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3t A7 2 AFE 3 sat. NaHCOj; o 93 248 &3 d Aoz
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triethylamine (TEA) & AF&stlet. 7 A%, F4E &5 45 F

HAA] @& 7] Hd olw Hiu® THF fulolAe M-+
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1Yy olEel® a&HoR 99 FAol AHABH=A Gotr A,
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FojE A kgtom e A e ALEEATE’ Ad A= Table 19
A A E o] 9Lt}
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one la & 71% (Entry 8),6 " Ao X777} Q= 67 18 o=
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o

Ao (entry 14), ©o] ¥4o] &89S A,

Table 1. three—component coupling of cyclic enone, epoxide

and THP.
o
0 1. PPhs, TBSOTf, THP
R 2. n-BuLi, -78°C R
( \/CiTBS
( 3. 0 , TBSOTf, -78°C n O AR
) R
1 3
n=1,2 2
R=H, CH,Ph  4.H,0, EtzN
Entr Enone Epoxide Product Product | yield
11 2 3 No. | (%)
0
o)
1 0 L\/ &m 0TBS 3a 71
é 2a OJ\/
(0]
la
o)
2 ©> %0 Iy 3b >3
" 19
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donating group Ql methoxy 7N & =9l 2—(4—

methoxybenzyl) oxirane 2d ¢} electron withdrawing group ¢!

fluorine & #¢2 2-(perfluorobenzyl)oxirane 2e = Z7} {23
Hekoh, o]y d o FAlolEs FH Jdgormz LASFE

iy

FRTh A kg A

Ol

mCPBA % A3lA|7]+= WMy o2 wEo ALg
tf

747y o] o Zatol=glel whgel tial 51%, 24%° &S ¥&

+

A A} (entries 4 and 5). ©°o]EX (2,3—epoxypropyl)benzene
2c RHruttE wkSAo] wrA Wk electron donating group © #&
o] Z A}o] = 7} electron withdrawing group ©] & o] ZA}lo]lx B}
g wkgAol Fue As & F Aldd. ¥, styrene oxide 99

HES-o A= A3E 95 & gd+=d, ©ol& styrene oxide 9

eoz, -4 vs = dasdue] dHES 471 A,
HF —pyridine 22 @A IZs}E 89 v 22 A48 9 +
AW (Table 2). k9] wbg3 Fdd AdWHoe=w 3Py ort,
g2 #Z3 GA A  triethylamine ©] o}d HF-pyridine S =%

Aobe MAstel TBS 7L Woldl dmeduel A4ES Ao
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Table 2. three—component coupling with HF —pyridine.

o)
o 1. PPhs, TBSOTY, THP
R 2. n-BuLi, -78°C R
( OH
(Y= 3. 0 , TBSOTf, -78°C n O\}R
1 R 4
n=4 4. HF-pyridine
Enone Epoxide Product Produ | yield
Entry
1 2 4 ct No. | (%)
0
0
1 L\/ &/\N OH 4a 58
2a OQ\/
o]
0 OH
2 . ©> dA/VO 4b | 44
P -
o}
la o}
3 w 4c 52
2c ©
0 o}
A/O OH
4 Y ad | 60
OQVO
2 T
0 (0]
5 A ij\/w OH 4e | 52
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la)Btt 27t 8 o= (2—cyclopenten—1—one 1b) &< HFZ oA ¢
=S & 82 & 93dil(entries 1-4 and 5-8), o FAol=i=
(2,3—epoxypropyl) benzene 2¢c o] 7+ =< TES
LHeFu 9l T (entries 3.7). o] o] ek, g e 23t
Al ¢F (triethylamine, HF—pyridine) & A g3 o=zx AJES TBS

qHZ e dxE dHE 2T 5 AN
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Scheme 16
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( OTBS 1. HF-pyridine ( o)
n OAR n o\)LR
2. PCC
A 5A
@) O
1. HF-pyridine H
( (
2. PCC
R R
B 5B
Scheme 18

'H-NMR ®4 A3, AEFH AHAE 5A = Fadd = .

<
Ir
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|
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Do
o
[
1o,
=
AC)
e
o
2
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o
o,
il
>
il

o9 e A
AYAASe HEE Aolw olFAtol= me Ay wel A

seto] AA4H o9 moE gAH edel dd FYHALL

o= 3 E F 1 FFgEo ofd AFgE (methyl vinyl ketone,

b

ethyl vinyl ketone, nonyl vinyl ketone)¥ o,8-&53X3 =gE,

f

tlo
o

A2+ 38 ((Z) —cyclohept—2—enone) 3tg&E39 HES$ Al &

Boro, wkgo] Xy H A Fgktt.
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Part 2. I8 A, o FAlol=, THF 9 A-AE #3F

-

B oATE Og-AE w$e Az og oM part 1 oAE dg =y
oo

AaAE At A-AE WHgoYAW, D= ohy

O
o

AAAZ F-A¥ wSol APH A Fako] LolmuA At

o

o
R

A Aol FujE o] 8 ¥+ tetralkylammonium halide +

e

A Aolw, THF o g fal=rt F7] wEel wg @A
Agtetvta wksklth. 18 sto], WA tetralkylammonium halide &
o] g§ate] A-AF Rbgo] AdAyH=A Gl HuA AT
N uH 2 Y AZXSE tetralkylammonium halide & THF £ wjj o
5l %, —78TelAl olZFAtol=g TBSOTI & <lolol H7bste
wHor  APHQy. A, o FAFo]= 9 tetralkylammonium
Alokg o] &3dto] REEE X
TE(T3P)E A-AE e I E 6a = ¥ F AL, WS
bol A A AlgE, AAAZA LdHYEE AFESE A -AE WS FAS

ofeff o] MAYFOoR AP Aor oddt(scheme 19).
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Scheme 19

HES = TLC AtolA anisaldehyde WM Ajcko g7 wdAly] % al

82

UV ¢ KMnOy4 @A Aeko 2 ol 7153 FAHEo A EAC.
gold3, THF 7F 710 Eo71x] a1 A A7 bz o Z Aol =&
A8t AAdE FFEIS FaFd = AT (scheme 20).

FAAREA vl ofF A AA HJQorE ¢ oo uALE A

0o® OTBS
: —_— X \)\ - regioisomer
R

Scheme 20

Bu,NX
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tg o, # 4 9 WS xS 2k 31 2} TBSOTt o}
tetrabutylammonium iodide ¢ Q@& & W3t AP R},
TBSOTf ¢} tetrabutylammonium iodide 25 2 @& o FH 19

&S e At (Table 3).

0%
o
il
flo
M

3 F HPLC = 4§ A¥, dZo e F A9

A5 A T F ATk olE THF 7 o FAo]EE o= Zof A
A=l et A, B Z7be] flA ol AV A EA S Aol
dSstalrta,  AAz olgd  AdEel AAHUA=A &<l

—

H et} (scheme 21).

5 G T
L\ )

R
B BuNX
\ R
R

o) B

Bu,NX

A

Scheme 21

AA ol dAAN F AH =2 RE G Aol7E ofF ASEY] "l

Agstey sty oy He. webA, WA HF-pyridine ° =
24



iy

gAYy Zse §, PCCE ASAA A& ddsol= IS s

Aq & #438 H3kth(scheme 22).

OTBS 0
X/\/\/O\)\R o /\/\/O\)J\R
1.HF-pyridine
6A -, 7A
2.PCC
H
x/\/\/ w/\OTBS X/\/\/Ow/go
6B R 7B R
Scheme 22

2aAn AE 7A 3} <ddsel= 7B e AHBES nE
sh1 51 3, oo wel 6A, 6B A2 ¢1x o] AAAI AHEYL S
gog 4 AUtk ole e 6A, 6B AAE &S A7) 950l

HPLC =2 ®X3 £ Ay, oo £ JgAA8Ad A=
A3t (Table 3). ®Htgdyel QXA EIde] A7t Table 3

A A E o S

25



Table 3. three—component coupling of

tetrabutylammonium halide, epoxide and THF

OTBS
O -
L -BUN,X 8, THF O K NNON e
o R
) 2. TBSOTf, -78 °C 6A 6B
Epoxide Nucleophile Product Yield Ratio of
Entry 9 3 No (%) product
' ’ 6A : 6B
1 BusNI 8a 6a 73 59 : 41
O
2 % BusNBr 8b 6b 66 53 :47
2a
3 BusNCI 8¢ 6¢ 44 66 : 34
4 ﬁ\)@ BusNI 8a 6d 78 68 : 32
5 2¢ BusNBr 8b 6e 74 70 : 30
0
6 L\/OY BusNI 8a 6f 90 67 : 33
7 2f BusNBr 8b 69 87 58 : 42
HeAy, AAHeE L F5EEG6-IOWE= ¥ T

Atk (entreis 1-7). 1 =, glycidyl isopropyl ether 2f $£}

i

tetrabutylammonium iodide 8a 2] ®HF-&Ao] 7}& ZEQkth. 18 A <l

o

tetrabutylammonium halide ¢ 7%, tetrabutylammonium iodide

8a ¢} tetrabutylammonium bromide 8b tetrabutylammonium

26




chloride 8c £o & Z}7}9] o] HAlol o tfalo] wEgA o] stoli &
getdtt. o= THF & 3telA F2 A=z &=
chloride 7} v} Z o FAto]= &5 ¥ 7 3t+ scheme 20 A E2Z FRES 0]
Aol F&o] Yol Aoz oAHEHT. o FZAtol=e] A=
glycidyl isopropyl ether 2f, (2,3—epoxypropyl)benzene 2c, 1,2—
epoxybutane 2a 0 2 HWbgA o] Yolx S W ).

Tetrabutylammonium halide 8 ¢ ®H3lo] W& o] AA A, B
H & ste] AFAS F7] o g AR, o FAo]= o ® 3l =
Aol A A wE&EWEe AIFHES FJAT 5 AT glycidyl
isopropyl ether 2f ¢ (2,3—epoxypropyl)benzene 2c ©| 1,2—
Epoxybutane 2a Bt fAAEGHAH] £ AFe Hetdldd. o=

AgAETe] oA vmy 2 A&7 Qe o FZalo] =g}

[¢]

gEoll A A Aol FolA = A & 7 AAH.

