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1. Introduction Scheme 1Construction of quaternary carbons via allylic

Recently, we have reported the allylic substitutimiy,y- substitution.

disubstituted secondary allylic picolinatésto afford anti {2'

products2 possessing a quaternary C—C bond with high regio-

and stereoselectivity (Scheme 1, Eq- The use of aryl reagents, N

flexibility in choosing any alkyl substituent as,Rind attainable meo LN

high enantiopurity of the products are syntheticaadages of the

substitution. We also developed a stereoselectivess to allylic

picolinatesl from propargylic alcoho8 via iodoalcoholst (Eg. °

2) because the stereochemical purity of the olefioiety is LY426965 (6)

directly transferred to enantiopurity of allylatigoroducts 2.
Feasibility of this strategy has been examined rdurihe
synthesis of mesembrihand verapamilsuccessfully. To further
demonstrate the synthetic potential of this stiatdd’426965  which feature chiral phosphoramide-catalyzed additid 3,3-
(6)* was chosen as the next target (Fig. 1), which ieratenin  disubstituted allylsilane to the aldehyd#8, chiral
1A receptor antagonist and would clinically be usefat  sulfonamide/oxazoline/Cr complex-catalyzed additioh 3,3-
neuropsychiatric disorders. Up to dadehas been synthesized by disubstituted allylic chloride to the aldehytfeand Rh-catalyzed

Fig. 1. The structure of LY426965.

several methods, allylic substitution of the carbonate derived frorhe
o enantioenriched tertiary allylic alcohIThese methods produce
e OJ\EN) terminal alkenes, whereas our method describedrhemilld be
: Q ArMgBr, Cu(acac) RZ Ar useful for synthesis of internal alkenes in devielgm drug that
R1)\/\H3 anti §2" Fﬂy"’/ﬂﬂ3 ) is more effective thaf.
1 2

2. Results and discussion

oH Taking account of the method described in Schetimendind,

/*\ | e I\ oH  R*M U @ we envisaged synthesis 6fas delineated in Ph—. This method
, Z thenNis R TR pgcat R RS consists of ozonolysis of the olefin 9derived from7 via allylic
R 3 4 5 picolinate 8, addition of the cyclohexyl ringc{Hex) to the

resulting aldehyde, and installation of the pip&razing.
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PMB etherl0 derived from commercially available 3-butyn- Scheme 3Synthesis of the picolinate
1-ol, PMB-OC(=NH)CCJ, and CSA (cat.) in 81% yield was *RuCl(p-cymene)[R,R)-TsDPEN].” With [2-CI-1-MeGH.N]* I".
o on-
PMBO% PMBu/\ To find a suitable reagent for the methyl coupliofy 12
anti SN2 without the protection of the hydroxy group, metltigla of a
7

model iodoalcohol5 was examined first. The methylation of the
corresponding bromide with M@oLi, in the literature gave a
55:45 mixture of 16 and the Z-isomer® Therefore, the

PIBO o .. o-Hex-MgBr RUH conveniently preparable MeZnl with a Pd/dppf catalyss
. —_ Ph 6 selected instead, considering similar Pd-catalyzmglings with

=7 " oHc” MeZnBr and with MeZn.° The reaction proceeded cleanly to

9 afford 16 in 98% vyield with 2% drop in chemical purity over
Scheme 2. Synthetic plan of LY426965 (6). protonated byproduct? (Scheme 4). Methylation df2 under

the conditions established above gave allylic adtd with

converted to ketonél in 75% yield according to the literature 96% Ppurity over13. Condensation with PyGE using the
procedurd with a modification that less hygroscopic Zmas Mukaiyama reagent followed by chromatographic peaiion
used instead of ZnE(Scheme 3). Asymmetric hydrogen transfer &fforded allylic plcpllnatGB as a sole product i in 89% vyield with
reactiod of the ketone by using Ru@iymene)[RR)- 93% ee as determined by chiral HPLC analysis.

TsDPEN] ini-PrOH gave alcohdl in 74% vyield with 93% ee as I oH MeLi (3.5 equiv), Znl, (3.5 equiv)
determined by chiral HPLC analysis. The absolutefigaration PO Pd/dppf (4 mol %)
was tentatively determined as expected from theergaand was n-CeHig THE nt
proven by comparing specific rotations of the commis 21, 15 98%
23, and 6) with those reported in the literature. Subseqyentl 15/17 = 94:6
Red-Al reduction of 7 followed by iodination afforded OH OH
iodoalcohol12 in 71% yield with 99% product selectivity over ,}CGHHJ\/K "'Cus/\)\
protonated byproduct13 as determined by'H NMR 16 17
spectroscopy. 16117 =928
ciMB/// BuLi, Znl, W Ru cat.a ciMB/ Scheme 4Preliminaryr(rezscl:ilé?]of Pd-catalyzed coupling
o then AcCl iPrOH '
75% 74% 7,93% ee

