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sel AselA B & Qe AN, HFE 3c9t 3d9 F5E0] E o @
e golm, o subel A Bol A A E Fe] welH ek

upEba wkek of = Shup o] A Eo] F5EO] T, FASA AAHE WS
e vy, Z34Q jbgEAge] 2 Aol et ®bg HE Wt
A A AEste] Bt} o= 1bE 2 WgS 3%, TBSOTIS} trimethyl-
ene oxide®] F % H|E 153, 3308 WIS Folrgrtt AuE= |7}
1.5:3 o]¥ 3c7t 26%, 3d7F 11%, =47} 3:3 o™ 3c7t 28%, 3d7F 8% =

of= FHo AAGEo] FAHSHA BAHE= Aol BEHA Foka, & =

omg e wdS A EFE o =9] phosphoniosilylation ¥F-$- 0 2 BE

!
i
1o,

A2l = 2bol trimethylene oxide®} F o]~ 2to 2 BF;-OEtE AR5}
o Wkg-o] Aol dS A B i (Scheme 13).
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Scheme 13
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HES- A3} o= 1b9 B-¢ Ao 3-3] =54 4277 =94 ¥ 3-(3-hydroxy
propylcyclohex-2-enone®] 83%<% w2 &= dofHH(Table 1, entry
2). WA v F7e 2Yd oo Ze4Q FeE Ao ¥4 4
S5 =4 dolr At 57F 118 o= 2-cyclopenten-1-one la ¢ 6W 9%
of 238717} &A= 672 18] o= 6-benzyl-2-cyclohexen-1-one 1lc ©l

SAIA Btk AP A= Table 10 Ao k. Foll HeERH AAH
57z} 11g] o= 2-cyclopenten-1-one la = 80%, 6¥1 9 Ao X3k7]7} Ql=
62 117 o= 6-benzyl-2-cyclohexen-1-one lc& 78% 2 &= Adojx
o] ¥4l AE&Ade AL F AAY. o= 6-benzyl-2-cy-clohexen—1-
one & Wy % @gro v g 2-cyclohexen-1-onel ZH-E th&3 o] A

z3te] AFg-8 A tH(Scheme 14).

(o) G)o Li® (@]
Q= 0 —=———""0
1b 1c

Reagents: (a): LDA, THF, (b): (-50C ) benzyl bromide, HMPA, (c): NH4ClI (sat), 43%

Scheme 14



Table 1. Ring-opening of trimethylene oxide at

cyclic enones

the B-position of

Entry Reagent Product Yield (%)
0 (@]
1 a? OH 80
la 4a
O o
2 ij ij\/\/OH 88
1b 4b
0
o
Phﬁ
Ph
3 /\é\/\/OH 78
1c 4c

olAH, iEld =g ol&ste] BHAHA SA" 1

kTl Methyl vinyl ketone W] 112]d of =]
AFEEojZTh wEkA bl

ofoll A 3™ 5
A=A AR e Fastth, 1yBR oW ey ool ofd
< HgS AE&AIA EUH(Scheme 15).
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0o 1. PPh3, TBSOTf 3. , BF3*OEt, 0

OH
R)J\/\/\/

2. n-BuLi (-78C ) 4. NaHCOs(aq) (-78-0C )
6 7
a:R= CH3
b:R= CzH5
c:R=CgHq7
Scheme 15

24 methyl vinyl ketone 6at= 21%, ethyl vinyl ketone 6b& 24% %

WE A ASE A4 EATHTable 2). FA AR B F& B o

r

=
Bode 7HA e Hzol Adx Al o dF A=l eEH F

W
rlo

o
r

2 Aol opd7p Azhol wof &7 7E 21 Wl g g o= nonyl vin

o
)
v

yl ketone 6¢ o talAE HEAAH HAPOoY 6%= 2358 o 4 &2
T2 dojHt. v 128 E o= nonyl vinyl ketone 6¢c¢ 7 ¢+ T %

o2 % nonyl aldehyde®t vinyl magnesium bromide £ 2] Grignard

52
2

2

S %, Swern oxidation ¥F-&& 3t A xg F AFE-EF Y TH(Scheme 16).

0 a OH b o}
R)J\ H R)\/ R)J\/
5a 5b 6¢c

Reagent: (a) vinyl magnesium bromide, THF, (0C ), 80%,
(b) cyanuric chloride, DMSO, triethylamine, THF,(-30C ), 45%

Scheme 16
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Table 2. Ring—-opening of trimethylene oxide at the [B-position of

acyclic enones

Entry Starting material Product Yield(%)
@) 0]
)J\/\/\/OH

1 M~ 7 21
Ga 78
o) 0

2 \)J\/ \)J\/\/\/OH 24
6b b

(@) 0
HO.

3 \)J\(CH2)7CH3 Wk@*"z)ﬁ"'s 6

6c 7c
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~24%° Fe= HEE4Q A8 Bloy, 1
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0 OTBS o\:( 0
1.PPh3, TBSOTf 3. (12a,b) BF3*OEt,
R R
n

R1
n-Buli, (-78C) o 4. NaHCOj3(aq), (-78—07T) ( . OH
PPh3
® R
1 2 or
(0]
R1=H or CH,Ph
R2 = C2H4Ph, (CH2)7CH3 R
n=1-2 e OH
R
13,14
Scheme 17

2-Substituted oxetane I H A o B2 A AlxdloF =], 1,3-
tho] &S AMAAZ 1 PPhs9t DEAD (diethyl azodicarboxylate)E ©] &3}
+ Mitunobu W8S E39] A4 (Scheme 18, 4= A)stAY, &4F X357
SIS mesylate® HIH 5+ &, potassium #butoxide®Z 2+ W 3 X3k
HF-S-(Scheme 18, A 2 B)slo] A x3staAl st

1. PPhy 1. Et3N, MsCiI
OH 2. DEAD!/ toluene 2. KO'Bu/ CH,Cl, OH

R)\/\OH

0
%2 A R %2 B o

Scheme 18
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&} Scheme 189 AZE B3] <A e UL S AL 2 Ay 4
7EA A el dde A, 1, 3-vel=e F&o] 10% WelE Z&F<
FeE AxAZ £ A A, 42 AZ AZd B

Aol o] FoxA Furk AA, B2 BE AEIS wf, A HA A

12 &&= wt MY A o7 mesylation H A ol 23 &= Hs Yo

S & 4 A
o EAHES HH 2-substituted oxetaned T A < A HA=ZE= U}
S 3 2t (Scheme 19).
(@] a OH O b c OTHP
R)LH R)\)J\O/\ < on
5a, 8b 9 10
OH
d e f
R)\/\OMS R):I
11 12

a R= (CH2)7CH3

b R= 02H4Ph
Reagents: (a) LDA, EtOAc, THF, -78°C , for 9a, 48%, 9b, 47% (b) DHP, PPTS(cat), CH,Cls,
(c) DIBAL-H, CH,Cl,, 0°C , for 10a, 77%; for 10b, 70%(d) MsCl, EtzN, CH,Cly, 0C ,
(e) MeOH, TsOH (cat), rt, for 11a, 85%; 11b, 87% (f) KO'Bu, THF, 50°C , for 12a, 80%; 12b, 78%

Scheme 19

Nonyl aldehyde 5a ¢} hydrocinnamaldehyde 8bZ4-FH && HF-S-3Fo] 9a
°F 9bE AT d= A= B3 =FA] ol AH 9a% 9bo FE=FA| 7V
Z THP ether® HE331 $Ysle] 432 10a, 10bS 538tk Aoz