U © % tetrabutylammonium halide 7} ¢} tetrabutylammonium
acetate 9} tetrabutylammonium azide = A-A%¥ H&&
Al =3 T (Table 4). tetrabutylammonium acetate
2d ¢} tetrabutylammonium azide 2e 9 A%, &7 T A &5l

7 Aa A8 glove bag ?telld d&FS A 5, A T4 <helA

AN

g et
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Table 4. three—component coupling for

tetrabutylammonium azide and acetate

oTBS
O -
L n-BUNGX 8, THF NSO N0\ oes
R o R
) 2. TBSOTf, -78 °C 9A 9B
Epoxide Nucleophile Product Ov'erall Ratio of
Entry 9 3 N Yield product
o (%) 9A : 9B
1 ﬁ\/ BusNCOOCH; 8d 9a 54 59 : 41
2 2a BusNNj3 8e 9b 17 53 : 47
3 ﬁ\/@ BusNCOOCH3 8d 9c 37 68 : 32
4 Zb BU4NN3 86 9d 14 70 . 30
0]
5 L\/OY BusNCOOCH; 8d 9e 47 67 : 33
6 ”e BusNNs 8e | of 12 | 58:42

HF-S A 3} tetrabutylammonium acetate 8c £ tetrabutylammonium

azide 8d 2] AF—AlE WFL S tetrabutylammonium halide 8a—c 29

o] &

T -

o

FEES Byt %e FE5E

rlo

REgol Hls) wwg st

tetrabutylammonium acetate 2} tetrabutylammonium azide 8] %<&

el gt Fabgo] Aoy wWEd Aoz oAdEu. AN

]
o))

28



0 2 AAAHAH S B ow, 53], tetrabutylammonium azide
8e ¢ (2,3—epoxypropyl)benzene 2c¢c ©] 7}% =& YJAAHAHEHA S
YE A th. o] &= ol F Aol =9 X gr]o] oJF fAlAH eole wE
A3z A

gel ggrsgel tetel Lolmaz,

w
ey

g, Thst s =
A HA Z A tetrabutylammonium A4 ¢ g 3Eo] ofd Nal (sodium
iodide)10a ¢t NaCl(sodium chloride) 10b & AF&3to] 23 &
LS

Table 5. three—component coupling for

sodium iodide and sodium chloride

OTBS
0O 1. NaxX 10, THF
/\ ax 10, X/\/\/OJ\R + X/\/\/OWOTBS
R 2 TBSOT, -78°C R

2 11A 11B
Epoxide Nucleophile | Product Ov.erall Ratio of
Entry 9 10 N Yield product
o (%) 11A : 11B
1 &/ Nal 10a 11la 41 55 : 45
2 2a NaCl 10b 11b - —
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Nal (sodium iodide) 10a ¢+¢ %S A3} 41%° F+&=2 1las €&

AT, A NaCl(sodium chloride) 10b ¢ 7%, WFg9]

b

e A gkt o= THF ol thdt NaCl e vt &7t flelzt
bl

= =
< T

o fe 22 wbsddte] wel, THFE o did =
o] el

1o
N
>
|
2,

gh
e

olo

o

U tho

&
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of # Aol

THP <9
TBSOTH,

—

=
phosphoniosilylation
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%ol

=
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=
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o
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3} 2o

77 %<

o

2a—g
%1 A 4

o}

Pae)
T

L —

T

=

aF ol =) 9

S

2—cyclopenten—1—one 1la ©|
>

= 0o

(]

11~77 % +5 2 A .

A} o]

[e)
T,
3=
-

SEREEE]
o]

o
7+

3}t A|lE 3a—p ©|
la—c

ST
X

)=

=

a,p
Epoxypropyl)benzene 2c ©]
of] 3 A} o]

AA

—

0

<
N

ol
TH
70
od

I
il
T

~X
X

9

=

A} o]

Z

z
pentyloxy 7|7}

¥ o

o

FozM o= g -9
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w3, Part 2 olA & TBSOTE & Lewis AF w2 A} £3Fo] 234,
of ZAlo] = THF 7} ®bES o] #FHodst= -7 A w5 dsho]
AFsAY. o] AFE Tl dogd A= g5 2.

AA, A Z A terabutylammonium halide 8a—c & ©] &3}

A-AE AAE e FT A 44~90 29 x> FEER

4, ;A ZE tetrabutylammonium iodide 8a, o|FAlolE=+=
glycidyl isopropyl ether 2b 7} 7} £& HFSA & H Y.
A A, terabutylammonium halide ©]% 9] terabutylammonium

acetate 8d, terabutylammonium azide 8e % Nal 10a & ®F-$ 3 2 3}

12~54 % 82 483 vrgo] A3y 5 tt.

dA, A-4R e A4Ee 94 o4AA P& FA T &
Qtd, AAAAY e fEapol o] A@ole] od AAH FEFL

olo
o

B AT E Fatol AMA, ABAol=, THF o H-HE

EAYe & 5 9tk dRo A ZAel= gy W A 94

AR dAl A8ds =d 7 A= wexdo] gadud, o]
AR 7 xE e 3gE f4ed w2 Vs € ¢ s o=
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1. 448717

'H, ®C NMR AHEHL Varian—500 (500 MHz, 125 MHz for '°C)
EAAZHEE dojFt. NMR £wZ& CDCly3 & A3 oH,

chemical shift &= %+ 5 A<l tetramethylsilane & Z 5 & ppm @Y =
71 &3 21 © o]+ chemical shift, multiplicity (s= singlet, d=
doublet, t= triplet, gq= quartet, br= broad, m= multiplet, dd=
doublet of doublet, dt= doublet of triplet, td= triplet of doublet),
coupling constant (Hz), integration & <=9 % 7] =3 ).

Aol A#HMEZL Nicolet IMPACT 380 Q22HE dozlow
2% & reciprocal centimeter (em™ ') 2 7] =3} o},

High Performers Liquid Chromatography (HPLC)+ Hewlett
Packard Series 1100 2 &=, A3 ZORBAX ECLIPS Cis (3 X 50
mm) & AF&3F AT

A=A 7] (MS)+ Electrospray ionization (ESI) w2 ¢ Agilent
Technologies 6130 @& ALE£3tY m/z & 7] =3} ).

Thin layer chromatography (TLC)+¥ Merck AF9 silica gel 60

Foss o] 48z Fe#S AFEslon, TLC Ao ®£dd =429
33



gelS 93ste UV lamp (254 nm)E AFE3AY ethanolic p-—
anisaldehyde £ T= KMnO, £ G ZT 714935
gl skl v,

Column chromatography + Merck #A¥ 2] Silica gel 60 (230~ 400

mesh) S A} £3lo] =359 o).
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2. Al oF

=
1r
M
lo

Al kL Aldrich, Sigma, Fluka, TCI, Junsei AF 55 A]<F

tH
rr

AFAFE FASFRL, EHel wek wE FR, AT EF,

e

FRetel g,

M

THP (tetrahydropyran)<  AF8& o] A& FtolA  sodium
metal/benzophenone QS ZFE JFF3F A}
chloride + calcium hydride Z%H ¥ <F/F34%
butyllithium = THF £wjo]4 diphenylacetic acid = % %4 3}

Qe Byrel Aok Agsic
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General procedure for the three—component reaction of

ylide, epoxide and THP.

A4 A% stelA THP (2.00 mL)el PPhs (144.3 mg, 0.550

mmol)S o)1, TBSOTf (126 gL, 0.550 mmolD)E H

r_>:l_tl
il',

r—>fl—'4
il',

7Vl = k. o 7] o] starting material 1 (0.500 mmol) S #H

bl we g

ol
o
|

A7bsta 1 Al 30 # Fel A2eA wwt
78C=Z Yd v, n—Buli (419 gL, 1.55 M in hexanes, 0.65
mmol) & W3] 7ksto] Mgk A4 gHo] HA wrEh 1 AIF F
o ZFAo]= 2 (1.00 mmol)S W=7 A7} & th& TBSOTf (230
pL, 1.00 mmol) & 7FalFdk. 1 A1 & & 1ImL, Et3N (209 «L,
1.50 mmolDS H7ls|ld Aoz ¢ 1 A Fe mwuk %
EtOAc 2 FZ3F3th. wg 233 AL TLC & &lstlv. 7t

3t 31 flash column chromatography & #8 A A3l AP ES
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3—{5—[2— (tert—butyldimethylsilanyloxy) —butoxy] —pentyl}

cyclopent—2—enone

0
é - OTBS
OQ\/
la 3a

General procedure 9 #& WHO R 2-cyclopenten—1—one 1la
(42.0 L, 0.500 mmol), 1,2—epoxybutane 2a (87.0 gL, 1.00
mmol) & AF&3th. REg A7} &AL TLC (hexane: EtOAc =
3:1)% &< 33 flash column chromatography (hexane: EtOAc =
5:1-3:1) % ¢ AAlste] g ol=2 g-SA oFAol= 1y

g8 ¥e3 3a (125 mg, 71 %) 2 A},

'H NMR (500 MHz, CDCl3): & 5.95 (s, 1H), 3.71 (s, 1H), 3.42 (t,
J = 6.6 Hz, 2H), 3.31 (dd, J = 10.6, 5.6 Hz, 2H), 2.62 -
2.53 (m, 2H), 2.41 (d, J = 7.6 Hz, 4H), 1.71 - 1.50 (m,
7H), 1.42 (dt, J = 11.6, 6.1 Hz, 2H), 0.89 (s, 9H), 0.06
(s, 6H).

C NMR (125 MHz, CDCl3): & 210.9, 183.7, 129.7, 74.99, 71.95,
71.33, 35.53, 33.69, 31.82, 29.55, 27.14, 27.11, 26.33,
26.13, 10.16, 10.11.

FT-IR: 2932, 2863, 1703, 1672, 1609, 1460, 1435, 1406, 1237,
1184, 1109, 987, 919, 843, 480 cm ™!
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MS (ESID): 355.3 (M+1)"

3—(5—(2—oxobutoxy)pentyl) cyclopent—2—enone

O O
OTBS - . 0]
O\/\/ O\)]\/
5A

3a

3a (50.0 mg, 0.170 mmol)°] THF (2.00 mL)E ¢ %, HF-
pyridine (0.500 mL, 27.0mmol) S 7}3% & 3 A3t &<t Wt & sat.

NaCl2 &3 ¥ 2% ¥%3832 29 (hexane: EtOAc = 1:1) 3+ o},

A% 5 o4 YA =l CHeCl: (2.00 mL)E F¢ %, PCC (43.0

El
=

mg, 0.2 mmol) & molecular sieve 3A & 7}3F & 3 A7+ Fob

% sat. NaCl 2 FZEstdoh. ¥b§ 387 AL TLC(hexane:

EtOAc = 1:D)=E &< 3Adqy. #T¢ &F3k3l flash column

chromatography (hexane: EtOAc = 1:1)2 #d AA o] bAS o

AT

'"H NMR (500 MHz, CDCl3): 6§ = 6.06 - 5.86 (m, 1H), 4.03 (d,
J=19.2, 2H), 3.57 - 3.37 (m, 2H), 2.58 (d, /=4.3, 2H),
2.53 - 2.24 (m, 6H), 1.76 — 1.54 (m, 4H), 1.52 - 1.33
(m, 2H), 1.31 - 1.20 (m, 1H), 1.12 - 0.96 (m, 2H).
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MS (ESD): 239.2 (M+1)"

3—{5—[2—(tert—butyldimethylsilanyloxy) —cyclohexyloxy] —

pentyl} cyclopent—2—enone

o)
é - OTBS
1a 3b

General procedure 9 #2 WHO =R 2-cyclopenten—1—one 1la
(42.0 L, 0.500 mmol), 1,2—epoxycyclohexane 2a (102 xL,
1.00 mmol) & At&stdch. Hb§ 32 AL TLC (hexane:
EtOAc = 3:1)% #9311 flash column chromatography (hexane:
EtOAc = 5:1-3:1) % *d At ngd o= g9 °FA

olt wg 9% wr&3d 3b (105 mg, 55 %) & A},

'H NMR (500 MHz, CDCls): 6 5.88 (p, J = 1.6 Hz, 1H), 3.52 -
3.31 (m, 3H), 2.95 (ddd, /= 9.2, 7.4, 4.4 Hz, 1H), 2.57
- 2.45 (m, 2H), 2.39 - 2.28 (m, 4H), 1.9-1.83 (m, 1H),
1.81-1.77 (m, 1H), 1.65 = 1.46 (m, 7H), 1.42 - 1.28 (m,
2H), 1.14 (ddd, J = 6.8, 3.5, 1.7 Hz, 4H), 0.82 (d, J =

1.6 Hz, 9H), —0.00 (d, /= 1.6 Hz, 6H).

C NMR (125 MHz, CDCl3): 6 206.4, 179.3, 125.8, 78.41, 70.18,
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65.83, 31.60, 29.87, 29.78, 27.80, 26.27, 25.74, 23.29,
22.34,19.74, 14.43, —8.211, —8.421.
FT—-IR: 2928, 2856, 1708, 1674, 1616, 1471, 1462, 1437, 1408,

1375, 1359, 1248, 1181, 1159, 1095, 1021, 1005, 938,
873, 833, 774, 721, 666, 542, 440 cm ™!