The allylic substitution o8 with the Ph copper reagent (2
equiv)*** derived from PhMgBr and Cu(acadh the 2:1 ratio,
Red-Al PMBO I OH OFMB  OH proceeded smoothly and gav in 82% vyield with 99%
—’ N <+ X > regioselectivity (rs) as determined Hy NMR: & 5.45 (dg,J =
15.6, 6.2 Hz, 1 H) fo9 and 5.35 (dJ = 8.8 Hz, 1 H) for
regioisomerl8 (Scheme 5). This isomer was synthesized as a 1:1

then NIS
71%

12 13

12113 = 99:1 ) - . ) >
mixture with 9 using PhMgBr/Cu(acag)in a 3:1 ratio on the
PVEO on basis of the previous restftThe PMB protective group i& was
Meznl, Pd/dppf (cat) Q\v\ removed with DDQ to afford alcohdl9, which was 92% ee by
THE, rt, 3 h HPLC analysis_, ir_ldicating 99% chirality transfer (Cfbr the
0% PYCO,HP E 14,R=H (14113 =96:4) allylic ~ substitution  of picolinate 8 (93%  ee).
89% 8,R = 2-PyCO
93% ee
[0} PhMgBr (4.9 equiv) RO
PMBO 0 N« Cu(acac); (2.4 equiv) PMBO 0, then
K/k/j\ | K ' ~ O
X =z THF, —20 °C, overnight ~7 Me,S o
. 18
8 82% yield 9,R =PMB 20
99% CT ppQ [ 19, R = H, 929 ee 64% from 9
99% rs
oHoxNgBr ~ (c0C),, DMSO ‘*MGOCSH‘tN NH (24
LY426965 (6)
THF, reflux then Et3N NaBH(OAG)3, (CHoCl)p, tt, 5 h
79% 72% N
(15,28)-21 BOH ), 52% 83%

(1R,25)-22 (a-OH), 27%

Scheme 5Synthesis of LY426965%.

Ozonolysis of19 followed by MeS work-up afforded lactol refluxing THF produced a mixture of diastereom2tsand 22,
201in 64% vyield from9. Addition of c-Hex-MgBr to the lactol in  which were separated by chromatography on silica fgel



determination of the structures. The major isometaioed in
52% yield was identified ag1 by '"H NMR spectroscopy and
[a]p analysis with the literature datd and, thus, the minor
isomer isolated in 27% vyield was assigned2ds The isomers
were mixed again and subjected to Swern oxidatiogivie keto
aldehyde 23 in 72% vyield. According to the literature
procedur€®” the piperazine derivative4 was attached t&3 in
83% vyield by reductive amination. THe and**C NMR spectra
of 6 thus synthesized were consistent with those repdttede
total yield was 6.1% in 11 steps frald. In addition, consistent
specific rotations of21, 23, and 6 with those reported in the
literatures indicate that the allylic substitutiof 8 proceeded
with anti §2' to construct the quaternary carbon indicate@l in

3. Conclusion

3
4.3. 6-[(4-Methoxybenzyl)oxy] hex-3-yn-2-one (11)

To a solution of acetylent0 (3.41 g, 17.9 mmol) in THF (80
mL) was addeah-BuLi (1.55 M in hexane, 11.6 mL, 17.9 mmol)
dropwise at —78C. The cooling bath was replaced by an ice-
water bath. The solution was stirred at 0 °C for 3@ @nd
cooled again to —7&. A solution of Zn} (6.86 g, 21.5 mmol) in
THF (15 mL) was added dropwise. After the additione th
solution was stirred at 0 °C for 20 min, cooled #8-2C, and
added AcClI (2.53 mL, 35.5 mmol) dropwise. The solutweas
allowed to warm to rt over 3 h and diluted with sateda
NaHCGQO,. The resulting mixture was extracted with EtOAc three
times. The combined extracts were washed with aqueous
N&a,S,0; dried over MgSQ and concentrated to give a residue,
which was purified by chromatography on silica gel
(hexane/EtOAc) to afford ketonkl (3.14 g, 75%): liquid;R

The target compoun@ was synthesized stereoselectively by ag 48 (hexane/EtOAc 2:1); IR (neat) 2214, 1675, 13249 cm’;

strategy consisting of the construction efy-disubstituted
secondary allylic picolinates and subsequent allglibstitution
(Scheme 2). The Pd-catalyzed coupling reactionodballylic