252 10a, 10b= Z+Zt mesylate® W33t & THP7]E A 738l mesylat

@
o

22 1la, 11bE 53 F82 42 F AUk At oz B o ¢

Y

3} Hbg-3sto 24 2-substituted oxetane 12a, 12bE €& F&= FH T
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A o] gt 2-substituted oxetane L] E® WSS A AHE o o g
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Table 3. Ring-opening of 2-substituted oxetanes at the B-position of

cyclic enones

Entry Enone Oxetane Product Yield (%)
o 0
é (C7H14)CH3
1 (CHy)/CHs 75
OH
la 12a 13a
(o]
o
(C7H14)CH3 (CHp)7CHs
2 OH 72
1b 12a 13b
o (0]
on (C7H14)CHs phmw%
3 OH 68
1c 12a 13c
(@]
& ” éQYV
Ph
4 af I 73
la 12b 13d
(o)
i Ph ij\/\(\/"h
| O | T - .
1b 12b 13e
o (o]
Ph
6 o L 66
1c 12b 13f
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'H, ¥C NMR 2~#E#-& Varian-500 (500 MHz, 125 MHz for '"C) 3%
ARRE Aozt NMR &2+ CDCls, benzene-deS Al&3tgom, ¢
hemical shift= E & 22 tetramethylsilane. 2 %5 ppmT 92 7] 53
o1 fo]E = chemical shift, multiplicity (s= singlet, d= doublet, t= tr-ipl
et, g= quartet, br= broad, m= multiplet, dd= doublet of doublet, dt= d-ou
blet of triplet, td= triplet of doublet), coupling constant (Hz), integrati-on
o o= 7|E35

Aeld =9 E 2 Nicolet IMPACT 38002 FE dojxlow &FE r-
eciprocal centimeter (cmfl)i =SS =N

High Performers Liquid Chromatography (HPLC)+ Hewlett Packard S-
eries 110029 =2 AH LS ZORBAX ECLIPS Cis (3 x 50 mm)= AF-&3F%
.

AegEA 7] (MS)E Electrospray ionization (ESI) W2 9] Agilent Techn-
ologies 6130 X &S A-&3sto] m/z2 7] &35 T

Thin layer chromatography (TLC)% MerckAF2] silica gel 60 Foss©] 93
2 frElds Abgedow) TLCA #8¥ 549 s fste] UV la-
mp (254 nm)E A& 37} ethanolic p-anisaldehyde &9 T+ KMnO, &
Nl T F 7hdsto] sk

Column chromatography+ Merck A3 2] Silica gel 60 (230~400 mesh)
= AH&3te] askA T
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&9 Al ek& Aldrich, Sigma, Fluka, TCI, Junsei AFe] EHF A]oF =

].

1

2

AFA ke FYSE, 4o W ve 2R AT FR
ARgSHA T,

Tetrahydrofuran< A8 ZHdo] 2 A sl A sodium metal/benzophenone

=
S

O

=] =
, = S

O 7 RE ZF7/F3dFe] A8 3L, methylene chloride: calcium hydride® -
B ZHF39t. dFso] A8

g
tic acid= A A3sto] &gt ZFxre] A FS 28319

-butyllithium-> THF-& v o] 4] diphenylace-
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General procedure

A A% sl A4 THF (1.5 mL)ol PPhs (87 mg, 0.33 mmol)< = °] L,
TBSOTf (76 w0, 0.33 mmoD)E 3] 7}s]lF=At}t. o] 7]l starting materi-
al (0.30 mmol)S A3 H7tseta 1A7F 308 Sk A oA wulsly
HES- gale —78C = el the, nBuli (267 w0, 1.46 M in hexanes, 0.39
mmol)& 3] 7hste] g A2 fho] HA wEAvk. 1A T A
(0.45 mmol)-& w24 A7} st & BF3-OEty (5740, 0.45 mmol)& 7}3l 5
ATk 1A & NaHCO;3; 23} 789 (1 mL)S H7MsiA Aoz &9 1
AlZE &b wRk & EtOAc® F=3ok3lth. ®vbs Mgy dde TLC= &9l

etk 79t w5 3haL flash column chromatography @ 2] 74 #1ste] A4
ol

3-(3-Hydroxypropyl)cyclopent-2-enone® | %

O O
é Q/\/OH
1a 4a

General procedure ¢+ 22 W © 2 starting material< 2-cyclopenten—1
-one (25 wf, 0.30 mmol)= oxetane< trimethylene oxide (29 g, 0.45 m-
mol)S AF&3t Tk B Ay 442 TLC (hexane:CHCI3EtOAc = 1:1:1
0)%2 &<l3sta flash column chromatography (hexane:CHCI3EtOAc = 1:1:1
0= ¢ AAste]l e d ol=9 B-HA SAT g 49 vkg3 4a (34
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mg, 80 %)& |t}

'"H NMR (500 MHz, CDCly): 8§ 598 (s, 1H), 3.74-3.72 (t, J = 65 Hz, 2H),
2.63-2.61 (m, 2H), 253-2.52 (m, 2H), 2.44-2.43 (m, 2H), 1.90-1.
89 (m, 2H)

¥C NMR (125 MHz, CDCly): 210.6, 1822, 129.7, 62.2, 355, 31.9, 30.1, 26.0

IR (film): 3415, 2939, 2881, 1700, 1668, 1608, 1436, 1405, 1340, 1268, 1240,
1191, 1058, 919, 844, 723 cm '

MS (ESD: 1231 (M+1-18)", 141.1 (M+1)'

3-(3-Hydroxypropyl)cyclohex-2-enone® A|Z

(@) O
1b 4b

General procedure®} #Z2 WH O 2 starting material< 2-cyclohexen-1-
one (29 uf, 0.30 mmol)= oxetane< trimethylene oxide (29 wf, 0.45 mm-
oh)& AF&3stct whg Ha 7 422 TLC (hexane:CHCI3EtOAc = 1:1:4)
2 82135} ar flash column chromatography (hexane:CHCI3:EtOAc = 1:1:4)
2 &g AAste] g d ode=o B-9A SAE wedd wEg 4b (40 m
g, 88 %) LA}

'"H NMR (500 MHz, CDCl): § 5.83 (s, 1H), 3.80-3.74 (m, 2H), 3.63-3.61
(t, / = 6 Hz, 2H), 2.40-2.38 (m, 2H), 2.32-2.28 (m, 2H), 2.26-2.2
4(m, 2H), 1.96-1.93 (m, 2H)

BC NMR (125 MHz, CDCl3): & 210.2, 126.0, 85.1, 67.5, 53.1, 41.0, 36.8, 36.
0, 258, 22.0

IR (film): 3457, 2946, 2877, 1700, 1650, 1606, 1454, 1427, 1375, 1351, 1261,
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1162, 1031, 966, 839, 755, 638
MS (ESD: 137.1 (M+1-18)", 155.1 (M+1)"

6-Benzylcyclohex-2-enoned A%

(@) (@)
1b 1c

A A3 stol4] THF (5 mL)ol diisopropylamine (1 mL, 7.2 mmol)<
7Fek & 0C= W& n-Buli (41 mL, 146 M in hexanes, 6 mmol)& X%
8] ZhalF ek 4523 kARl F kg 2EE 0CR &2 15683 wukA
Ak, wyksk gA4S 78T =2 W] 2-cyclohexen-1-one (483 ul, 5 mmol)
S HAAH3] Hrrgk & 1A ok wHksEFtE 1A ¥ cohn type flaskell

2] THF (0.6 mL), HMPA (1.4 mL), benzyl bromide (3 mL, 25 mmol)<
7Hl Aol &Hs §vhg & o] HHE JlelFa wrg2x=E -78C— -5
0C=E AAsl &d5™ 1A &<k wnkatadth 1A17F & NHLCl 23 8§
4 (4 mL)E 7MiM A2 2 &8 1A% +
Atk
TS a7 A4S TLC (hexane’EtOAc = 10:1)E A3 th 3 55

o

%o} VA

L -

EtOAcZ F=3}

33l flash column chromatography (hexane:EtOAc = 10:1)= #2 A Al st

o] 1c (401 mg, 43 %)E LA}

'"H NMR (500 MHz, CDCly): § 7.32-7.19 (m, 5H), 6.97-6.95 (dt, J» = 9 H
z, J1 = 4 Hz, 1H), 6.06-6.04 (d, / = 10 Hz, 1H), 3.40-3.36 (dd,
J2 = 15 Hz, /1 = 5 Hz, 1H), 2.57-251 (m, 2H), 2.37-2.22 (m, 2
H), 2.0-1.97 (m, 1H), 1.68-1.64 (m, 1H)

BC NMR (125 MHz, CDCly): § 201.1, 150.1, 140.2, 129.8, 129.5, 128.6, 126.
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4, 487, 35.5, 27.3, 25.6
MS(ESI): 187.1 (M+1)"

