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enolates. They can react with some electrophilegve the corresponding
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2 ‘ Tetrahedron
1. Introduction Table 1. Preparation and reaction with benzaldehyde of the

zinc enolate from thiol est@aa-ad®
Bis(iodozincio)methanelf and 1,1-bis(iodozincio)ethang)(

which are easily prepared from the correspondiggm CHy(Zni), (1, 1.2 equiv)
diiodoalkane and zinc powder in the presence afdRalyst, have /\/\)OL Egﬁib(azaj(orhso Ir;:a)l %) /\/\)OL
been utilized in organic reactioh. These reagetns work as a = SR m’{/ Csznl}
nucleophile to carbonyl compounds as a dianionwedgmt with 3aa-ad T
the function as a bidentate Lewis acid. Especially, o oH o
bis(iodozincio)methane 1 has offered various specific and PhCHO PO PN
characteristic molecular transformations, such aitigMype 0°C,5min 7 Ph </\/j\)\ >
methylenation reaction of easily enolizable ketghescleophilic 5a HO ~“Ph 5a'
cyclopropanation reaction of 1,2-diketorflesng contraction via .
1,4-addition to cyclic enonésand so ofi. It can also work as a entry R 58 Sa’ Recovery

. : . : . 1 Ph Gag) 90% <1% 10%
cros_s-coupllng_-partr?er_ with organic hahdes _and rthei > 4-MeOGH, (3ak) 74 o 21
equivalents; iodozinciomethylation of organic halides by a 3 4-NOCeHs (3a) >99 <1 <1
transition-metal catalyzed cross-coupling reactiesulted in the 4 Et Gad) <1 <1 87
homologative organozinc reagent formatfon. Using this ¥ (1.2 mmol, 0.45 M in THF)3aa-ad (1.0 mmol), and
strategy, we had tried to prepare a zinc enolateutiir the benzaldehyde (1.5 mmol) were usldolated yield.

coupling reaction oflL with acylating reagents. We had already
reported syntheses of symmetrical 1,3-diketonetrdntment of

acyl chloride withgemdizinc 1 in the presence of Pd cataly3is. Various electrophiles can be applied as a substatéthe
The formation of the duplicated acylation gémdizinc 1 was  obtained enolate, as shown in Table 2. A reactigth acyl
observed, regardless of the stoichiometric relatiqm The high  cyanides gave 1,3-diketones. A conjugate additicas not
reactivity of acyl chloride cannot ignore the eaiste of the observed in the reaction witfEMeCH=CHCOPh (entry 7).
formed zinc enolate equivalent, which was quenchedmlerance of functional groups in this enolate fation was also
immediately with the starting acyl chloride to givihe  appealed: Primary bromide (entry 11), silyl etfetry 14), and
symmetrical 1,3-diketone. In order to use the fednzinc ester (entry 15) were intact during the reactioronBsbenzene
enolate equivalent as a synthetic tool, the mildeylating (entry12) did not disturb the formation of the eate| although it
reagent, which is hard to react with the zinc enplst®uld be often interacts with palladium catalyst.
used. From this viewpoint, we chose a thiolresthich had
been used for the ketone synthesis by a crossiogumlith
alklylzinc species? As a result, we can perform chemoselectiveTaple 2. Reaction of the enolate from thiol este&swith
cross-coupling ofgemdizinc 1 or 2 with a thiol ester carrying yarious electrophiles.
various functional group’ the transformation gave a route to
obtain the zinc enolate carrying even ketone mpittst had CH(Znl), (1, 1.2 equiv)
been difficult to be prepared by the classical metfi The ﬁ\ O/ NO- E‘,iﬁ’a”(a;_f‘),;?o{l}:;'ﬁ)

S

. . . Electriphiles
obtained zinc enolatescan be used as@nucleophile and also g . : RO CHAR
as a precursor for silyl enol ethers (Scheme 1). i 3 THF, 0°C, 5 min 0°C, 15 min 5
- R } R'AQ/LES entry R Electrophile R in5 Yield %
2
R SRl <R=:Z : ;'R=C”s>[n-ﬁ%zmia-/\§a} 1 PhCHCH; (3b) PhCOCN PhCO- 8%ba)
o 3 o n
4 six T R7TOYUR 2 3b MeCOCN MeCO- 705bb)
OSi 6
Scheme 1Preparation and reaction of the zinc enolate by Pd 3 3b PhCHO PhCH(OH)- 9%pc)
catalyzed zincioalkylation of a thiol ester. 4 3b EtCHO EtCH(OH)- 995bd)
2. Results and Discussion 5 3b PhCOMe PhCMe(OH)-  8®be)
. . . . 6 3b Cyclohexanone  1-Hydroxyojyuwxyl 99 bbf)
According to palladium catalyzed cross-coupling tieac of
Sethy alkanethioate and ethylzinc iodidé® we started the 7 3b (E-MeCH=CHCOPh E)-MeCH=CHCPh(OH)-62 (5bg)
cross-coupling reaction of bis(iodozincio)methaheand a thiol 8 Ph @c) PhCOCN PhCO- 80B()
4 H . .
estet* using Pd/PPJ1ca_taIyst..As shown in Table 1, arene.thlol 9  CH=CH(CH)» (320  PhCOCN PhCO- 96 (5a2)
esters of b5-hexenoic acid3aa-ac were treated with
bis(iodozincio)methane 1f in the presence of the catalyst, 11  BrCH(CHz)s- (3d) ~ PhCOCN PhCO- 935()
prepared from Pdba and triphenylphosphine, and reacted12 4-BrGH,CH,CH:- (3¢ PhCOCN PhCO- 8(5€)
subsequently with benzaldehyde. The electron demditthe
. . . 13 PhO(C 3f PhCOCN PhCO- 8%
benzene ring of thiols affected the yield. Theohlgroduct5a (CHho (37) 0
was obtained quantitatively, starting from 4-nitrobenethiol 14 TBDMSO(CH)u- 3g) PhCOCN PhCO- 84()
ester3ac (entry 3). Regioisomeric aldol produsd’, which may 15 Etgc(CH,)-- (3h) PhCOCN PhCO- 93h)

be formed by an isomerization of the initially faeth enolate, i

was not observed. Use of the ethane tifiatl ester as a 1 (1.2mmol, 0.45 M in THF)3 (1.0 mmol), and benzaldehyde (1.5

substrate, which is a typical substrate for Fukuyaetone Mmmol) were usedlsolated yield.

synthesis, resulted in the recovery of the starting mateiriahis The preparation of the zinc enolate, which has ketgoup in

case (entry 4). the same molecule, is quite useful.Treatment of a thiol ester
carrying a keto grougi with bis(iodozincio)methanel) in the
presence of palladium catalyst gave a sluggishuréxt which




might be formed by a reaction of the ketone groumg ¢he
formed enolate. Mixing an electrophile, benzoyamie, in
advance, however, prevented this homo-condensafisrshown
in Table 3, the results by the following procedurgenghown: A
mixture of thiol esters with keto grolg-m and benzoyl cyanide
was treated with the dizind in the presence of palladium
catalyst. These reactions gave triketones in eeyields. The
initially formed zinc enolate reacted with benzoyanide, which
is more electrophilic than ketone. It reacted withnzoyl
cyanide without transposing to the other methyl ketmoiety in
the same molecule. The formation and reactionnofage from
thiol esters proceeded chemo- and regioselectively.

Table 3. Preparation of triketoné&i-m by a reaction of
benzoyl cyanide with enolates from thiol estergyiag acyl
group3i-m.? ,

CHy(Znl), (1, 3.0 equiv)

Pd,dbag (2 mol%)

o NO, PPhj (8.4 mol%) o o
+ PhCOCN
RJ\S@/ THF, 25 °C, 10 min RJ\/U\

Ph
3 (2.0 equiv) 5
entry R Yield (%}
1 CH;CO(CH)s— (3i) 92 6i)
2 CHCO(CH)s— (3)) 72 §j)
3 4-CH,CO-CgH4-(CH,)— (3K) 83 6k)
4 CHCOCH(CH;)CH,— (3I) 94 6l)
5 CHy;COCH,CH(CHy)- (3m) 79 6m)

# (1.5 mmol, 0.45 M in THF)3 (1.0 mmol), and benzoyl cyanide
(0.5 mmol) were usedlisolated yield ‘Pd,dba; (2.0 mol%) and P(2-
furyl); (8.4 mol%) were used.