'H NMR (400 MHz, CDCJ) 6 2.32 (s, 3 H), 2.65 (1 = 6.8 Hz, 2
H), 3.60 (t,J = 6.8 Hz, 2 H), 3.81 (s, 3 H), 4.49 (s, 2 H), 6.89 (d,
J=8.2 Hz, 2 H), 7.27 (d] = 8.2 Hz, 2 H);*C—APT NMR (100

alcohol 6 with MeZnl proceeded without the protection of the iz, cDCL) § 20.4 (-), 32.7 (+), 55.3 (+), 66.8 (), 72.8 (-),

hydroxy group, and allylic substitution took
stereoselectively with high CT of 99%. It shouldrtwded that the

place g1.9 (1), 90.6 (), 113.9 (+), 129.4 (+), 129.8, (159.3 (-),

184.7 (-); HRMS (FAB) calcd for GHi0; [M']; 232.1099,

present method allows the synthesis of analogues witfy,nd 232.1096.

substituent(s) other than RtiHex, and/or the peperazine groups

for finding a more powerful antagonist thén

4. Experimental
4.1. General

The *H (300 or 400 MHz) and®C NMR (75 or 100 MHz)
spectroscopic data were recorded in CP@ing MgSi 6 =0
ppm) and the centerline of the tripleb = 77.1 ppm),
respectively, as internal standards. Signal pattemne indicated
as br s (broad singlet), s (singlet), d (doublet)triplet), q
(quartet), and m (multiplet). Coupling constanis dre given in
Hertz (Hz). Chemical shifts of carbons are accompuhrbg
minus (for C and Ck and plus (for CH and Cji signs of the
attached proton test (APT) experiments. High-resmiutinass
spectroscopy (HRMS) was performed with a double-fogusi
mass spectrometer with an ionization mode of pas#&B or El
as indicated for each compound. The solvents thed wistilled
prior to use are THF (from Na/benzophenone) andGHfrom
CaH,). After the reactions were completed, the organicaeis
were concentrated by using an evaporator, and tieemnesidues
were purified by chromatography on silica gel (Kargpherical
silica gel 60N).

4.2, 1-[(But-3-yn-1-yloxy)methyl] -4-methoxybenzene (10)

To an ice-cold solution of PMBOC(NH)C£(11.85 g, 41.9
mmol) in CHCI, (100 mL) was added but-3-yn-1-ol (1.47 g,
20.97 mmol) and CSA (731 mg, 3.15 mmol). The sotutieas
stirred at rt overnight and diluted with hexane (2@0). The
resulting mixture was filtered through a pad of iGebnd the
filtrate was concentrated. The residue was dilutedh wixane
(100 mL) and filtered again. The filtrate was cortcatied to give
a residue, which was purified by chromatography dicasigel
(hexane/EtOAc) to afford alcohdlO (3.23 g, 81%): liquidR
0.62 (hexane/EtOAc 2:1JH NMR (400 MHz, CDCJ) § 1.99 (t,
J=24Hz, 1H),249 (d)=2.8,7.2Hz,2 H),357 §=7.2
Hz, 2 H), 3.81 (s, 3 H), 4.49 (s, 2 H), 6.88 Jds 8.8 Hz, 2 H),
7.27 (d,J = 8.8 Hz, 2 H);®*C NMR (100 MHz, CDCJ) § 19.9 (-
), 55.3 (+), 67.8 (-), 69.4 (-), 72.6 (-), 81.4,()3.8 (+), 129.3
(+), 130.1 (-), 159.3 (-). Th&H and °*C NMR spectra were
consistent with those in the literatufe.

4.4, (R)-6-[ (4-Methoxybenzyl)oxy] hex-3-yn-2-ol (7)

A mixture of RuClp-cymene)[RR)-TsDPEN] (281 mag,
0.442 mmol) and crashed KOH (ca. 28 mg, 0.50 mmol) in
CH.CI, (3.5 mL) was stirred at rt for 40 min. The mixtuas
brought to pH 7 (pH-paper) by washing with@H(3 mL each, 6
times). The CHCI, solution was transferred to another flask with
CH,Cl,. The solution was dried over CgHdecanted, and
concentrated to afford a purple solid, to whighrOH (80 mL)
and ketonell (1.77 g, 7.64 mmol) were added. The mixture was
stirred at rt overnight and concentrated to affemgsidue, which
was purified by chromatography on silica gel (hexat@Ac) to
afford alcohol7 (1.33 g, 74%): liquid;R 0.32 (hexane/EtOAc
2:1); 93% ee determined by HPLC (Chiralcel OD-H; hefan
PrOH = 98.2:1.8, 0.5 mL/min, 35 °@; (min) = 81.3 (major),
95.1 (minor)); o™ +13 € 1.05, CHC)); IR (neat) 3409, 1613,
1514, 1249 cat; *H NMR (400 MHz, CDCJ)  1.40 (d,J = 6.4
Hz, 3 H), 2.49 (dtJ = 2.0, 7.2 Hz, 2 H), 2.57 (d,= 4.0 Hz, 1
H), 3.53 (t,J = 7.0 Hz, 2 H), 3.79 (s, 3 H), 4.44-4.52 (m, 1 H),
4.47 (s, 2 H), 6.88 (d} = 8.4 Hz, 2 H), 7.26 (d] = 8.4 Hz, 2 H);
¥C—APT NMR (100 MHz, CDG) & 20.0 (-), 24.5 (+), 55.3 (+),
58.3 (+), 68.0 (-), 72.5 (-), 81.1 (-), 83.5 ()38 (+), 1294
(+), 130.0 (=), 159.2 (-); HRMS (FABcalcd for GH.505 [M;
234.1256, found 234.1261.