6-Benzyl-3-(3-hydroxypropyl)cyclohex-2-enone®] A|Z

(0] (0]
Ph Ph
OH
1c 4c

Starting material?®l 6-benzyl-2-cyclohexen-1-one (47 mg, 0.25 mmol)¥},
PPhs (72 mg, 0.275 mmol)< w8 H3 w875 A% stoA IAF
Az A7 %, THF (1.5 mL)E 7Fstdth. TBSOTE (63 w, 0.275 mmol)<
A8 A7be & 2ol A 1AIE 30 FQF wwHkstSlTh vhg = E -787T
2 Wd & p-Buli (223 @, 1.46 M in hexane, 0.325 mmol)E 2 7}sla 1
A7 FoF wukEkgdth 1A 7 & trimethylene oxide (24 wf, 0.375 mmol) ¥}
BF3-OEt: (475 w, 0.375 mmol)= 7}star, 1A &< wHkslith. NaHCO;3
zst #8994 1 mLE H7FEA B2 EE Ad2o® AAs &8w 1A

5

HES- 233 248 TLC (hexane:t-Butyl methyl ether:EtOAc = 1:1:1)&

8ol sty 7t H =3k flash column chromatography (hexane:t-Butyl

methyl ether’EtOAc = 1:1:DE #8] AAste] 4¢c (68 mg, 78 %)E LA}

'"H NMR (500 MHz, CDCls): § 7.30-7.18 (m, 5H), 593 (s, 1H), 3.71-3.68
(t, / = 65 Hz, 2H), 3.40-3.35 (dd, /> = 135 Hz, /1 = 5 Hz, 1
H), 251-2.47 (m, 2H), 2.31-2.28 (m, 2H), 1.98-1.95 (m, 2H), 1.8
0-1.75 (m, 2H), 1.64-1.62 (m, 2H)

BC NMR (125 MHz, CDCly): § 1984, 162.6, 137.8, 126.9, 126.0, 123.8, 123.
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0, 89.8, 454, 33.1, 31.7, 27.5, 26.9, 24.7

IR (film): 3415, 3025, 2937, 2863, 1654, 1602, 1492, 1448, 1419, 1351, 1268,
1214, 1051, 925, 887, 744, 703

MS (ESD): 173 (M+1-18)", 245.1 (M+1)"

3-[3-(tert-Butyldimethylsilanyloxy)propyllcyclohex-2-enone® A%

o} o}
ij d/\/mss
1b 3¢

A2xA% stelA THF (1.5 mL)el PPhs (72 mg, 0.275 mmol)& 7}3}o]
=9l > TBSOTf (63 ul, 0.275 mmol)9} starting material?] 2-cyclohexe-
n-1-one (24 w0, 0.25 mmol)= A7}t & A o|A 1A7F 307+ wHkst]
o 9E 2EE -BCE Wd F

5

mmol)= #7F stk 1A1%F

n-Buli (227 u¢ 1.43 M in hexane, 0.325
],

[e)
oy

T

o

-

o
2
o

WHEAIZ1 2 trimethylene

oxide (24 ul, 0.375 mmol)$} TBSOTT (86 w0, 0.375 mmol)S 27} &4t}

IAIZE &9F kA7l - NaHCO; E£3t+8< (1 mL)E #7bstal Ao

MAB EEFH IARE EQF wWkAIZl v EtOAc & F=3H3H

S A AL TLC (hexane:EtOAc = 10:1)Z #elstt. 4 53

3o flash column chromatography (hexane:EtOAc = 10:1)= 7 A A3}

o] 3¢ (18 mg, 27 %)E AUt

'"H NMR (500 MHz, CDCly): 6 590 (s, 1H), 3.65-3.63 (t, / = 6 Hz, 2H),
2.38-2.36 (t, J = 7 Hz, 2H), 2.32-2.28 (m, 4H), 2.01-1.99 (m, 2
H), 1.74-1.71 (m, 2H), 0.91-0.90 (m, 9H), 0.08-0.05 (m, 6H)

BC NMR (125 MHz, CDCly): & 200.2, 166.6, 125.9, 62.5, 37.6, 34.7, 30.3, 3
0.0, 26.2, 23.0, 18.5, -5.1
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MS(ESD): 269.1 (M+1)"

3-{4-[3-(tert-Butyldimethylsilanyloxy)propoxylbutyl}cyclohex-2-en
one? A=

0} O

ﬁ d/\/\o/\/\OTBS
1b 3d
A A% stollA THF (1.5 mL)ol PPhs (72 mg, 0.275 mmol)< 7}3l4

=2l % TBSOTf (63 w, 0.275 mmol)¢} starting material?! 2-cyclohexen

~1-one (24 wf, 0.25 mmol)= A 7}gk & A 2o 1A7F 30837 wHksEA

o HkS 255 -78CE WY ¥ np-Buli (227 w0 1.43 M in hexanes, 0.32

5 mmoDS A7} sttt 1A3F &b vkS-8 oS wHAl 7l 3 trimethylene

oxide (24 ul, 0.375 mmol)¢} TBSOTf (86 1, 0.375 mmol)S %7} 3Fd ).

IAIZE B9 Azl & NaHCO; 23589 (1 mL)E A7ista Aoz

MAB EEFH IAE EQF wHkAI Rl v EtOAc & F=3k3H

WS & AL TLC (hexane:EtOAc = 5:1)2 A3kt A 55

3to] flash column chromatography (hexane:EtOAc = 5:1)Z &8 A A st

3d (13 mg, 15 %)E AU},

'"H NMR (500 MHz, CDCL): 6§ 589 (s, 1H), 3.71-3.69 (m, 2H), 3.50-3.48
(m, 2H), 3.43-3.42 (br, 2H), 2.37-2.36 (m, 2H), 2.31-2.30 (m, 2
H), 2.25-2.23 (m, 2H), 2.01-1.98 (m, 2H), 1.79-1.77 (m, 2H), 1.6
0-1.58 (m, 4H), 0.91-0.90 (m, 9H), 0.06-0.05 (m, 6H)

“C NMR (125 MHz, CDCl3): § 200.2, 166.5, 126.0, 70.7, 67.8, 60.2, 38.1, 3
7.6, 33.2, 30.0, 29.6, 26.2, 24.0, 22.9, 18.6, -5.1

MS(ESD): 341.2 (M+1)"
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Undec-1-en-3-0l9 A=

o OH
A N
H™ ~(CH2)7CHgz (CH2)7CH3
5a 5b

A %%+ st 4] THF (20 mL)°l nonly aldehyde (5.2 mL, 30 mmol)<
A7F gy HFe 255 0C=2 WY 3 vinyl magnesium bromide (36 m
L 1.0 M in THF, 36 mmol)< %3] #7}staL, 4033t wykskSlth. NaH-
COz £3t & G mL)E H7He §F Ad2o= AAM3 851 3081
Hkstal, EtOAcE FZ35F9

S APy AL TLC (hexane:EtOAc = 10:D)E 32l st 2 =

=3}l flash column chromatography (hexane:EtOAc = 10:1)= 2 A

3le] 5b (4087 mg, 80 %)= AU}

'"H NMR (500 MHz, CDCL): § 5.84-5.77 (m, 1H), 5.17-5.13 (dd, J» = 17
Hz, /i = 3 Hz, 1H), 5.05-5.02 (dd, /> = 105 Hz, /i = 2 Hz, 1
H), 4.06-4.03 (br, 1H), 1.46-1.44 (m, 2H), 1.24-1.18 (m, 12H),
0.83-0.80 (t, / = 7 Hz, 3H)

PC NMR (125 MHz, CDCly): 6§ 141.6, 114.8, 73.6, 37.3, 32.1, 29.8, 29.5, 25.