To broaden the scope of this method, the formed eimolates
were transformed into the silyl enol ethers. Ty sinol ethers
have been important reagents especially for criukd-eeactions,
but the selective preparation of those compounds il

needed® For example, it is not so easy to realize the

regioselective preparation from an internal ketosech as 3-
hexanone. When we can trap the zinc enolates pikgeom
thiol ester andgemdizinc 1 or 2, it is possible to construct the
silyl enol ether of methyl- and ethyl ketones cargyfunctional
groups regio- and chemoselectively.

As shown in Table 4, S(4-nitrophenyl) 3-
phenylpropanethioate8i) was treated witlyemdizinc 1 or 2in
the presence of palladium catalyst and the mixtueee treated
with various silylation reagents. In this prepamatiaf silyl enol
ether, the palladium catalyst prepared fromdBes and tris(2-
furyl)phosphine gave the good yields. Trimethylsitiflate gave
the best yield among the used trimethysilylaticagents (entries
1-3). The reactions of 1,1-bis(iodozincio)ethar® ¢ave the
corresponding silyl enol etheBsas a mixture of E/Z-iomers. Use
of tert-butyldimethylsilylation gave the stericalBss hindered Z-
enolate more diastereoselectively compare to thgigitation or
dimethylphenylsilation (entries 7-11).

3

Table 4. Preparation of silyl enol ether6ba-be by a
reaction of silylation reagents with enolates frtmol ester

3bf

1) RCH(Znl), (1 or 2, 3.0 equiv)
Pd,dbag (1 mol%)

0 NO2 P(2-furyl); (4.2 mol%) 0OSi
Ph/\)J\S/Q/ THF, 0 °C, 15 min o s_.R
3b 2) %/_—I)é (;é5°8quiv) 6ba-be

entry RCH(znl), SiX Yield (%) Z:E

1 CHy(Znl), (1) MesSiCl 96 (6ba) -

2 1 MesSiCN 92 (6ba) -

3 1 MesSiOTf >99 (6ba) -

4 1 t-BuMe;SiCl 32 (6bb) -

5 1 t-BuMe;SICN 92 (6bb) -

6 1 t-BuMe,SiOTf 89 (6bb) -

7 CH3CH(Znl); (2) MesSiCl 93 (6bc) 79:21

8 2 PhMeSiCl 34 (6bd) 70:3C

9 2 t-BuMe;SiCl 34 (6be) 96:4

1C 2 t-BuMe,SiCN 60 (6be) 93:7

11 2 t-BuMe;SiOTf 72 (6be) 93:7

Thiol ester (2.0 mmol), dizinc (0.45 M in THF, 3rimol), Si-X (3.0
mmol), Pddba (0.02 mmol) and phosphine (0.84 mmol) were used.
bYields were determined by NMR using bromoform as an internal
standard. The product was also isolated by bulbatb-distillation in
entries 1-3, 7 and by short silica gel column ctatmgraphy in
entries 4-6, 8-11.

Table 5. Preparation of silyl enol etheG by a reaction of
silylation reagents with enolates from various ltieisters3.?

1) RCH(Znl), (1 or 2, 1.5 equiv)
Pd,dbag (1 mol%)

0 ONOZ _lP_S_'Z'-:ngyI()? (145;2 mol%) 0Si
,0°C, min
R )J\s 3 2) Si-X (1.5 equiv) a )\M:
THF, 25 °C
entry R’ gemdizinc  SiX 6 (%) Z:E
1 CH=CH(CH,)s- (3ac) 1 MesSiCl 94 Gae) -
2 Ph @c) 1 MesSiCl 70 Bce) -
3 BrCH,(CH,)e- (3d) 1 MesSiCl 79 6da) -
4  4-BrCH.CHCHx- (3¢e) 1 MesSiCl 76 @ea) -
5 PhO(CH)10- (3f) 1 MesSiCl 79 6fa) -
6 EtO,C(CH,)s- (3h) 1 MesSiCl 96 69¢) -
7  CH=CH(CH)s> (320 2 t-BuMeSiOTf 66 fat)  90:10
8  4-BrCH.CH.CH,- (3¢) 2  t-BuMeSiOTf 67 Bel) 937
9 EtO,.C(CH)s- (3n) 2  t-BuMeSiOTf 60 hb) 937
10 CH3CH,CH,- (3n) 2  t-BuMeSIiOTf 58 (6nh) 90:10
11 3-Furanyl 8o) 1 MesSiCl 63 Bca) -
12 3-Thienyl @p) 1 MesSiCl 59 @pa) -

&Thiol ester (2.0 mmol), dizinc (0.45 M in THF, 31imol), Si-X (3.0
mmol), Pddba (0.02 mmol) and phosphine (0.84 mmol) were used.
bYields were determined by NMR using bromoform as an internal
standard. The product was also isolated by bulbdtb-distillation in
entries 1-6, 12,13 and by short silica gel colutmromatography in
entries 8-11.
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As shown in Table 5, various thiol esters were exadioe
the preparation of silyl enol ethers. Thiol estsying primary
bromide (entry 3), aryl bromide (entries 4, 9), aster (runs 6,
10) were transformed into the corresponding silylezthers in
good vyields. When 1,1-bis(iodozincio)ethane was usie
produced silyl enol ethers had Z-configuration ctvely."’
Especially, the transformation shown in entry 11eg&)-tert-
butyl(hex-2-en-3-yloxy)dimethylsilane, which is hawl prepare
selectively from the corresponding ketone, 3-hexai®

As shown in Table 6, treatment of a mixture of thieltester
carrying keto group and chlorotrimethylsilane  with
bis(iodozincio)methane in the palladium catalystvegathe
corresponding silyl enol ether carrying acyl graonpthe same
molecule. In entries 3 and 4, two possible kinetiolates from
3-methylhexane-2,5-dionék,| were prepared selectively. The
classical deprotonation method from 3-methylhex2/edione
cannot yield selectively.

Table 6. Preparation of silyl enol ether having acyl graop
the same moleculé.?

1) CHx(Znl)5 (1, 1.5 equiv)
Pd,dbag (1 mol%)
OSi

o) NO, P(2-furyl) 5 (4.2 mol%)
L THF, 0°C, 15 min &
R™S R

3 2) TMSCI (1.5 equiv) 6
THF, 25 °C
entry R 6
1 CH,CO(CF,)s— (3i) 82 %i6i)
2 4-CH3CO-CgH4-(CHy) >~ (3)) 97 6))
3 CH;COCH(CF3)CHo— (3k) 58 (6k)
4 CH3;COCH,CH(CHy)- (3I) 62 (61)
5 CH;CO(CF,)4~ (30) 65 (6q)
OSiMes
o]
o] OSiMe; )H/Y
OSiMeg
6i ° 6i 6k
o] o]
OSiMeg OSiMe;
6l 6q

# (1.5 mmol, 0.45 M in THF)3 (1.0 mmol), and benzoyl
cyanide (0.5 mmol) were usétisolated yield.

3. Experimental

3.1.General

Tetrahedron

Kieselgel 60 F254 (0.25 mm) Plates. Visualization swa
accomplished with UV light (254 nm) and an aqueousilla
solution followed by heating. Flash column chromaaphy was
carried out using Kanto Chemical silica gel (spteri 40—100
um). Unless otherwise noted, commercially availalgiagents
were used without purification. Tetrahydrofuran, Defayed
stabilizer free—Super— was purchased from Kanto Chemical
Co., stored under argon, and used as it is. Zivedpg which
does not contain lead (electrolytic zinc), was pasgd from
Aldrich (>98% purity on label, <10um). Zinc powdavhich
contains 0.04-0.07 mol% Pb originally (distilledna), was
purchased from Wako Pure Chemical Industries (>@8%ty).”
Zinc powder was used after washing with 10% HCI acogrdd
the reported procedufd.

3.2.Experimental Procedure and Characterization Data for
Substrates.

Preparation of bis(iodozincio)methai®)®

A mixture of zinc powder (150 mmol), diiodometharie0(
mmol), and PbGI(0.005 mmol) in THF (5.0 mL) was sonicated
for 1 h in an ultrasonic cleaner bath under Ar. Wihiee distilled
zinc was used instead of the electrolytic zinc, itswaot
necessary to add PBCI Diiodomethane (50 mmol) in THF (45
mL) was added dropwise to the mixture over 30 mid &€ with
vigorous stirring. The mixture was then stirred 4oh at 25 °C.
After the stirring was stopped, the reaction vessal allmwed to
stand undisturbed for several hours. Excess zire separated
by sedimentation."H NMR spectra of the obtained supernatant
showed a broad singlet at —1.2 ppm at 0 °C, whicresponded
to the methylene proton af. The supernatant was used in
further reactions as a solution ofin THF (0.4-0.5 M). The
concentration ofl was estimated byH NMR analysis using
2,2,3,3-tetramethylbutane as an internal standard.
Bis(iodozincio)methane in THF can be kept for atstea month
in a sealed reaction vessel.