4.5. (R,2)-4-1odo-6-[ (4-methoxybenzyl)oxy] hex-3-en-2-ol (12)

To an ice-cold solution of alcohdl (93% ee, 1.33 g, 5.69
mmol) in THF (60 mL) was added Red-Al (60 wt% in tolag
1.036 g/mL, 2.78 mL, 8.55 mmol). The solution wastkd
under reflux for 2 h and cooled to rt. A solutionMiS (2.11 g,
9.38 mmol) in THF (8 mL) was added. The reaction was
continued at rt for 2.5 h and quenched by carefatiging 1 N
HCIl. The resulting mixture was extracted with EtOAc ¢hre
times. The combined extracts were washed with aqueous
N&S,0;, dried over MgSQ and concentrated. The residue was
purified by chromatography on silica gel (hexan@/kt) to
afford iodoalcoholl2 (1.47 g, 71%)12/13 = 99:1 by'H NMR
analysis (see théH NMR spectrum of12); liquid; R 0.38
(hexane/EtOAC 2:1);ofp>> +2 ( 1.14, CHC)); IR (neat) 3404,
1612, 1513, 1249, 1100 ¢n'H NMR (400 MHz, CDCJ) & 1.26
(d,J =6.4 Hz, 3 H), 248 (br s, 1 H), 2.73 Jt= 6.4 Hz, 2 H),
3.55 (dt,J = 9.6, 6.4 Hz, 1 H), 3.61 (d§, = 9.6, 6.4 Hz, 1 H),



4
3.79 (s, 3 H), 4.44 (s, 2 H), 4.39-4.48 (m, 1 H), 5@ = 7.2
Hz, 1 H), 6.87 (dJ = 8.6 Hz, 2 H), 7.25 (dJ = 8.6 Hz, 2 H);
¥*C—APT NMR (100 MHz, CDG) & 21.9 (+), 45.1 (-), 55.3 (+),
68.3 (-), 72.68 (=), 72.74 (+), 103.6 (-), 113.8, (#29.4 (+),
130.1 (-), 1405 (+), 159.2 (-); HRMS (FABcalcd for
Ci1aH16051 [M*]; 362.0379, found 362.0372. THE spectrum of
13, obtained from this experiment and several attengftthe
iodinations, was identical with that reportédnd that prepared
by Red-Al reduction ofac-7 independently. Thus, Red-Al (3.6
M in toluene, 0.41 mL, 1.48 mmol) was added to aittmh of
rac-7 (57 mg, 0.24 mmol) in toluene (5 mL). The solutioas
heated to 100 °C for 20 min, cooled to 0 °C, andeadsaturated
NH,CI. The resulting mixture was extracted with EtOAcethr
times. The combined extracts were dried over Mg%Dd
concentrated to give a
chromatography on silica gel (hexane/EtOAc) to affomd-13
(32 mg, 55%): liquid;R; 0.34 (toluene/EtOAc 4:1)'H NMR
(400 MHz, CDC}) & 1.24 (d,J = 6.4 Hz, 3 H), 1.70-1.89 (br s, 1
H), 2.32 (q,J = 6.4 Hz, 2 H), 3.47 (1 = 6.4 Hz, 2 H), 3.80 (s, 3
H), 4.25 (quint.J = 6.4 Hz, 1 H), 4.44 (s, 2 H), 5.59 (dt= 15.4,
6.0 Hz, 1 H), 5.64 (dtj = 15.4, 6.0 Hz, 1 H), 6.87 (d,= 8.8 Hz,
2 H), 7.25 (d,J = 8.8 Hz, 2 H);*C NMR (100 MHz, CDCJ) &
23.3, 32.5, 55.2, 68.8, 69.3, 72.5, 113.8, 12729.3, 130.4,
136.1, 159.2.