6, 22.9, 144



Undec-1-en-3-one”9 A=

OH o

\)\(CH2)7CH3 \/\/\/\)J\/

5b 6¢c

A %% skl THF (15 mL)ol CNC (cyanuric chloride, 3800 mg, 21
mmo)<S % F, ¥g 2EE -30CE 353Uk 2 F DMSO (7.1 mL,
100 mmol)& 3] A7 sttt (W&ol wg- T4 A dojyr= x4
3] 7Fste] £t}) 30%3F HES &S wWHAIZl % undec-1-en-3-ol (2894
mg, 17 mmol)& 7}3FaL, ©]o] A triethylamine (11.4 mL, 82 mmol)< 7}3l
FAG. B &S 307 A7l & Ao w MM o] 156%KF 1l
HEAZ T, 98-8 92 EtOAcE FE3H T
S gy ALS TLC (hexane:EtOAc = 50:1)Z A3ttt 7
% flash column chromatography (hexane:EtOAc = 50:1)2 8 A 3}o]
6¢c (1287 mg, 45 %)= AU}

"H NMR (500 MHz, CDCl3): § 6.39-6.34 (dd, J» = 17.5 Hz, J1 = 11 Hz, 1
H), 6.25-6.21 (dd, J» = 175 Hz, /1 = 1 Hz, 1H), 5.84-5.81 (dd,
J2 =105 Hz, /i = 1 Hz, 1H), 2.60-257 (t, J = 7.5 Hz, 2H), 1.6
4-161 (m, 2H), 1.30-1.27 (m, 10H), 0.90-0.87 (t, / = 7 Hz, 3H)

“C NMR (125 MHz, CDCly): § 2015, 136.9, 128.1, 40.0, 32.1, 29.6, 29.5, 2
94, 24.3, 22.9, 14.4

2

5=
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7-Hydroxyhept-3-en-2-one?] A|Z

O
M~ >~ AL ~oH

6a 7a

=

A

A4 A& oA THF (2 mL)ol PPhs (72 mg, 0.275 mmol)E 0] L,
TBSOTT (63 wul, 0.275 mmoD)E 3] A7} A}t o 7] starting mat-

@)

mmol) & 7t & F 1A% 304
Eot A2oA ks Aty, wwkel gels -78C® W™ §F n-Buli (244
1.33M in hexane, 0.325 mmol)& 3] A7Fstar 1A &<k wHksE T},
1A 7F 39 trimethylene oxide (24 ¢, 0.375 mmol)¥} BF3-OEt, (48 ul, 0.3
75 mmol)& ZFalF L 1AZF <k wwkstdth NaHCO; 23 8 (1.5 m
L& 7tellFa -78CeA Aoz AMA3 851 1A y $ EtOAc
2 FZodh

S MNP AL TLC (hexane:CHCI3EtOAc = 1:1:2)2 &213F % T},

erial2 methyl vinyl ketone (20 g, 0.2

Ui

¢} H=3}1 flash column chromatography (hexane:CHCI3:EtOAc = 1:1:2)

2 g AA3e] 7a (6.8 mg, 21 %)= AU

'"H NMR (500 MHz, CeDe): & 6.42-6.36 (dt, J» = 15 Hz, J1 = 7 Hz, 1H),
5.91-5.88 (d, J = 15 Hz, 1H), 3.24-322 (t, J = 6 Hz, 2H), 1.88-
1.85 (m, 2H), 1.84 (s, 3H), 1.33-1.27 (m, 2H)

C NMR (125 MHz, C¢De): & 196.6, 146.7, 132.3, 61.4, 31.1, 28.7, 265

MS (ESD: 111.1 (M+1-18)", 129.1 (M+1)"

_33_



8-Hydroxyoct-4-en-3-one?] A|Z

(6] (e}
\)J\/ > \)J\/\/\/OH
6b 7b

=

A% stollA THF (2 mL)°l PPhs (72 mg, 0.275 mmol)= =% %

TBSOTf (63 ul, 0.275 mmoDE M3 A7} 3%t} starting material =

ethyl vinyl ketone (25 g, 0.25 mmol)E 7}l & 1A17F 308 &<F A

oA IREIATH HEE =5 78T = e & p-Buli (244 w0 1.33 M in

hexane, 0.325 mmoD)E 3] A7}g & 1A &<k wksiaith, 1A &
trimethylene oxide (24 @, 0.375 mmol)¥} BF3-OEt: (48 xf, 0.375 mmol) &
7bell Fa 1A FoF ke vk NaHCO; ¥315+89 (1.5 mL)E 7F3) =+

L -78TolAM H2eor MAM3E sHFH 1A Fot wib ¥ EtOAc® F

HES- 233 &+ Z2-8 TLC (hexane:t-Butyl methyl ether:EtOAc = 1:1:1)&

7t 5535F9] flash column chromatography (hexane:t-Butyl

methyl ether:EtOAc = 1:1:1)= &2 AA3ste] 7b (85 mg, 24 %)=

t}.

'"H NMR (500 MHz, CsDe): 6§ 6.58-652 (dt, J» = 16 Hz, J1 = 7 Hz, 1H),
591-5.88 (d, J = 15 Hz, 1H), 3.25-3.20 (m, 2H), 2.12-2.08 (q, J
= 7.5 Hz, 2H), 1.90-1.85 (q, J = 7 Hz, 2H), 1.32-1.27 (m, 2H)

BC NMR (125 MHz, CeDg): § 199.3, 160.6, 145.6, 61.5, 33.2, 31.6, 31.1, 28.

7

MS (ESD: 1251 (M+1-18)", 143.1 (M+1)"

1:}~}\
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1-Hydroxytetradec-4-en-6-one?] A%

o 0]

\/\/\/\)J\/ SN NN NP

6c Tc

A4 %3 el 4] THF (1.5 mL)el PPhs (72 mg, 0.275 mmol) & =< t}.
TBSOTS (63 ul, 0.275 mmol)¥} 2-cyclohexen-1-one (24 uf, 0.25 mmol)<
A3 H7Fsk & Ao A A7 30% FoF wHbeth -78T=E Wb &

n-Buli (227 @0 1.43 M in hexanes, 0.325 mmol)E & 7}3}

oy
il
=
i)
MN
i

3 1AZE EoF wHkEk Y. trimethylene oxide (24 pf, 0.375 mmol)¥ BFs:
@, 0.375 mmol)E H7Fsk & 1A T wHkedth. NaHCOs

3
¥z w8 1 mDE 71 § AL2o=m WE2EE AA3 ZH5FH 14

kg 2y 2248 TLC (hexaneit-butyl methyl ether:'EtOAc = 5:2:12)&

gstAt. 7 &w53le] flash column chromatography (hexane:t-butyl

methyl ether'EtOAc = 5:2:2)= 2] FAstd 7c (34 mg, 6 %)& AU

'"H NMR (500 MHz, CDCly): 6§ 6.88-6.82 (dt, J» = 155 Hz, J; = 7 Hz, 1
H), 6.16-6.12 (dt, J. = 155 Hz, /1 = 1.5 Hz, 1H), 3.71-3.68 (t, J
= 6.5 Hz, 2H), 255-252 (t, J = 75 Hz, 2H), 2.36-2.31 (q, J =
6.5 Hz, 2H), 1.78-1.75 (m, 2H), 1.62-1.58 (m, 4H), 1.32-1.27 (m,
8H), 0.90-0.87 (t, J = 6.5 Hz, 3H)

BC NMR (125 MHz, CDCl): & 201.2, 146.5, 130.9, 62.3, 40.5, 32.1, 31.2, 3
0.0, 29.6, 294, 24.5, 23.8, 23.0, 144

MS (ESD: 209.1 (M+1-18)", 227.1 (M+1)’
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3-Hydroxyundecanoic acid ethyl ester® A Z

o O OH

H)J\<CH2>7CH3 > /\O)I\/l\(cHz)ﬁHs

5a 9a

A4 A3k 3ol A THF (6 mL)ol diisopropylamine (1.2 mL, 8.64 mmol)
S 7Fsha, g 8715 0C=2 Wl $ p-Buli (5 mL, 1.45 M, in hexanes,
7.2 mmoDE H A3 H7tsta 4587 wnkstith Ao ® & 1587 A
HEAl 7l & ube 875 -78CE el ¥ ethyl acetate (0.6 mL, 6 mmol)