MS (ESI): 381.3 (M+1)*

3—{5—[2—(tert—butyldimethylsilanyloxy) —3—phenylpropoxy] —

pentyl} cyclopent—2—enone

0 o)
é - OTBS
0)
la
3c

General procedure $ 2 WHO=Z 2-cyclopenten—1—one la
(42.0 pL, 0.500 mmol), (2,3—epoxypropyl)benzene 2¢ (132 xL,
1.00 mmol) <= At&stddr. ®bE X &4 TLC (hexane:
EtOAc = 3:1)% #2331 flash column chromatography (hexane:
EtOAc = 5:1-3:D)E &8 AAlste] nedq o= g-9A oFA

ol= g 49 Wk23k 3¢ (160 mg, 77 %)= <3},

'H NMR (500 MHz, CDCl3): 6 7.26 (d, J = 3.7 Hz, 2H), 7.19 (d,
J=8.8 Hz, 3H), 5.95 (s, 1H), 3.99 - 3.92 (m, 1H), 3.43
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(dt, /= 12.1, 3.9 Hz, 2H), 3.38 — 3.25 (m, 2H), 2.89 (dt,
J =13.5, 4.3 Hz, 1H), 2.65 (dd, J = 13.2, 7.4 Hz, 1H),
2.61 — 2.55 (m, 2H), 2.42 (dd, / = 10.5, 5.9 Hz, 4H),
1.67 = 1.55 (m, 4H), 1.43 (td, /= 9.0, 4.2 Hz, 2H), 0.82

(d, /= 3.3 Hz, 9H), —0.06 (d, /= 3.2 Hz, 3H), —0.22 (d,

J = 3.3 Hz, 3H).

"C NMR (125 MHz, CDCl3): ¢ 210.9, 183.7, 129.7, 129.3, 128.8,
128.7, 128.3, 126.8, 74.29, 71.58, 40.14, 35.54, 33.70,
31.82, 29.67, 27.18, 27.12, 26.26, —3.354, —4.538, —
4.960.

FT—-IR: 3422, 3026, 2929, 2859, 1702, 1672, 1611, 1495, 1453,
1435, 1407, 1337, 1283, 1236, 1183, 1117, 10380, 1030,
989, 842, 744, 699, 604, 541, 503 cm ™!

MS (ESD): 416.3 (M+1)"

2—(4—methoxybenzyl) oxirane

OCHj, OCHjz
A/©/ ?)\/@
=

2d

CH:Cl; (10.0 mL)E 0C= g 3il, 4-allyl anisole (307 L, 2.00

mmol), NaHCO3; (202 mg, 2.40 mmol) = ¥ wr3I . o2 &

71 CH2Cly (10.0 mL)°l mCPBA (414 mg, 2.40 mmol) & ¢ &4 &
41



DE F 4-ally anisole &7 AA3 Arteet. 0ColA 308 wrE F,

AZoA 12A2F wxtstoy. ¥bg @} 4A4S TLC (hexane:

EtOAc = 7:1)2 %<3t sat. NaxCOsZ 3¥W # o] = &, EtOAcE

F %39 t}h. flash column chromatography (hexane: EtOAc = 10:1

-7 DR 28 FAse 2d (223 mg, 68 %) E UL

'H NMR (500 MHz, CDCl3) 8 =7.20 - 7.07 (m, 2H), 6.91 - 6.75
(m, 2H), 3.80 (s, 3H), 3.12 (tdd, /=5.5, 3.9, 2.7, 1H),
2.87 (dd, /=14.6, 5.6, 1H), 2.80 - 2.68 (m, 1H), 2.53 (dd,
J=5.0, 2.7, 1H).

MS (ESD): 165.1 (M+1)*

3—{5—[2—(tert—butyldimethylsilanyloxy) —3—

(methoxyphenyl) propoxy] —pentyl} cyclopent—2—enone

(@] (@]
OCH;,
- . OTBS
(@)
la 3d

General procedure ¢ #Z2 WHO=Z 2-cyclopenten—1—one la
(42.0 L, 0.500 mmol), 2—(4—methoxybenzyl)oxirane 2d (170
L, 1.00 mmol) & AFE3I¥ . HES X3y AL TLC (hexane:
EtOAc = 3:1)% #2331 flash column chromatography (hexane:

EtOAc = 5:1-3:1) & g AAstel 1 d oo g-94 o Za
42



olt w# d¥ w&3 3d (113 mg, 51 %)= AU},

'H NMR (500 MHz, CDCl3): 8 7.13 = 7.07 (m, 2H), 6.84 — 6.77
(m, 2H), 5.95 (d, /= 1.8 Hz, 1H), 3.92 (dq, / = 7.4, 5.4
Hz, 1H), 3.79 (s, 3H), 3.41 (dtt, /= 9.6, 6.7, 3.2 Hz, 2H),
3.35 - 3.23 (m, 2H), 2.82 (dd, J = 13.6, 5.0 Hz, 1H),
2.65 — 2.55 (m, 3H), 2.45 - 2.38 (m, 4H), 1.67 - 1.54
(m, 4H), 1.43 (ddd, J = 9.4, 7.9, 4.4 Hz, 2H), 0.83 (s,
9H), —0.02 - —0.08 (m, 3H), —0.18 (s, 3H).

YC NMR (125 MHz, CDCl3): 6 210.5, 183.3, 158.3, 131.1, 131.0,
131.0, 129.7, 133.7, 74.93, 73.10, 71.67, 55.50, 35.55,
33.73, 31.77, 29.70, 27.19, 18.38, —4.512, —4.841.

FT-IR: 2927, 2855, 1707, 1674, 1613, 1511, 1462, 1438, 1299,
1245, 1178, 1107, 1035, 992, 939, 830, 774, 723, 663,
523 cm™!

MS (ESI): 447.3 (M+1)"

2— (perfluorobenzyl)oxirane

2e
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CH:Clz (10.0 mL)E 0C= 2] i, allyl pentafluorobenzene (153 2L,
1.00 mmol), NaHCO3 (168 mg, 2.00 mmol) S ¥ nvwkstdoh. ot
T &7l CH:Cly (10.0 mL)°l mCPBA (345 mg, 2.00 mmol) & *3 &
NS wE % allyl-pentafluorobenzene €7)¢ A3 2 7g. 0Tl
A 30% wHE 3 16AI7F refluxst¥ o, whg a3y 4L TLC
(hexane: EtOAc = 7:1)& #9331 sat. Na,COsz= 3¥H Aol = 5
FZ39 v}, flash column chromatography (hexane:
EtOAc = 10:1) & #& AAstel 2d (223 mg, 68 %) & LD 3UATt.
'H NMR (500 MHz, CDCl3): 6 = 3.16 (s, 1H), 3.07 (dd, J=14.4,
4.8, 1H), 2.94 (dd, /=14.3, 5.5, 1H), 2.80 (t, /=4.3, 1H),

2.62 — 2.49 (m, 1H).

MS (ESID): 225.0 (M+1)*

3—{5—[2—(tert—butyldimethylsilanyloxy) =3 —

(perfluorophenyl) propoxy] —pentyl} cyclopent—2—enone
O 9] E
F F
© F
la 3e F

General procedure ¢ #& W O F 2-cyclopenten—1—one 1la
(42.0 L, 0.500 mmol), 2— (perfluorobenzyl)oxirane 3e (244 mg,

1.00 mmol) & AF&3stth. HbE Hd 3 442 TLC (hexane:
44



EtOAc = 3:1) % #<9l3sl1 flash column chromatography (hexane:
EtOAc = 5:1—-3: )& &8 AFAlsto] 18 o= B —-9A ol FA

ol g d¥ WSt 3e (61.7 mg, 24 %) E AT,

'H NMR (500 MHz, CDCl3): & 5.95 (s, 1H), 4.00 (p, J = 5.4 Hz,
1H), 3.49 - 3.37 (m, 3H), 3.32 (dd, /= 9.7, 6.1 Hz, 1H),
2.94 (dd, J = 12.9, 4.2 Hz, 1H), 2.88 - 2.76 (m, 1H),
2.60 — 2.53 (m, 3H), 2.45 - 2.36 (m, 4H), 1.70 — 1.49
(m, 16H), 1.40 (t, /= 8.0 Hz, 2H), 0.92 (s, 3H), 0.80 (s,
10H), 0.10 (s, 2H), —0.20 (s, 3H).

FT—-IR: 2930, 2858, 1709, 1674, 1614, 1519, 1501, 1472, 1438,

1252, 1183, 1121, 1083, 970, 836, 809, 775, 722, 695,
673, 615, 542 cm™!

MS (ESD: 507.2 (M+1)"

3—{5—[2—(tert—butyldimethylsilanyloxy) —3—

isopropoxypropoxyl] —pentyl} cyclopent—2—enone

o) o)
é g OTBS
O\)\/
la

3f

OY
General procedure ¢ #& W O F 2-cyclopenten—1—one 1la
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(42.0 L, 0.500 mmol), glycidyl isopropyl ether 2f (126 xL,
1.00 mmol) & At&stdch. ®Hbg Hdq#} AL TLC (hexane:
EtOAc = 3:1)% #2331 flash column chromatography (hexane:
EtOAc = 5:11-3:1) 2 e FAstel 1ed ol=2 g —-9A o FA

ol: g 499 Hk&3 3f (123 mg, 62 %)= AT},

'H NMR (500 MHz, CDCl3): & 5.89 (h, J = 1.5 Hz, 1H), 3.93 -
3.74 (m, 1H), 3.62 - 3.45 (m, 1H), 3.37 (dddd, /= 13.5,
9.7, 4.9, 3.3 Hz, 4H), 3.29 (dddd, /= 10.8, 9.7, 5.8, 1.1
Hz, 2H), 2.56 - 2.48 (m, 2H), 2.40 - 2.31 (m, 4H), 1.62
- 1.48 (m, 4H), 1.40 - 1.29 (m, 2H), 1.12 - 1.04 (m,
6H), 0.87 — 0.79 (m, 9H), 0.02 (t, /= 1.4 Hz, 6H).

