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Table 1. B-Conjugate Addition of a,B-Unsaturated Lactones

1) PPhg, TBSOTf

O

2 o sl

g grasy cxEA AP, Ao
B-FF Aol RESo] Z Py = Ao
BFol= oo e FAA o) B-FFAlA
th(Scheme 20).

Michael ¥H$

2) LDA, -78T N
Q | 3) Activated olefin, - Q |
TMSOTf, -78T
4) Desilylation, -78 CT—r.t. EWG
1 3
Activated ) , Overall yield(%)|Product
Entry ) Desilylation Product
olefin of 3 No.
0 0 0
TBAF O\i‘jl_é 43 3a
= OMe
e TBAF |EWG= CO.CH; 71 3b
o)
/\"/
3 TBAF EWG= COCHs 64 3c
s NMe2
- TBAF |EWG= CONMe: 73 3d
0
o
s7 | Sat. NH4Cl| EWG= SO-Ph 49 3e
7 Ph
Z>cnN | Sat. NH,Cl EWG= CN 39 3f
Table 12458 oB-8¥3 g% 10] phosphoniosilylation ¥F$ % LDAE

I REELE




1 t 1
/\"/OR a), b) PhaP - CR ) EWGy ~ R

e
0 OTBS +PPh; OTBS
7 ]
: d)
\
EWG\/\/\"/ORl
0
8
Reagents : a) PPhs, TBSOTf b) LDA, -78TC

c¢) CH.=CHEWG, TMSOT{, -78C
d) Desilylation, -78 C — r.t.

Scheme 20

S aB-EE3 o] ~E methyl acrylate 7aS Al&3to] Fas 2 Ay}

=

Michael Rbg-o] Ex=2o] U Eo]A hexyl acrylate 7bol= #8340 thg
Table 29 22 A5 AU},

Table 2014 H+= we} Zo] vinyl ketoned® N,N-dimethyl acrylamide=
4~67% AEe £ F&2 B-IFAlAE oB-Ex3 =7 oA
(entry 1-5). thw acrylonitrileo] Athz oz o £891 34% 2 eyt

(entry 6). aB-=x3 HEd= Do dFEo 4% NHCl 23 5890

o

TBAFH o @4z &3t Aleko=z gaAoldi(entry 1-3, 6), hexyl acrylate
du N,N-dimethyl acrylamide®] 7 9%t TBAFe¢] ¢ £ Z3}E e
(entry 5).

28] 3L, Michael ¥WF8 Al I AAA 2 acrylonitriles AFEE A-$ H7HA =

TMSOTE(12%)7F AH&-5 9= W 2tk TBSOT{7F AH&% A<

any

) P
T T



&9 34% =2 Ao F th(entry 6).

Table 2. B-Conjugate Addition of a,B-Unsaturated Esters

1) PPhg, TBSOTf

/\H/ORl 2)LDA,-78T . EWG\/\/\H/OR
3) CHp,=CHEWG, TMSOTTf, -78°C

0o 4) Desilylation, -78 C—r.t. o
7a: R1= CHg, 8
7b: R1= (CH,)5CH3

1

) ' ' . _ |Overall Yield(%)|Product
Entry R Activated olefin |Desilylation

of 8 No.
1 CHj EWG= COCH3 | Sat. NH4Cl 57 8a
2 CH3 EWG= CONMe:| Sat. NH4Cl 44 8b

3 Sat. NH4Cl 56
(CH2)sCH3| EWG= COCH3 8c

4 TBAF 48
5 |(CH2)sCH3|EWG= CONMe:| TBAF 67 8d
6 (CH2)sCH3 EWG= CN Sat. NH4CI 34° 8e

“TBSOTTf was used instead of TMSOTHT.

aB-Ex3s ¥ B-2FAolA HtE A= (E)-oldAAL (-
oA R dojd F e, EE Are (E)-dAsSs ke A=l

Aol th o= oA AATE FAGA AAHEH == SIS A 2A
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o
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o
o
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&
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2. a,B-E¥X3 gE 9 o 2g B-ojAs3}

dd AT A, op-BE} FER  of-BEF gl

phosphoniosilylation ®F-go] doji1}Ax] Michael W3 2 =24 &#E3=25FH

off
ol
on

2,3-unsaturated-1,6-dicarbonyl ¥ EH 2] B-H X =2 ZFAolA H77F 7}
e AL gA HAg®

718 A oA F 8% 23-unsaturated-1,4-dicarbonyl 33E

u
ACh
K
Ho
o
3

<l
e durE el W] W Bae glo] g

weha ol Awke] 7] xotd ool A¢AY FAAAZ acid halidesS
Abgatol qB-Exst 2B 2 o 2F e B-olddrt FH" A A
27 S,

FACA HrtE aB-Exs FE Y o]zE A op-Ex

FEY u T FEE WS 1o B-olAd whg wE FLd
0% o] Aat9th(Scheme 21). RE SAZ of-2E3 FE 2 o 2o B-
ZirAlA A e 2, AEA AFAY =
halides® #7batel 19 B-9Ae] o}ar]E =38 4 . 2 2HE

Table 3 tEF T,

0] OTBS OTBS (0]
a), b c d
o | ), b) 0 X ___)* oYy d_ o
> L+ PPhj R
PPhs o T
1 2 R 4

Reagents : a) PPhs, TBSOTf b) LDA, -78TC
c¢) RCOCI, -78C d) TBAF, -78C — r.t.

Scheme 21



Table 3. B-Acylation of a,8-Unsaturated Lactones

0 a) PPhg, TBSOTf o
b) LDA, -78C
o] > o)
\ij c) RCOCI, -78TC
d) TBAF, -78 — r.t. R
O
1 4
Overall Yield(%)
Entry RCOCI Product No.
of 4
1 R= Ph 73 4a
2 R= p-CH3CsH4 67 4b
3 R= p-CH30CsH4 78 4c
4 R= p-CNCsHy 28 4d
5 R= CH(CHa)2 30 4de
6 CH3C(=0)CN 22° 4f

“Cyano group was used as a leaving group instead of chloride group.

S wrgAo]l £& W= aeid halide¢! benzoyl chloride® A& 3 23
73%9 =L &5 A (entry 1).

webA W ZE acid halide 5 p-Y X ol X371 S ZF= acid halideE AF-&3}
o benzoyl chloride®}2] WA & WAL HAA F
(entry 2, Table 3)¢ W= A]7](entry 3, Table 3)7} 35 A $ol= ztz} H]

WA FL FEQ 67%, 8% = Y=ol Aozl vk Az e 7w A

o
nE
flo
4
o
e
\}
[0¢]
X
fru
o
oX

o]o}=7](entry 4, Table 3)7} X 3¥ 7 o= ¢

Fol Qe ol p-9A Aolobwslt AAE 1E 5slelBE And



CH30 NC

&~Cl otCl
)(f

@ (b)

Figure 1

A= acid halide®] 4% 30%¢ & F#&=Z Uely EdH(entry 5), &
A= acid halide®] 7bEd a-H A9 terp sonm des 29 nkgsH
A d7l2 AeH T dolgle dolazZadolily FAAH WSS sleg gk
= acid halide® tHentry 1-3) F&°] v Ao =2 A7t
1231, acetyl chloride® A}

, =45 209 56-dihydro-2H-pyran—-2-one 13 N,N-diisopropyl acetamide
7} '"H NMR ®lo]g 2 35 th o]= acetyl chloride?] 7}RY a-$ % 9
AEZE mou g dgr 27 IA#MAVE obd dVlE g, @71E ANEH

Sl tolAxmgotnlel] 93] Scheme 229 2 A=E 714 AAH
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Si
OTBS )L(\ o) IS

Hz% ~Cl

(@) k\‘ + CH2 C[a

C
0,
)
P\Phs_/ o

(CH3(CHy)3)aN+ " F l

Y

):O 2, N
el

Scheme 22

Aol A A ez LDAC 93] de= 271 AR HE Fok 972 ALEE

3 odobgle dolaZEdobule] oa) obAztst AAA WE /] WEolm
2 opiE 97 Ags Favd o AAA Hee AAL F AL Aol
Bzheh A, Hel 3} metal hydridest @& thE @719 A WA