S A7bstar 1A EoF WSt nonyl aldehyde (1.4 ml, 7.8 mmol)<S

o[o

2 7beta 1A1ZF FoF wmukdk ¥ 3 NH,Cl 89 (3 mL)E 7}8ka

2 A3 & 1Az Bt ksl

WS 283 942 TLC (hexane:EtOAc = 12:1)2 3t} 7@ 5=

3}t flash column chromatography (hexane:EtOAc = 12:1)2 &3 A A3}

o] 9a (651 mg, 48 %)3 A AT}

'"H NMR (500 MHz, CDCl3): § 4.21-4.16 (q, J = 7.5 Hz, 2H), 4.02-3.98 (b
r, 1H), 2.94-2.93 (m, 1H), 2.53-2.50 (dd, J» = 165 Hz, /1 = 3 H
z, 1H), 2.43-2.38 (dd, J» = 165 Hz, /i = 9 Hz, 1H), 1.30-1.26 (b
r, 12H), 0.90-0.88 (t, J = 7 Hz, 3H)

“C NMR (125 MHz, CDCly): 6 173.4, 68.3, 60.9, 41.5, 36.7, 32.1, 29.8, 29.7,
295, 257, 22.9, 14.4, 14.3
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3-Hydroxy-5-phenylpentanoic acid ethyl ester® A%

©/\AKH . ©/\)\/U\O/\

8a 9b

A~ A3t &olA THF (6 mL)el diisopropylamine (1.2 mlL, 8.64 mmol)
S st e 255 0C2 Wd ¥ p-Buli (6 mL, 149 M, in hexanes,

7.2 mmol)S A3 AH7}stal 4587 ankslgth ¥ 25 Ao w 2

L, 6 mmol)<S #7}sta 1A13F s<F wHksEdth. hydrocinnamaldehyde (104
=
[e)

6 mg, 7.8 mmol)S A 7}sta 14

N
-~

mL)& A7lsta vrs L2 Ao xA3d] WA 1A B o
3o}
Hke APyt 248 TLC (hexane:EtOAc = 3:1)E Zeldach 7t

=
ol

}

=

=

off

5}o] flash column chromatography (hexane:EtOAc = 3:1)= #37 A A sl

9b (6233 mg, 47 %)E AT}

'"H NMR (500 MHz, CDCls): § 7.31-7.20 (m, 5H), 4.20-4.16 (q, J = 7 Hz,
2H), 4.04-4.01 (m, 1H), 2.85-2.81 (m, 1H), 2.75-2.70 (m, 1H), 2.5
4-243 (m, 2H), 1.88-1.83 (m, 1H), 1.77-1.74 (m, 1H), 1.30-1.27
(t, / = 7 Hz, 3H)

BC NMR (125 MHz, CDCls): & 172.6, 130.8, 129.6, 128.6, 127.8, 72.1, 61.2,
41.4, 32.0, 16.9, 14.5
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3-(Tetrahydropyran-2-yloxy)undecanoic acid ethyl ester® |

0 OH 0  OTHP
AOM(CH2)7CH3 T o (CHy),CHs

9a

A4 %3t slo| Al methylene chloride (7 mL)el starting material?]l 3-hy-
droxyundecanoic acid ethyl ester (572 mg, 2.5 mmol)S = t. DHP (453
©l, 5 mmol)E A 73k t}he, PPTS (63 mg, 0.25 mmol)S 59 & 224
A 1A ZF kst
WS A AL TLC (hexane:EtOAc = 10:1)2 st 4 53
3to] flash column chromatography (hexane:EtOAc = 10:1)= #2 A Al s}
o] AAE(BI7T mg, 76 %) LA
'"H NMR (500 MHz, CDCLy): § 4.74-4.72 (m, 1H), 3.95-3.91 (m, 2H), 3.85-
3.82 (m, 1H), 3.74-3.72 (m, 1H), 3.53-3.51 (m, 1H), 2.64-2.61
(m, 2H), 1.61-1.53 (m, 8H), 1.41-1.25 (br, 16H), 0.90-0.88 (t, J
= 7 Hz, 3H)

BC NMR (125 MHz, CDCly): § 172.1, 98.7, 74.6, 63.0, 60.6, 41.4, 40.0, 35.9,
34.5, 32.1, 31.3, 29.9, 29.5, 25.7, 22.9, 21.3, 20.1, 144
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5-Phenyl-3-(tetrahydropyran-2-yloxy)pentanoic acid ethyl ester<]

OH 0O OTHPO

A4 A3} &}oll A methylene chloride (7 mL)9l 3-hydroxy-5-phenylpen-
tanoic acid ethyl ester (754 mg, 3.4 mmol)= =t DHP (0.6 mL, 6.8 m
mol)S A7} 3 1S PPTS (90 mg, 0.34 mmol)S =<1 & A 2o]A 1A 7t

g A3 AL TLC (hexane:EtOAc = 3:1)Z Felstddt. 24 5%

3}o] flash column chromatography (hexane:EtOAc = 3:1)2 &7 A A sl

A E (813 mg, 78 %)= AU}

'"H NMR (500 MHz, CDCly): § 7.30-7.18 (m, 5H), 4.74-4.73 (m, 1H), 4.68-
467 (m, 1H), 4.16-4.12 (m, 2H), 3.96-3,93 (m, 1H), 3.88-3.86
(m, 1H), 2.81-2.73 (m, 4H), 2.60-2.56 (m, 2H), 2.53-2.49 (m, 2
H), 1.90-1.84 (m, 2H), 1.73-1.70 (m, 2H), 1.28-1.25 (t, J = 7 Hz,
3H)

BC NMR (125 MHz, CDCly): & 1715, 129.7, 129.6, 1285, 128.3, 99.5, 62.5,
60.9, 41.5, 37.6, 30.5, 25.7, 20.1, 19.0, 16.6, 14.5
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3-(Tetrahydropyran-2-yloxy)undecan-1-ol2] #| %

(0] OTHP OTHP

o (CHp)7CH3 > HO (CH,)7CH3

10a

A~ A3+ &lo A methylene chloride (7 mL)9l 3-(tetrahydropyran-2-yl
oxy)—undecanoic acid ethyl ester (289 mg, 0.92 mmol)S =t ws =
=5 0C= Wd % DIBAL-H (3.0 mL, 1 M in hexane, 3.04 mmol)E& %
Zbstal 1AIZE &<k WAt SRS (2 mL)E A7bsta, Aoz AA
3l P, 1212 &<k wRkek § EtOAcE FE3+%

g A kA2 TLC (hexaneEtOAc = 312 A5t 2t 55
3to] flash column chromatography (hexane:EtOAc = 3:1)E &8 A A st
10a (198 mg, 77 %)= At}

'"H NMR (500 MHz, CDCly): § 4.73 (br, 1H), 452-4.51 (m, 1H), 4.01-3.98
(m, 2H), 3.89-3.83 (m, 2H), 3.68-3.64 (m, 2H), 3.53-3.48 (m, 2
H), 1.84-1.77 (m, 4H), 1.38-1.28 (br, 14H), 0.91-0.88 (t, J = 6.5
Hz, 3H)

BC NMR (125 MHz, CDCly): § 100.5, 75.6, 65.4, 60.4, 37.3, 35.6, 32.1, 31.7,
30.0, 29.8, 29.5, 25.8, 25.6, 25.4, 22.9, 14.3
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5-Phenyl-3-(tetrahydropyran-2-yloxy)pentan-1-o0l1¢] A%
OTHPO OTHP

©/\/K/Lo/\ ©/\)\A

10b

A4 A3 3}o A4 methylene chloride (10 mL)el 5-phenyl-3-(tetrahydro
pyran-2-yloxy)pentanoic acid ethyl ester (639 mg, 2.09 mmol)< =%t}
HES 255 0C=Z W9 % DIBAL-H (69 mL, 1 M in hexanes, 6.9 mmo
D& A7bstar 1413 ¢t wwRket it S/ (3 mL)E A7bstal do=
AAe 8™ 1A7E Bt wRE F EtOAc®E FE3H3
g A k22 TLC (hexaneEtOAc = 2:1)E A5t 24 &
Al 7 flash column chromatography (hexane:EtOAc = 2:1)2 &8 A A sl
10b (387 mg, 70 %)= A3t}

"H NMR (500 MHz, CDCly): & 7.29-7.19 (m, 5H), 4.74-4.73 (m, 1H), 4.52-
451 (m, 1H), 3.98-391 (m, 6H), 3.74-3.72 (m, 2H), 3.49-3.44
(m, 2H), 2.70-2.67 (m. 4H), 2.09-2.03 (m, 2H)

“C NMR (125 MHz, CDCly): § 130.4, 129.7, 128.3, 127.7, 97.3, 64.0, 63.1, 6
0.4, 60.2, 37.8, 37.3, 31.1, 255