C NMR (125 MHz, CDCl3): 6 206.4, 179.2, 125.8, 69.55, 68.27,
68.20, 67.72, 66.56, 31.60, 29.78, 27.79, 25.75, 23.24,

22.29, 18.36, 14.55, —8.281, —8.490.

FT—-IR: 2928, 2856, 1709, 1674, 1616, 1462, 1438, 1409, 1367,
1335, 1249, 1180, 1119, 1004, 938, 833, 811, 776, 666,

573, 476 cm™!

MS (ESI): 399.3 (M+1)*
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3h
O (@]
a} - dm Iy \”/©)<
o _L_o
1a 3h °

General procedure 9 #& WHO R 2-cyclopenten—1—one 1la
(42.0 L, 0.500 mmol), (oxFT—-IRan—2-yl)methyl 4-—tert—
butylbenzoate 2g (234 xL, 1.00 mmol) & AF&43tolch. w8 28 3}
¢kd 2 TLC (hexane: EtOAc = 3:1)% %<2l3Fa flash column
chromatography (hexane: EtOAc = 5:1—-3:1)& &8 AFAstod 11
g o+ p-9A CF Aol g A9 ®¥bEE 3g (137 mg,

53 %) & AT

'H NMR (500 MHz, CDCl3): & 8.09 - 7.86 (m, 2H), 7.52 — 7.38
(m, 2H), 5.94 (p, /= 1.5 Hz, 1H), 4.37 (dd, /= 11.2, 4.4
Hz, 1H), 4.26 (dd, / = 11.2, 6.1 Hz, 1H), 4.13 (qd, J =
5.8, 4.2 Hz, 1H), 3.53 - 3.36 (m, 4H), 2.57 (dt, J = 6.7,
1.9 Hz, 2H), 2.47 - 2.28 (m, 4H), 1.58 (d, / = 13.6 Hz,
4H), 1.34 (s, 2H), 0.89 (s, 9H), 0.10 (d, /= 6.2 Hz, 6H).
YC NMR (125 MHz, CDCly): ¢ 171.2, 161.3, 134.3, 134.2, 134.2,
132.1, 130.1, 130.0, 77.38, 76.08, 74.51, 71.33, 40.01,

39.80, 38.19, 36.25, 35.83, 34.12, 31.63, 30.69, 30.45,
30.35, 22.80, 0.041, 0.000.
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FT-IR: 2952, 2857, 1711, 1673, 1609, 1408, 1462, 1408, 1362,
1314, 1272, 1187, 1112, 1016, 853, 834, 810, 774, 707,
666, 636, 545, 464 cm™!

MS (ESI): 517.3 (M+1)*

{6—[2— (tert—butyldimethylsilanyloxy) —3—butoxy] —pentyl}

cyclohex—2—enone

O 0]
_ - OTBS
OW
1b 3h

General procedure 9 #& W o2 2-cyclohexen—1—-one 1b
(48.4 pL, 0.500 mmol), 1,2—epoxybutane 2b (87.0 gL, 1.00
mmol) & AF&3 k. vEg Ay #AE& TLC (hexane: EtOAc =
3:1)% &<31 flash column chromatography (hexane: EtOAc =
5:1—-3:1) & e At ngd o= g —-91A o FAol= g

A9 W33 3h (88.6 mg, 48 %) E Lo

'H NMR (500 MHz, CDCl3): 8 5.87 (s, 1H), 3.77 — 3.67 (m, 1H),
3.61 (t, /= 6.5 Hz, 1H), 3.53 - 3.37 (m, 3H), 3.30 (ad,
J=9.6,5.5Hz, 2H), 2.36 (t, /= 6.7 Hz, 2H), 2.28 (t, J
= 6.1 Hz, 2H), 2.21 (t, J = 7.7 Hz, 2H), 1.99 (p, J = 6.3

Hz, 2H), 1.56 (qq, /= 15.4, 7.7, 6.9 Hz, 7TH), 1.47 - 1.31
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(m, 2H), 0.90 (d, / = 13.0 Hz, 9H), 0.05 (d, J = 6.1 Hz,
6H).

C NMR (125 MHz, CDCl3): 6 200.3, 166.9, 125.9, 75.31, 75.01,
72.86, 71.94, 38.78, 29.93, 29.62, 27.71, 26.93, 22.95,
18.45, 9.89, —3.352, —4.151, —4.500.

FT—-IR: 2932, 2861, 1663, 1622, 1455, 1437, 1373, 1347, 1324,
1253, 1190, 1117, 1028, 965, 886, 755, 720, 694, 538,
502 cm?

MS (ESI): 369.3 (M+1)*

3—{5—[2— (tert—butyldimethylsilanyloxy) —hexyloxy] —pentyl}

cyclohex—2—enone

@] O
- 5 OTBS
OM
1b 3i

General procedure $ #& WWHO=Z 2-cyclohexen—1—-one 1b
(48.4 pL, 0.500 mmol), 1,2—epoxyhexane 2a (121 gL, 1.00
mmol) & AF&stlvhk. ¥g MBI &AL TLC (hexane: EtOAc =
3:1)% <31 flash column chromatography (hexane: EtOAc =
5:1-3: )& #F8 AAste] ned o+ g-9A cFZAlol= g
A9 k3 3i (68.7 mg, 35 %) E LA,
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'H NMR (500 MHz, CDCl3): & 5.87 (s, 2H), 3.75 (d, / = 5.9 Hz,
1H), 3.41 (t, J = 6.6 Hz, 3H), 3.30 (qd, J = 9.7, 5.5 Hz,
3H), 2.36 (t, /= 6.6 Hz, 3H), 2.28 (s, 2H), 2.21 (t, J =
7.7 Hz, 3H), 2.03 - 1.93 (m, 3H), 1.64 - 1.45 (m, 15H),
1.34 (dd, / = 40.2, 7.2 Hz, 7H), 0.92 (s, 7H), 0.88 (s,
17H), 0.10 (s, 4H), 0.06 (s, 9H).

MS (ESI): 397.3 (M+1)*

3—{5—[2— (tert—butyldimethylsilanyloxy) —cyclohexyloxy] —

pentyl} cyclohex—2—enone
O O
OTBS
1b 3j

General procedure $ #& WWHO=Z 2-cyclohexen—1—-one 1b
(48.4 L, 0.500 mmol), 1,2—epoxycyclohexane 2b (102 L,
1.00 mmolD < AF&svt. wg a3} 4dAL TLC (hexane:
EtOAc = 3:1)% #2331 flash column chromatography (hexane:
EtOAc = 5:1—-3: )& &2 AAste] ngd o= B-9A oFA

ol w7 d¥ ¥&3 3 (26.0 mg, 13 %)= A},
'"H NMR (500 MHz, CDCl3): & 5.87 (d, J = 2.0 Hz, 1H), 4.29 (p,
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J =17.1Hz, 1H), 3.68 - 3.57 (m, 1H), 3.56 — 3.41 (m,
3H), 3.00 (ddt, / = 12.5, 8.5, 4.4 Hz, 1H), 2.40 — 2.33
(m, 2H), 2.34 - 2.25 (m, 2H), 2.21 (t, J = 7.7 Hz, 2H),
1.98 (dq, J = 14.0, 7.6, 7.0 Hz, 3H), 1.64 — 1.45 (m,
16H), 1.42 - 1.22 (m, 7H), 0.92 (s, 10H), 0.89 (s, 8H),
0.10 (s, 6H), 0.06 (s, 5H).

FT-IR: 3442, 2929, 2856, 1726, 1673, 1462, 1360, 1252, 1161,
1071, 1004, 938, 834, 777, 695, 669, 541 cm ™'

MS (ESD): 395.3 (M+1)"

3—{5—[2—(tert—butyldimethylsilanyloxy) —3—phenylpropoxy] —

pentyl} cyclopent—2—enone
O (@]
- 5 OTBS
O
1b 3k

General procedure $ #& WWHO=Z 2-cyclohexen—1—-one 1b
(48.4 pL, 0.500 mmol), (2,3—epoxypropyl)benzene 2c (132 L,
1.00 mmol)& At&3tAth. w3 X3P} &44L TLC (hexane:
EtOAc = 3:1)% #2331 flash column chromatography (hexane:
EtOAc = 5:1-3: D)2 8 FAste] nelg o= g -9 oA}

o= wmg 49 Wk23k 3k (119 mg, 56 %)= L3},
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'"H NMR (500 MHz, CDCl3): 8 7.25 (d, J = 7.9 Hz, 2H), 7.19 (d,

13C NMR

FT-IR:

J = 6.6 Hz, 3H), 5.88 (s, 1H), 3.95 (q, / = 6.0 Hz, 1H),
3.42 (td, /= 6.5, 2.8 Hz, 2H), 3.38 - 3.24 (m, 2H), 2.89
(dd, / = 13.5, 4.7 Hz, 1H), 2.65 (dd, J = 13.4, 7.6 Hz,
1H), 2.36 (t, / = 6.7 Hz, 2H), 2.28 (t, J = 6.2 Hz, 2H),
2.22 (t, J=7.7 Hz, 2H), 1.99 (p, J = 6.3 Hz, 2H), 1.66
- 1.47 (m, 4H), 1.39 (t, /= 7.0 Hz, 2H), 0.82 (d, /= 2.2
Hz, 9H), —0.07 (s, 3H), —0.23 (s, 3H).

(125 MHz, CDCl3): ¢ 200.2, 166.7, 139.1, 130.1, 128.2,
126.3, 126.0, 75.05, 73.06, 71.41, 41.60, 38.27, 37.60,
29.92, 27.17, 26.17, 22.98, 18.36, —4.530, —4.961.
3027, 2927, 2855, 1669, 1624, 1496, 1471, 1454, 1428,

1360, 1346, 1250, 1191, 1110, 1083, 1047, 992, 939,
887, 830, 809, 775, 749, 598 cm !

MS (ESD): 431.3 (M+1)"

3—{5—[2—(tert—butyldimethylsilanyloxy) —3—

(methoxyphenyl) propoxy] —pentyl} cyclohex—2—enone

5
1b

o)
- . OTBS OCHs
o)
3|

52



General procedure 9 #& W O F 2-cyclohexen—1—-one 1b
(48.4 nL, 0.500 mmol), 2—(4—methoxybenzyl)oxirane 2d (170
2L, 1.00 mmol) & A}g3t¥th. HFS Aa 3 4AL TLC (hexane:
EtOAc = 3:1)% #2331 flash column chromatography (hexane:

EtOAc

I
1
—

l
w
—
u
an
Ach
o

N

_O|L

2
=

ACH

ofl

=2

i

1o

=

|

1o

ﬁ

o] = A}

ot wg 9% wr&3 31 (39.4 mg, 17 %)& L9},

'"H NMR (500 MHz, CDCl3): 6 7.31 — 7.24 (m, 2H), 7.02 - 6.95
(m, 2H), 6.06 (dd, /= 2.4, 1.3 Hz, 1H), 3.97 (d, /= 3.8
Hz, 4H), 3.64 — 3.56 (m, 2H), 3.47 (ddd, /= 14.5, 5.5,
1.4 Hz, 2H), 3.11 - 2.93 (m, 1H), 2.83 - 2.74 (m, 1H),
2.54 (ddd, 7 = 7.1, 6.0, 2.9 Hz, 2H), 2.49 - 2.44 (m,
2H), 2.44 - 2.35 (m, 2H), 2.20 - 2.10 (m, 2H), 1.77
(ddd, /= 12.1, 6.2, 3.5 Hz, 2H), 1.71 (dd, J = 8.5, 6.5
Hz, 2H), 1.62 - 1.51 (m, 2H), 1.01 (d, /= 1.4 Hz, 9H),
0.13 (d, /= 1.1 Hz, 3H), 0.00 (d, /= 1.4 Hz, 3H).
C NMR (125 MHz, CDCl3): & 200.2, 166.7, 158.3, 131.1, 131.0,
130.2, 125.9, 114.2, 133.7, 74.92, 73.09, 71.40, 55.51,
40.60, 37.60, 29.92, 27.04, 26.17, 22.98, 18.38, —4.484,
—4.833.