4.6. (RE)-6-[ (4-Methoxybenzyl)oxy] -4-methylhex-3-en-2-ol (14)

To an ice-cold solution of Zpl(4.59 g, 14.4 mmol) in THF
(35 mL) was added MeLi (1.16 M in &, 12.2 mL, 14.2 mmol).
The mixture was stirred at rt for 1 h and added latism of
iodoalcoholl2 (12/13=99:1, 1.46 g, 4.03 mmol) in THF (5 mL).
The mixture was stirred at rt for 15 min and addesblation of

residue, which was purified b
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1713, 1513, 1247, 1036 ¢n'"H NMR (400 MHz, CDCY) & 1.46
(d,J = 6.4 Hz, 3 H), 1.79 (d] = 1.2 Hz, 3 H), 2.27-2.40 (m, 2
H), 3.54 (t,J = 6.8 Hz, 2 H), 3.79 (s, 3 H), 4.43 (s, 2 H), 5.42 (dq
J=9.0, 1.2 Hz, 1 H), 5.95 (dq,= 9.0, 6.4 Hz, 1 H), 6.85 (dnj,

= 8.8 Hz, 2 H), 7.24 (dm] = 8.8 Hz, 2 H), 7.46 (ddd} = 7.6,
4.6,1.2 Hz, 1 H), 7.82 (dfi = 1.8, 7.6 Hz, 1 H), 8.11 (dnd,=
7.6 Hz, 1 H), 8.77 (dmJ = 4.6 Hz, 1 H);"*C-APT NMR (100
MHz, CDCk) & 17.0 (+), 20.9 (+), 39.4 (-), 55.3 (+), 68.3 (-),
69.8 (+), 72.5 (=), 113.7 (+), 125.1 (+), 125.8,(126.6 (+),
129.2 (+), 130.5 (-), 136.9 (+), 137.4 (=), 1485, (149.9 (+),
159.1 (-), 164.6 (-); HRMS (FAB calcd for G;H,NO,
[(M+H)"] 356.1862, found 356.1863.

4.8. (RE)-1-Methoxy-4-[{(3-methyl-3-phenylhex-4-en-1-
)}/I)oxy} methyl] benzene (9)

To an ice-cold suspension of Cu(aga@81 mg, 3.37 mmol)
in THF (14 mL) was added a solution of PhMgBr (0d8in
THF, 7.0 mL, 6.86 mmol) dropwise. The mixture wassti at 0
°C for 1 h, cooled to —40 °C, and added a solutibpicolinate8
(93% ee, 497 mg, 1.40 mmol) in THF (2 mL). The tasg
mixture was allowed to warm to —20 °C over 2 h, dira¢ —20
°C overnight, and diluted with saturated }XiHand ammonium
hydroxide solution. The resulting mixture was exidcwith
hexane three times. The combined extracts were doiest
MgSO, and concentrated. The residue was purified
chromatography on silica gel (hexane/EtOAc) to affer(B55
mg, 82%):9/18 = 99:1 by'H NMR analysis (see thtH NMR
spectrum oB); liquid; R; 0.63 (hexane/EtOAc 2:1)u]5'° +1.9 €
1.02, CHCJ); IR (neat) 1613, 1513, 1248, 1094 ¢niH NMR
(400 MHz, CDC}) 6 1.36 (s, 3 H), 1.71 (dd} = 6.2, 1.4 Hz, 3
H), 2.07 (dddJ = 13.6, 9.2, 5.8 Hz, 1 H), 2.15 (dddi= 13.6,

by

Pd,(dba)- CHCL (208 mg, 0.201 mmol) and dppf (109 mg, 0.2009.2, 5.8 Hz, 1 H), 3.35 (di,= 5.8, 9.2 Hz, 1 H), 3.39 (di,= 5.6,

mmol) in THF (15 mL). The mixture was stirred afat 3 h and
diluted with saturated NIEI. The resulting mixture was
extracted with EtOAc three times. The combined exdragtre

9.2 Hz, 1 H), 5.45 (dq] = 15.6, 6.2 Hz, 1 H), 5.62 (dd,= 15.6,
1.4 Hz, 1 H), 6.85 (d] = 8.8 Hz, 2 H), 7.14-7.24 (m, 3 H), 7.25—
7.33 (m, 4 H);®*C-APT NMR (100 MHz, CDG) & 18.2 (+),

washed with brine, dried over MggQ@nd concentrated to give a 26.1 (+), 40.7 (-), 42.5 (-), 55.3 (+), 67.5 (3,6 (-), 113.8 (+),

residue, which was purified by chromatography oncailgel
(hexane/EtOAc) to afford allylic alcohdl4 (710 mg, 70%):
14/13 = 96:4 by'H NMR analysis (see théd NMR spectrum of
14); liquid; R 0.22 (hexane/EtOAc 2:1).a,** +12 € 1.00,
CHCL); IR (neat) 3406, 1613, 1514,1249 ¢nH NMR (400