A7 AN vebkRel dels Al ARHA gonz s ofu=

kA, bl A E AME A7) Y814 acetyl anhydride, acetyl bromide,
acetyl 1imidazole, isobutyryl imidazole, acetyl cyanide, N-methoxy-N
-methylacetamide®} #& o}A3st Alefo g AlLs] Hokth 28y, acetyl
JFES 4= F jlodh

o] ®fol Table 3olA R&= vle} o] a-9A F47F ¢l aromatic acid

of
rr

cyanide(entry 6)5 A&t

chloride®] 79 ®Wrg-o] Y3 F o2 trimetylacetyl chloride® Al%=3 R 9%k

=
oy d3te SEES 4 F 9y, 183, o 2 p-nitrophenyl Xt}



2,4-dinitrophenyle] £ o|€7|2 o/} ¥ o] 24-dinitrophenyl acetate(Z#] il
isobutyrate) & AF&3] Ho A dote sFES S 7 st
A aFEo A o=o B-olA3lo] A F3F acetyl fluorider #E=F o]

w3 gRo)s dEne A g

Ean

Table 302 FF oB-=3%3} 2= B-opds}t wkgo] & XgqPu = Zo] ¥

ZEJorR aB-Ex3 diafHiE e FAHoRE AL Hth(Scheme
23).
0
! 2 1 OR?
/\"/OR a), b) Phgp\_/\l/OR _C_)_> R N
OTBS +PPh3 OTBS
7 _
i d)
y
0
OR?
R)J\/\”/
o]
9

Reagents @ a) PPhs, TBSOTY b) LDA, -78TC
¢) RCOCI, -78C d) TBAF, -78C — r.t.

Scheme 23
B2 who] ot AFEHE RE acid halided 7$ &2eZ3 A] TBAF
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Table 4. B-Acylation of a,8-Unsaturated Esters

a) PPhg, TBSOTf

1 - 1
/\"/OR b))LDA,CI78‘08C _ R)I\/\H/OR
c) RCOCI, -7
© d) TBAF, -78T—r t. ©
7a: R1= CHjg, 9
7b: R'= (CH3)sCH3
) Overall Yield(%)
Entry R RCOCI Product No.
of 9
1 CH; R= Ph 39 9a
2 CHs R= p-CH3sC¢Hy4 61 9b
3 (CH2)sCH3 R= Ph 39 9c
4 (CH2)sCHs | R= p—CHsCsHy 35 9d
5 (CH2)sCHs | R= p-CH3OCsH, 56 9e

p—-Anisoyl chloride®] 7% hexyl acrylate’} 56%9¢] &= dojx

5), p-toluoyl chloride® 7d-% methyl acrylated W+ 61%% =&

o] 7 ¥ (entry 2), hexyl acrylate® W3- Aol = 35%9]
CHentry 4). 18], apB-E5¥3 ZEI}=
benzoyl chloride= A th4 o2 & 39%9]
A st Aefo

F&L F719 XA

hya
s

Z TABF w4l
SAgig=

2 3} 2 5

NH,CI

o) 2] %

pua)

a,B-Ex 3}

<, LDAel 9| 23t 5o

)
I
)

N
g
m
=)
of

phosphoniosilylation Wt
halide?] 7}H Y B4 9 §+ A Aoz <l
& o'V 2 "ojx YrtA Hof o
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—

3. aB-%

Hel

3 ZE 2 olxgo B-2FAARIH

A

Ay AREFE aB-EE3 FE B aB-=x3 o zEl
phosphoniosilylation ®¥-§-©¢] dojupr G435 acid halide® o} 3t W&
2 oA g 232 B 2 3-unsaturated-1,4-dicarbonyl & Ej o] B-o} A 3}7} 7l
e AL gA HAL® ol d Ak stel AAAARA alkyl
chloroformates& A}F-&3lo] aB-E3x3 FE % o2y B-UFA 7t D387}
THE 5 A=A AR A s

webA, B-obdstd o B-Ex3} e B ol FAdA o pb-EE3} &

[e)

45}

=
{1

= O 2~ O [e)
Ed o =& &2 ¥

rot

lo] B-¥=FA|7tH I3} whg T
b Aoz oAl H T (Scheme 24). 2E @AI7 a,B-Ex3 =2E 2 o 2H Y
B-olAste} #a, @iy dYs 29 vbE Al I HAAA R acid halides Ul
21 alkyl chloroformatesE % 7}ste] 1o B-LFAZIRE7]E =4 5 AA
o w7 A R aB-EEE A2y TdE B-LIFAIEREIE =Y 7HsEEA

thH(Scheme 25). 1 Z3E Table 50 e LT

(0] OTBS OTBS o
a), b c d
N AN 0N 9 oYL 9 o
L+ PPh3 OR
PPhg o I
1 2 R 5

Reagents : a) PPhs, TBSOTf b) LDA, -78TC
c) ROCOC], -78C d) TBAF, -78C — r.t.

Scheme 24



+
1 1 OR!
/\"/OR a), b) Pth\_/\l/OR __C_)_> RO S
e} OTBS +PPh3; OTBS
7 ; d)
Y
(0]
OR?
ROJ\/\”/
(0]
10

Reagents : a) PPhs, TBSOTf b) LDA, -78TC
¢) ROCOCI, -78C d) TBAF, -78C — r.t.

Scheme 25

Table 50 el vle} o] aB-Exs ZE 9 oB-823F o 2~EA
57~65%9 =2 F&= B-¢FA7IR IS E A & AUt

Fd o aB-EX3}) ol 2H o B-opddt 7

o 9o F82 yYelwAd=d(Table 4), acid halides ™Al alkyl

o

4 FAAARAZ acid halidesS A&

f

il

o

chloroformates& AM&3stAl S H fof Zo] £2 &2 AAES 45 T+ 9

ATH(Table 5, entry 3-6). o]+ AAE = I E 100 o,B-E3E3} o 2F 99

o

R(ZZ7]) WAl W EA7]7F Sof o AE7p Hre Ay AT ¥

)
43
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Table 5. B-Alkoxycarbonylation of a,8-Unsaturated Lactones & Esters

0 a) PPhg, TBSOTf

OR!? b) LDA, -78C
or = > 5 or 10
(ﬁ /\ﬂ/ c) ROCOCI, -78TC

d) TBAF, -78 C—r.t.

1 7a: Rl= CH3,
7b: R1= (CH,)5CH3

Starting Overall Yield(%)
Entry material ROCOCI of 5 or 10 Product No.
(@)
(@)
T
o \ OR
O
1 4 R= CH.Ph 58 5a
2 " R= CH,CH; 65 5b
OR! ?
= 1
© (@)
3 R'= CH; R= CH-Ph 59 10a
4 R'= CH; R= CH.CHjs 63 10b
5 |R'= (CH2)sCHs; | R= CH.Ph 61 10c
6 |R'= (CH»)sCH; | R= CH.CH; 57 10d

a8 3, B-UEARYEE o B-EEZ3 o ~F 102 'H NMR dHlolg & 3
ol ®HWH o]z AT AV} 2= 6-7 ppm <A NA  doubleto] o}d
singlet©. 2 el o= et o oz Wk vl o AHZE FHE A
[e] s

S o]Fo o]F AT HO F HEFZI resonance frequency’} 43 #&

isochronismo] o] 338 %0 2 equivalentd 7] wW&o]* singleto 2 e}t



AA FEA45T FF W & 1IN HClE #H7Hed & AAES ethyl

lfy
2

acetate 7] ¥ Z {75 FE39 fumaric acidz W (Scheme 26)
A #5E= fumaric acid AleFe] 'H NMR dlolg #=¢ nlws) mopch 1

A3 2 'HNMR dHolHE a& 4 9tk

(@] (6] (@]
1 NaOH - H*
(@] (@] (@]
10 fumaric acid
Scheme 26
10b(entry 4)¢] 7% 'H NMR dlo]&]2 el §< w 4-5 ppmol A &}t

9] quartet ¥ A7} oty T FTF9 quartet I A7} YEFGTE ol = Y=
A& 10b¥rto] ofy g} Hkg FAakEo] dolgduw,
dH Aot A=A wEbA 10b7F AAH AHAA A Felsty] s At
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sgE=HEH

3} 9} 4-dimethylaminopyridine(DMAP) Zujo] <] & o 2~€ 3 Htg*ozn
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phosphoniosilylation ®F-go] dojur @438t & @A sE Michael -8 A
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TBSOTf LDA

O _— o _— o
PPhg R -78C .
PPhs / PPhs
1 2
C(CH3)3
; ka
¥ ([>—CH2Ph
0 OTBS
0 OH pesiviation o™y oTBS
CH,Ph CH,Ph
2 PhgP* 2
6
Scheme 27

