00 (d) = 11.1 Hz, 1H), 3.66 (s, 3H), 3.41
(s, 2H), 2.42-2.25 (m, 2H), 2.22-2.15 (m, 2H), 22.04
(m, 4H), 1.72-1.55 (m, 2H), 1.59 = 6.0 Hz, 2H), 1.32—
1.25 (m, 2H) ppm**C/DEPT NMR (50 MHz, CDG): ¢ =
174.6 (s), 139.1 (s), 134.2 (d), 128.7 (d, 2C),.038, 2C),
126.7 (d), 117.2 (t), 63.3 (t), 62.2 (1), 54.5 G}.4 (q), 40.0
(), 35.8 (s), 33.5 (1), 30.9 (1), 28.1 (1), 21tBgpm; HRMS
(ESI): calcd. for GgHeNO," [M+H]": 302.2115, found:
302.2115.

1.30 (m, 4H) ppm**C/DEPT NMR (75 MHz,CDCl,): 6 =
174.2 (s), 138.9 (d), 114.2 (1), 51,4 (q), 34.0 83.6 (1),
28.9 (t), 28.7 (t), 28.6 (t), 24.9 (t) ppm; data 60'H NMR
signals overlap with those éf; "*C/DEPT NMR (75 MHz,
CDCL): 6 = 174.3 (s), 51,4 (q), 39.8 (d), 35.6 (), 34.3 ()
32.5 (t, 2C), 25.1 (t, 2C), 24.1 (t) ppm.

4.4, Stereoselective synthesis of a precursor for PGF,,

0 HO
NaBH, @

CeC|3'7H20 3

0 HO

To a solution of CeGi7H,0 (3.73 g, 10 mmol) in MeOH
(20 mL) was added 2-cyclopentene-1,4-di3r{860 mg, 10
mmol) followed by the addition of NaBH(380 mg, 10
mmol) portionwise at 0 °C. Once clear solution adrto a
milky white, and the resulting reaction mixture wasther
stirred for 30 min. The mixture was then filteredhaa short
plug (elution with 100 mL of CKCIl,) and concentrated
under reduced pressure. The resulting crude prods@-
cyclopentene-1,4-diol (ca. 1 g) could be used direc
without further purification. Colorless solid; m@-50 °C
(EtOAC); Ry = 0.12 (petroleum ether/EtOAc = 1 : 1); IR
(film): v = 3304, 3114, 2927, 1643, 1437, 1339, 1179,
1133, 1084, 998, 916, 828, 791, 687 ¢mMH NMR (300
MHz, CDCL): § = 6.01 (s, 2H), 4.63 (brs, 2H), 3.58 (brs,
1H, —CH ), 3.51 (brs, 1H, —8 ), 2.70 (dtJ = 14.7, 6.9 Hz,
1H), 1.56 (dt,J = 14.7, 3.3 Hz, 1H) ppm?C NMR (75
MHz, CDCk): § = 136.3, 74.9, 43.4 ppm.

HO HO

/ NaH @
@ TBSCI ‘
HO TBSO

NaH (400 mg, 10 mmol, 60% dispersion in minera) oil
washed three times witithexane distilled from Cafl was
suspended in THF (20 mL), and a solution of thevahdiol
(1 g) in THF (10 mL) was added dropwise at room
temperature. The resulting mixture was stirredifdr, and a
large amount of opaque white precipitates formedSCI
(1.5 g, 10 mmol) was then added portionwise, agonraus
stirring was continued for 2 h. The mixture was igalinto
Et,O (100 mL), washed with 10% aqueous NaHQ@0



6
mL) and brine (10 mL), dried over MggJiltered and
concentrated. The crude product was purified byshfla

chromatography on silica gel to afford desireid-4-(t-
butyldimethylsilanyloxy)-cyclopentene-226(1.62 g, 75%).
Colorless oil;R = 0.38 (petroleum ether /EtOAc =5 : 1); IR

Tetrahedron

1H), 1.23 (t,J 7.2 Hz, 3H) ppm, other signals are
inseparable*C/DEPTNMR (75 MHz, CDC}): § = 137.6
(d), 133.0 (d), 101.1 (d), 78.9 (d), 74.7 (d), 6(d% 42.4 (1),
15.12 (qg), 5.9 (t) ppm, the signals of silyl growpe
inseparable.

(film): vpha = 3368, 3179, 2960, 2928, 2872, 1463, 1379, To a stirred slurry of Zn (195 mg, 3 mmol) in regul

1239, 1147, 1074, 773, 728 ¢m'H NMR (300 MHz,
CDCly): 6 = 5.93 (d,J = 5.7 Hz, 1H), 5.87 (dd] = 5.4, 1.8
Hz, 1H), 4.64 (tJ = 6.3 Hz, 1H), 4.57 (brs, 1H), 2.68 (dt,
=14.7,7.2 Hz, 1H), 2.22 (brs, 1H, HOQ, 1.50 (dtJ = 14.1,
4.8 Hz, 1H), 0.89 (s, 9H), 0.08 (s, 6H) ppMC/DEPT
NMR (75 MHz, CDCY): § = 136.8 (d), 135.6 (d), 75.1 (d),
75.0 (d), 44.6 (1), 25.9 (g, 3C), 18.2 (s), —4.68 €4.72 (q)
ppm.