Preparation of 1,1-bis(iodozincio)etha(@®

A mixture of zinc powder (150 mmol), 1,1-diiodoetkafi.0
mmol), and PbGI(0.005 mmol) in THF (5.0 mL) was sonicated
for 1 h in an ultrasonic cleaner bath under Ar. Ziben the
distilled zinc was used instead of the electrolyiitc, it was not
necessary to add PBCI Both of pure zinc and pyrometallurgy
zinc are commercially available. To the mixturel,-@liiodoethane
(50 mmol) in THF (45 mL) was added dropwise over 30 at O
°C with vigorous stirring. The mixture was stirred #oh at 25
°C. After the stirring was stopped, the reaction gkssas
allowed to stand undisturbed for several hours. &a@nc was
separated by sedimentatioid NMR (300 MHz, 20°C) —0.08
(q,J = 7.8 Hz, 1H), 1.45 (d] = 7.8 Hz, 3H).*H NMR spectra of
the obtained supernatant showed a quartet at —@®8ap 0 °C,
which corresponded to the methyne protor2.cfhe supernatant
was used for the further reaction as a solutio iof THF (0.1—
0.5 M). The concentration o2 was estimated byH NMR

Nuclear magnetic resonance Spectra were taken ormmnvari analySiS USing 2,2,3,3'tetramethylbutane as anmnatestandard.

UNITY INOVA 500 (‘*H, 500 MHz; *C, 125.7 MHz)
spectrometer using tetramethylsilane ¥orNMR as an internal
standardd = 0 ppm), CDGJ for **C NMR as an internal standard

(6 = 77.0 ppm)'H NMR data are reported as follows: chemical

shift, multiplicity (s = singlet, d = doublet, ttriplet, g = quartet,
br = broad, m = multiplet), coupling constants (Hand
integration. High-resolution mass spectra were obthiwith a
Thermo Fisher SCIENTIFIC EXACTIVE (ESI, APCI). Infrared

1.1-bis(iodozincio)ethane in THF can be kept ungeanat least
for two days in a sealed reaction vessel.

General procedure for the preparation and reactioh zinc
enolate from thiol ester (Preparation Bf

To a solution of Pgiba (0.005 mmol, 4.6 mg) in THF (0.8
mL), triphenylphosphine (0.021 mmol, 5.5 mg) waseatdt 25
°C. The mixture was stirred for 10 min. To a st p-

(IR) spectra were determined on a SHIMADZU FTIR-8200PCnitrobenzene thiol ester of 5-hexenoic addq 1.0 mmol, 0.25

spectrometer. Melting points were determined usingANAKO

g) in THF (1.0 ml) and bis(iodozincio)methane in HKLL, 0.45

MP-500D. TLC analyses were performed by means of MercM, 1.2 mmol, 2.7 mL) were added subsequently at 0 e



resulting mixture was stirred for 5 min at the saemperature.
A solution of electrophile (1.5 mmol) in THF (1.0Ljrwas added
at 0 °C.
temperature. Saturated aqueous solution of ammoghloride
(1.0 mL) was added to the reaction mixture. The umxtwas
extracted with ether. The combined organic layereweshed

with sat.NaHC@aq and brine, and dried over anhydrous sodium,

sulfate. After a short silica-gel column chromatggry using
hexane/ethyl acetate as an eluBijas isolated.

1-Hydroxy-1-phenyloct-7-en-3-01iga).

'"H NMR (CDCk) 6 7.25 (m, 4H), 7.18 (m, 1H), 5.65 (ddt=
17.0, 10.5, 7.0 Hz, 1H), 5.06 (dt,= 9.0, 3.0 Hz, 1H), 4.90 (m,
2H), 2.76 (ddJ = 17.0, 9.0 Hz, 1H), 2.68 (dd,= 17.0, 3.0 Hz,
1H), 2.35 (t,J = 7.5 Hz, 2H), 1.96 (m, 2H), 1.60 (quidt= 7.5
Hz, 2H). *C NMR (CDC}k) 6 211.3, 142.7, 137.7, 128.5, 127.6,
125.6, 115.4, 69.9, 51.1, 42.7, 32.9, 22.4. TLG: (R40
(hexane/EtOAc = 3:1). IR (KBr) 3417.0, 3073.7, 3@32931.9,
1707.1, 1640.5, 1517.1, 1452.5, 1405.2, 1371.58.733.089.8,
1062.8, 1001.1, 913.3, 760.0, 700.Z tmHRMS (ESI) Calcd for
CiH1g0-Na: [M+NaJ', 241.1199. Foundn/z241.1194

1-Phenyloct-7-ene-1,3-dior{eaa): CAS RN [131223-44-4].

'H NMR (CDCk) & 7.90-7.87 (m, 2H), 7.547.51 (m, 1H),
7.47-7.43 (m, 2H), 6.18 (s, 1H), 5.82 (ddtz 17.0, 10.5, 6.5 Hz,
1H), 5.06 (ddJ = 17.0, 2.0 Hz, 1H), 5.01 (dd,= 10.5, 2.0 Hz,
1H), 2.45 (tJ = 8.0. Hz, 2H), 2.14 (dfl = 8.0, 6.5 Hz, 2H), 1.85-
1.75 (m, 2H). *C NMR (CDC}) & 196.6, 183.4, 137.8, 134.0,
132.2, 128.6, 127.0, 115.4, 96.2, 38.4, 33.1, 24.8

1,5-Diphenylpentane-1,3-diorigba): CAS RN [71298-03-8].

'H NMR (CDCk) & 7.86-7.85 (m, 2H), 7.547.51 (m, 1H),
7.46-7.43 (m, 2H), 7.327.29 (m, 2H), 7.247.21 (m, 3H), 6.14
(s, 1H), 3.02 (tJ = 8.0 Hz, 2H), 2.76 (t) = 8.0 Hz, 2H). °C

5
1339.6, 1110.1, 1030.0, 982.8, 7455, 697.3, GGAW
HRMS (ESI) Calcd for GH140,: [M+H]*, 207.1380. Foundn/z

The whole was stirred for 5 min at the same207.1378.

5-Hydroxy-1,5-diphenylhexan-3-on@be): CAS RN [925421-
43-8].

H NMR (CDCL) & 7.417.40 (m, 2H), 7.357.31 (m, 2H),
7.27-7.23 (m, 3H), 7.267.17 (m, 1H), 7.07.06 (m, 2H), 3.16
(d, J = 16.5 Hz, 1H), 2.80 (d] = 16.5. Hz, 1H), 2.842.67 (m,
3H), 2.62-2.55 (m, 1H), 1.51 (s, 3H)."*C NMR (CDC}) &

211.8, 147.1, 140.4, 128.5, 128.3, 128.2, 126.5.112124.3,
73.3, 53.4, 46.0, 30.6, 29.0.

1-(1-Hydroxycyclohexyl)-4-phenylbutan-2-aiaéf).

'"H NMR (CDCL) & 7.30-7.26 (m, 2H), 7.247.17 (m, 3H), 3.55
(bs, 1H), 2.89 (t) = 7.5 Hz, 2H), 2.76 (d] = 7.5. Hz, 2H), 2.56
(s, 2H), 1.761.60 (m, 4H), 1.551.49 (m, 1H), 1.421.31 (m,
4H), 1.29-1.21 (m, 1H). *C NMR (CDCE) 5 212.2, 140.6,
128.5, 128.3, 126.2, 70.7, 52.3, 46.2, 37.5, 2286, 21.9.
TLC: R; 0.47 (hexane/EtOAc = 3:1). IR (neat) 3491.3, 3027.4
2931.0, 2857.7, 1701.3, 1496.8, 1453.4, 1405.23736.312.6,
1267.3, 1168.9, 1095.6, 969.3, 745.5, 699.2'criRMS (ESI)
Calcd for GgH»30,: [M+H] ™, 247.1693. Foundn/z247.1690.

(E)-5-Hydroxy-1,5-diphenyloct-6-en-3-o(&hg).