O A3, TBSOTfE AR A% wdol W &x5A JddHe] TLC

ox
o

2 o AR AR Bl Qedrh o 4B 'H NMR ~HEdS

g A3 dAEAE BAEE 60r FAHE vas 9 2-4 ppmel A 4

M
4

N

TR da5e] Frz wAHAemw PC NMR 2#AEHME 4579 )
a7t o EARGY. old@ 2HEY dolHERE 24T & U= AL o
3o Aol e gHAY AR 60 obd thE RFBOIAY A Y4B
60l BB} 410 AL T dFE 60 T 2}
S Jbsael Atk A A AHEY Fx FUL AT GAE dud $A

pyridium chlorochromate(PCC) 4t3t&E st 2% aZ FAHH+= JF=S o

a9

o

5l X2 = = =
@'Eg T = i]—/—:a

12 39 tH(Scheme 28). o] PCC 2Fgl2 9 'H NMR A E&Ho| A% o d3]
a® TS = FE IAas oo 4379 Azt © AUt =
Hol oJHs] ojggo] dRomg F o I FFgBE Addd Tx 74
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m-chloroperoxybenzoic acid (MCPBA)Z Baeyer-Villiger A+83a" & 7}41

¢

stk PCC Atst A Eo] 313 E aZ F4 ¥t Baeyer—Villiger 2F3}ol
AolL JFER e o PdojA = 3T ELS, Baeyer—Villiger 2H3} wHS-o]

5& @] A2 Agd 5 Jorg 3gE boH(EE) c2 A E AT
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6
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0) | 0]
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1 Villiger Oxi.
Fe=-——e-cccccccc e ':- --------------------- Bl
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Scheme 28
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Scheme 29

A=, Scheme 279 Aol <& A€ 3=l

o
omg ARG T2 FAL Xray2HE F5 fold Buse] vAHS

lo

ANEEAT. o] E Hdte] dE= 29 (2,3-epoxypropyl)benzene?] WS- A A&
<  PCCE  Atgtste &
2,4-dinitrophenylhydrazine(DNP)¥} ®t-3-3le] 3l=gtE(FHAHo= Fx2 d=

EFANoE WSt o] F=gEl qATE LA E Ao o rF toluene,



chloroform, ethyl acetate, ether ¥ o529 Hd3 %3 T2 T dZ24 A
ALY A wd A ethyl acetateol Al X-ray 7% elo] 7bsd dAAS o

S 4 AU (Scheme 30).

NO, NO,
(@)
NO, NHNH,
o) 0 0 NO,
.......................... ’

Ph HNS

T 1 10
Ph

a
d
Scheme 30

Figure 2

G424 X-raysE F3t] o o] sl=gtE9 Fx+= Figure 29 294t}
=, o] sl=gtE9 Fx& Figure 39 AAIE vhe} o] wa v}, o]= THF

&1 sl A TBSOTf =& F3ste dul= 29 (2,3-epoxypropyl)benzene



AA HE AAES IFFE 11dY S AAFSEE A o] th(Scheme
3. & A= 27} AdFAE=E gAY ol del butyloxy 717F =2 -9

Aol AbdE a2 vl butyloxy 7]l o § ol FA= mgd@o] dojt A

d& et Butyloxy 719 A9 &wi= AE%+= THFE7F TBSOTfe

of W A F A Aol vl BT AL ulsh wgol o)
= % gle oA o wMgol MY THF w7t delwA wkgol

Figure 3
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Scheme 31
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A& Fzx7F 3d3dE 11dE #3222 Scheme 28 ¥ Scheme 309 W3k
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Table 6. B-Butyloxy Group Incorporated Epoxide Opening of

Cyclic Enones in THF

o

1) PPhg, TBSOTf

2) n-BulLi, -78C
- > Product
3) epoxide, TBSOTTf, -78TC
( 4) Desilylation
12a n=1 13
12b n=2
12c n=3
Overall
) . ) ) Product
Entry| n | Epoxide | Desilylation Product Yield(%) N
0.
of 13
1 a Sat. NaHCOgiE\/\A R=-TBS 88 13a
2
9 O HF-pyridine Y| R=-H |81 13b
3 a Sat. NaHCOgij\/\A R=-TBS 98 13c
2 Ph
4 e HF-pyridine M R=—H | 91 13d
5 Sat. NaHCOeij\M R=-TBS 65 13e
1 Q
6 HF-pyridine R=-H 87 13f
7 o Sat. NaHCO3 R=-TBS 41 13g
2| LA
8 Ph | HF -pyridine R--H 54 13h
9 0 Sat. NaHCOs3 ij\/\/\ R=-TBS 24 131
2| LN
10 HF -pyridine R=-H 31 13;j
11 o Sat. NaHCO3 b\/\ﬁ R=-TBS 83 13k
1
12 O HF - pyridine R--H | 78 131
13 0 Sat. NaHCOs|% R=-TBS 71 13m
1 Ph @\/\/\
14 O HF - pyridine R--H 77 13n




15 Sat. NaHCOs| R=-TBS| 60 130
(O

16 HF-pyridine R=-H 73 13p

17 o Sat. NaHCOs 3 R=-TBS| 49 13q
I VANG

18 Ph | HF -pyridine R=-H 36 13r

20 HF-pyridine 13t

21 Sat. NaHCOs3 R=-TBS 37 13u

22 HF-pyridine

° %:o ko

23 Sat. NaHCOs3 R=-TBS 43 13w

19 Sat. NaHCOs3 é\/\ﬂ R=-TBS 31 13s
1

/\f\ R=-H 41 13v
/Y\

2 O HF -pyridine R--H 51 13x

25 Sat. NaHCOs d\M R=-TBS| 20 13y
| 0

26 HF-pyridine R=-H 23 13z

572 aefet 672 ny dl=o AF dHE 60~98%(entry 1-6, 11-16)9]

M

&2 do] i, @A styrene oxide®t 1,2-epoxy-2-methylpropane?

Mo
+

Hg 24~49%(entry 7-10, 17-2002 Ay oz @& &% YEWH. o]

rr

PA Gl = Qs whgA o] ol ] wolet Az

Styrene oxide®} 1,2-epoxy-2-methylpropane 118 9% #®39° 7%
(2,3-epoxypropyl)benzene® 1,2-epoxybutane® = TE 7ZgFoz ¢z A=
A oo ZAlE 7 whgo] UEWT o] = styrene oxide® AF A 4=
29 PCC2 A 27, 'H NMR dlolg oA 9.8 ppm 9 singlet 3 =
25 bAREYE ad 22 APH o] AEc] obd L=t Add Ao
HE g

AT = ARG (Scheme 37). o] 2 A=z APHE o= J
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ada, 77 ag o= As A es 20~51%9
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1-8). ©%t 12-epoxy-2-methylpropane oZHA=29] 7% A EIE
NaHCO; 23} Fg&Hoz2 AHIYPS u= 87%= e o™ HF-pyridine

2 AYdles We 21%2 e oFAEERY HS v &5 Bt

Table 7. B-Butyloxy Group Incorporated Epoxide Opening of

a,B-Unsaturated Lactones in THF

0 1) PPhg, TBSOTf

2) LDA, -78TC
o) , > Product
| 3) epoxide, TBSOTf, -78C
4) Desilylation
1 11
Overall
) ) ) ) Product
Entry| Epoxide | Desilylation Product Yield(%) N
0.
of 11