MHz, CDCE) & 1.23 (d,J = 6.2 Hz, 3 H), 1.50 (br s, 1 H), 1.69

(d,J=1.2 Hz, 3 H), 2.30 (] = 6.8 Hz, 2 H), 3.53 (] = 6.8 Hz,
2 H), 3.80 (s, 3 H), 4.44 (s, 2 H), 4.57 (def 8.4, 6.2 Hz, 1 H),
5.26 (dg,J = 8.4, 1.2 Hz, 1 H), 6.88 (d,= 8.4 Hz, 2 H), 7.25 (d,
J = 8.4 Hz, 2 H);°C-APT NMR (100 MHz, CDG) & 16.7 (+),
23.5 (+), 39.3 (-), 55.3 (+), 64.6 (+), 68.4 (1,5 (-) 113.8 (+),
129.3 (+), 130.5 (=), 130.6 (+), 134.6 (-), 159; (HRMS
(FAB") calcd for GsH,,0; [M*]; 250.1569, found 250.1569.

4.7. (RE)-6-[ (4-Methoxybenzyl)oxy] -4-methyl hex-3-en-2-yl
picolinate (8)

To an ice-cold solution of alcoh@¥4 (710 mg, 2.84 mmol) in
CH,CI, (50 mL) were added picolinic acid (1.04 g, 8.45 mmol
Et:N (2.37 mL, 17.0 mmol), DMAP (351 mg, 2.87 mmol), d&xd
chloro-1-methylpyridinium iodide (2.19 g, 8.57 mmolThe
mixture was heated under reflux for 2 h, cooled t6Q) and
diluted with saturated NIEI. The resulting mixture was

extracted with CHKCI, twice. The combined extracts were dried
over MgSQ and concentrated to give a residue, which was

purified by chromatography on silica gel (hexan@/kt) to
afford 8 (898 mg, 89%): liquidRs 0.59 (three-development with
hexane/EtOAc 2:1¢f. 14, R 0.65); p]p>° —19 € 1.01, CHC));
93% ee by HPLC analysis (Chiralcel OD-H; hexaeOH =
94:6, 30 °C;tz (min) = 15.9 (major), 18.2 (minor)); IR (neat)

122.2 (+), 125.8 (+), 126.5 (+), 128.1 (+), 12943, (130.7 (-),
139.6 (+), 147.9 (), 159.1 (-); HRMS (Ekalcd for G;H,0,
[M™] 310.1933, found 310.1935.

Synthesis of a mixture & and18: To an ice-cold suspension
of Cu(acac) (22 mg, 0.084 mmol) in THF (1 mL) was added a
solution of PhMgBr (0.94 M in THF, 0.28 mL, 0.263nml)
dropwise. The mixture was stirred at 0 °C for 1 hnled to —40
°C, and added a solution of picolind8g93% ee, 20 mg, 0.056
mmol) in THF (0.5 mL). The resulting mixture was rsd
overnight, and diluted with saturated MH. The product was
extracted with hexane and purified as described @bmafford a
mixture of 9 and18 in a 1:1 ratio as determined By NMR
spectroscopy: liquid;R 0.63 (hexane/EtOAc 2:1); selected
signals of'H NMR (300 MHz, CDCJ) & 1.33 (d,J = 6.9 Hz, 3
H), 1.70 (dJ = 1.6 Hz, 3 H), 5.38 (dl = 9.0 Hz, 1 H).

4.9. (RE)-3-Methyl-3-phenylhex-4-en-1-ol (19)

To a solution of the PMB ethé& (273 mg, 0.879 mmol) in
CH,CI, (8 mL) and HO (0.8 mL) was added DDQ (212 mg,
0.934 mmol). The mixture was stirred at rt overnighdl filtered
through a pad of Celite with GBI, to afford a mixture of
alcohol19 and 4-(MeO)GH,CHO. The mixture was separated by
chromatography on silica gel for the next reaction.
Characterization of9: liquid; R 0.30 (hexane/EtOAc 2:1)o]p>°
-11 € 1.05, CHC)); 92% ee (99% CT) by HPLC analysis
(Chiralcel OD-H; hexanefrOH = 98:2, 1.0 mL/min, 35 °Gy
(min) = 15.5 (the product), 19.4 (the enantiometRy; (neat)
3334, 1599, 1445, 1030 ¢n*H NMR (400 MHz, CDCJ) § 1.30
(brs, 1 H), 1.38 (s, 3 H), 1.73 (dd= 6.4, 1.6 Hz, 3 H), 2.02



(ddd,J = 13.2, 8.4, 6.4 Hz, 1 H), 2.09 (ddb=13.2, 8.4, 6.0 Hz,
1 H), 3.49-3.67 (m, 1 H), 5.45 (d§~= 15.6, 6.4 Hz, 1 H), 5.66
(dg,J = 15.6, 1.6 Hz, 1 H), 7.15-7.21 (m, 1 H), 7.27-7134 4
H); ®*C—APT NMR (100 MHz, CDG) § 18.2 (+), 26.0 (+), 42.4
(=), 44.0 (-), 60.1 (), 122.5 (+), 126.0 (+), #26t), 128.2 (+),
139.6 (+), 147.8 (-); HRMS (Bl calcd for GH;s0 [M']
190.1358, found 190.1358.