EtC% 5
r
@ NBS E
_ EVE @
TBSO 3
TBSO
7-Br

To an oven-dried round bottom flask were added
bromosuccinimide (2.1 mmol) and dry @&, (10 mL). The
resulting suspension was cooled to —20 °C, andl &ihyl
ether (2.4 mmol) was added dropwise over a 5 mipge
followed by the addition of the aboveis4- (t-
butyldimethylsilanyloxy)-cyclopentene-2-ol (2.0 minadn

pyridine (2 mL) was added methyl acrylate (0.27 n3L,
mmol) at room temperature. Under vigorous stirring,
NiCl,»6H,0 (238 mg, 1 mmol) was added to the above
mixture. The temperature then rose to 50 °C, airdnst
was continued for 20 min. The resulting red-brown
Ni(0)2MA-Py complex was cooled to room temperature
and a solution of thg-iodo acetal7-1 (412 mg, 1 mmol) in
pyridine (2 mL) was added dropwise over a 10-mirique
After 0.5 h, the mixture was filtered with a shqoiug
(elution with 50 mL of B4O), and washed with water (3 x
10 mL) and brine (10 mL), dried over Mgg@Qiltered and
concentrated. The crude product was purified byshfla
chromatography (petroleum ether/EtOAc = 30—15 : 1)

on silica gel to afford desire8l (less polar) and 8 (more
polar) (2:1, 242 mg, 65%) as colorless oils. Datagdtess
polar): R = 0.58 (petroleum ether/EtOAc = 3 : 1); IR (film):
vmax = 2953, 2931, 2858, 1742, 1461, 1440, 1370, 1335,
1254, 1172, 1115, 1056, 1006, 938, 882, 837, 766,001 ";

'H NMR (300 MHz, CDCJ): § = 5.17 (d,J = 4.8 Hz, 1H),
441 (dt,J = 7.5, 5.4 Hz, 1H ), 3.71 (§ = 8.1 Hz, 1H),
3.69-3.61 (m, 1H), 3.64 (s, 3H), 3.37 (dt= 14.1, 6.9 Hz,

CH,CI, (5 mL) dropwise over a 10 min period. The reactioan)' 2.36 (tJ = 7.2 Hz, 2H), 2.29-2.20 (m, 2H), 2.07 (dd,

mixture was slowly warmed to room temperature oaer
period of 2 h, and was then diluted with, &@t(30 mL) and
poured into a separatory funnel that containe® K10 mL).
The aqueous layer was extracted withCE@2 x 30 mL), and
the combined organic layers were washed with bfi®
mL), dried over MgSQ filtered and concentrated under
reduced pressure. The resulting crude residue wefep
by flash column chromatography on silica gel tanfsin the
desireds-bromo acetaV-Br?*® (495 mg, 68%). Colorless oil;
R = 0.50 (petroleum ether/EtOAc = 20 : 14 NMR (300
MHz, CDCk): 6§ = 5.88 (d,J = 3.0 Hz, 2H), 4.77 () = 6.0
Hz, 1H), 4.63 (tJ = 6.9 Hz, 1H), 4.58 (qJ = 5.7 Hz, 1H),
3.66 (ddJ=6.9, 3.0 Hz, 1H), 3.59 (dd,= 9.3, 6.9 Hz, 1H),
3.35 (ddJ = 3.9, 1.2 Hz, 1H), 2.71-2.66 (m, 1H)63 (dt,J
=12.9, 5.1 Hz, 1H), 1.22 (8 = 6.9 Hz, 3H), 0.88 (s, 9H),
0.06 (s, 6H) ppm*C NMR (75 MHz, CDC)): (dightly

major isomer) ¢ = 137.7, 132.9, 100.7, 79.1, 74.6, 61.4,

41.9, 31.9, 25.8 (3C), 18.1, 15.1, —4.6, —4.7 pgshightly

minor isomer) ¢ = 137.5, 132.6, 100.5, 79.3, 74.7, 61.7,

42.3, 32.0, 15.2 ppm, the signals of silyl groupe ar

inseparable.
7- 29b,c

=12.9, 10.2 Hz, 1H), 1.88 @,= 6.0 Hz, 1H), 1.86—1.75 (m,
1H), 1.68-1.59 (m, 1H), 1.56—1.47 (m, 2H), 1.15)@& 7.2
Hz, 3H), 0.86 (s, 9H), 0.02 (s, 3H), 0.01 (s, 3H)np
¥C/DEPT NMR (75 MHz, CDG): 6 = 174.0 (s), 105.5 (d),
79.8 (d), 78.9 (d), 62.3 (t), 53.0 (d), 51.5 (c@.54(d), 41.0
(1), 39.7 (1), 32.3 (1), 27.9 (t), 25.7 (q, 3C),.a7s), 15.2 (q),
-4.4 (), -4.9 (9 ppm; HRMS (ESl)calcd. for
C1oH360sSiNa [M+Na]™: 395.2224, found: 395.2222. Data
for 8 (more polar): R = 0.52 (petroleum ether/EtOAc = 3 :
1); IR (film): vmax = 2933, 2858, 1741, 1468, 1440, 1369,
1254, 1171, 1115, 1058, 1024, 952, 884, 836, 776;Chi
NMR (400 MHz, CDCJ): § = 5.12 (d,J = 4.8 Hz, 1H), 4.43
(9,J=7.6 Hz, 1H ), 3.72 (dt] = 16.8, 6.8 Hz, 1H), 3.64 (s,
3H), 3.53 (td,J = 9.6, 6.4 Hz, 1H), 3.36 (df, = 16.4, 6.8
Hz, 1H), 2.41 (dddJ = 18.8, 10.4, 5.6 Hz, 2H), 2.31 (dt=
12.4, 7.2 Hz, 1H), 2.04 (1] = 8.0 Hz, 2H), 2.00-1.93 (m,
1H), 1.91-1.81 (m, 2H), 1.68 (td, = 11.2, 7.2 Hz, 1H),
1.60-1.51 (m, 1H), 1.15 (1 = 7.2 Hz, 3H), 0.84 (s, 9H),
0.01 (s, 3H), —0.001 (s, 3H) ppMC/DEPT NMR (50 MHz,
CDCly): 6 = 174.3 (s), 105.6 (d), 81.1 (d), 77.6 (d), 62)3 (t
51.5 (q), 51.3 (d), 44.2 (d), 43.2 (1), 38.3 (2.3 (1), 28.2