Hy



Methanesulfonic acid 3-(tetrahydropyran-2-yloxy)undecyl ester<]
A Z

OTHP OTHP

HO (CH2)7CH3 o MsO (CH2)7CH3

10a

A2 %% 3}o A methylene chloride (5 mL)el starting material?l 3-
(tetrahydropyran-2-yloxy)undecan-1-ol (399 mg, 1.5 mmol)< =%t} b
S 255 0C=ZE WY % triethylamine (481 g, 3.45 mmol)S A 7}sk %
methanesulfoniy chloride (174 pf, 2.25 mmol)S Z7} slo] 1A% ¢
el S (15 mL)E A7k § ARo® g s AMA3S &7
3087t wWHslal, EtOAc®E FE319)

=] T4

IFS 28 A4S TLC (hexane:EtOAc = 41)2 3elstdh. 744

1_4

3to] flash column chromatography (hexane:EtOAc = 4:1)Z #8 A A st

A E (498 mg, 95 %)S AUt

'"H NMR (500 MHz, CDCly): § 4.64-4.63 (m, 1H), 4.38-4.36 (m, 1H), 3.92
(br, 1H), 3.04 (s, 3H), 1.99-1.96 (m, 1H), 1.78-1.74 (m, 1H), 1.5
0-1.47 (m, 3H), 1.31-1.28 (br, 12H), 0.91-0.89 (t, / = 7 Hz, 3
H)

C NMR (125 MHz, CDCls): & 988, 734, 68.1, 67.7, 64.1, 38.0, 37.5, 36.7,
34.8, 32.1, 30.0, 29.5, 25.8, 25.2, 22.9, 209, 144
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Methanesulfonic acid 5-phenyl-3-(tetrahydropyran—-2-yloxy)pentyl e
ster®] A%

OTHP OTHP

©/\/KAOH ©/\/KAOMS

10b

A~ A3t 3o A methylene chloride (5 mL)o| starting material?l 5-p
henyl-3-(tetrahydropyran-2-yloxy)-pentan-1-ol (358 mg, 1.4 mmol)= =
ATk ¥ 25 E 0CE WA F triethylamine (449 0, 3.22 mmol)& %7}

3} a1, methansulfonyl chloride (164 w0, 2.1 mmol)S A 7}sta, 1A &

r2

H

-

Atk S (15 mL)E A7beta Aoz MM =dFu 1430

offt  El
=)
ol
ol
bas

WHE 3 EtOAc®E FE3+3

7 A2 TLC (hexane'EtOAc = 2:1)=2 ZAstAt T &

=
2

o
o

A

3}o] flash column chromatography (hexane:EtOAc = 2:1)2 &7 A A sl

AAE (431 mg, 90 %)S At}

'"H NMR (500 MHz, CDCly): & 7.30-7.20 (m, 5H), 4.66-4.65 (m, 1H), 4.46-
4.43 (m, 2H), 3.89-3.85 (m, 2H), 3.54-3.53 (m, 1H), 3.01 (s, 3H),
2.715-2.73 (m, 2H), 2.13-2.08 (m, 4H), 1.98-1.89 (m, 2H), 1.83-1.7
9 (m, 2H), 1.63-1.59 (m, 2H)

BC NMR (125 MHz, CDCL): § 128.8, 128.6, 126.3, 126.1, 99.2, 73.3, 67.5, 6
74, 64.2, 39.5, 37.5, 37.3, 33.8, 31.8, 25.6
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Methanesulfonic acid 3-hydroxyundecyl ester® A| %

OTHP OH

MsO/\)\(CH2)7CH3 - Mso/\)\(CHg)yCHg

11a

methanol (5 mL)°l starting material®! Methanesulfonic acid 3-(tetrahy

dropyran—-2-yloxy)undecyl ester (944 mg, 2.8 mmol)& =t ¥kS &7
of ZmjZ TsOH (5 mg, 0.028 mmol)< =<9 3, 1A17F WwkA| A NaHC

O3 (Solid)E wHg & 7}abe] 308 WHAIZI ¥ filtering 3} <1 T}
WS A gy A4S TLC (hexaneEtOAc = 3:2)2 3esgrh. 7t =

o
2

A7l % flash column chromatography (hexane:EtOAc = 3:2 =2 A A

3t 11a (633 mg, 85 %)E AUt}

'"H NMR (500 MHz, CDCls): & 4.49-4.46 (m, 1H), 4.38-4.36 (m, 1H), 3.92
(br, 1H), 3.04 (s, 3H), 1.99-1.96 (m, 1H), 1.78-1.74 (m, 1H), 1.5
0-1.47 (m, 3H), 1.31-1.28 (br, 12H), 0.91-0.89 (t, J = 7 Hz, 3
H)

BC NMR (125 MHz, CDCls): § 68.1, 67.7, 37.9, 37.5, 35.7, 32.1, 29.8, 29.7,
29.5, 25.8, 229, 144

-
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Methanesulfonic acid 3-hydroxy-5-phenylpentyl ester®] A&

OTHP OH

O/\)\/\OMS . O/\)\/\OMS

11b

methanol (5 mL)°l starting material?] Methanesulfonic acid 5-phenyl-3

—(tetrahydropyran-2-yloxy)pentyl ester (899 mg, 2.63 mmmol)S =} t}.

g8 &-7]of Zujel TsOH (5 mg, 0.026 mmol)< =<1 %, 1A]ZF nREAIF

}. NaHCO; (Solid)E Hb-g & 7Fske] 304 uREAIZl * filtering 3}

.

g W kA2 TLC (hexane:EtOAc = 1:1)E A5t A4 55

3}o] flash column chromatography (hexane:EtOAc = 1:1)2 &8 A A sl

11b (591 mg, 87 %)& LA},

'"H NMR (500 MHz, CDCl3): § 7.32-7.20 (m, 5H), 4.51-4.46 (m, 1H), 4.38-
4.34 (m. 1H), 3.02 (s, 3H), 3.85-3.82 (br, 1H), 2.82-2.81 (m, 1H),
2.74-2.72 (m, 1H), 2.02-1.98 (m, 1H), 1.85-1.77 (m, 4H)

“C NMR (125 MHz, CDCly): & 1288, 1286, 126.3, 126.1, 67.5, 39.5, 37.5, 3
6.8, 32.2, 21.2
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2-Octyl oxetane9 A%

/\j’i (C7H14)CH3
> (0]
MsO (CH3)7CH3

11a 12a

A %3 stoll A THF (25 mL)ol Methanesulfonic acid 3-hydroxyund-
ecyl ester (121 mg, 0.46 mmol)< =tk ¥Hg 258 50C= & % p-
otassium #butoxide (207 mg, 1.85 mmol)S *Fo|i 1A 7F F<F wykatel

=

o FH5 (5 mL)E

'"H NMR (500 MHz, CDCl3): & 4.84-4.78 (m, 1H), 4.69-4.64 (m, 1H), 4.52-
448 (m, 1H), 2.68-2.62 (m, 1H), 2.38-2.31 (m, 1H), 1.83-1.75
(m, 1H), 1.67-1.61 (m, 1H), 1.40-1.21 (br, 10H), 0.90-0.87 (t, J
= 7 Hz, 3H)

“C NMR (125 MHz, CDCly): & 83.1, 68.3, 38.3, 32.1, 29.8, 29.7, 29.5, 27.9,
24.3, 22.9, 144
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2-Phenethyl oxetaned A%

OH
Ph
11b 12b

=]

A # 3%k slollA] THF (25 mL)ell Methanesulfonic acid 3-hydroxy-5-p
henylpentyl ester (131 mg, 0.51 mmol)= =9t} HHS 255 50C=2 29
% potassium #butoxide (300 mg, 2.55 mmol)S *o]al 1A 7+ FHot
At SF4 6 mL)E A7 v 255 Aoz yd F 308 T
o kel 3 EtOAc® FE3M T

e a7 kA4S TLC (hexane’EtOAc = 1:DE g3t #4 &

3}o] vacuum distilation 3Fe] 12b (64 mg, 78 %)S At}

'"H NMR (500 MHz, CDCly): & 7.31-7.20 (m, 5H), 4.87-4.84 (m, 1H), 4.70-
469 (m, 1H), 455-453 (m, 1H), 2.74-259 (m, 3H), 2.39-2.31
(m, 1H), 2.2-2.13 (m. 1H), 2.03-1.93 (m, 1H)