FT—-IR: 2928, 2855, 1669, 1612, 1583, 1462, 1299, 1244, 1176,
1107, 1036, 993, 939, 887, 830, 775, 664, 521 cm™!

MS (ESD: 461.3 (M+1)*
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3—{5—-[2—(tert—butyldimethylsilanyloxy) —3—

isopropoxypropoxy] —pentyl} cyclohex—2—enone

(0] 0]
ij . OTBS
OQ\/O\(
1c 3m

General procedure 29 #& W O F 2-cyclohexen—1—one 1b
(48.4 pL, 0.500 mmol), glycidyl isopropyl ether 2f (126 L, 1.00
mmol) & AF&3th. REg A} &AL TLC (hexane: EtOAc =
3:1)% &< 33 flash column chromatography (hexane: EtOAc =
5:1-3:1) % ¢ AAlste] g ol=2 g-SA oFAol= 1y

Ad8 W83 3m (101 mg, 49 %) <& A},

'H NMR (500 MHz, CDCl3): 8 5.78 (s, 1H), 3.85 = 3.73 (m, 1H),
3.53 - 3.41 (m, 1H), 3.34 (tt, J = 9.7, 4.8 Hz, 4H), 3.30
- 3.20 (m, 2H), 2.28 (td, /= 6.7, 3.5 Hz, 2H), 2.19 (t, J
= 5.6 Hz, 2H), 2.13 (td, / = 7.9, 3.8 Hz, 2H), 1.90 (ad,
J=6.3, 2.9 Hz, 2H), 1.50 — 1.36 (m, 4H), 1.35 - 1.20
(m, 2H), 1.05 (dd, J = 6.3, 2.7 Hz, 6H), 0.80 (d, J = 3.6
Hz, 9H), —0.08 (d, J = 3.8 Hz, 6H).

C NMR (125 MHz, CDCl3): 6 204.8, 171.4, 130.4, 77.92, 76.62,
75.92, 74.95, 42.75, 42.02, 34.37, 34.36, 34.18, 31.50,
30.35, 27.41, 26.76, 22.94, 1.121, 0.062, 0.022.
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FT—IR: 2928, 2856, 1669, 1624, 1462, 1428, 1368, 1346, 1326,
1250, 1191, 1120, 1004, 938, 886, 833, 811, 776, 665,
572, 500 cm !

MS (ESD): 413.3 (M+1)"

6—Benzylcyclohex—2—enone

© @)

SRS

1b 1c

i)

2 A% Folq THF (5.00 mL)e°l diisopropylamine (1.00 mL,

7.20 mmol) & 7}3 &, 0C®E e n—BulLi (4.10 mL, 1.46 M in

hexanes, 6.00 mmol) & 3] 7l =AU t}. 4587 wREA D &, wE
L eLEE O0CE €9 1527 wHHA AT, Wk 98 —78TCT=

W& 2-cyclohexen—1—one 1b (483 x«L, 5.00 mmol) S HHd3| &

7Fsk 3 1A b wErsg . 1A ZF & cohn type flaskel] v] g

THF (0.600 mL), HMPA (1.40 mL), benzyl bromide (3.00 mL, 25.0

mmol) = 7Fall Aeols &5 wbg & HH3] rtalFn RteR =

& —78T— -50TC= MAMs &85 1A3F Fob wwksigity. 14]

b F NH.ClL 23 89 (4.00 mL)E H7FsiA A2
5

¢ wHF & EtOAc®E FZ3+9 .

[e)
gy

s

2

By &AL TLC (hexane:EtOAc = 10:1) = &5, 7
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¢t & =3}1 flash column chromatography (hexane:EtOAc = 10:1)
=

AA o] 1c (401 mg, 43 %)= Ao},

'H NMR (500 MHz, CDCl3): & 7.32-7.19 (m, 5H), 6.97—-6.95 (dt,
Jo=9Hz Ji=4Hz 1H), 6.06-6.04 (d, /= 10 Hz, 1H),
3.40-3.36 (dd, /> = 15 Hz, /1 = 5 Hz, 1H), 2.57-2.51 (m,
2H), 2.37-2.22 (m, 2 H), 2.0-1.97 (m, 1H), 1.68—1.64

(m, 1H)

YC NMR (125 MHz, CDCl3): ¢ 201.1, 150.1, 140.2, 129.8, 129.5,

128.6, 126.4, 48.78, 35.55, 27.34, 25.64

MS (ESD): 187.1 (M+1)*

{5—[2— (tert—butyldimethylsilanyloxy) —3—butoxy] —pentyl} —6—

benzylcyclohex—2—enone

O 0

Ph/\@ Ph OTBS
OW

1c 3n

General procedure 2 &2 WH O Z 6-—benzylcyclohex—2—enone
1c (93.1 L, 0.500 mmol), 1,2—epoxybutane 2a (87.0 L, 1.00
mmol) & AF&stslth. vbs APy A2 TLC (hexane: EtOAc =

3:1)%2 33t flash column chromatography (hexane: EtOAc =
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5:1-3:1)E 8 AAste] 1y o= g-9A cFAol= 1

A9 7§ 3 3n (110 mg, 48 %) 5 A AT,

'H NMR (500 MHz, CDCl3): 6 7.28 (dd, J= 13.8, 6.5 Hz, 2H),
7.19(t, /=7.9 Hz, 3H), 5.89 (s, 1H), 3.71 (p, J = 5.7 Hz,
1H), 3.36-3.30 (m, 4H), 3.29 (tt, J = 9.7, 4.6 Hz, 2H),
2.56—-2.42 (m, 2H), 2.25 (q, /= 5.0 Hz, 2H), 2.22-2.13
(m, 2H), 1.65-1.47 (m, 6H), 1.28 (m, 2H), 1.01-
0.80(m, 12H). 0.08(s, 1H), 0.06 (s, 1H), 0.00(s, 1H)

C NMR (125 MHz, CDCl3): & 201.0, 165.7, 140.4, 129.6, 129.5,
128.6, 128.5, 126.3, 125.6, 75.90, 72.87, 71.41, 47.91,
37.99, 35.66, 29.74, 27.73, 27.09, 26.17, 26.14, 18.46,
9.89, —4.140, —4.482.

FT—-IR: 2927, 2856, 1668, 1453, 1360, 1251, 1211, 1115, 1048,
1005, 954, 832, 774, 739, 598, 664, 513 cm ™'

MS (ESD): 459.3 (M+1)"

3—{5—[2— (tert—butyldimethylsilanyloxy) —3—phenylpropoxy] —

pentyl} —6—benzylcyclohex—2—enone

0] o)
Ph/\ij Ph OTBS
o)
1c 30

o7



General procedure 2 #& W S Z benzylcyclohex—2—enone 1c
(93.1 L, 0.500 mmol), (2,3—epoxypropyl)benzene 2¢ (132« L,
1.00 mmol& At&stch. whg A3 4d2 TLC (hexane:
EtOAc = 3:1)% &<9l3}1 flash column chromatography (hexane:

EtOAc = 5:1—3:

—

)R Y FASe] 1y = g-9FA A%

Atel= a1l 49 WESE 30 (161 mg, 62 %) & LA

'"H NMR (500 MHz, CDCl3): 6 7.35—7.23(m, 4H), 7.19(dt, /=13.3,
7.5 Hz, 6H), 5.89 (s, 1H), 3.95 (dd, /= 7.5 5.0 Hz, 1H),
3.41 (td, /=6.6, 3.0 Hz 2H), 3.38—-3.31 (m, 1H), 3.28 (m,
1H), 2.88 (dd, / = 13.5, 4.8 Hz, 1H), 2.64(dd, J = 13.4,
7.5 Hz, 1H), 2.31-2.13 (m, 2H), 1.94(dq, J = 13.0, 4.4
Hz, 1H) 1.65-1.57 (m, 4H), 1.52 (m, 2H), 1.31-1.21 (m,
2H). 0.81(s, 9H), 0.10(s, 2H), —0.07 (s, 3H), —0.23(s,
2H)

C NMR (125 MHz, CDCl3): ¢ 201.0, 165.7, 140.4, 139.1, 130.1,
129.5, 128.6, 128.3, 126.3, 125.6, 75.06, 73.07, 71.42,
47.92, 41.61, 37.99, 37.99, 35.66, 29.74, 29.37, 27.33,
27.10, 26.18, 26.08, 18.36, —4.520, —4.951.

FT-IR: 3026, 2927, 2855, 1667, 1629, 1602, 1495, 1471, 1453,
1360, 1250, 1210, 1110, 1083, 1030, 992, 939, 887, 831,
809, 775, 740, 698, 665, 556, 510 cm !

MS (ESD: 521.3 (M+1)"

58



3—{5—-[2—(tert—butyldimethylsilanyloxy) —3—

isopropoxypropoxyl] —pentyl} —6—benzylcyclohex—2—enone

) 0
Ph/\@ Ph OTBS
OJ\/O\(
1c 3p

General procedure 2 #& W S Z benzylcyclohex—2—enone 1c
(93.1 L, 0.500 mmol), glycidyl isopropyl ether 2f (126 L, 1.00
mmol) & AF&3th. REg A} &AL TLC (hexane: EtOAc =
3:1)% &< 33 flash column chromatography (hexane: EtOAc =
5:1-3:1) % ¢ AAlste] g ol=2 g-SA oFAol= 1y
A9Y WS 3 3p (126 mg, 50 %) & AU,

'H NMR (500 MHz, CDCl3): 6 7.22 (d, J= 12.4 Hz, 2H), 7.13(d,
J=7.6 Hz, 3H), 5.84 (s, 1H), 3.83 (p, J = 5.6 Hz, 1H),
3.58 — 3.47 (m, 1H), 3.36-3.30 (m, 6H), 2.36 (t, /= 6.7
Hz, 2H), 2.52-2.33 (m, 2H), 2.20 (t, J = 5.2 Hz, 2H),
1.89 (dq, /= 13.1, 4.5 Hz, 1H), 1.52—1.46 (m, 6H), 1.38
- 1.26 (m, 2H), 1.15-1.01 (m, 6H), 0.85 (d, /= 15.9 Hz,
9H). 0.05(s, 2H), 0.02 (s, 2H), —0.05(s, 2H)

C NMR (125 MHz, CDCl3): & 201.0, 165.8, 140.4, 129.6, 129.5,
128.6, 128.5, 126.3, 125.6, 73.49, 72.15, 71.68, 71.47,
70.53, 47.91, 38.01, 35.66, 29.74, 29.34, 27.33, 26.14,
26.05, 22.30, 18.50, —4.390, —4.421.
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FT-IR: 2927, 2856, 1668, 1453, 1367, 1250, 1211, 1121, 1004,
938, 886, 834, 811, 776, 739, 599, 665, 512 cm '

MS (ESD): 503.4 (M+1)"
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General procedure for the three—component reaction with

HF —pyridine.