'"H NMR (CDCL) & 7.40-7.38 (m, 2H), 7.347.31 (m, 2H),
7.28-7.22 (m, 3H), 7.267.17 (m, 1H), 7.167.08 (m, 2H), 5.69
(dg,J = 15.0, 1.5 Hz, 1H), 5.57 (ddd,= 15.0, 6.5, 1.5 Hz, 1H),
4.76 (bs, 1H), 3.09 (dl = 16.5. Hz, 1H), 2.95 (d] = 16.5. Hz,
1H), 2.86-2.71 (m, 3H), 2.682.61 (m, 1H), 1.69 (ddd] = 6.0,
1.5, 1.0 Hz, 3H)."*C NMR (CDC})  211.5, 145.3, 140.5, 135.9,
128.5, 128.2, 128.2, 126.9, 126.2, 125.0, 124.83,72.2, 46.1,
29.0, 17.7. Mp. 59.5-60.2 °C. TLC; B40 (hexane/EtOAc =
10:1). IR (KBr) 3473.0, 2837.4, 1681.0, 1595.274.9, 1507.4,
1474.6, 1450.5, 1363.7, 1339.6, 1175.7, 1107.2920779.9,

NMR (CDCL) 5 195.8, 183.1, 140.7, 134.8, 132.3, 128.6, 128.5854.5, 840.0, 758.1, 737.8, 700.2, 690.6 cmHRMS (ESI)

128.3,127.0, 126.2, 96.3, 41.0, 31.6.
6-Phenylhexane-2,4-dior(8bb): CAS RN [52393-50-7].

'H NMR (CDCL) § 7.31-7.27 (m, 2H), 7.227.18 (m, 3H), 5.48
(s, 0.84H), 3.56 (s, 0.32H), 2.95.90 (m, 2H), 2.862.83 (m,

0.32H), 2.60 (tJ = 7.5 Hz, 1.68H), 2.20 (s, 0.48H), 2.04 (s,

2.52H). *C NMR (CDC}) § 203.2, 202.0, 193.2, 191.0, 140.7,
140.5, 128.53, 128.47, 128.30, 128.26, 126.23,1826100.0,
58.0, 45.2, 40.0, 31.4, 30.9, 29.4, 24.8.

1-Hydroxy-1,5-diphenylpentan-3-oifebc): CAS RN [62731-45-
7].

'H NMR (CDCk) & 7.34-7.33 (m, 4H), 7.367.27 (m, 3H),
7.22-7.19 (m, 1H), 7.187.16 (m, 2H), 5.16 (dd] = 9.5, 3.0 Hz,
1H), 2.92 (t,J = 7.5 Hz, 2H), 2.85 (dd] = 17.5, 9.5 Hz, 1H),
2.77 (t,J = 7.5 Hz, 2H), 2.76 (ddJ = 17.5, 3.0 Hz, 1H)."*C

Calcd for GgH,40,: [M+H] ", 295.1693. Foundn/z295.1691.

1,3-Diphenylpropane-1,3-dior{gc): CAS RN [120-46-7].

'"H NMR (CDCL) & 8.01-7.99 (m, 4H), 7.587.55 (m, 2H),
7.52-7.48 (m, 4H), 6.87 (s, 1H).*C NMR (CDCL) & 185.8,
135.5, 132.5, 128.7, 127.2, 93.1.

10-Bromo-1-phenyldecane-1,3-dioffsl).

'H NMR (CDCk) & 7.90-7.87 (m, 2H), 7.547.51 (m, 1H),
7.47-7.43 (m, 2H), 6.17 (s, 1H), 3.41 &= 7.0 Hz, 2H), 2.43 (t,
J = 7.5 Hz, 2H), 1.86 (it) = 7.0, 6.5 Hz, 2H), 1.69 (t = 7.5,
6.5 Hz, 2H), 1.481.35 (m, 6H). *C NMR (CDCk) & 196.9,
183.4, 135.0, 132.2, 128.6, 127.0, 96.1, 39.2,,33297, 29.0,
28.5, 28.0, 25.7. TLC:{®.70 (hexane/EtOAc = 10:1). IR (KBr)
2920.4, 2852.8, 1737.0, 1559.5, 1494.9, 1457.3424(1366.6,

NMR (CDCL) § 210.3, 142.7, 140.6, 128.9, 128.5, 128.3, 127.71303.0, 1279.8, 1258.6, 1217.1, 1143.8, 1078.3,792ZB66.7,

126.2, 125.6, 69.9, 51.3, 45.1, 29.4.
5-Hydroxy-1-phenylheptan-3-erbd).

'H NMR (CDCk) & 7.30-7.27 (m, 2H), 7.247.20 (m, 1H),
7.19-7.17 (m, 2H), 3.983.93 (m, 1H), 2.91 () = 7.5 Hz, 2H),
2.77 (tJ = 7.5 Hz, 2H), 2.58 (dd] = 17.5, 3.0 Hz, 1H), 2.49 (dd,
J =175, 9.0 Hz, 1H), 1.58.38 (m, 2H), 0.93 () = 7.5 Hz,
3H). ®C NMR (CDCk) & 211.2, 140.7, 128.5, 128.2, 126.2,
68.9, 48.8, 45.0, 29.5, 29.3, 9.8. TLG:(R30 (hexane/EtOAc =
3:1). IR (neat) 3467.2, 3026.4, 2964.7, 2918.4,828, 2850.0,
2308.9, 1710.9, 1700.3, 1654.0, 1559.5, 1540.27 #50457.3,

691.5 cm’. HRMS (ESI) Calcd for GH,BrO,: [M+H]",
325.0798. Foundn/z325.0787.

5-(4-Bromophenyl)-1-phenylpentane-1,3-di¢he.

'H NMR (CDCk) & 7.86-7.84 (m, 2H), 7.547.51 (m, 1H),
7.47-7.43 (m, 2H), 7.437.34 (m, 2H), 7.127.10 (m, 2H), 6.12
(s, 1H), 2.97 (tJ) = 7.5 Hz, 2H), 2.73 (1) = 7.5 Hz, 2H). °C
NMR (CDCL) & 195.5, 183.0, 139.6, 134.6, 132.4, 131.6, 130.1,
128.6, 127.0, 120.0, 96.4, 40.7, 30.9. Mp. 51.53-82. TLC:

R 0.64 (hexane/EtOAc = 10:1). IR (KBr) 3059.2, 2930.0
1599.1, 1533.5, 1488.2, 1298.2, 1227.7, 1102.43407.000.1,
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925.9, 821.7, 755.2, 680.9 ¢n HRMS (ESI) Calcd for
CiH1BrO,: [M+H]*, 331.0328. Foundn/z331.0355.

13-Phenoxy-1-phenyltridecane-1,3-did5é).

'H NMR (CDCL) & 7.89-7.88 (m, 2H), 7.537.50 (m, 1H),
7.46-7.43 (m, 2H), 7.297.25 (m, 2H), 6.946.89 (m, 3H), 6.17
(s, 1H), 3.94 () = 6.5 Hz, 2H), 2.42 () = 7.5 Hz, 2H), 1.77 (i,
J=6.5, 6.5 Hz, 2H), 1.68 (t§,= 7.5, 7.5 Hz, 2H), 1.48.27 (m,
12H). *C NMR (CDC}) & 197.0, 183.4, 159.0, 135.0, 132.2,
129.3, 128.5, 126.9, 120.4, 114.4, 96.0, 67.8,,3995, 29.3,
29.3, 29.2, 29.2, 26.0, 25.8. Mp. 70.5-71.0 °A.CTR; 0.63
(hexane/EtOAc 10:1). IR (KBr) 2932.9, 2916.5, 2850
1602.9, 1575.9, 1497.8, 1473.7, 1337.7, 1303.040271251.9,
1172.8, 1146.7, 1080.2, 1012.7, 879.6, 749.4, 6%
HRMS (ESI) Calcd for GH3305: [M+H] ", 381.2424. Foundn/z
381.2416.

14-((t-Butyldimethylsilyl)oxy)-1-phenyltetradecan@-tlione
(59).

'H NMR (CDCk) 6 7.89-7.87 (m, 2H), 7.547.50 (m, 1H),
7.47-7.44 (m, 2H), 6.17 (s, 1H), 3.59 {t= 6.5 Hz, 2H), 2.42 (t,
J=7.5Hz, 2H), 1.68 (t] = 7.5, 7.5 Hz, 2H), 1.52.47 (m, 2H),
1.38-1.25 (m, 14H), 0.89 (s, 9H), 0.04 (s, 6H)'*C NMR
(CDCly) & 197.0, 183.5, 135.1, 132.2, 128.6, 127.0, 96.12,63
39.3, 32.9, 29.6, 29.5, 29.5, 29.4, 29.4, 29.30,285.9, 25.8,
18.4,-5.3. TLC: R 0.57 (hexane/EtOAc = 10:1). IR (neat)
3065.0, 2927.1, 2854.8, 2648.4, 1723.5, 1603.958571463.1,
1360.8, 1300.1, 1255.7, 1182.4, 1097.5, 1028.1580M54.8,
835.2, 774.5, 694.4 ¢cih HRMS (ESI) Calcd for gH4s0:Si:
[M+H] ", 433.3132. Foundn/z433.3127.