was prepared similarly according to the abovey) 25.7 (g, 3C), 17.9 (s), 15.0 (q), —4.2 (q),8-4q) ppm;

procedure for7-Br. Colorless oil;R = 0.52 (petroleum HRMS (ESI):calcd. for GoHss0sSiNa” [M+Na]": 395.2224,

ether/EtOAc = 20 : 1)IR (film): vnax = 3065, 2955, 2932,

2889, 2858, 1635, 1611, 1468, 1370, 1254, 11963,110

1077, 1043, 906, 837, 777, 670 ¢ntslightly major isomer)
'H NMR (300 MHz, CDCJ): 6 = 5.92-5.87 (m, 1H), 4.73
(9,3 =6.0 Hz, 1H), 4.64 (8 = 6.9 Hz, 1H), 4.57 (] =5.7
Hz, 1H), 3.66 (ddJ = 3.6, 2.4 Hz, 1H), 3.59 (dd,= 6.9, 1.8
Hz, 1H), 3.21 (dd)J = 5.4, 1.5 Hz, 1H), 2.68 (dj, = 15.6,
7.2 Hz, 1H),1.65 (dt,J = 13.5, 5.7 Hz, 1H), 1.22 3,= 7.2
Hz, 3H), 0.87 (s, 9H), 0.06 (s, 6H) ppMC/DEPT NMR
(75 MHz, CDC}): § = 137.5 (d), 132.6 (d), 100.9 (d), 78.9
(d), 74.6 (d), 61.1 (d), 41.8 (1), 25.8 (g, 3C),11.8s), 15.07
(9), 5.8 (1), —4.6 (q), —4.7 (g) ppmrslightly minor isomer)
'"H NMR (300 MHz, CDCJ): 6 = 4.57 (g,J = 6.0 Hz, 1H),
3.68 (ddJ = 3.3, 2.4 Hz, 1H), 3.53 (dd,= 7.2, 2.4 Hz, 1H),
2.70 (dt,J = 11.4, 6.9 Hz, 1H), 1.63 (di, = 12.9, 5.7 Hz,

found: 395.2222.

4.5. An effective approach to (+)-campherenone (9)

oH p-TsOH
0 OH Yenzene
0\) o}

(-)-2a' (-)-2a"

To a stirred solution of methyl ester 23~(2 g, 7.1 mmol) in
Et,O (20 mL) was added MeLi (1.0 M in &, 15.6 mL)
dropwise at —40 °C under Ar. The resulting mixtwas stirred
for 30 min, and quenched with water (5 mL) and aoted with
Et,O (3 x 50 ml). The combined organic phases werehes
with water (20 mL), brine (20 mL), and dried oveg®0,. After
the solvent was evaporated umcuo, the crude residue was

p-TsOH

= -

acetone

()-2a MeLi

(+)-9



purified by flash column chromatography
ether/AcOEt = 5 : 1) on silica gel to afford 1.99%5%) of tertiary
alcohol (-)-2a as a cglorless oil.LR = 0.27 (petroleum
ether/AcOEt = 3 : 1)[a] ; = -17 (€ = 1.0, CHC)); IR (film):
Vmax = 3383, 2960, 2875, 1473, 1378, 1178, 1125, 1049,cm

- 'H NMR (300 MHz, CDC}): ¢ = 3.90-3.69 (m, 4H), 2.00-1.78
(m, 4H), 1.70-1.55 (m, 1H), 1.50-1.28 (m, 6H), P30 (m,
1H), 1.18 (s, 6H), 1.08-0.95 (m, 1H), 0.82 (s, 381Y,6 (s, 3H)
ppm; **C NMR (75 MHz, CDCJ): ¢ = 117.1, 71.0, 64.9, 63.5,
53.3, 51.2, 45.1, 44.4, 41.7, 33.3, 29.6, 29.21,296.6, 20.0,
16.6, 9.9 ppm; EIMS (70 eV):m/z (% relative intensity) 282
(M, 7.3), 267 (7), 223 (5), 181 (15), 153 (6.2), ¥260), 95
(100); HRMS (ESI):calcd. for GHs 05" [M+H]™: 283.2268,
found: 283.2261.

To a stirred solution of (& (1.9 g, 6.7 mmol) in acetone
(20 mL) was addegd-TsOH (100 mg, 0.53 mmol). The resulting
mixture was stirred for 2 h at reflux temperatubdeetone was
evaporated, and the residue was extracted with & x 50 mL).
The combined organic phases were washed with W2@emL),
brine (20 mL), and dried over MgQOAfter the solvent was

7

(petroleum4.3 mmol) portionwise at room temperature. The Itiesgy

mixture was stirred for 10 min, and quenched witttusated
NaHCGQ;, (5 mL) and extracted with E (3 x 30 mL). The
combined organic phases were washed with watem{1)Q brine
(10 mL), and dried over MgSO After the solvent was
evaporated invacuo, the crude residue was purified by flash
column chromatography (petroleum ether/AcOEt = 12— 9 :

1) on silica gel to afford 510 mg (41%) of bromotipd(+)-9a
and 630 mg (51%) of bromohydrin (9 as colorless crystals.
Data for (+)9a R = 0.26 (petroleum ether/AcOEt = 6 : 1); mp
63-64 °C (-hexane); §] ? = +46 € = 0.75, CHC)); IR (film):
vmax = 3446, 2959, 2880, 1739, 1448, 1378, 1126, 1085,cm
4 NMR (300 MHz, CDCJ)): 6 = 3.87 (dd,J =11.4, 1.8Hz,
1H), 2.35 (dt,J = 15.0, 4.2 Hz, 1H), 2.19 (4 = 4.2 Hz, 1H),
2.14-2.04 (m, 1H), 2.07 (s, 1H, HP 1.92-1.83 (m, 2H), 1.75-
1.55 (m, 2H), 1.49-1.37 (m, 2H), 1.36 (s, 3H), 1(34 3H),
1.18-1.08 (m, 1H), 0.96 (s, 3H), 0.93 (s, 3H), 6B&8 (m, 1H)
ppm;**C NMR (75 MHz, CDCJ): § = 219.5, 72.8, 71.8, 58.9,
49.6, 42.8, 39.9, 33.5, 30.3, 30.3, 27.1, 27.13,265.6, 9.5 ppm;
EI-MS (70 eV):mz (% relative intensity) 318 (M 5.3), 316