A% 23 &e]A THP (2.00 mL)°l PPhs (144 mg, 0.550 mmol) &
o], TBSOTf (126 gL, 0.550 mmol) & HH3] 7kl Fth. o7
o] starting material 1 (0.500 mmol) & H 3] H7}stx 1A7F 30%
EQF Ao A wwkskd T W NS —78TE Wd v, n—Buli
(419 pL, 1.55 M in hexanes, 0.650 mmol) 2 3] 7}3te] 23
2 gdol HA wESTH 1A & o FAo]= 2 (1.00 mmol) &
w2 A A7k 3 b3 TBSOTf (230 gL, 1.00 mmol) & 78 &3 o).
1412+ ¥ HF-pyridine (1.00 mL, 3.50 mmol) & #7lalA H&ow
S 1A B W F EtOAcZE FE8Ao. W gy o4de

TLCZ #e3sdt. < 5%F31 flash column chromatography =
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3—(5—(2—hydroxybutoxy) pentyl) cyclopent—2—enone

(0] (0]
ﬁ} o '
OJ\/
la 4a

General procedure 9 #& WHO R 2-cyclopenten—1—one 1la
(42.0 L, 0.500 mmol), 1,2—epoxybutane 2a (87.0 L, 1.00
mmol) & AF&3th. REg A} &AL TLC (hexane: EtOAc =
1:2) &2 &< 3sta flash column chromatography (hexane: EtOAc =
11—=1:2—-1:3) 2 29 FAste] 1ed o= g-HA <FAel=

78 92 w&3 4a (69.0 mg, 58 %)= A},

'H NMR (500 MHz, CDCl3): 8 5.99 (s, 1H), 3.81 - 3.65 (m, 1H),
3.60 — 3.42 (m, 3H), 3.30 (t, J = 8.9 Hz, 1H), 2.69 -
2.56 (m, 2H), 2.51 - 2.40 (m, 4H), 1.72 - 1.56 (m, 5H),
1.56 — 1.39 (m, 4H), 1.01 (t, /= 7.4 Hz, 2H).

C NMR (125 MHz, CDCl3): & 210.4, 183.1, 129.8, 75.04, 71.94,
71.34, 35.55, 33.68, 31.78, 31.18, 29.63, 27.15, 26.37,
10.14

FT—-IR: 3379, 2928, 2858, 1702, 1673, 1612, 1461, 1436, 1235,
1181, 1117, 1028, 996, 919, 841, 748, 720, 694, 537,
504 cm™!

MS (ESID): 241.2 (M+1)*
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3—(5—(2—hydroxycyclohexyloxy)pentyl) cyclopent—2—enone

O o
O — Aot
O

la 4b \@
General procedure 9 #& WHO R 2-cyclopenten—1—one 1la
(42.0 L, 0.500 mmol), 1,2—epoxycyclohexane 2a (102 xL,
1.00 mmoD & AF&3tAvk. W 3 dL TLC (hexane:
EtOAc = 3:1)& &3} flash column chromatography (hexane:
EtOAc =1:11—1:2-1:3)2 I AAs a=g <=9 g-9A

o ZAlol = 17 d¥ w&3 4b (59.0 mg, 44 %) E AT},

'"H NMR (500 MHz, CDCl3): & 5.95 (t, /= 1.7 Hz, 1H), 3.64 (dt,
J=9.2,6.5 Hz 1H), 3.46 - 3.31 (m, 3H), 3.01 (ddd, J
= 10.4, 8.6, 4.3 Hz, 1H), 2.61 - 2.53 (m, 3H), 2.48 -
2.35 (m, 5H), 2.11 - 1.94 (m, 3H), 1.71 (ddt, J = 12.2,
9.3, 3.2 Hz, 3H), 1.62 (p, /= 7.3 Hz, 6H), 1.43 (ddd, J
=15.2, 9.1, 6.2 Hz, 3H), 1.33 = 1.21 (m, 4H), 1.11 (qd,
J=12.7, 3.5 Hz, 1H).

YC NMR (125 MHz, CDCl3): & 210.5, 183.2, 129.7, 83.95, 74.08,
68.68, 35.55, 33.69, 32.23, 31.79, 30.11, 29.37, 27.17,
26.25, 24.48, 24.20.
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FT—-IR: 3402, 2929, 2858, 1702, 1673, 1612, 1436, 1407, 1338,
1264, 1234, 1181, 1117.63, 1081, 996, 926, 844, 748,
720, 694, 538, 505, 443 cm ™!

MS (ESD): 267.2 (M+1)"

3—(5—(2—hydroxy—3—phenylpropoxy)pentyl) cyclopent—2—enone
(@] O
&y — o
(@]
la 4c

General procedure 9 #2 WHO =R 2-cyclopenten—1—one 1la
(42.0 L, 0.500 mmol), (2,3—epoxypropyl)benzene 2¢ (132 xL,
1.00 mmoD <& AF&3tAvk. W 3 d TLC (hexane:
EtOAc = 1:2)% #9133 flash column chromatography (hexane:
EtOAc = 1:1—1:2—-1:3)2 2 AAsd udd o= g-9A

o ZAtol= 3 A WgE 4c (78.0 mg, 52 %)= LA,
2 g,

'"H NMR (500 MHz, CDCl3): & 7.34 - 7.28 (m, 2H), 7.23 (d, J =
7.0 Hz, 3H), 5.95 (s, 1H), 4.06 — 3.98 (m, 1H), 3.52 -
3.40 (m, 3H), 3.36 — 3.27 (m, 1H), 2.87 - 2.73 (m, 2H),
2.61 - 2.54 (m, 2H), 2.48 - 2.36 (m, 4H), 2.32 - 2.25

(br, 1H), 1.70 - 1.59 (m, 4H), 1.42 (p, J = 7.8, 7.3 Hz,
2H).
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C NMR (125 MHz, CDCl3): & 210.4, 183.2, 138.2, 129.8, 129.6,
128.7, 126.7, 74.30, 71.57, 71.39, 40.16, 35.55, 31.79,
31.18, 29.62, 27.14, 26.19.

FT-IR: 3422, 3026, 2929, 2859, 1702, 1672, 1611, 1495, 1453,
1435, 1407, 1337, 1283, 1236, 1183, 1117, 1080, 1030,
989, 842, 744, 699, 604, 541, 503 cm ™!

MS (ESI): 323.2 (M+1)*

3—(5—(2—hydroxy—3—isopropoxypropoxy)pentyl) cyclopent—2—

i} T Ao

General procedure ¢ #& W O F 2-cyclopenten—1—one 1la

enone

(42.0 L, 0.500 mmol), glycidyl isopropyl ether 2f (126 xL,
1.00 mmoD & AF&3tAvk. wg 3 d TLC (hexane:
EtOAc = 1:2)% #9133 flash column chromatography (hexane:
EtOAc =1:11—1:2—-1:3)2 T AAs udy o= g-9A
Fitol= wE A ®Eg e 4d (85.0 mg, 60 %) E ATt

'"H NMR (500 MHz, CDCl3): 6 5.95 (d, J= 2.4 Hz, 1H), 3.91 (ddt,

J =6.5,4.2, 2.1 Hz, 1H), 3.65 - 3.54 (m, 2H), 3.54 -
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3.37 (m, 5H), 2.62 - 2.54 (m, 2H), 2.46 — 2.35 (m, 4H),
1.74 — 1.51 (m, 4H), 1.41 (dq, /= 9.2, 7.2, 5.8 Hz, 4H),
1.22 - 1.06 (m, 6H).

C NMR (125 MHz, CDCl3): 6 210.5, 183.3, 132.4, 72.38, 71.68,
70.99, 69.86, 69.49, 35.53, 33.67, 31.76, 29.74, 27.12,
26.13, 22.98, 22.18.

FT-IR: 2930, 2860, 1705, 1674, 1613, 1437, 1367, 1334, 1179,
1117, 1081, 997, 748, 720, 694, 539 cm™!

MS (ESI): 285.2 (M+1)"

3—(5—(2—hydroxybutoxy)pentyl) cyclohex—2—enone

0] 0]
. OH
OW
1b 4e

General procedure 9 #& W O F 2-cyclohexen—1—one 1b
(48.4 L, 0.500 mmol), 1,2—epoxybutane 2a (87.0 gL, 1.00
mmol) & AF&3 k. ¥Eg AP #AE& TLC (hexane: EtOAc =
1:2) %2 g<2l3st1 flash column chromatography (hexane: EtOAc =
1:1.5—>1:12-3: D)= &2 FAste] s o+ pg—-9A o FAfo]
T o3y 98 wes

22 W23 4e (66.0 mg, 52 %) E LA},
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'H NMR (500 MHz, CDCl3): 6 5.96 (d, / = 1.7 Hz, 1H), 3.79 -
3.63 (m, 1H), 3.58 - 3.37 (m, 3H), 3.26 (ddd, J = 9.7,
7.8, 2.0 Hz, 1H), 2.58 (dt, J = 6.8, 2.1 Hz, 2H), 2.47 -
2.36 (m, 4H), 2.34 - 2.21 (br, 1H), 1.71 - 1.59 (m, 4H),
1.53 = 1.35 (m, 5H), 0.97 (td, /= 7.5, 2.0 Hz, 2H).

C NMR (125 MHz, CDCl3): 8 210.4, 183.1, 129.8, 75.04, 71.94,
71.34, 35.55, 33.68, 31.78, 31.18, 29.63, 27.15, 26.37,
26.19, 10.14

FT—IR: 3412, 2928, 2859, 1703, 1673, 1612, 1460, 1437, 1407,
1236, 1182, 1116, 1029.66, 978, 919, 842, 748, 721, 595,
540 cm™!

MS (ESD): 255.2 (M+1)"

3—-(5—(2—hydroxycyclohexyloxy)pentyl) cyclohex—2—enone

(@] (0]
- 5 OH
1b 4f

General procedure ¢} #& WH O ® 2-cyclopenten—1—-one 1b
(42.0 L, 0.500 mmol), 1,2—epoxycyclohexane 2b (102 xL,
1.00 mmol & At&3tAth. w3 X3P} &44L TLC (hexane:
EtOAc = 3:1)% #2331 flash column chromatography (hexane:
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EtOAc =1:1—1:2—-1:3)2 #g AAsteo] 183 o= g-YX

o FAtol= el d¥ whE3 4f (8.00 mg, 6 %) E ¥ AT

'H NMR (500 MHz, CDCl3): 8 5.78 (s, 1H), 3.64 - 3.48 (m, 1H),
3.39 (d, / = 5.8 Hz, OH), 3.36 - 3.19 (m, OH), 2.93 -
2.80 (m, 1H), 2.26 (td, /= 7.2, 6.7, 1.7 Hz, 2H), 2.18 (t,
J = 6.2 Hz, 2H), 2.15 - 2.08 (m, 2H), 1.89 (q, / = 6.5
Hz, 3H), 1.70 - 1.56 (m, 2H), 1.56 - 1.46 (m, 2H), 1.46
- 1.33 (m, 2H), 1.33 = 1.19 (m, 2H), —0.01 — =0.07 (m,

2H), —0.10 (d, /= 1.8 Hz, 1H).