Ethyl 7,9-dioxo-9-phenylnonanoagh).

'H NMR (CDCk) & 7.90-7.87 (m, 2H), 7.547.50 (m, 1H),
7.47-7.43 (m, 2H), 6.17 (s, 1H), 4.12 @= 7.0 Hz, 2H), 2.43 (t,
J = 7.5 Hz, 2H), 2.31 (t) = 7.5 Hz, 2H), 1.741.64 (m, 4H),
1.44-1.38 (m, 2H), 1.25 (t) = 7.0 Hz, 3H).**C NMR (CDCL) &
196.6, 183.4, 173.6, 134.9, 132.2, 128.6, 127.01,%2.2, 39.0,
34.1, 28.7, 25.4, 24.6, 14.2. TLC; ®R40 (hexane/EtOAc = 5:1).
IR (neat) 3082.4, 2918.4, 2850.9, 2369.7, 173%0911, 1570.1,
1459.2, 1412.9, 1369.5, 1340.6, 1291.4, 1260.51.518087.9,
1028.1, 853.5, 767.7, 697.3 Tm HRMS (ESI) Calcd for
CiH50,: [M+H] ", 291.1591. Foundn/z291.1586.

Preparation of 1-phenyldecane-1,3,9-triofa).

To a solution of Pdiba (0.01 mmol, 9.2 mg) in THF (1.0
mL), triphenylphosphine (0.042 mmol, 11.3 mg) wadeatat 25
°C. The mixture was stirred for 10 min. To a solot benzoyl
cyanide (0.5 mmol, 0.066 g) in THF (0.5 mL) gnditrobenzene
thiol ester of 7-oxooctanoic acid (1.0 mmol, 0.29rgTHF (1.0
mL), bis(iodozincio)methane in THF (1, 0.45 M, TrBnol, 3.3
mL) was added dropwise at 0 °C. The resulting mixtwas
stirred for 1 h at the same temperature. Saturatpgeous
solution of ammonium chloride (2.0 mL) was added the
reaction mixture. The mixture was extracted with eth&@he
combined organic layers were washed with sat.Na}G@nd
brine, and dried over anhydrous sodium sulfate. efAft short
silica-gel column chromatography using hexane/etivgtate as
an eluent, the titte compound 3 was obtained in 9aétd.

Tetrahedron

J=7.5Hz, 2H), 2.14 (s, 3H), 1.70 (&= 7.5, 7.5 Hz, 2H), 1.62
(tt, J=7.5, 7.5 Hz, 2H), 1.44..34 (m, 2H).13C NMR (CDCE) &
209.0, 196.7, 183.4, 134.9, 132.3, 128.6, 127.01,983.4, 39.0,
29.9, 28.7, 25,5, 23.4. Mp. 57.5-58.2 °C. TLG: ®33
(hexane/EtOAc = 3:1). IR (KBr) 2937.7, 2866.3, 1203.614.5,
1598.1, 1575.9, 1462.1, 1411.0, 1360.8, 1345.45829261.5,
1144.8, 1088.9, 1069.6, 947.1, 774.5, 695.4'crhiRMS (ESI)
Calcd for GgH»,03: [M+H] ", 261.1485. Foundn/z261.1482.

1-Phenyltridecane-1,3,12-triorn&j).

'H NMR (CDCk) & 7.89-7.87 (m, 2H), 7.537.50 (m, 1H),
7.47-7.43 (m, 2H), 6.17 (s, 1H), 2.42 {t= 7.5 Hz, 2H), 2.41 (t,
J=7.5Hz, 2H), 2.13 (s, 3H), 1.67 (&= 7.5, 7.5 Hz, 2H), 1.56
(tt, J= 7.5, 7.5 Hz, 2H), 1.371.26 (m, 8H)."*C NMR (CDC}) &
209.4, 197.0, 183.4, 135.0, 132.2, 128.6, 127.01,983.7, 39.2,
29.9,29.2, 29.2, 29.2, 29.1, 25.8, 23.8. Mp. 38585 °C. TLC:
R; 0.60 (hexane/EtOAc = 3:1). IR (KBr) 3098.8, 2932852.8,
2549.0, 1705.2, 1616.4, 1595.2, 1576.9, 1507.49.749.410.0,
1341.6, 1101.4, 950.0, 929.7, 854.5, 839.1, 74692,5 cm".
HRMS (ESI) Calcd for GH,,05: [M+H] ", 303.1955. Foundn/z
303.1947.

5-(4-Acetylphenyl)-1-phenylpentane-1,3-di¢bk).

'H NMR (CDCk) & 7.917.89 (m, 2H), 7.867.83 (m, 1H),
7.54-7.51 (m, 2H), 7.4%7.43 (m, 2H), 7.337.32 (m, 2H), 6.13
(s, 1H), 3.08 (tJ = 7.5 Hz, 2H), 2.78 (t) = 7.5 Hz, 2H), 2.58 (s,
3H). *C NMR (CDCL) & 197.8, 195.4, 182.9, 146.4, 135.4,
134.6, 132.4, 128.7, 128.6, 128.6, 127.0, 96.34,481.4, 26.6.
Mp. 50.9-51.5 °C. TLC: R0.53 (hexane/EtOAc = 2:1). IR
(KBr) 3065.0, 2918.4, 1683.9, 1602.9, 1570.1, 1994460.2,
1406.2, 1360.8, 1302.0, 1267.3, 1177.6, 1142.98.211.079.2,
1033.9, 1013.6, 957.7, 868.0, 824.6, 779.3, 69#3.c HRMS
(ESI) Calcd for GgH:Os [M+H]*, 295.1329. Found:m/z
295.1322.

5-Methyl-1-phenylheptane-1,3,6-trio(f).

'H NMR (CDCk) & 7.86-7.85 (m, 2H), 7.537.50 (m, 1H),
7.46-7.43 (m, 2H), 6.17 (s, 1H), 3.13 (ddb= 8.0, 7.0, 6.0 Hz,
1H), 2.94 (dd,J = 16.0, 8.0 Hz, 1H), 2.44 (dd,= 16.0, 6.0 Hz,
1H), 2.25 (s, 3H), 1.18 (d, = 7.0 Hz, 3H).**C NMR (CDCE) &
211.1, 196.6, 181.0, 134.3, 132.3, 128.6, 126.9],98.8, 42.3,
28.5, 16.6. Mp. 35.1-36.0 °C. TLC; R.60 (hexane/EtOAc =
2:1). IR (KBr) 3403.5, 3095.9, 2973.4, 2877.9, 48] 1598.1,
1560.5, 1462.1, 1427.4, 1396.5, 1371.5, 1336.71.828213.3,
1174.7, 1150.6, 1082.1, 1068.6, 951.9, 932.6, 834@.6, 692.5
cm’. HRMS (ESI) Calcd for GH.;05 [M+H]*, 233.1172.
Found:m/z233.1171.

4-Methyl-1-phenylheptane-1,3,6-triofem).

'"H NMR (CDCL) & 7.88-7.86 (m, 2H), 7.537.50 (m, 1H),

7.46-7.43 (m, 2H), 6.23 (s, 1H), 3.08 (ddhz= 7.5, 7.5, 5.0 Hz,
1H), 3.02 (ddJ = 17.5, 7.5 Hz, 1H), 2.51 (dd,= 17.5, 5.0 Hz,
1H), 2.18 (s, 3H), 1.22 (d,= 7.5 Hz, 3H).**C NMR (CDCE) &

206.9, 201.2, 181.3, 134.4, 132.2, 128.6, 126.9},98.5, 38.7,
30.3, 17.9. Mp. 30.5-31.0 °C. TLC; B63 (hexane/EtOAC =
2:1). IR (KBr) 2968.6, 1781.3, 1710.9, 1612.6, 657 1516.1,
1464.0, 1392.7, 1373.4, 1339.6, 1275.0, 1153.52.6121067.7,
942.3, 853.5, 802.8, 781.2, 693.4 CmHRMS (ESI) Calcd for

Triketone, 5k-m were obtained by the same procedure. P(2C14H1703: [M+H] ", 233.1172. Foundn/z233.1169.

furyl); was used instead of PHh the preparation d&m.