evaporated irvacuo, the crude residue was purified by flash (M*, 5.2), 303 (3), 301 (3), 219 (25), 179 (53), 132)( 109

column chromatography (petroleum ether/AcOEt = 3):on
silica gel to afford 1.4 g (87%) of keto-alcohol)-@a’” ag, a
colorless 0il.R; = 0.11 (petroleum ether/AcCOEt = 3 : I¥]

+24 © = 0.9, CHC)); IR (film): vna = 3432, 2961, 1741, 1468
1378, 1184, 1047 cth *H NMR (300 MHz, CDC)): ¢ = 2.28—
2.18 (m, 2H), 1.95-1.80 (m, 2H), 1.78-1.65 (m, 1HR9-1.20
(m, 7H), 1.22 (s, 6H), 1.20-1.05 (m, 1H), 0.963Hl), 0.91 (s,
3H) ppm;EI-MS (70 eV):m/z (% relative intensity) 238 (I
3.7), 223 (13), 220 (15.8), 205 (5.3), 149 (13)9 18), 81 (71),
41 (100); HRMS (SIMS):calcd. for GsHp0," [M+H]™
239.20086, found: 239.2001.

To a stirred solution of keto-alcohol (2%’ (1.4 g, 5.9
mmol) in benzene (15 mL) was addpelsOH (50 mg, 0.26
mmol). The resulting mixture was stirred for 4 h raflux
temperature and the reaction was quenched withragatl
NaHCGQ;, (5 mL) and extracted with E (2 x 50 mL). The
combined organic phases were washed with watem{1)5 brine
(15 mL), and dried over MgSO After the solvent was

(98), 81 (100); HRMS (SIMSXalcd. for GsHpc0, Br* [M+H] *:
317.1111, found: 317.1108. Data for @h-R; = ozg (petroleum
ether/AcOEt = 6 : 1)mp 58-59 °Crf-hexane); ¢] , =32 (c =
0.9, CHC}); IR (film): v = 3450, 2960, 2879, 1738, 1449,
1379, 1128, 1043, 968 ¢ 'H NMR (300 MHz, CDC)): 6 =
3.85 (dd,J = 9.6, 3.3 Hz, 1H), 2.21 (df = 15.0, 3.6 Hz, 1H),
2.18 (d,J = 3.6 Hz, 1H), 2.06 (s, 1H, H), 1.94-1.81 (m, 4H),
1.75-1.54 (m, 2H), 1.46-1.33 (m, 2H), 1.34 (s, 6HDP4-0.82
(m, 1H), 0.96 (s, 3H), 0.93 (s, 3H) ppAiC NMR (75 MHz,
CDCly): 6 = 219.5, 72.8, 71.2, 59.0, 49.6, 42.9, 40.1, 330111,
30.12, 27.1, 27.0, 26.5, 16.0, 9.5 ppm; EI-MS (Y)r enz (%
relative intensity) 318 (M 6), 316 (M, 5.8), 303 (2.8), 301
(3.1), 219 (18.3), 179 (48), 137 (33), 109 (92), (800). This
bromohydrin was dissolved in hexane/EtOAc (5 : Alter 2
days, colorless single crystals were obtained by glvaporation
of the solvent at room temperature.

To a stirred solution of (¥9a or (—)-9b (100 mg, 0.32
mmol) in MeOH (3 mL) was added,BO; (44 mg, 0.32

evaporated invacuo, the crude residue was purified by flash mmol) one portion at room temperature. The resgltin

column chromatography (petroleum ether/AcOEt = 100 on
silica gel to afford 1.16 g (90%) of (+)-campherene9 ass a
colorless oil R = 0.74 (petroleum ether/AcOEt = 10: 1) 5 =
+32 (¢ = 1.0, CHCJ), lit."** [o] &> +30.77 ¢ = 2.78, CHCJ); IR
(film): vimax = 2960, 1744, 1649 1457, 1364, 1152, 107T'cH
NMR (300 MHz, CDCJ): § = 5.06 (t, 1HJ = 6.9 Hz), 2.30-2.24
(m, 2H), 2.13-2.03 (m, 1H), 1.94-1.81 (m, 3H), £¥89 (m,
2H), 1.66 (s, 3H), 1.59 (s, 3H), 1.43-1.25 (m, 2HP0-1.07 (m,
1H), 0.97 (s, 3H), 0.90 (s, 3H) ppfiC NMR (75 MHz, CDG)):
0 = 219.7, 131.6, 124.3, 58.7, 49.6, 42.8, 39.70,330.0, 27.0,
25.6, 23.9, 17.5, 15.9, 9.2 ppm@i-MS (70 eV):m/z (% relative

mixture was stirred for 5 min, and quenched withteng?2
mL) and extracted with ED (3 x 10 mL). The combined
organic phases were washed with water (5 mL), b¢e
mL), and dried over MgSQO After the solvent was
evaporated irvacuo, the crude residue was purified by flash
column chromatography (petroleum ether/AcOEt = 18 :
on silica gel to afford 70 mg (95%) of epOX|de ®)a or
(+)-10b as a colorless oil. Data fqlg) -10a&: R = 0.33
(petroleum ether/AcOEt = 6 : 1Jp] , = +20 € = 1.0,
CHCl); IR (film): v = 2960, 2880 1743, 1452, 1380,
1324, 1123, 1046 cth 'H NMR (300 MHz, CDQ)): 6 =

intensity) 220 (M, 34), 177 (10), 135 (31), 109 (96), 81 (46), 692.61 (t,J = 6.0 Hz, 1H), 2.22-2.14 (m, 2H), 1.92-1.79 (m,