1 Sat. NaHCO3 é\M R=-TBS 43 11a
|
o/\(\

HF-pyridine R=-H 61 11b

3 Sat. NaHCOs é\M R=-TBS| 45 11c
|
% O/Y\Ph

A_
Q
HF -pyridine R=-H 49 11d
5)
e

0
Ph
Sat. NaHCO3 R=-TBS 59 1le
o '
O
7 o Sat. NaHCO3 R=-TBS 43 11g
(@) Ph
VAN | )\
Ph o)

HF-pyridine R=-H 53 11f
8 HF-pyridine R=-H 40 11h

i)
ol

9o} ol of-BT3} FEo} meY oo A3 U

o, a,B-&3¥3} o] ~F 2l methyl acrylate?} ¥ 112] &

A wbg-o] X3

2

| +=2¢1 3-buten—2-one



0= B-914 butyloxy 717} 498 Bl EAS AY w2 SN wgrh
TS 9EE AAES 9% F e, ok AYEe 4 BT o
e BEAe 2] WFole Azse] AmHm gl Aol 1) v
o =¢1 trans-3-nonen-2-one=s AF&3| H vt 1 A3} th3 Table 83 9]
bk,
Table 8. B-Butyloxy Group Incorporated Epoxide Opening of
Acyclic Enones in THF
o 1) PPhg, TBSOTf
)]\/\ 2) n-BulLi, -78TC Product
Z > roauc
(CH2)4CH3 3) epoxide, TBSOTf, -78C
4) Desilylation
14 15
Overall
) ) ) ) Product
Entry| Epoxide | Desilylation Product Yield(%) N
0.
of 15
1 &/ Sat. NaHCO3| o (CHyCH; R=-TBS 27 15a
O
2 HF-pyridine OR R=-H 34 15b
3 Sat. NaHCO3| o  (CHyacH, R=-TBS 38 15¢
Q
%Ph )L'MO/\(\Ph
4 HF-pyridine OR R=-H 46 15d
5 Sat. NaHCO3| o (CHy)aCHs R=-TBS 21 15e
@ AL
6 HF-pyridine or| R=-H 29 15f
7 o Sat. NaHCOs| R=-TBS 13 15¢g
(CH2)4CH3 Ph
Aph )L,b/j\/\/\o)\/OR
8 HF-pyridine R=-H 25 15h




e A$ 13~46%2 @2 F&2 AAHES 9 5 ddd(entry
1-8). 1,2-epoxy-2-methylpropane o3 Al =2l A -§ @48 F3E NaHCO3
X3t FgRog AHYAS v 55%=2 YERE o™ HF-pyridineo 2 A 2] g
S U= 91%=E g2 JEANERT ¥ G F88 nr)

Ao e AH}ERFH aB-Ex3 FE Z nyFH BnYgy o=
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S Ut

tfgo 2 oHZ &ulE tetrahydropyran(THP)E A}-&3to] ¥F&S Ay n

et}

okth. 71 A% THF &vie] 4 %9 wpa7kAl& THP7F ubg-o Fojste] B-9
A pentyloxy 7|17} A9 E o ZIA= g9 wbgoz gHS ST 5+ I
t}(Scheme 39). THPY H o] -45Cojm 2 443 WA oA A LA
45T A 9718 H7F F, 9g REE vFo wgstw

67%9 T FE&E2 A E] oA

(0] OTBS OTBS
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—_— —_—
PPh; -45C — -78C
( ( o+ (s
12an=1 PPh3 PPh3
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| -OTf +

+
5/\‘ O—Si—C(CH3)3 — » Ro

- | RCHZY
CH,R /
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0] OTBS
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|
- ORl
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wekA, TBSOTEY] Z=el o3 dg=9 o FA =9k w5 THF =

< THP & stell A B-91%19] butyloxy 71 %<& pentyloxy 717} At € ol
IAE 49 BHgoR AgHgorz TBSOTIY =8-S WS 7HsAel ¢l

= CHCLE 4wz AXs] ®morh 71 A7, dg daadd B-odZA= 9

AR

kS o] dojt 3-(2-hydroxy-3-phenylpropyl)-cyclohexen-2-ones A4S

AN AT (Scheme 40). o w &AL E TBAFLZEZ AP slH 34% =
NaHCO; ¥x3 8402 AHIPS Wl 82%HT 2 & HAAR

EAY Ay olyglorng u olate] mE e FA &gk}

(@] OTBS OTBS
TBSOTf n-BulLi
PPhs, CH,Cl, . -78°C
PPhj3 n PPh3
12b
C|3(CH3)3
-
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CH,Ph CHzPh
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Scheme 40
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s oo HA
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Bl
=

=5 A4 te dFA =9 TBSOTE M 7ksto] vt

9

&S T 87 WolM FRForA opf-Exs HEY 1y B Ay d
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5. a,B-Ex3 g =9 7le B-7157]35

oM A+ Ay, oB-Exs HE 002 oB-EX3I o 2H
phosphoniosilylation ¥F-g-o] dojuA A ¥ 42 =71 Michael ¥H-§ 9= FH
B-A=e ZFAA H WS ® AAAAEZ  acid halide 2 alkyl

chloroformates& A}-&3}o] B-ol A3 W& 9 B-LFAZIR LS W3S s}

pul

)

= AL U 5 dAdnk® E=3 AAAR o ZA =S ALEsH THF &4 3
o A o Al =9} TBSOTfe Zwo 93] w2 A8¥ THF7}F w50 3

of stof B-91 %9 butyloxy 717} H7FE o FA= d¥ wrgow PHArt=

S o2 qB-5¥3 &= 1S phosphoniosilylation ¥F$-3} €= A3 2 HE
AR del= 29 AAAAQ disulfides Ag3te] B-Audss A3
H9TH(Scheme 41). 2 A3 B-91x o] AAL7E =4 5 dUt” vpi
M2 aB-Ex3 o 2E 7% B-Audr] EYe] JheehA dolH gt

(Scheme 42). = A 3= Table 9o YeFU Ao},

OTBS OTBS o]
a) b) o o d) 9]
O = Q,, * Op
~ "PPhj PPhs SR
1 2 16
Reagents : a) PPhs, TBSOTf b) LDA, -78C

c) RSSR, -78C — r.t. d) TBAF

Scheme 41



! P 1 RS OR!
/\"/OR a), b) Ph3P\_/\|/OR _C_)_> N

o) OTBS +PPh3; OTBS
/ ' d)
RS.,,/\"/ORl
o}
17
Reagents : a) PPhs, TBSOTf b) LDA, -78C

c¢) RSSR, -78C — rt. d) TBAF

Scheme 42

WS WEESo] obd disulfideste] WEgol A iR E 2 Fe= B4
Hdsd gE 52 o 2816, 17)7F oAt apB-2¥3 = 12 W53

S A AA 7} phenyl disulfide¢! 7% -SPhe¢l o

_

2717 39 AR
ok st g2 69%9 L &= Hbgo] gAY oW (entry 1), methyl
disufide®] 7%+ 71%, butyl disulfide® 7% 38% =2 }EF% T (entry 2-3).
ol wWE7r7E FE7IEY A d= 29 FZol ¢ folstr] W<l
Aoz mng®

wetA, T g2 1 dAA QA benzyl disulfide®} allyl disulfide®] 74 $% (-
Adaldstrt APE=A Fals Bokoh 1 A, Zh7F 53%9F 55% 9 FEE
B-A#A <3t ¥ Urt(entry 4-5). Benzyl disulfide® 7% -SCH>Ph7} £& o]

(@)
o
©@7)7b ok B disulfide® H7F ¥ AeoR & wwd ¥ g EsE

NEd wooy} 34%0 W& Fgw Yyt



Table 9. B-Sulfenylation of a,B-Unsaturated Lactones & Esters

0 a) PPhg, TBSOTf
OR!? b) LDA, -78T
Z o
Oi‘J or /\([)]/ c) RSSR, -78 C—r.t. 16orl7
d) TBAF
1 7a: R1= CHg,
7b: R1= (CH,)sCH3
Starting Overall Yield(%)
Entry material RSSR of 16 or 17 Product No.
(0} (0]
) "ét
SR
1 " R= Ph 69 16a
2 " R= CHj; 71 16b
3 " R= (CH»)3CHs 38 16¢
4 " R= CH>Ph 53 16d
5 " R= CH.CH=CH; 55 16e
OR! RS OR!

7

Y Y
6 R'= CHjs R= Ph 60(5:1) 17a
7 " R= (CH)sCHj3 40(4:1)* 17b
8 |R'= (CH2)sCHj R= Ph 67(4:1)* 17¢
9 " R= (CH»)3CHs 57(3:2)* 17d
10 " R= CHs 54(9:1)" 17e

“The ratio of E/~ isomers was determined by the

'"H NMR analysis.




a,B-E3x3} o2y 79 AF (E)- 9 (-]l ZA=Z oz o, 3:2(entry
9l Al 9:l(entry 10)9] ¥]&=2 (E)-olA @ A7 2 AA 5 A (entry 6-10).

Methyl acrylate®] 7% methyl disulfide® ¥F-$ A] 22%9] “*& 4£=83 1}
Etlle=d], o= wWE 7] EAFEFo] ol U HAx Al AAES] dF7F F

2 = 2 oB-5¥3 gEFH o 2E<e 7% phosphoniosilylation
HES 3 25 43tslo] A E dEl=7F Wittig HE-8-5to] B-<2Ast7t 75 e S
om g0 g B-B x5 o]w =2 N-methyl maleimide 18aES =3 3§ &=

Al4-3}lo] phosphoniosilylation ¥F-& 2 LDAC] 293 €443} Aol

N
2

dsl =oke] Wittig W 2 A IZERY B-LZsE opf-Ex3} ojn=

o FAdo] wF 7h5 @A A8 Bkt (Scheme 43).”