MS (ESID): 281.2 (M+1)*

3—(5—(2—hydroxy—3—phenylpropoxy)pentyl) cyclohex—2—enone
(@] 0O
, OH
O
1b 49

General procedure ¢ 2 WHO®E 2-cyclohexen—1-one la
(42.0 pL, 0.500 mmol), (2,3—epoxypropyl)benzene 2¢ (132 gL,
1.00 mmol <& At&stdor. ®bE Xy &4 TLC (hexane:
EtOAc = 1:2)% #9233 flash column chromatography (hexane:

EtOAc =1:1—1:2—1:3)2 &g AAsd 128d o= B-94F
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o Aol = 1]l AF w3 4g (74.0 mg, 47 %) E DA

'H NMR (500 MHz, CDCl3): & 7.31 (dd, /= 8.6, 6.5 Hz, 2H), 7.25

13C NMR

FT—-IR:

- 7.19 (m, 3H), 5.88 (s, 1H), 4.02 (dt, J = 7.0, 3.5 Hz,
1H), 3.54 - 3.36 (m, 3H), 3.31 (dd, /= 9.6, 7.2 Hz, 1H),
2.87 - 2.72 (m, 2H), 2.40 - 2.32 (m, 2H), 2.32 - 2.25
(m, 2H), 2.22 (t, J = 7.7 Hz, 2H), 1.98 (p, J = 6.3 Hz,
2H), 1.66 - 1.47 (m, 4H), 1.45 - 1.32 (m, 2H).

(125 MHz, CDCl3): ¢ 200.2, 166.6, 138.2, 129.6, 128.7,
128.7, 126.7, 126.0, 74.28,71.57, 71.41, 40.16, 38.18,
37.59, 29.94, 29.65, 26.07, 22.97.

3434, 3026, 2932, 2860, 1662, 1622, 1495, 1453, 1427,
1371, 1347, 1325, 1253, 1191, 1117, 1081, 1030, 965,
886, 744, 699, 604, 501 cm™!

MS (ESD): 317.2 (M+1)"

3—(5—(2—hydroxy—3—isopropoxypropoxy)pentyl) cyclohex—2—

O — Oata

enone

General

procedure 9 #TL W o F 2-cyclohexen—1—one 1b
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(48.4 L, 0.500 mmol), glycidyl isopropyl ether 2f (126 xL,
1.00 mmoD & At&stdch. ®Hbg Hdq# AL TLC (hexane:
EtOAc = 1:2)% #2l3l3 flash column chromatography (hexane:
EtOAc =1:11—1:2-1:3)2 ¢ AAse ndgdg o= g-9A

o ZAlo]l = w2 &7 w$3 4h (87.0 mg, 58 %) E AUt}

'H NMR (500 MHz, CDCl3): & 5.87 (t, /= 1.5 Hz, 1H), 3.91 (td,
J = 6.5, 3.1 Hz, 1H), 3.66 — 3.55 (m, 1H), 3.55 - 3.37
(m, 6H), 2.49 (d, / = 4.0 Hz, 1), 2.41 — 2.33 (m, 2H),
2.28 (t, J = 6.1 Hz, 2H), 2.22 (t, J = 7.6 Hz, 2H), 1.99
(p, /= 6.3 Hz, 2H), 1.65 — 1.44 (m, 4H), 1.37 (tt, J =
9.9, 6.0 Hz, 2H), 1.21 - 1.11 (m, 6H).

C NMR (125 MHz, CDCl3): 6 200.3, 166.9, 125.9, 75.39, 75.01,
71.37, 71.34, 38.26, 37.55, 29.89, 29.72, 27.70, 26.93,
22.96, 22.28.

FT—IR: 3440, 2931, 2862, 1665, 1623, 1455, 1428, 1368, 1346,
1324,1253,1191, 1175, 1118, 1080, 965, 886, 823, 722,
542, 500 cm™!

MS (ESD): 299.2 (M+1)"
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General procedure for the three—component reaction of

nucleophile, epoxide and THF.

Tetralkylammonium halide 8 & 1A%t vacuum A% A7 &, &

Z gk dke A THF (2.00 mL)ol Fdst 78T =2 WHFAH. 7]

o starting material & o ZA}o]= 2 (0.500 mmol) E wW=4 ZA 7}

o

3t S TBSOTf (230xL, 1.00 mmol)<& 7FalFcr. 1A 7+

)

triethylamine (698 ¢ L, 5.00 mmol) & H7ld|lA Aoz =¥ 1A
HE & EtOAc® FE3cr. w8 A3y 44 TLCE el

ql
sttt 7+t 533t flash column chromatography @ 2 4 A s}
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(1- (4—iodobutoxy)butan—2—yloxy) (tert—butyl) dimethylsilane
and (2— (4—iodobutoxy)butoxy) (tert—butyl) dimethylsilane
OTBS

GRS P

2a 6a-A 6a-B

General procedure & #Z2 WY O F tetrabutylammonium iodide
8a (369 mg, 1.00 mmol), 1,2—epoxybutane 2a (44.0 L, 0.500
mmol) & AF&etth. RFg A} &AL TLC (hexane: EtOAc =
20:1)% #1331 flash column chromatography (hexane: EtOAc
=50:1-30:1—-20: D) =2 w2 FAsI o FAol= e dY W

6a—A, 6a—B (141 mg, 73 %) & A9},

MS (ESD): 387.1 (M+1)"

1—-(4—iodobutoxy)butan—2—0l and2- (4—-iodobutoxy)butan—1-ol
OTBS OH
|/\/\/O%/ + |/\/\/OfOTBS . I/\/\/OW + |/\/\/Of0H

ba-A 6a-B 6a-A 6a-B

6a—A(70.0 mg, 0.181 mmol) ] CH:Cl:(2.00 mL)E F¢ 3, HF-

off

pyridine (0.500 mL, 1.75 mmol) < 7}3 & 3 A7k %<k Wyl & sat.
NaCl & F=3F¥¢. vs #dgPy 442 TLC(hexane: EtOAc =
1:1) = 3}l A o). 7k ot F =3t flash column

chromatography (hexane: EtOAc = 3:1)% &g AA3so] 6a—A",
72



6a—B’ = At}.

6a—A’ 'H NMR (500 MHz, CDCls): ¢ = 3.70 (dtd, J=10.1, 6.6,
3.2, 1H), 3.57 - 3.34 (m, 3H), 3.34 — 3.09 (m,
3H), 2.31 - 2.17 (m, 1H), 2.00 - 1.83 (m, 2H),
1.79 = 1.64 (m, 2H), 1.47 (ddd, /=20.2, 10.2, 4.7,
2H), 1.04 - 0.86 (m, 2H).

6a—B’ 'H NMR (500 MHz, CDCl3): § = 3.72 — 3.60 (m, 1H), 3.60
- 3.53 (m, 1H), 3.53 - 3.45 (m, 1H), 3.33 - 3.25
(m, 1H), 3.25 - 3.17 (m, 2H), 1.98 - 1.89 (m,
1H), 1.87 (dd, /=7.3, 5.1, 1H), 1.69 (qd, J/=12.9,
6.2, 1H), 1.48 (td, /=14.0, 7.0, 1H), 0.97 - 0.85

(m, 2H).

MS (ESD): 273.3 (M+1)"

1—(4—iodobutoxy)butan—2—one

OH
|/\/\/OW |/\/\/O\)J\/

6a-A' TA

6a—A’ (20.0 mg, 0.054 mmol) ol CH:CI:(2.00 mL)E& % %, PCC
(30.0 mg, 0.139 mmol) &} Molecular Sieve 3A 2 7}3 & 2 A7t =
e wwWF & sat. NaCl 2 F=39¢. wg 28y 44
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TLC (hexane: EtOAc = 3:1)& &< 3. #Y =31 flash
column chromatography (hexane: EtOAc = 5:1)% &g A A3}

TAS AT},

'"H NMR (500 MHz, CDCls): 6 = 4.10 — 3.99 (m, 2H), 3.57 -
3.42 (m, 2H), 3.34 - 3.15 (m, 2H), 2.48 (q, /=7.3, 2H),
2.02 — 1.86 (m, 2H), 1.74 (ddd, /=13.4, 8.6, 6.1, 2H),

1.11 = 0.98 (m, 3H).

MS (ESD): 271.0 (M+1)*

2—(4—iodobutoxy)butanal

O

I/\/\/O\COH —_— |/\/\/0\ka
7B

6a-B'

6a—B’ (20.0 mg, 0.054 mmol)°| CH:Cl: (2.00 mL)E F+% %,

o<k wHE $ sat. NaCl 2 FE3oh. w8 Ay 442
TLC (hexane: EtOAc = 3:1)Z &< 39 v. #<+ =3t flash
column chromatography (hexane: EtOAc = 5:1) 2 #3g & A 3}

7TBS A3t

'H NMR (500 MHz, CDCl3): & = 9.66 (dd, /=19.9, 2.1, 1H), 4.14

(dg, /=14.3, 7.2, 1H), 3.68 - 3.54 (m, 1H), 3.47 (dt,
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J=9.3, 6.2, 1H), 3.30 - 3.12 (m, 2H), 2.01 - 1.88 (m,
2H), 1.82 - 1.61 (m, 4H), 1.33 - 1.21 (m, 2H), 1.11 -

0.93 (m, 3H), 0.89 (dd, /=11.7, 4.8, 1H).

MS (ESD): 271.0 (M+1)"

(1— (4—bromobutoxy)butan—2—yloxy) (tert—butyl) dimethylsilane

and (2— (4—bromobutoxy)butoxy) (tert—butyl) dimethylsilane

OTBS
O
% —— Br/\/\/O\/\/ + Br/\/\/O\COTBS
2a 6b-A 6b-B

General procedure & 2 WH O ZE tetrabutylammonium bromide
8b (322 mg, 1.00 mmol), 1,2—epoxybutane 2a (44.0 ¢ L, 0.500
mmol) & AF&stlvh. ¥g MBI &AL TLC (hexane: EtOAc =
20:1)2 ¥<l3t1 flash column chromatography (hexane: EtOAc
=50:1-30:1-20: D) =2 w2 FAsI o FAol= e dY W

6b—A, 6b—B (166 mg, 87 %) S <2l t}.