'H NMR (CDCk) & 7.89-7.87 (m, 2H), 7.547.51 (m, 1H),
7.47-7.43 (m, 2H), 6.17 (s, 1H), 2.45 {= 7.5 Hz, 2H), 2.30 (t,

Preparation of6 excep6i-l,o:
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Tri(2-furyl)phosphine (0.082 mmol) in THF (1.0 mL)  Hz, 2H), 4.65 (q,J = 7.0 Hz, 0.30H), 4.59 (q] = 6.5 Hz,
was added at 25 °C to a solution of Pdadbas (0.02 mmol) 0.70H), 2.79 (tJ = 8.0 Hz, 0.60H), 2.71 (1] = 8.0 Hz, 1.40H),
in THF (1.0 mL) and the mixture was stirred for 15 min. 2.37 (t,J=8.0 Hz, 0.60H), 2.23 (8 = 8.0 Hz, 1.40H), 1.54 (d3,
gem-dizinc in THF (1 or 2, 0.45M, 3.0mmol) and p- = 6.5, 1.0 Hz, 2.10H), 1.42 (d = 6.5 Hz, 0.90H), 0.51 (s,
nitrobenzene thiol ester of carboxylic acid (3, 2.0 mmol)  4.20H), 0.47 (s, 1.80H)'°C NMR (for Z isomer, CDCJ) § 150.4,
in THF (1.0 ml) were added subsequently at 0 °C. The  141.9, 137.9, 133.3, 129.8, 128.3, 128.2, 127.%.7,2103.1,
resulting mixture was stirred for 15 min at the same 38.7, 33.8, 10.8;0.9. IR (neat) 3068.9, 2958.0, 2917.5, 2861.5,
temperature. Silylation reagent (3.0 mmol) was added to 1678.1, 1496.8, 1454.4, 1428.4, 1381.1, 1327.12.849191.1,
the reaction mixture. The resulting mixture was stirred 1118.8, 1041.6, 998.2, 898.9, 832.3, 787.0, 74898,3 cm’.
for 6 h at 25 °C. EtsN (1.0 mL) was added to the mixture. =~ HRMS (El) Calcd for GH,40Si: [M]", 296.1596. Foundm/z
A saturated aqueous solution of sodium bicarbonate (5.0 296.1588.
mL) was added to the reaction mixture and the mixture . . .
extracted with diethyl ether. The combined organic gg’ /l;t)y(lgtllrgethyl((5-phenylpent-2-en-3-yl)0xy)S|Ialﬁi‘H mixture,
layers were washed with sat. aq. NaHCOs and brine, :
and dried over anhydrous sodium sulfate. After rapid  'H NMR (CDCk) & 7.29 (t,J = 7.5 Hz, 2H), 7.19 (m, 3H), 4.64
column chromatography on silica gel with hexane—ethyl (q,J = 7.0 Hz, 0.07H), 4.56 (g} = 7.0 Hz, 0.93H), 2.80 (1] =
acetate as the eluent, 6 was obtained. 8.5 Hz, 2H), 2.31 (tJ = 8.5 Hz, 2H), 1.55 (d] = 7.0 Hz, 2.79H),
1.45 (d,J = 7.0 Hz, 0.21H), 1.01 (s, 8.37H), 0.97 (s, 0.63H)70.
(s, 5.58H), 0.09 (s, 0.42HJ’C NMR (for Z isomer, CDC)) &
'"H NMR (CDCH) § 5.81 (ddtJ = 17.0, 10.0, 2.0 Hz, 1H), 5.01 150.5, 142.0, 128.3, 128.3, 125.8, 102.4, 38.89,325.8, 10.8,
(dd,J = 17.0, 2.0 Hz, 1H), 4.96 (dd,= 10.0, 2.0 Hz, 1H), 4.05 1.0, -4.0. IR (neat) 3027.4, 2958.9, 2921.3, 2862.5,02B6
(s, 2H), 2.06 (dtJ = 7.5, 6.5 Hz, 2H), 2.02 (dd,= 7.5, 7.5 Hz, 2342.7, 1676.2, 1604.8, 1496.8, 1454.4, 1382.11.833.220.0,
2H), 1.55 (tt,J = 7.5, 7.5 Hz, 2H), 0.20 (s, 9H)"*C NMR 1192.1, 1105.3, 1041.6, 993.4, 912.4, 844.9, 75398,3 cr.
(CDCly) 6 159.4, 138.9, 114.8, 90.2, 36.1, 33.3, 26.3, O.BC: HRMS (El) Calcd for GH,gOSi: [M]*, 276.1909. Foundm/z
R; 0.30 (hexane/EtOAc = 1:1). IR (neat) 3077.6, 2957883.5, 276.1906.
1638.6, 1458.3, 1437.0, 1251.9, 1225.8, 1172.80.411035.8, , . .
958.7, 911.4, 841.0, 752.3, 694.4 EmHRMS (ESOI) J&:alcd for Zi'methy'((l'phe”y""”V')OXV)S"a”@Ca) - CAS RN [13735-81-

C1H,00Si: [M+K]*, 223.0915. Foundn/z223.0943.

(Hepta-1,6-dien-2-yloxy)trimethylsilar{6ag).

'H NMR (CDCk) 6 7.62-7.52 (m, 2H), 7.257.35 (m, 3H), 4.92
Trimethyl((4-phenylbut-1-en-2-yl)oxy)silangsba) : CAS RN  (d,J = 2.0 Hz, 1H), 4.43 (d) = 2.0 Hz, 1H), 0.27 (s, 9H):°C
[59417-89-9]. NMR (CDCl) 6 155.9, 137.7, 128.4, 128.2, 125.4, 91.3, 0.3.

IH NMR (CDCH) 5 7.30-7.26 (m, 2H), 7.247.17 (m, 3H), 407  ((9-Bromonon-1-en-2-yl)oxy)trimethylsilag@da).

(d,J=10.5Hz, 1H), 4.06 (d) = 0.5 Hz, 1H), 2.79 (dd] = 8.0, 14 VR (CDCE) 5 4.03 (bs, 2H), 3.40 (@ = 7.0 Hz, 2H), 2.00

8.0 Hz, 2H), 2.34 (dd) = 8.0, 8.0 Hz, 2H), 0.22 (s, 9H)"*C F 0

NMR (CDCL) 6 158.9, 142.1, 128.6, 128.5, 125.9, 90.4, 38.50d:J = 7.5, 7.5 Hz, 2H), 1.85 (ddd, = 7.5, 7.5, 7.0 Hz, 2H),
(CDCL) h HAed, 268.0, 2£0.9, 2299, IUA, 9894 48-1.38 (m, 4H), 1.361.26 (m, 4H), 0.20 (s, 9H)°C NMR

33.6,03. (CDCl,) & 159.7, 90.0, 36.6, 34.1, 33.0, 29.0, 28.8, 28639,2
t-Butyldimethyl((4-phenylbut-1-en-2-yl)oxy)silaféb). 0.3. IR (neat) 2960.9, 2932.9, 2857.7, 2360.0, 2331.1,4165
) B 16357, 1628.0, 1459.2, 1433.2, 1251.9, 1216.27.8111016.5,
H NMR (CDCL) 6 7.30 (t,J = 7.5 Hz, 2H), 7.21 (m, 2H), 4.07 8449, 7523, 666.4 ch HRMS (EIl) Calcd for GH,4BrOSi:
(s, 9H), 0.20 (s, 6H).”*C NMR (CDC}) & 158.8, 141.9, 128.4,
128.3, 125.8, 90.1, 38.6, 3[3.4, 25.7, 18-4,7. IR (neat) ((4-(4-Bromophenyl)but-1-en-2-yl)oxy)trimethylsila@eq).
3112.3, 3028.4, 2957.0, 2930.0, 2858.6, 2361.941068635.7, 1 _ _

’ ' : ; ; ’ ' H NMR (CDCL) § 7.39 (d,J = 8.5 Hz, 2H), 7.06 (d] = 8.5 Hz,
1496.8, 1472.7, 1361.8, 1202.4, 1257.6, 1221002161496, 4_04( @ E)l.o o (1H) 202 (] 2 1?0 H 1(dHJ) 2,73 (dd
1077.3, 1031.0, 1005.0, 838.1, 810.1, 780.2, 683 HRMS  J5 0" o'l 51y 550 (4a = 8.0, 6.5 Hz, 21). 021 (s, OH).