0 OTBS 0 0
a), b) = c), d)
N—Rl — N—RL ------ > 2 N—R1 + R2 N—R?
PhgP 7

O

18 19 20

Reagents : a) PPhs, TBSOTT b) LDA, -78T

¢) R°CHO, -78C d) TBAF, -78C — rt.
Scheme 43
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Wittig HF-3- Al oxaphosphetanes AJAdsl7]o <Al TMSOTI] ¢ 3l betaine
Z7AE EF389] N-methyl maleimide 18a¢] B-9Y Ao =2 A L3S
Alre Bt sRAE FAsta A B-HA s=FASAsE
N-methyl maleimide’} ©¢}4Y2 N-methyl-3-benzylidensuccinimide 19a”}

68%¢Q =& F&= Ao

FolAe vy 8 AFE e AS Roed vE aB-E5x3) MR 3
=9 Wittig WEolAE gHs =9 TMSOTfE @74  H7bstd
oxaphosphetanes A4 3l7]o %A betaine T A S XEZ3Fo] B-¢ Ao 3=
2A %477k =YHAAHScheme 3, 13),* ZEolu =9 A$o=
alkylidenesuccinimide 195 AA 39t =, Wittig 13 Al &os| =<} &7
TMSOTEE 7tk 3ol dulsl=e IAAN S S7HAAA a-'
dAEs B AevHdor IAPgA77d sttt Ads & weAd o
2 oy ¢ds =5 TMSOTteH @7 w3kl 2 A& Table 100 e
At

WL PFEo] opd st WM R FE& FEE

'?‘:]]—

(

alkylidenesuccinimide  =A 5 (19)°] A4 = A th(entry 1-9).

ddsl= xFhrle] o T ofwWA H=A LolR A p-tolualdehyde
9} 4-chlorobenzaldehyde® Al %3] & A3 2}7} 64%9F 85%9 &= &
T A (entry 2-3). o]+ W= 1Y p-* 9 chloride”] 7} A=A} 11+

ol 2 ZlHd ®Aao] AAARAAS F7HAIA Wittig vE-g-o] €3] 735 o]

=S FEE UEd Aol Azdn. v, wW"krl= AR F= jejrr gt
B B AAAANS FAA S0l oA ER By @2 FE5E oy
B Zojet AdEy



Table 10. Preparation of Alkylidenesuccinimides from Maleimides

O a) PPhs, TBSOTf O
b) LDA, -78TC
| N—R? > , N—R1
¢) R2CHO, TMSOTf, -78T RNA
o} d) TBAF, -78 T —r.t. o}
18a : Rl= CH3 19
18b : Rl= Ph
1 0,
Entry Imide R*CHO Overall Yield(56) Product No.
of 19
1 R'= CH; R’= Ph 68 19a
2 y R*= p-CH3CsHu 64 19b
3 y R*= p-CICeHy 85" 19¢
4 " R’ (CH.)7CHj 79 19d
5 ” R*= (CH,).CH; 66 19e
6 R'= Ph R*= Ph 54" 19f
7 4 R?= (CH,):CH; 56 19g
9 " R’ (CH.).CHj 55 19h

“Saturated ammonium chloride solution was used instead of TBAF.

EE A %9 alkylidenesuccinimide 199 ¢ Z 3w Zdoln= 209 H &
o] 10:1 o] o2 197} 8 AHEZR dojit. o FEEHOZ a-9A
N e] Fas7t y-HAANA e FastEY AT B ol 2} (Scheme 44),
gy orgr By-E5¥3 33 =E9 alkylidenesuccinimides 197F <FA 3}7]
iEo]  oldz AZbE T o] Gaussian03(PC  version) Z 2o

HF (Hartree-Fock) (ab initio) Al4FHH (Basis set: 6-31G)ol ¢]&] 2]z HF



g (1HF= 62751 kcal/mole] 208t 197} 2 Zlo =R E 197F ¢ <A et
= A ¢ F AU HEH o R 20a%t 19a°] HFgtel zHzh -664.7473%

-664.759% e oW o] m A °oF -753 keal/mol oA Afolo] o3 19a

rot

7 9 kst AS & ¢ Ao e AdH o 2% p-toluene sulfonic
acid monohydrate, diisopropylethylamine(Hunig’s base), A

1,8-diazabicyclo[5.4.0lundec-7-ene(DBU)S AF&3]A THF(Z 2 toluene)ol

A AFA7E ¢35 9 maleimides 20082 A3E A 2= Ao RRE ol
QAT
0
N—R1
o}
OTBS t-Bu\Si\ 20
_ ) (O
+ N—Rl ——
PhsP: , = N—R1
R o}
0
N—R1!
o)
19
Scheme 44

Alkylidenesuccinimide 199] ¢} A &3 iz Az 'H NMR d o] g 9
vl B Ay dXst= AOoZHEEH o9 & AES A4S 4 A

A7k A o] A A3 23 phoshponiosilylation ¥F-& 3 2 A2} A ¢} o] w3
(Michael #®F-$, o}d3l L4FA7RIE, oI A= dgurs AHds o

R
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Phosphoniosilylation ¥+-3& o] &3 oB-5¥3} 2E3 opB-&EX3 o=
ol B-Z Aol H7F, B-otd s}, B-LFA RS}, aB-Ex3 F=9 B
A, a2 a aB-=x38 FE o= B-91A el butyloxy 717F H7Fd
o ZAle g€ HlSy qB-B X3 ojn == XE glkylidenesuccinimide®
dote Wl tiste] A

a.B-2¥3t 7lHd 33 &S phosphoniosilylation WS-t 2 Al =9l

Hﬂ

phosphonium @& EFAstste] dojA = dY=& WAAAG s & &
de 3} sk 49 A oR o B

= 1=}
T =
E3t 7hrd getEd AAdAA A 2FE Foto] a@esion a4

A, 0BT FE L A 2HERE FEY =53} Michael 5§
E3he] wge TMSOTI ¢4 248E Fakol s 4edoz AP

ow, @4 Z3 F B-AFAlAd @ ab-EFx3} FE F 2HS 3a-fo

=4, o B-Ex3 e H d2HERYH f:¥ dY=E3 acid halide %
alkyl chloroformate¥}<] ¥k Hg wj$ Fx2gow A @A 35714
d 3= 4a-f9

9a-e, 181l B-¢FA7tH I3t @ 3§ E ba-d 2 10a-dE 22~78% 9 =

g TP 494 @ 87 W FAL Bl Bobus

= TFEE 95 7 UM
AA, aB-Ex3 FEH} oizo2RE fFrE de=E o A =5
&

S-S TBSOTfo] 93 @437 IFA o=

T~

wkgekgle W v FvlE AL butyloxy 717F AYEH WA CFA= aE] &



Hol dojdozX of-=23 &= F54 1la-h, Y R vy o=

f=4 13a-z9% 15a-hs 13~98%9] ¥ $82 5% & A =3 &

o2 5ol B-$A 9 pentyloxy 717} AdE ol=o] 44~67%2 £
=2 AU

Ay, aB-53x3F E 2 JA2HERH fxd d¥ =52 disulfides 2 vF
ol 2 Foete] B-Audst d oB-EX3}t FE 16a-e % oB-EE3} o
2H 17a-eE 38~71%9 F& F&= 45 F AT

GAA, aB-EE3 ojr=Ql ZeolnEgRE Y de=s T Y
sl =oko] Wittig WH&ol & Fofstdvh. ey, o] A fole dAde s

FTodeldE A% A4ERE B-ausdd  wdov=sk ok



1. 28 7]7]

o

'H, °C NMR 2= E@2 Varian Gemini-200, Varian-UI 500 %337 2
H dojidt. NMR &2+ CDChE AF&3 3l 2w, chemical shift= (&
E 29 tetramethylsilane®. ZF 8 ppmYH = 71S3% o dolEH =
chemical shift multiplicity (s= singlet, d= doublet, t= triplet, q= quartet,
quin= quintet, br= broad, m= multiplet, dd= doublet of doublets, dt=
doublet of triplet, td= triplet of doublet), coupling constant (Hz),

integration®] <o 2 7| =3}

s

Ae]d ~HEfES Nicolet IMPACT 41002 %8 dojxom 3%
reciprocal centimeter (cm & 7] &% ¢t}

A 29 EL  Hewlett-Packard 58900  GC/5972A  MSD = 4-H
ionization WX (70eV)ell 93] low resolution® @ AojH ow m/e(relative
intensity) 2 7] = &} 9 t}.