“C NMR (125 MHz, CDCly): & 141.9, 128.6, 127.6, 126.1, 82.2, 68.4, 39.8, 3

0.7, 27.7
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3-(3-Hydroxyundecyl)cyclopent-2-enone] #| %

o o

é (CH2)7CH3

OH

1a 13a

=

A4 A3 stellA] THF (3.5 mL)ol PPhs (140 mg, 0.55 mmol)& =]l
TBSOTf (126 w0, 0.55 mmol)= A7} &tk o 7)o starting material¢! 2
—-cyclopenten-1-one (42 wf, 0.5 mmol)= A 7}slar, A4 1A7F 30+
T ankskdeh wkE 255 78T E WY $ p-Buli (489 w0 1.33 M in
hexanes, 0.656 mmol)< 3] A7} sto] gk Aol & AS wbE & 14
7F EoF wwkskdYt. 1A & 2-octyy oxetane (278 uf, 1.5 mmol)¥} BFs-
OEt; (190 wf, 1.5 mmol)S A7Fst &, 1AZF &<t wwk g3tk NaHCO;

x3t 89 (1.5 mL)E A7Ie & ®vbg 255 Ad20=2 MA3s &85

=3}9] flash column chromatography (hexane:EtOAc = 2:3)0. 2 2] A A

3] 13a (94 mg, 75 %)& LUt}

'H NMR (500 MHz, CDCL): & 598 (s, 1H), 3.68-3.64 (br, 1H), 2.62-2.61
(m, 2H), 2.52-2.48 (m, 2H), 2.44-2.42 (m, 2H), 1.80-1.74 (m, 1
H), 1.71-1.64 (m, 1H), 1.31-1.26 (br, 14H), 0.91-0.88 (t, J = 65
Hz, 3H)

“C NMR (125 MHz, CDCly): & 210.4, 183.1, 129.6, 71.6, 38.0, 35.6, 34.8, 3
3.3, 32.1, 31.2, 30.0, 29.8, 295, 25.9, 22.9, 14.4

IR (KBr): 3401, 2927, 2858, 1700, 1670, 1612, 1463, 1434, 1405, 1340, 1276,
1191, 1083, 1027, 939, 894, 846, 721, 617, 539, 493
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MS (ESI): 235.2 (M+1-18)", 253.2 (M+1)"

3-(3-Hydroxyundecyl)cyclohex-2-enone9 A%

(@]
i (CH3)7CH3

OH

Y

1b 13b

AA A3E stoA THF (3.5 mL)ol PPhs (140 mg, 0.55 mmol)&
%, TBSOTTf (126 w, 0.55 mmol)= Z7}3sFA . o 7] starting material?]
2-cyclohexen-1-one (48 0, 0.5 mmol)S # 7}t A 2o 1A7F 3087

A
o

WHFEA Y. HFE 225 -78C 2 WdH+ F n-Buli (436 x¢ 1.49 M in he
xanes, 0.66 mmol)S A3 A7} sto] gk Ao KMol = A = F
1A & wwksttl. o 7] 2-octyl oxetane (278 wf, 1.5 mmol)Z BFs:
OEt; (190 w0, 1.5 mmol)< A7tg &, W&E2%=E -78TColA -40T=E A A
3 &7 1A S et NaHCO; 23t =894 (1.5 mL)E 27}

g5, ws 2EE ARom MM ST 1A F¢F aRbeta, EtOAc

g P kAL TLC (hexane:EtOAc = 3:2)2 A5ttt 24 55
3to] flash column chromatography (hexane:EtOAc = 3:2)2 #8 A A s}
13b (959 mg, 72 %)= AT}

'"H NMR (500 MHz, CDCl3): & 590 (s, 1H), 3.62-3.59 (br, 1H), 2.38-2.36
(t, J = 65 Hz, 2H), 2.33-2.30 (t, J = 6 Hz, 2H), 2.01-1.98 (m
2H), 1.69-158 (m, 2H), 1.47-1.45 (m, 2H), 1.34-1.24 (br, 14H),
0.90-0.87 (t, J = 7 Hz, 3H)

YC NMR (125 MHz, CDCly): & 200.2, 166.7, 125.8, 71.6, 37.9, 37.6, 34.6, 3
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4.5, 32.1, 31.2, 30.1, 29.9, 29.8, 29.5, 25.9, 22.9, 144
3438, 2927, 2856, 1654, 1623, 1457, 1421, 1375, 1344, 1322, 1257,

IR (KBr):
1191, 1081, 964, 902, 885, 757, 719
Y2672 (M+1)"

MS (ESD: 249.2 (M+1-18)

6-Benzyl-3-(3-hydroxyundecyl)cyclohex—-2-enone? A
o)

O
Ph
(CH2)7CH3

Ph/\é
OH
13c

Foll 4 THF (3.5 mL)°] PPhs (140 mg, 0.55 mmol)$} startin
S S

Yy

R
A 7}ah o
n-Buli (489 ¢ 1.33 M in hexa

3k 3slol
6-benzyl-2-cyclohexen-1-one (93 mg, 0.5 mmol)<
A2 A 1AIZE 30+ 7F
D PO A s

g materialQl
o 719 TBSOTf (126 uf, 0.55 mmol)<=
-78TC= yd =

=55
Ag 24 golg wE

W RESF AT JEE
nes, 0.65 mmol)& 3] 2 7}sked
st 1A o] 2-octyl oxetane (278 wl, 1.5 mmol)¥} BF3-OEt, (1
78CA -60T= A4 3]

1

90 wl, 1.5 mmol)& A 7}s Fof HbEE =5 78"
A1 1A 7F Qb kst NaHCO; 23 =89 (1.5 mL)E A 7tsta,
g 2RE A2ow MA3 85 1AZF ¢ wRkAlZl § EtOAc®
F=3k At
g 28 kAL TLC (hexane'EtOAc = 312 &AstA Tt 7 55
3}o] flash column chromatography (hexane:EtOAc = 3:1)2 &7 A A sl
13c (118 mg, 67 %)E LA}
'"H NMR (500 MHz, CDCls): § 7.24-7.11 (m, 5H), 5.85 (s, 1H), 3.56-3.54
= 14 Hz, /1 = 5 Hz, 1H), 2.42-2.40

(br, 1H), 3.33-3.27 (dd, /-
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(m, 2H), 2.32-2.29 (m, 2H), 2.21-2.20 (m, 2H), 1.91-1.83 (m, 2
H), 1.60-153 (m, 2H), 1.26-1.19 (br, 14H), 0.83-0.80 (t, / = 7 H
z, 3H)

“C NMR (125 MHz, CDCly): 6 200.9, 165.7, 140.4, 129.5, 128.6, 126.3, 125.
5, 71.6, 47.9, 379, 356, 34.7, 34.2, 34.1, 32.1, 29.9, 29.8, 29.5, 27.
3, 25.9, 22.9, 14.4

IR (film): 3425, 3023, 2923, 1654, 1627, 1454, 1419, 1357, 1328, 1297, 1270,
1211, 1180, 1087, 1027, 892, 732, 698, 528, 505

MS (ESD: 339.2 (M+1-18)", 357.2 (M+1)"

3-(3-Hydroxy-5-phenylpentyl)cyclopent-2-enone? A%
&

1a 13d

Y

Ph

OH

=

A4 A% st A] THF (35 mL)ol PPhz (140 mg, 0.55 mmol)< 5¢I
%, TBSOTf (126 w0, 0.55 mmol)& A7} st th. o 7] starting material
¢l 2-cyclopenten-1-one (42 wl, 0.5 mmol)S 2% 7}atar, A Lo 4 147k 30
=3k agetdoh v 255 -78CE WY $ p-Buli (489 w0 1.33 M in
hexanes, 0.65 mmol)& A3 A7} 3ste] g ZAAe] &AS WhE F 1A
b o wukslith. 1A17F %o 2-phenethyl oxetane (212 gf, 1.5 mmol)
7}, BF3-OEt; (190 w0, 1.5 mmoDs A 7}s & 1A &<k uwnksld vl Na
HCO;3 23t &9 (15 mL)E #7tsta, vt TE -78TCoA A A3 A
o8 WA 1A &t uwketal, EtOAc®E FE3Hi .