(100).
4.6. Syntheses of diastereomeric epoxyketones 10a and 10b

= NBS (+)—9aO K2COs ) 10a
e +
r,
0 H=
(+)-9 [X-ray] o ;g’b\
o
(-)-9b (more polar) (+)- 10b

To a stirred solution of (+)-campherenedh€860 mg, 3.9
mmol) in THF/HO (15 mL, v/v = 2:1) was added NBS (765 mg,

2H), 1.73-1.62 (m, 2H), 1.44-1.26 (m, 3H), 1.26 3s),
1.22 (s, 3H), 1.04-0.84 (m, 2H), 0.94 (s, 3H), O(893H)
ppm;**C NMR (75 MHz, CDCJ)): § = 219.3, 64.1, 58.6,
58.4, 49.3, 42.6, 39.6, 30.2, 29.9, 26.8, 24.98,248.5,
15.8, 9.1 ppmEI-MS (70 eV):m/z (% relative intensity)
236 (M', 4.4), 221 (7.3), 193 (6), 163 (7.2), 135 (38)910
(87), 95 (97), 41 (100); Data fo)-10b: R = 0.33
(petroleum ether/AcOEt = c1Jp]l p = +25 € = 1.0,
CHCly); IR (film): vipay = 2960 2879 1743, 1452, 1380,
1324, 1123, 1047 cth *H NMR (300 MHz, CDCJ): 6 =
2.60 (t,J = 6.0 Hz, 1H), 2.28-2.16 (m, 2H), 1.91-1.79 (m,
2H), 1.72-1.35 (m, 4H), 1.32-1.22 (m, 1H), 1.2538}),
1.22 (s, 3H), 1.16-1.10 (m, 2H), 0.92 (s, 3H), O(B83H)
ppm; *C NMR (75 MHz, CDC)): § = 219.1, 64.1, 58.5,
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58.2, 49.3, 42.5, 39.6, 30.2, 29.9, 26.8, 24.98,248.5,
15.8, 9.2 ppm; HRMS (SIMS)calcd. for GsHps0,"
[M+H]": 237.1849, found: 237.1842.

4.7. Comparison of 6-exo-tet cyclization behaviors

NaH (8 mg, 60% dispersion in mineral oil, washedb¢h
times with n-hexane distilled from Call was placed in

round-bottomed flask, and DMSO (1 mL) was introduce

under Ar. The resulting mixture was heated withrisigy to
70-75 °C. Half an hour later, the pale yellow solutwas
cooled to room temperature, and a solution of {hexiee

(+)-10a (24 mg, 0.1 mmol) in DMSO (1 mL) was added

dropwise. The stirring was continued for 0.5 h, thigture

(1 mL) was added to the resulting solution dropwiEke
stirring was continued for 5 h at 150 °C and quexdctith

water (1 mL) and extracted with & (3 x 10 mL). The

combined organic phases were washed with waterl(f m
brine (5 mL), and dried over MgQQAfter the solvent was
evaporated irvacuo, the crude residue was purified by flash
column chromatography (petroleum ether/AcOEt = 14—

8 : 1) on silica gel to afford 20 mg (67%) of ketlwohol (—
)-13 as a colorless crystdk = 0.31 (petroleum ether/AcOEt
= 5: 1); mp 95-96 °Cr¢hexane); ¢] 5 = —103 ¢ = 0.6,
CHCL); IR (film): vmax = 3524, 3437, 2955, 2876, 1722,
1463, 1375, 1122, 1038, 948 ¢m'H NMR (300 MHz,
CDCl): 6 = 2.77 (d,J = 4.8 Hz, 1H), 1.97 (s, 1H, 49,

was then quenched with water (1 mL) and extractatd w 1.89-1.78 (m, 2H), 1.75-1.62 (m, 2H), 1.43-1.28 Zir),
EtO (3 x 10 mL). The combined organic phases werd-26—1.16 (m, 1H), 1.24 (s, 3H), 1.20 (s, 3H), 6@83 (m,

washed with water (5 mL), brine (5 mL), and drieceio
MgSQ,. After the solvent was evaporated wacuo, the
crude residue was purified by flash column chrometphy
(petroleum ether/AcOEt = 8 : 1) on silica gel tboed 19.5
mg (81%) of keto-alcohol ()1&” as a colorless crystaR
= 0.15 (petroleum ether/AcOEt = 6 : Ijip 76—77 °C 1§-
hexane); 4] & = —20 (¢ = 2.3, CHCJ); IR (film): vipay =

2H), 0.93 (s, 3H), 0.91 (s, 3H), 0.88 (s, 3H) ppiG/DEPT
NMR (50 MHz, CDC}): 6 = 224.0 (s), 77.3 (s), 59.6 (d),
58.2 (s), 47.5 (s), 44.7 (d), 43.6 (s), 32.2 (9,23(t), 28.7
(t), 27.2 (q), 26.0 (q), 24.5 (1), 21.5 (g), 18,(9.4 (q)
ppm; HRMS (ESI): calcd. for GgH3gO,N* [M+NH,]™
268.2272, found: 268.2275. This compound was digsbl
in hexane/EtOAc (4 : 1). After 2 days, colorlesagg

3430, 2961, 2874, 1735, 1472, 1449, 1378, 11943,114crystals were obtained by slow evaporation of thigent at

1038, 938 cit; 'H NMR (300 MHz, CDCJ)): 6 = 2.31 (d,J
= 4.8 Hz, 1H), 2.24 (s, 1H, ), 2.03-1.84 (m, 1H), 1.74—
1.62 (m, 2H), 1.58-1.28 (m, 6H), 1.24 (s, 3H), 1(493H),