Thin layer chromatography (TLC)= MerckAF9] silica gel 60 Fasq0] ¢
7 fFEldE AFEEd on, TLCA #2ld 5429 A& fste UV
lamp (254 nm)E A€ 3744 Ethanolic p-anisaldehyde &9 L+ KMnO,
S gl & F rbdsto] FdEkA

Column chromatograpy= Merck A3 9] Silica gel 60 (230-400 mesh)2

et 5 asg



2. }\] ok

g HE-E 2o Al %F2 Aldrich, Sigma, Fluka, jfunsei A9l 55 A == o
FAGS FAEAR T, B wE g TH, AT T/, B FFS AL
&3tk

Tetrahydrofuran< Al-§ Z Ao A4 dlo| A sodium metal/benzophenone
o7RE FH38o] A3, methylene chloride, toluene calcium
hydride2 58 S /3 th v A& % n-butyllithium< THF -8 off o] A]

diphenylacetic acid=® A A 3sto] A3 EFEo A %S AFE3HA T

Ol



w
i
U (
o%
%

-

1) a,B-2%3 FE 2 d2go B-ZFAA A7}

A

4-(3-0Oxocyclohexyl)-5,6-dihydropyran-2-one

o | - (0]
O

1 3a

A4 EA st A THF (3.00 mL)oll PhsP (292 mg, 1.10 mmol)& o]
TBSOTf (253 pL, 1.10 mmolD)E 3| 7FsF2Att. o] 7]o] 56-dihydro
-2H-pyran-2-one (86.1 pL, 1.00 mmol)& HH3] H7}sta 147+ 308 &
b Ao w1 Fo HA EA stelA THF (1.50 mL)el
diisopropylamine (252 pL, 1.80 mmol)& o] 0C=Z WH I p-Buli
(1.01 mL of 148 M soln. in hexanes, 1.50 mmol)S H 3] 7l v
0C oA 4533, Aol A 157F wRkatdvh. 1A 7F 30 &<oF wwkgh &

S -78C= Wd t&, uyk

n@
offt
[-40
l-f\j
rln
12
—
)
=
o
o
~
i“;
N
N
o
ol
2
2=
oo

st Y. 1417 & 2-cyclohexen-1-one (145 pL, 1.50 mmol)S w24 A7}
g o3 TMSOTS (326 pL, 1.80 mmol)E 7}siF=2dch. 30 T TBAF (5.00

mL of 1 M soln. in THF, 500 mmol)& #7}3 & H2oz ¢ 1AZ+

30+ FF wuket ok, wbg Mg 442 TLC (hexane’EtOAc = 3=
golstd o, 7t ¥ =33l flash column chromatography (hexane:EtOAc



= 8:1 — hexane:tert-butylmethyl ether = 2:1 — hexane:EtOAc = 2:1)&

e At oB-Ex3 H=o B-IiAclAd H7E 3a (825 mg,

425%)5 AT

'H NMR (200 MHz, CDCLy): § 584 (s, 1H), 4.39 (t, /= 6.35 Hz, 2H),
2.68-2.26 (m, 6H), 2.24-2.03 (m, 3H), 1.86-1.56 (m, 2H)

“C NMR (50 MHz, CDCL): § 209.1, 164.7, 162.0, 115.6, 66.2, 45.1, 44.8,
41.3, 29.0, 26.7, 25.1

IR (thin film): 2993, 2952, 2924, 2863, 1709, 1701, 1631, 1468, 1383, 1227,

1158, 1081, 865 cm

3-(6-0x0-3,6-dihydro-2H-pyran—-4-yl)-propionic acid methyl ester

O

OMe

1 3b 0]

AA &4 st A THF (3.00 mL)°l PhsP (292 mg, 1.10 mmol)& =50°] i

=

TBSOTf (253 uL, 1.10 mmoDE A3 7FalFAtt. o 7]d 56-dihydro
-2H-pyran-2-one (86.1 uL, 1.00 mmol)S X3 AH7}staL 1A 308 &

F AZolA uwksidv. 2 b HA EA stelA THF (1.50 mL)ol

diisopropylamine (252 uL, 1.80 mmol)& =o°l1 0C=Z W n-Buli

o

(1.01 mL of 148 M soln. in hexanes, 1.50 mmol)< H A3 7l S

0CelA 4583, A2olA 1523 wykst vt 14 3F 302 ¢ wykg & of

)

i O

& 78CE WY T, Lwd T BE $ALDAIE AR oo

o9

SEA T 1A & A XH cone type flaskel methyl acrylate (135 pL, 1.50



mmol)E %ol THF (450 mL)el 3¢l %, -78C= W& TMSOTf (272 uL,
1.50 mmol)E #H7Fa|l A wE £ H S double tipped needle®} Ar7}F2=E o] &
skl s A7bs) FoAvh 30 ¥ TBAF (450 mL of 1 M soln. in
THF, 450 mmoD)& #H7ts & Aoz &8 307 & wisdr. wvkg
287 A2 TLC (hexane:EtOAc = 1:3)2 el om, 7t 553kl

flash column chromatography (hexane:EtOAc = 81 — 1:3)& &7 A=A 3}

of a,B-Ex3t FE9 B-ZFAclAd H7FE 3b (130 mg, 70.6%)E AUt

'"H NMR (200 MHz, CDCl): & 5.81 (s, 1H), 4.40 (t, /= 6.35 Hz, 2H), 3.72
(s, 3H), 2.60 (s, 4H), 243 (t, /= 6.35 Hz, 2H)

“C NMR (50 MHz, CDCly): & 168.3, 164.6, 1425, 116.2, 66.2, 52.3, 31.4,
30.9, 28.3

IR (neat): 2960, 2928, 2863, 2797, 1745, 1713, 1652, 1456, 1383, 1183, 1085

-1
cm

4-(3-0Oxobutyl)-5,6-dihydropyran—-2-one

(0]
O\ij - 0o

1 3c O

3be] Ao 2 W o= THF (3.00 mL)ol &% PhsP (292 mg,
1.10 mmol), TBSOTf (253 uL, 1.10 mmol), 5,6-dihydro-2H-pyran—-2-one
(86.1 uL, 1.00 mmole] &3 = THF (1.50 mL)°l A diisopropylamine
(252 pL, 1.80 mmol)¥} n-Buli (1.05 mL of 1.43 M soln. in hexanes, 1.50
mmol) & Z 58 A x¥ LDAE Ww&ataivt. 143 & THF (450 mL)el =

%l methyl vinyl ketone (125 upL, 1.50 mmol), TMSOTf (272 uL, 1.50



mmol)E A 7FstA . 30 § TBAF (4.00 mL of 1 M soln. in THF, 4.00

mmol)& H7He & HLow

A2 TLC (hexane:EtOAc

column chromatography (hexane:EtOAc = 81 — 1:4)2 #2 AA a3

-2 X3 HEY B-FFAolAd A& 3c (107 mg, 635%)5 LA

'"H NMR (200 MHz, CDCL): & 5.75 (s, 1H), 4.39 (t, /= 6.35 Hz, 2H), 2.72
(t, /= 6.84 Hz, 2H), 254 (t, /= 6.84 Hz, 2H), 2.42 (t,
/= 6.35 Hz, 2H), 2.22 (s, 3H)

BC NMR (50 MHz, CDCly): 6 168.3, 160.3, 132.2, 115.9, 66.2, 40.1, 30.0,
28.6, 26.3

IR (neat): 2956, 2924, 2863, 1733, 1717, 1680, 1648, 1472, 1370, 1273, 1224,
1162, 1081, 999 cm

N,N-Dimethyl-3-(6-0x0-3,6-dihydro-2H-pyran—-4-yl)-propionamide

0]
(@) | > (0)
NMe2

1 3d O

3be Az Ze WHoR THF (3.00 mL)odl £3]¥ PhsP (292 mg,
1.10 mmol), TBSOT{f (253 pL, 1.10 mmol), 5,6-dihydro-2H-pyran-2-one
(86.1 uL, 1.00 mmol)e] Z3 =] THF (1.50 mL)°l A diisopropylamine
(252 uL, 1.80 mmol)¥ n-BuLi (1.05 mL of 1.43 M soln. in hexanes, 1.50
mmol) & 25 ¥ A x¥ LDAE ®FEsith. 1A & THF (450 mL)ol =