HEe 237 2248 TLC (hexane:CHCIl3EtOAc = 1:1:2)2 geld iyt 7+

o\o
rlo



<t 3}o] flash column chromatography (hexane:CHCI3:EtOAc = 1:1:2)

=Z3

2 ®7 AAste 13d (89 mg, 73 %)E AT

'"H NMR (500 MHz, CDCly): § 7.25-7.13 (m, 5H), 5.88 (s, 1H), 3.62-3.60
(br, 1H), 2.74-2.72 (m, 2H), 2.65-2.63 (m, 2H), 2.53-2.51 (m, 2
H), 2.43-2.39 (m, 2H), 2.35-2.33 (m, 2H), 1.78-1.72 (m, 2H)

“C NMR (125 MHz, CDCly): & 210.3, 182.9, 141.9, 132.3, 129.7, 128.8, 126.
3, 70.9, 39.4, 35.4, 34.9, 32.3, 31.9, 31.2, 29.9

IR (KBr): 3371, 3025, 2941, 2906, 1704, 1664, 1614, 1494, 1432, 1328, 1295,
1255, 1195, 1093, 912, 846, 773, 713, 636

MS (ESD: 227.1 (M+1-18)", 245.1 (M+1)"

3-(3-Hydroxy-5-phenylpentyl)cyclohex-2-enone? A%

O 0]
@ "

OH

Y

1b 13e

=

s

44 A% stelA THF (3.5 mL)el PPhs (140 mg, 0.55 mmol)S =<l

¥, TBSOTf (126 ¢, 0.55 mmol)& # 7} sttt ol 7]l starting material

¢l 2-cyclohexen-1-one (48 x0, 0.5 mmol)S A 7}slar Ao 1A7F 30%

b agkstd e vhg 22 E -78CE Wld % p-Buli (436 0 1.49 M in h
st

exane, 0.60 mmol)S H 3] A7} steo] &

a8 gHg vE % 1AL F
o wwkaldtl. 1417+ & 2-phenethyl oxetane (212 wf, 1.5 mmol)¥} BFs-
OEt; (190 0, 1.5 mmol)= A7} g v ¥§ =%=F -78CelA -50C=
AMAB 8T 1A B wkel Tt NaHCOs; 238 89 (1.5 mL)&

bk ALow Wy REE A LAFE 1A B

NI

El
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WS 28y 2bAEe TLC (hexane:EtOAc = 1:1)E 3Felstdh. 74t =

Ay

3to] flash column chromatography (hexane:EtOAc = 1:1)E &8 A A st

13e (106 mg, 82 %)& LA}

'"H NMR (500 MHz, CDCly): § 7.30-7.20 (m, 5H), 5.89 (s, 1H), 3.65 (br, 1
H), 2.80-2.72 (m, 2H), 2.71-2.69 (m, 2H), 2.38-2.35 (m, 2H), 2.28
-2.20 (m, 2H), 1.98-1.96 (m, 2H), 1.81-1.79 (m, 2H), 1.71-1.68
(m, 2H)

BC NMR (125 MHz, CDCl3): & 200.1, 1665, 141.9, 128.8, 128.6, 126.2, 125.
9, 70.9, 394, 376, 34.8, 34.4, 32.3, 30.1, 229

IR (film): 3425, 3023, 2939, 2861, 1654, 1619, 1602, 1494, 1452, 1425, 1371,
1348, 1324, 1253, 1191, 1130, 1079, 964, 889, 754, 698, 663

MS (ESD): 241.1 (M+1-18)", 259.1 (M+1)"

6-Benzyl-3-(3-hydroxy-5-phenylpentyl)cyclohex-2-enone? A%

(o] (o]

Ph o Ph
Ph

OH

1c 13f

A}

A %% el 4] THF (3.5 mL)e] PPhs (140 mg, 0.55 mmol)¢} starti-
ng material®! 6-benzyl-2-cyclohexen—-1-one (93 mg, 0.5 mmol)S =% T}.

of 7]o TBSOTE (126 wl, 0.55 mmol)S A 7Fst & A2 A 1A7F 307
WRESIAT S 25 E -78C= e % p-Buli (455 pf 1.43 M in hexa
ne, 0.65 mmol)& 3] A7lsto] Mk A AS s & 1A 53t

WHFEFA T 1A ZF 3 2-phenethyl oxetane (212 wf, 1.5 mmol)¥} BF3-OEt,
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(190 w0, 1.5 mmol)& A 7fstar, ¥vbg =2 &

L T -

it

~78C A -60CE AA 3] &
3 A7 5o wHsl . NaHCO; %3 489 (15 mL)E #A7lsx
HES 255 Ao 2 A3 & 1A7F &9F wHtstal EtOAcE F%

L

e Wy 442 TLC (hexane:EtOAc = 5:2)2 sttt et 55
3lo] flash column chromatography (hexane:EtOAc = 5:2)& ¥ & A3}
13f (115 mg, 66 %)= At}

'"H NMR (500 MHz, CDCls): & 7.23-7.10 (m, 10H), 5.83 (s, 1H), 3.56 (br,
1H), 3.30-3.26 (dd, /> = 14 Hz, /1 = 5 Hz, 1H), 2.72-2.69 (m, 1
H), 2.64-2.61 (m, 1H), 2.42-2.38 (m, 2H), 2.21-2.16 (m, 2H), 1.88
-1.86 (m, 2H), 1.74-1.71 (m, 2H), 1.61-1.58 (m, 2H), 1.20-1.18
(m, 2H)

BC NMR (125 MHz, CDCl3): & 200.9, 1655, 141.9, 129.5, 128.8, 128.6, 126.
3, 126.2, 1255, 70.9, 47.9, 39.4, 35.6, 34.8, 32.3, 29.5, 27.3, 21.3

IR (KBr): 3493, 3029, 2919, 2861, 1645, 1627, 1494, 1452, 1394, 1365, 1270,
1213, 1180, 1147, 1093, 1049, 904, 736, 694, 509

MS (ESID): 331.2 (M+1-18)", 349.3 (M+1)"
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ABSTRACT

B-Funcionalization of enones via a phosphoniosilylation reaction:

Ring opening of oxetanes

Jang, Sung Yeun
Department of Chemistry
Graduate School of

Sungshin Women's University

An efficient method for introducing 3-hydroxyalkyl group at B-position
of various a,B—unsaturated carbonyl ketones (enones) has been developed
via one-pot sequential phosphoniosilylation and oxetane ring opening
reaction. The best of Lewis acid which facilitates oxetane ring opening
reaction of ylides derived from enone compounds was BF3-OEts,

This protocol sequence was (1) phosphoniosilylation of enone
compounds, (2) formation of ylides by deprotonation, (3) oxetane ring
opening reaction with BF3-OEt,, (4) desilylative removal of PPhs,

This newly developed protocol has been applied to the synthesis of a
range of B-3-hydroxyalkyl substituted enone compounds.

From cyclic enones (la-c) and trimethylene oxide, B-3-hydroxyalkyed



enones (4a-c) were obtained successfully in high yeilds (78-88%). Furt-
hermore, the combinations of cyclic enones (la-c) and 2-substituted ox-—
etanes (12a,b) gave the corresponding product (13a-f) in moderate to h-
igh vields (66-82%) with high regioselectivities. But, acyclic enones (6a-
c) showed poor reactivity under the current reaction conditions, resulting
in low isolated yields.

From these studies, I have shown that the introduction of 3-hydroxyal-
kyl group can be successfully executed at the B-position of five and six
-membered cyclic enones through the combination of the phosphoniosily-

lation reaction with the oxetane ring opening reaction.
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Figure 3. BC NMR spectrum of 4b
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Figure 7. BC NMR spectrum of 7a
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Figure 9. "C NMR spectrum of 7b
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Figure 10. "H NMR spectrum of 13b
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Figure 11. ”C NMR spectrum of 13b




Figure 12. "H NMR spectrum of 13c
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Figure 14. "1 NMR spectrum of 13d
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Figure 16. "H NMR spectrum of 13e
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