1.02-0.82 (m, 1H), 0.944 (s, 3H), 0.936 (s, 3H) ppm

BC/IDEPT NMR (75 MHz, CDG): 6 = 224.7 (s), 73.2 (S),
58.4 (s), 53.6 (d), 49.6 (d), 43.4 (s), 42.0 (d).23(t), 29.9
(t), 28.7 (q), 26.2 (q), 24.3 (t), 21.1 (t), 18d5,(9.6 (q) ppm;
EI-MS (70 eV):m/z (% relative intensity) 236 (M 18.6),
221 (18), 175 (20), 149 (23), 95 (34), 59 (37)(400). This
compound was dissolved in hexane/EtOAc (4 : 1)eAR
days, colorless single crystals were obtained byw sl
evaporation of the solvent at room temperature.
Methylsulfinyl sodium solution was prepared accoglio
the above procedure for (£ta Half an hour later, a
solution of epoxide (+}0b (24 mg, 0.1 mmol) in DMSO (1
mL) was added to the resulting solution dropwisée T
stirring was continued for 5 h at 70 °C, then qumacwith
water (1 mL) and extracted with & (3 x 10 mL). The
combined organic phases were washed with waterl(f m
brine (5 mL), and dried over MgSQAfter the solvent was

room temperature.

4.8. Synthesis of 12-methyl-camphereneone (14)

p-TsOH ==
o OH “benzene
o_J e} e}
2b" + 2b'(epi) 2b" + 2b"(epi) 14

To a stirred solution of methyl esteb (1.1 g, 3.7 mmol) in
Et,O (10 mL) was added MeLi (1.0 M in &, 9.3 mL) dropwise
at —40 °C under Ar. The resulting mixture was stirfor 30 min,
and quenched with water (5 mL) and extracted wiOE3 x 50
ml). The combined organic phases were washed wétter(20
mL), brine (20 mL), and dried over Mg$QAfter the solvent
was evaporated ivacuo, the crude residue was purified by flash
column chromatography (petroleum ether/AcOEt = 10) on
silica gel to afford 451 mg (41%) of alcohol (2)* and 528 mg
(48%) of alcohol (—2b’ (epi) as colorless oilzso. Data for (2p":

R = 0.55 (petroleum ether/AcOEt = 3: 1§ 5 = +13 € = 3.0,
CHCILy); IR (film): vmax = 3404, 2964, 2875, 1473, 1453, 1379,
1267, 1124, 1046, 948 ¢ 'H NMR (300 MHz, CDCJ): ¢ =

op _Meli

p-TsOH

OH
acetone

evaporated ivacuo, the crude residue was purified by flash 3.95-3.72 (m, 4H), 2.10-1.99 (m, 1H), 1.95-1.823i), 1.72—

column chromatography (petroleum ether/AcOEt = 15 :
on silica gel to afford 12 mg (50%) of keto-alcol¢e}-11b
as a colorless crystdk = 0.33 (petroleum ether/AcOEt = 6 :
1); mp 38-39 °Cri-hexane); ] 5 = =7 € = 0.5, CHCJ);

1.64 (m, 2H), 1.43-1.24 (m, 3H), 1.23-1.20 (m, 1HL9 (s,
3H), 1.17 (s, 3H), 1.00-0.75 (m, 2H), 0.91 Jd5 6.9 Hz, 3H),
0.84 (s, 3H), 0.80 (s, 3H) ppnt’C/DEPT NMR (75 MHz,
CDCl): § = 117.1 (s), 73.6 (s), 64.9 (t), 63.5 (t), 53.8 &1.2

IR (film): vima = 3477, 2954, 2878, 1723, 1471, 1445, 1380(s), 45.4 (d), 44.4 (t), 41.8 (d), 31.8 (t), 29t8 @7.2 (q and t,

1265, 1156, 1109, 1009, 945 dm'H NMR (300 MHz,
CDCL): 6 = 3.44 (s, 1H, —€l), 2.52 (s, 1H), 1.94-1.89 (m,

2C), 26.7 (1), 26.1 (g), 16.6 (g), 15.0 (g), 9.9 fpm; HRMS
(ESI): calcd. for GgHa05' [M+H] " 297.2424, found: 297.2422.

1H), 1.80 (dJ = 3.9 Hz, 1H), 1.81-1.77 (m, 1H), 1.73-1.56 Datz% for (-)2b’ (epi): R = 0.42 (petroleum ether/AcOEt = 3 : 1);

(m, 4H), 1.40—1.25 (m, 3H), 1.34 (s, 3H), 1.143(¢), 0.93
(s, 6H) ppm**C/DEPT NMR (75 MHz, CDG): § = 225.9
(s), 71.6 (s), 57.6 (s), 54.0 (d), 50.4 (d), 4%) 48.9 (d),
32.0 (1), 31.6 (t), 30.2 (q), 27.6 (q), 25.2 (1}.2 (t), 18.2
(@), 8.5 (g) ppm;HRMS (ESI): calcd. for GsH,,0O.Na
[M+Na]": 259.1669, found: 259.1671.

- Q \\QOH
MeTZQ\..., 3
Me
e} e}

(+)-12a (-)-13 [X-ray]
Methylsulfinyl sodium solution was prepared accoglio
the above procedure for (£ta Half an hour later,a
solution ofepoxide (+)12a (30 mg, 0.12 mmol) in DMSO

NaH, DMSO
150°C, 5 h

[al 5 =34 €= 1.9, CHQ)); 'H NMR (300 MHz, CDC)): 6 =
3.96-3.70 (m, 4H), 1.95-1.86 (m, 3H), 1.82—-1.438k), 1.42—
1.31 (m, 3H), 1.24-1.19 (m, 2H), 1.17 (s, 3H), 1(%5 3H),
1.05-0.95 (m, 1H), 0.91 (d,= 6.9 Hz, 3H), 0.83 (s, 3H), 0.80 (s,
3H) ppm;*C NMR (75 MHz, CDC)): ¢ = 117.1, 73.6, 64.9,
63.5, 53.4, 51.3, 45.4, 44.4, 41.7, 31.6, 29.73,227.0, 26.6,
26.0, 16.6, 14.6, 9.9 ppm; HRMS (ESbalcd. for GgHsO5"
[M+H] *: 297.2424, found: 297.2422.