¢l N,N-dimethylacrylamide (155 pL, 1.50 mmol), TMSOTf (272 uL, 1.50
mmol)E # 7}t 30 & TBAF (450 mL of 1 M soln. in THF, 4.50



mmol)& H7tg F ALo= g 308 FoF wwre vk wbg e

2% TLC (EtOAc:MeOH = 10:1)& Zstsion, ¢ #53tal flash

column chromatography (EtOAc — EtOAc:MeOH = 10:1)2 &g A=A st

of a,B-=23t =9 B-FTFAA AgH 3d (144 mg, 729%)E @At

"H NMR (200 MHz, CDCl3): 6 5.78 (s, 1H), 4.40 (t, /= 6.35 Hz, 2H), 3.02
(s, 6H), 2.67-2.54 (m, 4H), 2.46 (t, /= 6.35 Hz, 2H)

BC NMR (50 MHz, CDClz): & 170.0, 164.9, 161.2, 1156, 66.3, 31.5, 30.1,
28.8, 25.6

IR (thin film): 3070, 2993, 2911, 2773, 1733, 1716, 1652, 1501, 1268, 1224,

1142, 1081, 1048, 867 cm '

4-(2-Benzenesulfonylethyl)-5,6-dihydropyran—-2-one

O O

3be] Az Z2 WWo=z THF (3.00 mL)ol £3l¥ PhsP (291 mg,
1.10 mmol), TBSOTf (263 pL, 1.10 mmol), 5,6-dihydro-2H-pyran-2-one
(86.1 uL, 1.00 mmol)e] Z3 =] THF (1.50 mL)°l A diisopropylamine
(252 pL, 1.80 mmol)¥} n-Buli (1.06 mL of 1.41 M soln. in hexanes, 1.50
mmol) & 258 A x® LDAE ®FEs3ith. 1A & THF (450 mL)ol =
¢l phenyl vinyl sulfone (256 uL, 1.50 mmol), TMSOTf (272 uL, 1.50
mmol) & A 7Fstlth. 30 § NHsCl 3} =& (200 mL)= #H7FsiA 30

i ¥k ¥ EtOAcz FE3dth. whs g3 442 TLC (hexane:EtOAc



= 1:33)=2 e, #Z¢ F=F33 flash column chromatography

(hexane:EtOAc = 81 — 111 — 1:3)2 #g AAse] op-5%3F FE9 B-

S Aol H7FE 3e (131 mg, 49.1%)5 A AT,

'"H NMR (200 MHz, CDCly): § 7.97-7.29 (m, 5H), 5.77 (s, 1H), 4.38 (t, /=
6.10 Hz, 2H), 3.31 (t, /= 7.81 Hz, 2H), 2.74 (t, /= 7.81
Hz, 2H), 2.40 (t, /= 6.10 Hz, 2H)

BC NMR (50 MHz, CDCly): § 168.3, 142.5, 138.7, 134.6, 132.3, 129.9, 128.3,
66.0, 29.4, 28.0, 25.6

IR (thin film): 3054, 2973, 2948, 2924, 2899, 1733, 1717, 1696, 1652, 1443,
1394, 1304, 1141, 1080, 856 cm '

3-(6-0x0-3,6-dihydro-2H-pyran—-4-yl)-propionitrile

o]

CN
1 3f

3ed] Axe ZE WHo=z THF (3.00 mL)dl &31¥ PhsP (292 mg,
1.10 mmol), TBSOT{f (263 pL, 1.10 mmol), 5,6-dihydro-2H-pyran-2-one
(86.1 uL, 1.00 mmol)e] Z3 = THF (1.50 mL)°l A diisopropylamine
(252 pL, 1.80 mmol)¥} n-Buli (1.01 mL of 1.48 M soln. in hexanes, 1.50
mmol) & 25 H A x® LDAE ®F&s3ith. 1A & THF (450 mL)ol =
¢l acrylonitrile (98.7 uL, 1.50 mmol), TMSOTTf (272 pL, 1.50 mmol)E &

7bek itk 302 ¥ NH.ClL £3F 8 (200 mL)= H7FsiA 30 nwt

B

EtOAcZ FZ=3A . kS A3 442 TLC (hexane:EtOAc = 1:5)=



olsl o 7+Qt F=3Fal flash column chromatography (hexane:EtOAc =

81 — 12 —> 1:5 — EtOAc)®E #& AAs aB-Ex3 HE B-FF

ol H7tel 3f (585 mg, 38.7%)5 A AT}

'H NMR (200 MHz, CDCly): § 592 (s, 1H), 4.44 (t, /= 6.10 Hz, 2H), 2.65
(s, 4H), 2.48 (t, /= 6.10, 2H)

“C NMR (50 MHz, CDCL): 6 163.9, 156.4, 118.3, 117.7, 66.1, 32.8, 31.9,
27.9

IR (neat): 2964, 2903, 2871, 2247, 1717, 1639, 1472, 1399, 1273, 1224, 1081,
1032, 867 cm

(E)-6-0Oxohept-2-enoic acid methyl ester

(@]
/\"/OMe . )‘\/\/\”/OMe
O (@]
7a 8a

3ed] Azxe9 ZE WHo=z THF (3.00 mL)dl &31¥ PhsP (292 mg,
1.10 mmol), TBSOT{ (253 pL, 1.10 mmol), methyl acrylate (90.1 uL, 1.00
mmol)®] T3 Eo THF (150 mL)dlA diisopropylamine (252 pL, 1.80
mmol)¥} n-Buli (1.05 mL of 143 M soln. in hexanes, 1.50 mmol) o 2 %
H Alxd LDAE wr&stdTh 1AzE & THF (450 mL)oll 52 methyl
vinyl ketone (125 uL, 1.50 mmol), TMSOTf (272 pL, 1.50 mmol)E & 7}3}

Atk 30 ¥ NH.«Cl 23 =894 (200 mL)& FH7FsiA 30 b

a9

k-3
EtOAc®E FZE3otdth v§ a7 42 TLC (hexane’EtOAc = 2:1)= &
olglFd o 7t F 53t flash column chromatography (hexane:EtOAc =

80:1 — 20:1 — 211 — EtOAc)®E & AA aB-Ex3 ol ¥ B-&



FA A HA7FE 8a (88.8 mg, 56.9%)E 4 ).

'"H NMR (200 MHz, CDCly): § 6.96 (dt, s= 6.47 Hz, = 156 Hz, 1H),
586 (d, /= 156 Hz, 1H), 3.74 (s, 3H), 2.63 (t, /= 6.71
Hz, 2H), 251 (t, /= 6.71 Hz, 2H), 2.19 (s, 3H)

BC NMR (50 MHz, CDCly): § 207.2, 167.2, 147.8, 121.9, 51.8, 41.7, 30.3,
26.2

IR (neat): 3001, 2952, 2850, 1717, 1656, 1436, 1273, 1203, 1158, 1032, 979

-1
cm

(E)-5-Dimethylcarbamoylpent-2-enoic acid methyl ester

o

OMe OMe
/\n/ > MeZN)M(
O (@]
7a 8b

3ed] Azxe ZE WHo=z THF (3.00 mL)dl &3l¥ PhsP (292 mg,
1.10 mmol), TBSOT{ (253 pL, 1.10 mmol), methyl acrylate (90.1 uL, 1.00
mmol)®] T3 Eo THF (150 mL)olA diisopropylamine (252 pL, 1.80
mmol)¥} n-Buli (1.05 mL of 143 M soln. in hexanes, 1.50 mmol) o 2 %
H Azx¥d LDAE wg3tdt. 1Az & THF (450 mL)ol =<
N,N-dimethylacrylamide (155 upL, 150 mmol), TMSOTf (272 uL, 1.50
mmol)E A 7tstlth. 30 § NH4Cl £33} & (200 mL)= #H7FsiA 30
Wyt & EtOAc® F=skAv. wvhg @y 442 TLC (EtOAc)= 2

skl o,
51 — EtOAc)®E &g AAstd aB-=3x3 o= B-FFAlA H7M=

r-{m
r

ﬂi

§F & =0okaL flash column chromatography (hexane:EtOAc =

8b (81.7 mg, 44.1%)E LA}



'H NMR (200 MHz, CDClL): 6§ 7.03 (dt, /= 6.47 Hz, /= 156 Hz, 1H),
5.88 (d, /= 15,6 Hz, 1H), 3.74 (s, 3H), 3.00 (s, 6H),
257 (t, /= 598 Hz, 2H), 247 (t, /= 5.98 Hz, 2H)