MS (ESD): 339.1 (M+1)"

75



(1—(4—chlorobutoxy)butan—2—yloxy) (tert—butyl) dimethylsilane
and (2— (4—chlorobutoxy)butoxy) (tert—butyl) dimethylsilane
o oTBS

% C|/\/\/O\/\/ + Cl/\/\/O\COTBS

2a 6C-A 6c-B

General procedure ¢ #2 ¥ © 2 tetrabutylammonium chloride
8c (282 mg, 1.00 mmol), 1,2—epoxybutane 2a (44.0 pL, 0.500
mmol) & AF&etqth. "Fg A} &AL TLC (hexane: EtOAc =
20:1)% #3531 flash column chromatography (hexane: EtOAc
=50:1-30:1-20: D) = &2 FAsI o FAol= e dY W

6¢c—A, 6¢c—B (64.0 mg, 44 %) S 49t}

MS (ESD): 295.1 (M+1)"

(1- (4—iodobutoxy) —3—phenylpropan—2-yloxy) (tert—
butyl) dimethylsilane and (2—(4—iodobutoxy) —3—

phenylpropoxy) (tert—butyl) dimethylsilane

o OTB
L\/O |/\/\/O * |/\/\/O OTBS

2c 6d-A 6d-B
General procedure ¢ #Z& WY 9 F tetrabutylammonium iodide

8a (369 mg, 1.00 mmol), (2,3—epoxypropyl)benzene 2¢ (66.0 g
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L, 0.500 mmol) & AF&3A . ¥bs 3} 442 TLC (hexane:
EtOAc = 20:1) % #9351 flash column chromatography (hexane:
EtOAc =50:1—-30:1-20:1) 2 &8 FAst o ZAol= e I

¢ 3 6f—A, 6f—B (174 mg, 78 %) S <9l t}.

MS (ESID): 449.1 (M+1)*

(1- (4—bromobutoxy) —3—phenylpropan—2—yloxy) (tert—
butyl) dimethylsilane and (2— (4—bromobutoxy) —3—

phenylpropoxy) (tert—butyl) dimethylsilane

oTB
0 .
L\/Q Br O + Br/\/\/o\i EOTBS

2c 6e-A 6e-B

General procedure & #Z2 WX 9% tetrabutylammonium bromide
8b (322 mg, 1.00 mmol), (2,3—epoxypropyl)benzene 2c (66.0 g
L, 0.500 mmol) & A&ttt dtg APy &4 TLC (hexane:
EtOAc = 20:1) % #9231 flash column chromatography (hexane:
EtOAc =50:1—30:1—20:1) %2 2% AAlsto] o] FAto]= g dH

o
HE 2 3

<3 6e—A, 6e—B (162 mg, 74 %)= I},

MS (ESD: 441.1 (M+1)*
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(1- (4—iodobutoxy) —3—isopropoxypropan—2—yloxy) (tert—
butyl) dimethylsilane and (2— (4—iodobutoxy) —3—

isopropoxypropoxy) (tert—butyl) dimethylsilane

2\/0 — ,/V\/O\/O\T?g * >0 OJ\
\r/ \r/ \[;;BS
2f 6f-A 6f-B
General procedure 9 #E& WHOF tetrabutylammonium iodide
8a (369 mg, 1.00 mmol), glycidyl isopropyl ether 2f (63.0 xL,
0.500 mmoD & A&ttt ¥ XA &4 TLC (hexane:
EtOAc = 20:1)=2 &<l3}1 flash column chromatography (hexane:
EtOAc =50:1—30:1—20:1D) %2 & AAlsto] o] FHAto]l= 18 44

W& 6f-A, 6B (193 mg, 90 %) & ¥ AUt

MS (ESD): 431.1 (M+1)"

(1-— (4—bromobutoxy) —3—isopropoxypropan—2—yloxy) (tert—
butyl) dimethylsilane and (2— (4—bromobutoxy) —3—

isopropoxypropoxy) (tert—butyl) dimethylsilane

o) OTBS J\
%OY Br/\/\/o\/\/OY + Br/\/\/o\fo
OTBS
2f 69-A 69-B

General procedure ¢ 2 WHOZE tetrabutylammonium bromide
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8b (322 mg, 1.00 mmol), glycidyl isopropyl ether 2f (63.0 gL,
0.500 mmol) & AF&stAth. ¥bg Xd R 4AL& TLC (hexane:
EtOAc = 20:1) % #2331 flash column chromatography (hexane:
EtOAc =50:1-30:1-20:1) & &8 A5l o FAel= 12 4

23k 6g—A, 6g—B (166 mg, 87 %)= 3},

MS (ESI): 383.2 (M+1)*

9a—A, 9a—B
0 )OJ\ OTBS 0
—_— O
% O/\/\/ \/\/ + )J\O/\/\/O\COTBS

2a 9a-A 9a-B

General procedure ¢} #Z2 WH O 2 tetrabutylammonium acetate
8d (301 mg, 1.00 mmol), 1,2—epoxybutane 2a (44.0 #L, 0.500
mmol) & AF&3Floh. RFg Ay} &AL TLC (hexane: EtOAc =
10:1)2 &<l3t flash column chromatography (hexane: EtOAc
=20:1—>10:1) & &2 AAste] oFAtel= 1yl d7 REE3F 9a—A,

9a—B (85 mg, 54 %) & A},

MS (ESD): 319.2 (M+1)"
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(1—(4—azidobutoxy)butan—2—yloxy) (tert—butyl) dimethylsilane

and (2—- (4—azidobutoxy) butan—2-yloxy) (tert—
butyl) dimethylsilane
o OTBS

ae — NS/\/\/O\/\/ tONT YT O\COTBS

2a 9b-A 9b-B

General procedure 9 #& "W © F tetrabutylammonium azide 8e
(285 mg, 1.00 mmol), glycidyl isopropy!l ether 2f (63.0 L, 0.50
mmol) & AF&3tqth. RFg A} &AL TLC (hexane: EtOAc =
10:1)2 &<l3tx flash column chromatography (hexane: EtOAc
=20:1-10: D)2 e ZAste] o FAtel= gl A9 WS 9b—A,

9b—B (25.0 mg, 17 %) & g},

MS (ESD: 301.2 (M+1)"
9¢c—A, 9¢c—B

2c 9c-A 9c-B

o O oTB (e}
@ )J\O/\/\/O " )J\O/\/\/O\[ ;OTBS

General procedure & 2 ®WH O F tetrabutylammonium acetate
8d (301 mg, 1.00 mmol), (2,3—epoxypropyl)benzene 2¢c (66.0 x

L, 0.50 mmol) & A}&3dtt. ws Haly 44L& TLC (hexane:
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EtOAc = 10:1) % #9131 flash column chromatography (hexane:
EtOAc =20:1—-10:1) & &2 AAsto] o FAtol= gl di vk

9c—A, 9¢c—B (90.0 mg, 47 %) E 43},

MS (ESD): 381.2 (M+1)"

(1— (4—azidobutoxy) —3—phenylpropan—2—yloxy) (tert—
butyl) dimethylsilane and (2—(4—azidobutoxy) —3—

phenylpropoxy) (tert—butyl) dimethylsilane

2c 9d-A 9d-B

° oTB
@ Ny SO ’ N3/\/\/O\[ EOTBS

General procedure ¢} #& W O =E tetrabutylammonium azide 8e
(285 mg, 1.00 mmol), (2,3—epoxypropyl)benzene 2c¢c (66.0 xL,
0.500 mmol)< AFg3tth. ®WEg P 442 TLC (hexane:
EtOAc = 10:1) % #9231 flash column chromatography (hexane:
EtOAc =20:1-10:1) 2 w2 FAlste] o FAol= gl A9 nbe-g

6e—A, 6e—B (21.0 mg, 12 %) Z o},

MS (ESD): 364.2 (M+1)"
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4—(2—hydroxy—3—isopropoxypropoxy)butyl acetate and 4-(1-—

hydroxy—3—isopropoxypropan—2—yloxy)butyl acetate

O O oTBS (e}
LA\/O\r/ S /Jko/\\/A\/O\/)\/O\r/ . /Jko/\\/N\/o\[f\O/L\
OTBS
2f 9e-A 9e-B

General procedure & #2 WH O Z tetrabutylammonium acetate
8d (301 mg, 1.00 mmol), glycidyl isopropyl ether 2f (63.0 x«L,
0.500 mmol) & AFEstt. ¥ X &4 TLC (hexane:
EtOAc = 10:1) 2 <13} flash column chromatography (hexane:
EtOAc =20:1-10:1) 2 &2 AAlsto] o FApol= gl A9 nbe-g

9e—A, 9e—B (68.0 mg, 37 %) & <9t}

MS (ESD): 363.3 (M+1)"

(1- (4—azidobutoxy) —3—isopropoxypropan—2—yloxy) (tert—
butyl) dimethylsilane and (2—(4—azidobutoxy) —3—

isopropoxypropoxy) (tert—butyl) dimethylsilane

O OTBS
LA\/O\T/ — Ng/\v/\\/o\/)\/o\r/ + N{/\V/\\/O\[i\o/L\
OoTBS
2f 9f-A 9f-B

General procedure & #2 W¥H O Z tetrabutylammonium azide 8e

(285 mg, 1.00 mmol), glycidyl isopropyl ether 2f (63.0 L, 0.500
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mmol) & AF&3t . ®vbs Ay &AL TLC (hexane: EtOAc =
10:1)2 &&<l3t3 flash column chromatography (hexane: EtOAc
=20:1->10: D& #8 Aol 1gF o+ p-9A o FAtol=

17 A9 REg sk 9f—A, 9f-B (24.0 mg, 14 %) & 4 3t.

MS (ESD): 346.2 (M+1)"

(1- (4—iodobutoxy)butan—2—yloxy) (tert—butyl) dimethylsilane
and (2— (4—iodobutoxy)butoxy) (tert—butyl) dimethylsilane
o OTBS

GRS « P

2a 6a-A 6a-B

General procedure ¢ #& WH S =E sodium iodide 10a (150 mg,
1.00 mmol), 1,2—epoxybutane 2a (44.0 L, 0.500 mmol) S A&
stk WS A3} &dE TLC (hexane: EtOAc = 20:1) 2 &<l 3}
1 flash column chromatography (hexane: EtOAc =50:1—30:1—
200 E #8 AAste] gy o= p-9A cFAol= wE

2 HF$3F Ga—A, 6a—B (141 mg, 73 %) S <L},

MS (ESD): 387.1 (M+1)"
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ABSTRACT

TBSOTf—mediated three—component coupling of epoxides,
THP, and ylides derived from the phosphniosilylation

products of @ ,fB —unsaturated compounds.

Oh, Su Jin
Department of chemistry
Graduate School of

Sungshin Women's University

[ studied that various nucleophiles react with cycloether solvent
and epoxides in presence of TBSOTf to give three—component
coupling products.

Ylides, derived from the phosphoniosilylation products of cyclo
enones were reacted with epoxides and TBSOTf in THP. As a
result, B —pentyloxy group incorporated epoxide ring opened

a , 8 —unsaturated ketones were obtained in 11~77 % yield .
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We also studied that three coupling reaction with
tetralkylammonium halide instead of ylide in THF. As a result,
three—component products 6a—g participating tetralkylammonium
halide, epoxide and THF were obtained in excellent yields
(44~90 %).

Furthermore, other nucleophiles, such as tetrabutylammonium
acetate, azide and sodium iodide were react smoothly and gave the
corresponding three—component product 9a—f, 10a in 12~54 %
yields.

From these studies, I have shown that efficient three—component
coupling reaction of various nucleophiles, epoxides and cycloether
solvent can be successfully executed by the use of TBSOTf as a

Lewis acid.
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