To a stirred solution of alcohol (8’ and (—)2b’ (epi) (800
mg, 2.7 mmol) in acetone (10 mL) was adge@sOH (51 mg,
0.27 mmol). The resulting mixture was stirred foh 2t reflux
temperature. Acetone was evaporated, and the eesvdas
extracted with BEO (3 x 50 mL). The combined organic phases
were washed with water (15 mL), brine (15 mL), ainigkd over
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MgSQ,. After the solvent was evaporated vacuo, the crude and 125 mg (18%) of bromohydrin (#}ta and 138 mg
residue was purified by flash column chromatographysilica  (20%) of bromohydrin (+}4b successively as colorless
gel (petroleum ether/AcOEt = 4 : 1) to afford 544 (80%) of crystals. Data for (+)}4a R =0.19 (petggleum ether/AcOEt
alcohol (+)2b" and (+)2b’ (epi) as colorless oilg. Data for (+)- = 6 : 1); mp 94-96 °C if-hexane); ¢] ;° = +20 € = 0.5,
2b'": R = 0.56 (petroleum ether/AcOEt = 2 : 13] éo =+55¢€= CHCL); IR (film): v = 3464, 2959, 2871, 1739, 1449,
2.4, CHCY); IR (film): vmax = 3459, 2962, 2876, 1741, 1466, 1377, 1049, 950, 862 ¢im'H NMR (300 MHz, CDCJ): 6 =
1449, 1379, 1175, 1088, 945 TnH NMR (300 MHz, CDCJ): 2.45 (dt,J = 4.5, 17.4 Hz, 1H), 2.28-2.21 (m, 2H), 2.16—
0 = 2.27-2.18 (m, 2H), 1.93-1.79 (m, 3H), 1.75-1(6¥¢ 1H), 2.02 (m, 2H), 1.94-1.81 (m, 2H), 1.78-1.68 (m, 1HK6
1.45-1.24 (m, 4H), 1.18 (s, 3H), 1.15 (s, 3H), £11.21 (m, 1H), (s, 3H), 1.49-1.22 (m, 2H), 1.38 (s, 6H), 0.98-Q180 2H),
0.97 (s, 3H), 0.96-0.82 (m, 1H), 0.92 (s, 3H), A8 = 6.3 Hz, 0.96 (s, 6H) ppm**C/DEPT NMR (75 MHz, CDG): § =
3H) ppm;**C NMR (75 MHz, CDCJ): § = 219.8, 73.3, 58.7, 219.2 (s), 87.5 (s), 75.9 (s), 58.6 (s), 49.448)6 (1), 39.5
49.6, 45.1, 42.6, 39.6, 32.8, 30.0, 27.6, 26.8 (Z5)8, 15.9, (d), 35.3 (t), 30.5 (1), 30.1 (1), 26.8 (t), 25(1,(16.3 (q, 2C),
14.7, 9.2 ppm; HRMS (ESIxalcd. for GeHs,ON" [M+NH,]": 9.2 (g, 2C) ppm; HRMS (ESlI)alcd. for GeHs:O,N"Br*
270.2428, found: 270.2431. Data for @) (epi): R = 0.50  [M+NH,]": 348.1533, found: 348.1529. Data for (#)b: R
(petroleum ether/AcOEt = 2 : 1] éo =+2(=2.2,CHC); IR = 0.10 (petrgleum ether/AcOEt = 6 : Iip 108-110 °Cr(-
(film): vnax = 3463, 2962, 2876, 1741, 1466, 1449, 1379, 1173hexane); ¢ éo = +2 € = 3.0, CHC)); IR (film): vpax =
1053, 949 crit; 'H NMR (300 MHz, CDCJ): § = 2.27-2.22 (m, 3471, 2961, 2880, 1740, 1449, 1377, 1325, 1051, 862
2H), 1.93-1.81 (m, 2H), 1.75-1.58 (m, 2H), 1.4501(®, 4H), cm; *H NMR (300 MHz, CDC)): 6 = 2.28-2.21 (m, 2H),
1.17 (s, 3H), 1.14 (s, 3H), 1.11-1.00 (m, 1H), O®43H), 0.92 2.18 (d,J = 3.6 Hz, 1H), 1.93-1.84 (m, 2H), 1.77-1.69 (m,
(s, 3H), 0.92-0.79 (m, 1H), 0.87 (@,= 6.3 Hz, 3H) ppm*C 1H), 1.65 (s, 3H), 1.58-1.52 (m, 1H), 1.47-1.33 @Hl),
NMR (75 MHz, CDC}): 6 = 219.8, 73.2, 58.7, 49.7, 45.0, 42.7, 1.38 (s, 3H), 1.37 (s, 3H), 1.21-1.14 (m, 1H), 0(993H),
39.6, 32.7, 30.0, 27.6, 26.8 (2C), 25.8, 15.9, 18.8 ppm; 0.97 (s, 3H), 0.95-0.84 (m, 1H) ppMC NMR (75 MHz,
HRMS (ESI): caled. for GeHs,O.N" [M+NH,]": 270.2428, CDCl): § = 219.2, 87.1, 75.9, 58.8, 49.3, 42.6, 39.7, 35.3,
found: 270.2431. 30.5, 30.0, 26.9, 26.0, 15.6 (2C), 9.3 (2C) ppm; MR
To a stirred solution of keto-alcohol (2p" and (+)2b” (epi)  (ESI): calcd. for GgHs:ON"Br' [M+NH,]": 348.1533,
(360 mg, 1.43 mmol) in benzene (5 mL) was adadadOH (50 found: 348.1529.
mg, 0.26 mmol). The resulting mixture was stirred 1.5 h at To a stirred solution of (+}4a or (+)-14b (90 mg, 0.27
reflux temperature and the reaction was quenchéd seiturated mmol) in MeOH (2 mL) was added,BO; (41 mg, 0.30
NaHCGQ; (3 mL) and extracted with ED (2 x 40 mL). The mmol) one portion at room temperature. The resgltin
combined organic phases were washed with watem{1)Q brine  mixture was stirred for 5 min. and quenched withtewg?2
(10 mL), and dried over MgSO After the solvent was mL) and extracted with ED (3 x 10 mL). The organic layer
evaporated invacuo, the crude residue was purified by flash was washed with water, brine, and dried over Mg3Gter