4.10. (1S29)- and (1R,29)-1-Cyclohexyl-2-methyl-2-
phenylbutane-1,4-diols (21 and 22)

Ozonolysis of19. To a solution of the above alcoht® in
CH,CI, (8 mL) was gently bubbled a stream of @ at —78 °C
for 15 min. Argon gas was bubbled to remove excess Ghe
solution (ca. 10 min) and then M&(2 mL, 27 mmol) was added.
The solution was left overnight and concentratede Tésidue
was purified by chromatography on silica gel to affo
hemiacetal20 (101 mg, 64% from the PMB eth&) as a 6:4
mixture of the diastereomers: liquig; 0.22 (hexane/EtOAc 2:1);
IR (CHCL) 3363, 1445, 1007 cth '*H NMR (400 MHz, CDCJ)

8 1.32 and 1.42 (2s, 1.8 H and 1.2 H), 2.04 (ddbd,11.4, 7.2,
2.0 Hz, 0.6 H), 2.22 (ddd] = 12.8, 7.8, 6.4 Hz, 0.4 H), 2.36
(ddd,J=12.8, 7.8, 6.2 Hz, 0.4 H), 2.64 (dtF 11.4, 9.8 Hz, 0.6
H), 2.69-2.86 (m, 1 H), 3.29-3.54 (m, 1 H), 3.88 {dt,6.4, 7.8
Hz, 0.4 H), 4.07-4.20 (m, 1 H), 4.27 (ddd= 9.8, 8.4, 2.0 Hz,
0.6 H), 7.19-7.42 (m, 5 H*C NMR (100 MHz, CDCJ) § 22.5,
27.3, 33.1, 37.0, 49.7, 52.0, 65.7, 66.7, 103.23.4,0126.0,
126.38, 126.42, 127.1, 128.5, 144.8, 145.8.

Reaction withc-Hex-MgBr. To a solution of hemiacetaD
(99 mg, 0.555 mmol) in THF (2 mL) was added a solubf c-
Hex-MgBr (0.72 M, 6.24 mL, 4.50 mmol). The mixture sva
heated under reflux overnight and cooled to 0 °fe Teaction
was quenched by adding 1 N HCI and the resultingurextvas
extracted with EtOAc three times. The combined exrastre
dried over MgSQ and concentrated to afford a diastereomeri
mixture of alcohols21 and 22 (116 mg, 79%), which were
separated by chromatography on silica gel (hexd®@&E) to
afford 21 (76 mg, 52%) an@2 (40 mg, 27%). Major isomez1:
solids; mp 46-47R 0.12 (hexane/EtOAc 2:1)a[,”* —22 €
1.15, MeOH); lit?** [a] ,** —21.8 ¢ 1.05, MeOH) for 94% eéH
NMR (400 MHz, CDCJ) & 0.96-1.34 (m, 7 H), 1.39 (s, 3 H),
1.47-1.57 (m, 2 H), 1.62-1.70 (m, 2 H), 1.7-2.3 (I& kl), 1.98
(dt,J=13.6, 6.6 Hz, 1 H), 2.04-2.14 (m, 1 H), 3.49 {dt, 11.0,
6.6 Hz, 1 H), 3.60 (dtj = 11.0, 6.6 Hz, 1 H), 3.70 (d,= 3.6 Hz,

1 H), 7.18-7.23 (m, 1 H), 7.29-7.36 (m, 4 HC-APT NMR

5
To a solution of oxalyl chloride (0.136 mL, 1.59 mifnin

CH,CI, (4 mL) was added DMSO (0.225 mL, 3.17 mmol) at —=70
°C. The solution was stirred at —70 °C for 40 mird ahe
diastereomeric mixture of alcoho&l and 22 (104 mg, 0.396
mmol) in CHCIl, (3 mL) was added to the solution, which was
then stirred at the same temperature for 1.5 hrbedddition of
Et;N (0.88 mL, 6.31 mmol). The mixture was warmed to =G0
over 2 h and diluted with saturated N3 The resulting mixture
was extracted with EtOAc three times. The combinedaetdar
were dried over MgSg£and concentrated to give a residue, which
was purified by chromatography on silica gel (heXat@Ac) to
afford 23 (73 mg, 72%): liquid;R; 0.60 (hexane/EtOAc 2:1);
[0]p"® +139 € 1.16, CHCY); lit.>* [0]p>° +120.7 € 1.0, CHC}) for
23 of 92% ee; lit**[o]p>* +158.58 ¢ 1.0, CHC}) for 23 of 94%
ee;'H NMR (400 MHz, CDCJ) & 0.86-1.00 (m, 1 H), 1.05-1.22
(m, 3 H), 1.30-1.44 (m, 2 H), 1.50-1.61 (m, 2 H), +B23 (m,
2 H), 1.75 (s, 3 H), 2.40 (t§, = 11.6, 3.2 Hz, 1 H), 2.77 (dd,=
16.0, 2.2 Hz, 1 H), 2.96 (dd,= 16.0, 2.2 Hz, 1 H), 7.25-7.33
(m, 3 H), 7.34-7.41 (m, 2 H), 9.59 §t= 2.2 Hz, 1 H)}*C-APT
NMR (100 MHz, CDCJ) & 20.3 (+), 25.47 (=), 25.57 (), 25.61
(-), 30.6 (=), 30.8 (-), 46.1 (+), 52.1 (-), 54-5,(126.6 (+),
127.7 (+), 129.0 (+), 139.9 (), 201.7 (+), 2139, The'H and
%C NMR spectra were consistent with those in the litees®