(El) Calcd for G4H,,0Si: [M]7, 234.1440. Foundn/z234.1431. 13C NMR (CDCL) § 158.4, 141.0, 131.5, 130.4, 119.7, 90.6, 38.3,

Trimethyl((5-phenylpent-2-en-3-yl)oxy)silane (Z/E  mixture, 33.0, 0.3.IR (neat) 2958.9, 1654.0, 1631.9, 1617.4, 1488.2,
79/21)(6bc). 1349.3, 1340.6, 1292.4, 1252.8, 1219.1, 1152.50.41A.072.5,

1 _ 1031.0, 1011.7, 921.1, 846.8, 753.2, 684.8'crARMS (EI)
H NMR (CDCk) 8 7.29 (t,J = 7.5 Hz, 2H), 7.20 (m, 3H), 4.65 g for GsH1gOBrSi:  [M-H]*, 297.0313. Found: m/z
(9,3=7.0 Hz, 0.21H), 4.59 (d,= 7.0 Hz, 0.79H), 279 = 597 9312

8.0 Hz, 2H), 2.37 (tJ = 8.0 Hz, 0.42H), 2.30 (tJ = 8.0 Hz,
1.58H), 1.53 (dtJ = 7.0, 1.0 Hz, 2.37H), 1.46 (d,= 7.0 Hz,  Trimethyl((12-phenoxydodec-1-en-2-yl)oxy)sil#6k).
0.63H), 0.23 (s, 7.11H), 0.20 (s, 1.89HJC NMR (for Z isomer, ' NMR (CDCE) § 7.30-7.25 (m, 2H), 6.956.85 (m, 3H), 4.04
CDCly) 6 150.4, 142.0, 128.3, 128.3, 125.8, 102.7, 38.87,33 _ _
(bs, 2H), 3.95 (tJ = 6.5 Hz, 2H), 2.00 (ddl = 7.0, 7.0 Hz, 2H),
10.7, 0.6. IR (neat) 2929.0, 1676.2, 1454.4, 1831252.8, _
1.78 (ddt,J = 7.0, 7.0, 6.5 Hz, 2H), 1.50.40 (m, 4H),
1192.1, 1105.3, 1092.7, 1041.6, 995.3, 912.4, 89848B.9, 13
i o 1.40-1.26 (m, 10H), 0.21 (s, 9H)*C NMR (CDCE) & 159.8,
750.3, 698.3 cM. HRMS (El) Calcd for GH,gOSi: [M]",
262 1753 Foundm/z262.1748. 159.3, 129.6, 120.1, 114.7, 89.9, 68.0, 36.7, 2997, 29.6,
29.6, 29.5, 29.3, 27.0, 26.3, 0.3. IR (neat) 31,08040.9, 2927.1,
2854.8, 1632.8, 1602.0, 1497.8, 1468.9, 1387.81.030.251.9,
Dimethyl(phenyl)((5-phenylpent-2-en-3-yl)oxy)silaf@bd) (Z/E 1171.8, 1107.2, 1014.6, 846.8, 814.0, 752.3, 66016. HRMS
mixture, 70/30) (El) Calcd for G;H350Si: [M]*, 348.2485. Foundn/z348.2480.

'"H NMR (CDCk) & 7.68 (dd,J = 4.0, 2.0 Hz, 2H), 7.43 (m, 3H), Ethyl 7-((trimethylsilyl)oxy)oct-7-enoateés@a).
7.24 (t,J=7.5Hz, 2H), 7.18 ( = 7.5 Hz, 1H), 7.03 (] = 7.5
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'"H NMR (CDCk) & 4.12 (q,J = 7.5 Hz, 2H), 4.03 (bs, 2H),
2.29 (t,J = 7.5 Hz, 2H), 2.00 (1) = 7.5 Hz, 2H), 1.63 (tt) = 7.5,
7.5 Hz, 2H), 1.47 (tt) = 7.5, 7.5 Hz, 2H), 1.33 (t = 7.5, 7.5
Hz, 2H), 1.25 (tJ = 7.5 Hz, 3H), 0.20 (s, 9H).”*C NMR
(CDCly) & 159.5, 90.1, 60.4, 36.5, 34.5, 28.8, 26.7, 25406,1
0.3. IR (neat) 2938.7, 2863.5, 2360.0, 2331.1,919,31735.0,
1252.8, 1181.5, 1139.0, 1087.9, 1014.6, 916.2, 834852.3,
685.7, 673.2 cM. HRMS (ESI) Calcd for GH,;0;Si: [M+H]",
259.1724. Foundn/z259.1722.

t-Butyldimethyl(octa-2,7-dien-3-yloxy)silane (Z/E e, 90/10)
(6ab).

'"H NMR (CDCk) 6 5.80 (ddtJ = 17.0, 10.5, 6.5 Hz, 1H), 5.01
(dd,J = 17.0, 2.0 Hz, 1H), 4.95 (dd,= 17.0, 2.0 Hz, 1H), 4.63
(9,J = 7.0 Hz, 0.10H), 4.49 (d), = 7.0 Hz, 0.90H), 2.05 (df, =
7.5, 6.5 Hz, 2H), 2.00 (dd,= 7.5, 7.5 Hz, 2H), 1.55 (tf, = 7.5,
7.5 Hz, 2H), 1.52 (dJ = 7.0 Hz, 3H), 0.95 (s, 8.10H), 0.94 (s,
0.90H), 0.12 (s, 6H)."*C NMR (CDC}) & 151.1, 138.9, 114.7,
102.1, 36.2, 33.4, 26.5, 26.0, 18.5, 11.0, -3.8(riBat) 3067.0,
2956.0, 2858.6, 1642.5, 1472.7, 1383.0, 1361.80.833.254.8,
1193.0, 1045.5, 910.4, 837.1, 777.4 tmHRMS (EI) Calcd for
C1H260Si: [M]*, 240.1909. Foundn/z240.1906.

((5-(4-Bromophenyl)pent-2-en-3-yl)oxy)(t-butyl)dimesilane
(Z/E mixture, 93/7)6eb).

'"H NMR (CDCE) & 7.38 (d,J = 8.5 Hz, 2H), 7.04 (d] = 8.5 Hz,
2H), 4.61 (q,J = 7.0 Hz, 0.07H), 4.48 (q] = 6.5 Hz, 0.93H),
2.77-2.67 (m, 2H), 2.32 (dd] = 8.0, 7.5 Hz, 1.86H), 2.25 (dd,
= 8.0, 7.5 Hz, 0.14H), 1.51 (d,= 6.5 Hz, 2.79H), 1.41 (d} =

6.5 Hz, 0.21H), 0.98 (s, 8.37H), 0.94 (s, 0.63H), (s1%5.58H),
0.13 (s, 0.42H).*C NMR (for Z isomer, CDCJ) & 150.1, 141.1,
131.5, 130.3, 119.7, 103.0, 38.7, 33.3, 26.0, 1B15),-3.7. IR

(neat) 3024.5, 2955.1, 2930.0, 2857.7, 1489.1, B471404.2,
1388.8, 1331.9, 1253.8, 1193.0, 1100.4, 1043.52101904.7,
838.1, 806.3, 778.3, 697.3 ©m HRMS (El) Calcd for
C,7H,¢BroSi: [M—-H]", 353.0936. Foundn/z353.0935.

Ethyl 7-((t-butyldimethylsilyl)oxy)non-7-enoate (Z/BEixture,
93/7) (6hb).

'"H NMR (CDC}) & 4.61 (q,J = 7.0 Hz, 0.07H), 4.48 (&= 7.0
Hz, 0.93H), 4.12 (gq) = 7.0 Hz, 2H), 2.29 (&) = 8.0 Hz, 2H),
1.98 (t,J = 8.0 Hz, 2H), 1.62 (tJ = 8.0, 7.5 Hz, 2H), 1.51 (d,=
7.0 Hz, 3H), 1.47 (tt) = 8.0, 8.0 Hz, 2H), 1.31 (tfi = 8.0, 7.5
Hz, 2H), 1.25 (tJ = 7.0 Hz, 3H), 0.95 (s, 9H), 0.11 (s, 6HJC
NMR (for Z isomer, CDCJ) 6 159.5, 151.2, 102.0, 60.4, 36.6,
34.5, 28.9, 26.9, 26.0, 25.1, 18.5, 14.4, 188. IR (neat)
2951.2, 2930.0, 2858.6, 2361.9, 1739.9, 1676.21.060.472.7,
1465.0, 1462.1, 1330.9, 1302.0, 1252.8, 1193.01.518.099.5,
1036.8, 1005.9, 939.4, 894.0, 838.1, 806.3, 77692.5 cm".
HRMS (EI) Calcd for GH330:Si: [M-H]*, 313.2199. Found:
m/z313.2191.

t-Butyl(hex-2-en-3-yloxy)dimethylsilane (Z/E mixtur&5/5)
(6nb).