column chromatography on silica gel (petroleum @&@EOEt =  the solvent was evaporated\vacuo, the crude residue was
100 : 1) to afford 284 mg (85%, 1 : 1) of intera#teneld and  purified by flash column chromatography on silical g
inseparable terminal alkene as colorless oils. Datdl4: R = (petroleum ether/AcOEt = 14 : 1) to afford 68 m@¥® of

0.50 (petroleum ether/AcOEt = 2 : 1R (film): v = 3059, epoxide (+)12a or (+)-12b as a colorless crystal. Data for
2958, 2926, 2867, 1744, 1646, 1450, 1377, 1045;¢h NMR  (+)-12a R. = 0.30 (petroleum ether/AcOEt = 5 : 1); mp 43—
(300 MHz, CDCY): & = 2.32-2.03 (m, 4H), 1.93-1.84 (m, 2H), 44 °C @-hexane); § 5 = +18 ¢ = 1.4, CHCJ); IR (film):
1.83-1.65 (m, 2H), 1.61 (s, 6H), 1.59 (s, 3H), 1488 (M, 2H), vmax = 2958, 2929, 1743, 1469, 1449, 1379, 1203, 1078,
1.17-1.08 (m, 1H), 0.98 (s, 3H), 0.88 (s, 3H) ppig;NMR (75 1045, 1021, 854 cr *H NMR (300 MHz, CDC)): 6 = 2.20
MHz, CDCL): § = 219.6, 127.3, 124.0, 58.7, 49.6, 42.8, 39.8,(dt, J = 4.8, 17.4 Hz, 1H), 2.18 (4 = 3.6 Hz, 1H), 1.95—
32.3, 31.5, 30.2, 30.0 (2C), 26.9, 21.5, 15.8, ®; HRMS  1.68 (m, 3H), 1.47-1.32 (m, 3H), 1.29 (s, 6H), 1(863H),
(ESI): calcd. for GgHp,O" [M+H]*: 235.2057, found: 235.2060.  1.24-1.17 (m, 1H), 1.08—0.90 (m, 2H), 0.94 (s, IHY2 (s,
3H) ppm;™C/DEPT NMR (75 MHz, CDG): J = 219.2 (s),
64.3 (s), 62.2 (s), 58.6 (s), 49.4 (s), 42.7 (9.63(d), 31.1
(1), 30.0 (1), 29.4 (1), 26.9 (1), 21.3 (q), 20.§),(18.6 (q),
15.8 (), 9.2 (q) ppm; HRMS (ESI¥alcd. for GgHzoO.N"
(+)12a [M+NH,]*: 268.2271, found: 268.2268. Data for (#Jb: R

. OH
Me 7 \' 11
7\
/o) = 0.27 (petrgoleum ether/AcOEt = 5 : 1); mp 69-71 P (
< NBS_()14a” ,  KCOs hexane); ¢] 5 = +26 € = 1.7, CHCY); IR (film): vpnay =
. Br 2960, 2929, 1738, 1470, 1448, 1381, 1201, 10777104
o) Me—’K’Q
14 o

4.9. Syntheses of 12-methyl epoxyketones 12a and 12b

e=T— 1020, 858 crit; *H NMR (300 MHz, CDCY)): 6 = 2.24 (dt,J

0 = 4.5, 17.4 Hz, 1H), 2.23-2.19 (m, 1H), 1.92-1.85 2H),

o) o) 1.76-1.68 (m, 1H), 1.63-1.60 (m, 1H), 1.47—1.39 i),

_ (+)-14b (more polar) (+)-12b _ 1.36-1.32 (m, 1H), 1.32 (s, 3H), 1.30 (s, 3H), 1(843H),

To a stirred solution of the mixture a# and terminal 1 14-1.07 (m, 2H), 0.94 (s, 3H), 0.93 (s, 3H), 6@82 (m,
alkene (500 mg, 2.1 mmol) in THF@ (6 mL_, V/V_: 2:1) 1H) ppm;**C/DEPT NMR (75 MHz, CDG): § = 219.1 (s),
was added NBS (394 mg, 2.2 mmol) portionwise anToo g4 4 (s), 62.0 (s), 58.6 (s), 49.4 (s), 42.6 (§.63(d), 31.4
temperature. The resulting mixture was stirred X0r min (t), 30.1 (1), 29.6 (1), 26.8 (1), 21.3 (q), 20.8),(18.7 (q),

and quenched with saturated NaH(Q® mL) and extracted 159 (q), 9.2 () ppm; HRMS (ESIgalcd. for GeHaO,N"
with EtO (3 x 30 mL). The organic layer was washed withjm+NH,]*: 268.2271, found: 268.2268.

water (10 mL), brine (10 mL), and dried over MgS®fter

the solvent was evaporatedvacuo, the crude residue was

purified by flash column chromatography on silical g Acknowledgments
(petroleum ether/AcOEt = 12 : b 8 : 1) to afford 278 mg

(40%) of regioisomeric bromohydrin from terminakehe
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