4.12. LY426965 (6)

To a solution of aldehyd23 (56 mg, 0.217 mmol) and amine
24 (42 mg, 0.218 mmol) in (Ci£l), (3 mL) was added
NaBH(OACc) (93 mg, 0.439 mmol). The solution was stirred at rt
for 5 h and diluted with saturated NEl. The mixture was
extracted with EtOAc three times, and the combinedaetd
were dried over MgSPand concentrated. The residue was
purified by chromatography on silica gel (hexan€/&t) to give
the LY426965 §) (79 mg, 83%): liquidR 0.12 (hexane/EtOAc
2:1); [a]p™ +32 € 1.11, CHCY); lit.>® [a]p*° +34.3 € 0.95,
“CHCL,) for 6 of 92% ee; liE*" [a]p>* +34.28 ¢ 0.95, CHCY) for
6 of 93% eeH NMR (400 MHz, CDCJ) & 0.86-1.68 (m, 10 H),

1.57 (s, 3 H), 2.10-2.43 (m, 5 H), 2.65 (br s, 4 H)93br s, 4
H), 3.84 (s, 3 H), 6.85 (dl = 7.6 Hz, 1 H), 6.87-6.96 (m, 2 H),
6.96-7.02 (m, 1 H), 7.22—7.29 (m, 3 H), 7.31-7.38qmH); °*C—
APT NMR (100 MHz, CDGJ) & 20.3 (+), 25.59 (=), 25.65 (-),
25.70 (=), 30.6 (-), 31.0 (-), 33.9 (-), 46.1 59,4 (-), 53.5 (+),
54.2 (+), 55.0 (+), 55.4 (=), 111.2 (+), 118.3 (#21.0 (+), 123.0
(+), 126.9 (+), 127.1 (+), 128.6 (+), 141.15 (4121 (-), 152.3
(-), 215.3 (-). ThéH and™*C NMR spectra were consistent with
those in the literatur®.

(100 MHz, CDCJ) 5 18.8 (+), 26.3 (=), 26.8 (=), 28.5 (-), 33.5 (-

), 39.9 (+), 43.8 (-), 45.8 (-), 59.7 (-), 82.2,(136.1 (+), 126.6
(+), 128.4 (+), 145.8 (-). Minor isom@e: solids; mp 50-51&
0.20 (hexane/EtOAc 2:1)p]p>* +14 € 0.98, MeOH);'H NMR
(400 MHz, CDC}) 5 0.86-1.88 (m, 13 H), 1.38 (s, 3 H), 2.08 (dt
J=14.0, 7.6 Hz, 1 H), 2.17 (dddi= 14.0, 7.6, 5.6 Hz, 1 H), 3.42
(d, J = 2.0 Hz, 1 H), 3.48 (ddd, = 10.4, 7.6, 5.6 Hz, 1 H), 3.66
(dt,J = 10.4, 7.6 Hz, 1 H), 7.22 @,= 7.2 Hz, 1 H), 7.32 () =
7.2 Hz, 2 H), 7.43 (d) = 7.2 Hz, 2 H);"®*C-APT NMR (100
MHz, CDClL) 6 20.8 (+), 26.36 (), 26.41 (=), 27.0 (-), 27.4,(-)
34.2 (), 39.1 (+), 41.4 (), 45.5 (=), 59.7 (-3,8(+), 126.4 (+),
127.1 (+), 128.3 (+), 145.0 (-); HRMS (FABcalcd for
C17H/0, [(M+H)'] 263.2011, found 263.2009.

The'H NMR spectrum of the major isom2t was consistent
with that in the literaturé®® while the>C NMR spectrum was
corrected. In addition*C—APT NMR spectrum supported the
structure.

4.11. (S)-4-Cyclohexyl-3-methyl-4-oxo-3-phenylbutanal (23)
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