'H NMR (CDCk) & 4.63 (q,J = 6.5 Hz, 0.05H), 4.48 (¢ = 6.5
Hz, 0.95H), 2.03 (tJ = 7.0 Hz, 0.10H), 1.96 (t) = 7.5 Hz,
1.90H), 1.52 (dJ = 6.5 Hz, 3H), 1.47 (tq) = 7.5, 7.5 Hz, 2H),
0.95 (s, 9H), 0.89 (t) = 7.5 Hz, 3H), 0.12 (s, 5.70H), 0.11 (s,
0.30H). *C NMR (for Z isomer, CDCJ) & 151.3, 101.8, 38.9,
26.0, 20.5, 18.5, 13.9, 11.863.8. IR (neat) 2958.9, 2930.0,
2859.6, 2808.5, 2360.0, 2331.1, 1672.4, 1465.03.825.194.0,
1110.1, 914.3, 837.1, 777.4, 665.5 tmHRMS (El) Calcd for
C1oH260Si: [M]", 214.1753. Foundn/z214.1752.

((1-(Furan-3-yl)vinyl)oxy)trimethylsilangsoa)

Tetrahedron

'"H NMR (CDCL) & 7.49 (bs, 1H), 7.33 (] = 2.0 Hz, 1H), 6.45
(dd,J = 1.0, 1.0 Hz, 1H), 4.56 (d,= 1.5 Hz, 1H), 4.30 (d] =
1.5 Hz, 1H), 0.25 (s, 9H)."*C NMR (CDCk) & 150.0, 143.2,
140.2, 125.3, 108.0, 90.8, 0.R (neat) 2959.9, 2917.5, 2904.0,
2850.0, 2377.4, 1319.4, 1253.8, 1168.0, 1100.405)7.009.8,
956.7, 843.9, 795.7 ¢cth HRMS (EIl) Calcd for GH.,0,Si:
[M]*, 182.0763. Foundn/z182.0762.

Trimethyl((1-(thiophen-3-yl)vinyl)oxy)siland6pa): CAS RN
[101306-15-4]

'"H NMR (CDC}) & 7.36 (dd,J = 3.0, 1.0 Hz, 1H), 7.24 (dd,=

5.0, 3.0 Hz, 1H), 7.20 (dd, = 5.0, 1.5 Hz, 1H), 4.76 (d,= 1.5

Hz, 1H), 4.37 (dJ = 1.5 Hz, 1H), 0.27 (s, 9H).”*C NMR
(CDCl) & 152.1, 140.3, 125.6, 125.2, 121.8, 90.8, 0.1. HRMS
(ESI) Calcd for GH.,OSSi: [M+H], 198.0535. Foundm/z
198.0533.

Preparation of6i-l,q:

To a solution of Pgiba (0.02 mmol) in THF (1.0 mL), tri(2-
furyl)phosphine (0.082 mmol) in THF (1.0 mL) was addt 25
°C. The mixture was stirred for 10 min. To this dioln,
chlorotrimethylsilane (3.0 mmol, 0.4 mL) and p-olienzene
thiol ester of keto acid3(-l,0 2.0 mmol) in THF (2.0 mL) were
added subsequenty at O °C and a solution
bis(iodozincio)methane in THR(0.45 M, 3.0 mmol) was added
dropwise at 0 °C. The resulting mixture was stirred¥ min at
the same temperature and then stirred for an additil5 min at
25 °C. EtN (1.0 mL) was added to the mixture. A saturated
aqueous solution of sodium bicarbonate (5.0 mL) added to
the reaction mixture and the mixture extracted wlittthyl ether.
The combined organic layers were washed with brind,dried
over anhydrous sodium sulfate. The product was testldy
bulb-to-bulb distillation.

of

8-((Trimethylsilyl)oxy)non-8-en-2-or{éi).

'H NMR (CDC}) 6 4.03 (bs, 2H), 2.42 (] = 7.5 Hz, 2H), 2.13
(s, 3H), 2.00 (tJ = 7.5 Hz, 2H), 1.58 (tt) = 7.5, 7.5 Hz, 2H),
1.46 (it,J = 7.5, 7.5 Hz, 2H), 1.30 (tf, = 7.5, 7.5 Hz, 2H), 0.20
(s, 9H). °C NMR (CDC}) § 209.3, 159.2, 89.9, 47.7, 36.2, 29.9,
28.5, 26.5, 23.6, 0.1. IR (neat) 3111.3, 2940.66028 2361.9,
2321.4, 1718.7, 1430.3, 1358.9, 1252.8, 1222.98.916145.8,
1092.7, 1016.5, 895.0, 845.8, 755.2, 684.8'ciHRMS (ESI)
Calcd for G,H,50,Si: [M+H]", 229.1618. Foundn/z229.1617.

1-(4-(3-((Trimethylsilyl)oxy)but-3-en-1-yl)phenyhan-1-one
(6).

'H NMR (CDCE) 6 7.88 (d,J = 8.5 Hz, 2H), 7.28 (d] = 8.5 Hz,
2H), 4.04 (dJ = 1.0 Hz, 1H), 4.03 (d) = 1.0 Hz, 1H), 2.84 (dd,
J=8.0, 6.5 Hz, 2H), 2.58 (s, 3H), 2.34 (ddk 8.0, 6.5 Hz, 2H),
0.21 (s, 9H). ®C NMR (CDCE) & 198.0, 158.2, 147.9, 135.3,
128.8, 128.6, 90.6, 38.0, 33.0, 26.7, OIR (neat) 2958.9,
2931.9, 1685.9, 1635.7, 1607.7, 1430.3, 1412.98733.290.4,
1268.3, 1252.8, 1221.0, 1182.4, 1154.5, 1112.02.003.005.9,
954.8, 923.9, 847.8, 755.2, 685.7 tmHRMS (El) Calcd for
C1sH,0,Si: [M]*, 262.1389. Foundn/z262.1388.

3-Methyl-5-((trimethylsilyl)oxy)hex-5-en-2-o(&k).

'H NMR (CDCL) & 4.05 (bs, 1H), 4.04 (bs, 1H), 2.74 (dbz
13.5, 6.5 Hz, 1H), 2.40 (dd,= 13.5, 6.5 Hz, 1H), 2.16 (s, 3H),
2.06 (ddg,J = 13.5, 6.5, 6.5 Hz, 1H), 1.08 (d,= 6.5 Hz, 3H),
0.20 (s, 9H). *C NMR (CDCE) 6 212.0, 156.5, 91.3, 44.5, 39.8,
28.3, 15.7,-0.1. IR (neat) 2963.8, 2920.4, 2360.0, 2312.8,
1714.8, 1635.7, 1576.9, 1510.3, 1457.3, 1338.77.528251.9,
1091.8, 1012.7, 842.9, 742.6, 668.4 tnHRMS (ESI) Calcd for
C10H200,Si: [M+H]*, 201.1305. Foundn/z201.1302.



4-Methyl-5-((trimethylsilyl)oxy)hex-5-en-2-o(@). 10.
'H NMR (CDCL) & 4.06 (bs, 1H), 3.99 (bs, 1H), 2.67 (ddz  11.

13.5, 6.5 Hz, 1H), 2.36 (dd,= 13.5, 6.5 Hz, 1H), 2.16 (s, 3H),
2.07 (ddg,J = 13.5, 6.5, 6.5 Hz, 1H), 1.04 (d,= 6.5 Hz, 3H),
0.20 (s, 9H). *C NMR (CDCE) 6 208.3, 162.0, 88.3, 48.5, 36.0,
30.4, 18.4,0.0. IR (neat) 2965.7, 2917.5, 28526098.2, 2375.4,
2310.8, 1717.7, 1539.3, 1253.8, 1010.7, 844.9, 651"
HRMS (ESI) Calcd for GH,dO,Si: [M+H]*, 201.1305. Found:
m/z201.1305.

7-((Trimethylsilyl)oxy)oct-7-en-2-onéq). 13.

'H NMR (CDCl) & 4.03 (bs, 2H), 2.43 (] = 7.5 Hz, 2H), 2.13
(s, 3H), 2.01 (1) = 7.5 Hz, 2H), 1.58 (m, 2H), 1.45 (m, 2H), 0.19
(s, 9H). *C NMR (CDCE) 5 209.2, 158.9, 90.1, 43.6, 36.2, 29.9
26.3,23.2,0.1. IR (neat) 2942.5, 2859.6, 171B715.8, 1672.4,

1016.5, 846.8, 755.2, 683.8 €m HRMS (El) Calcd for
CuH»,0,Si: [M]*, 214.1389. Foundn/z214.1386.

4. Conclusion

This zinciomethylation of thiol esters offers anfi@ént 16.

method to give zinc enolates carrying additionabke regio-,
chemo-, and stereoselectively. The enolates caisdiated as
the corresponding silyl enol ethers, which are intgodr
nucleophilic reagents for organic synthesis. Theparation of

the silyl enol ether, which carries ketone moiatythe same 17.

molecule, is one of the most useful applicationth method.
18
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