®C NMR (50 MHz, CDCly): § 1715, 168.1, 167.2, 154.3, 1485, 121.7, 51.8,
31.7, 27.8

IR (neat): 2948, 1717, 1652, 1436, 1317, 1272, 1203, 1146, 1085, 1032, 967

-1
cm

(E)-6-Oxohept-2-enoic acid hexyl ester

o

/\H/O(CHz)SCHs MO(CHZ)SCHC%

(0] (0]
7b 8c

Y

3ed] Axe ZE WHo=z THF (3.00 mL)dl &31¥ PhsP (292 mg,
1.10 mmol), TBSOTf (253 uL, 1.10 mmol), hexyl acrylate (176 uL, 1.00
mmol)9] T&gEo THF (1.50 mL)ol A diisopropylamine (252 upL, 1.80
mmol)¥} n-Buli (1.05 mL of 143 M soln. in hexanes, 1.50 mmol) o 2 %
H Alxd LDAE w&stHTh 1AzE & THF (450 mL)oll 52 methyl
vinyl ketone (125 uL, 1.50 mmol), TMSOT{ (272 pL, 1.50 mmol)E % 7}3s}
Atk 307 ¥ NH,Cl £33 89 (200 mL)& H7FsiA 30+ wyk &
EtOAc® F=3 vt w3 @3 4242 TLC (hexanelEtOAc = 2:1)2 &

5

%33 flash column chromatography (hexane —

l

hexane:EtOAc = 20:1 — hexane:EtOAc:tert—butylmethyl ether = 7:1:1
hexane:EtOAc = 4:1)E 28 AAGA aB-E3x3 o2 B-ZFAA

A7bEl 8¢ (126 mg, 55.8%)& LA,



'H NMR (200 MHz, CDCL): 6§ 694 (dt, /A= 659 Hz, /= 156 Hz, 1H),
585 (d, /= 15.6 Hz, 1H), 4.13 (t, /= 6.84 Hz, 2H), 2.63
(t, /= 6.35 Hz, 2H), 251 (t, /= 6.35 Hz, 2H), 2.19 (s,
3H), 1.33 (s, 8H), 091 (t, /= 6.59 Hz, 3H),

“C NMR (50 MHz, CDCly): 8§ 166.8, 147.3, 1415, 122.3, 64.8, 41.7, 31.7,
30.3, 28.9, 26.2, 25.9, 22.8, 14.3

IR (neat): 2956, 2928, 2854, 1717, 1652, 1456, 1366, 1268, 1162, 979 cm '

(E)-5-Dimethylcarbamoylpent-2-enoic acid hexyl ester

o)

O(CHy)sCH O(CH2)sCH
/\n/( 2)5CH3 . MEZNM( 2)5CH3

0] 0]
7b 8d

3be Az Ze WHoR THF (3.00 mL)odl £3]® PhsP (292 mg,
1.10 mmol), TBSOTf (253 uL, 1.10 mmol), hexyl acrylate (176 uL, 1.00
mmol)®] &% &9 THF (150 mL)olA diisopropylamine (252 uL, 1.80
mmol)¥ n-Buli (1.06 mL of 141 M soln. in hexanes, 1.50 mmol) % 24
H Alx¥" LDAE H&edd. 1Az % THF (450 mb)el =9l
N,N-dimethylacrylamide (155 upL, 1.50 mmol), TMSOTf (2715 uL, 1.50

mmol)E # 7}stAth. 308 ¥ TBAF (3.50 mL of 1 M soln. in THF, 3.50

(e3

mmol)S H7FstA . w3 13y 44 TLC (hexane:EtOAc = 1:5)2 &

[}

ol

olgl o 7t F =3l flash column chromatography (hexane —
hexane:EtOAc = &1 — 15)2 #g AAS ] apB-EF3 o ~Eo B-EF
Aol H7le 8d (171 mg, 66.8%)5 AU},

'H NMR (200 MHz, CDCly): § 7.06 (dt, 4= 6.47 Hz, A= 159 Hz, 1H),



587 (d, /= 159 Hz, 1H), 4.13 (t, /= 6.10 Hz, 2H), 3.00
(s, 6H), 2.60-2.40 (m, 4H), 1.32 (s, 8H), 090 (t, /=
6.59 Hz, 3H)

®C NMR (50 MHz, CDCly): § 168.3, 166.9, 154.3, 1480, 132.3, 122.2, 64.8,
60.7, 31.7, 28.9, 27.8, 25.9, 22.8, 14.3

IR (neat): 3054, 2956, 2928, 2854, 1717, 1652, 1464, 1399, 1317, 1268, 1187,

1142, 718 cm’

(E)-6-Cyano-6-oxohex-2-enoic acid hexyl ester

O

O(CH)5CH O(CH»,)sCH
/\[(( 2)5CH3 . NC)M(( 2)5CH3

(0] (0]
7b 8e

3e9 Az & WHoz THF (3.00 mL)ol £31¥ PhsP (292 mg,
1.10 mmol), TBSOTf (253 uL, 1.10 mmol), hexyl acrylate (176 uL, 1.00
mmol)e] T&gEo THF (1.50 mL)ol A diisopropylamine (252 upL, 1.80
mmol)¥ n-Buli (1.06 mL of 141 M soln. in hexanes, 1.50 mmol) % 24
H Alx¥" LDAE H&edd. 1Az % THF (450 mb)el =<l
acrylonitrile (98.7 puL, 1.50 mmol), TBSOTTf (344.5 pL, 1.50 mmol)E # 7}
stttk 30 ¥ NHCl 3t =89 (200 mL)E& H7bslA 30& wwh
EtOAc® F =3}

3
o, ¥vks FP 3y A2 TLC (hexane:EtOAc = 1:1)= 3
F=3%tal flash column chromatography (hexane —

dstqoem, et
hexane:EtOAc = 10:1 — 511 — 1:1)E £ AA s oB-E3E3F of ~H 9
B-Z Aol A H7FE 8e (715 mg, 342%)E & At

'H NMR (200 MHz, CDCL): 6§ 6.92 (dt, /A= 659 Hz, /i= 156 Hz, 1H),



598 (d, /= 15,6 Hz, 1H), 4.16 (t, /= 6.84 Hz, 2H),
2.64-2.49 (m, 4H), 1.34 (s, 8H), 092 (t, /= 6.59 Hz,
3H)

“C NMR (50 MHz, CDCly): § 186.9, 143.3, 124.4, 1145, 70.7, 31.7, 2828,
28.1, 25.9, 22.8, 16.5, 14.3

IR (neat): 2956, 2928, 2858, 2247, 1717, 1656, 1464, 1272, 1207, 1162, 1093,

975 cm |



2) o.B-B XS FE 2 o] xH9 B-olAsl

4-benzoyl-5,6-dihydropyran—-2-one

O (@]
O:ﬁ - (@)
(@]
1 4a

i

A2 EA stellA] THF (3.00 mL)oll PhsP (292 mg, 1.10 mmol)< 5]
3 TBSOTY (253 pL, 1.10 mmoDE HZ s 7Fal FA k. o 7] o 56-dihydro
-2H-pyran-2-one (86.1 pL, 1.00 mmol)& H A3 A 7lstar 1A13F 30% &
F A&oA uwrkstFT. 1 Fk AA EA sl THF (1.50 mL)ol
diisopropylamine (252 pL, 1.80 mmol<& Fo]x 0C=Z WdH F n-Buli
(1.06 mL of 141 M soln. in hexanes, 1.50 mmol)= HH3 7lsi+ v3

0Cell A 4523, A2ellA 1523 auksbdvh. 14 3F 302 ¢ kg & of

o
4
0
a
fu
)
g
Au)
dlo
El
r!I.
1]
offt
r o
o
rln
oo
2
=
)
=
o
o
o
ol
N
NS
ol
2
(z
oo

3otk 1417+ & benzoyl chloride (174 uL, 1.50 mmol)E & 7} vk, 14

7 % TBAF (2.00 mL of 1 M soln. in THF, 2.00 mmol)< %7} % 2
+o=2 &¥ 1Az Fob whkE Ay, dbg Jdy g4A2> TLC
(hexane:EtOAc = 2:1)= Fsdt. ¢ F=3tal flash  column

chromatography (hexane:EtOAc = 7:1 — 211 — 1:1)2 &3 AA st aoB-

S ¥3 gE B-ola3H 4a (147 mg, 725%)5 A At}

'"H NMR (500 MHz, CDCl): § 7.80 (d, /= 6.84 Hz, 2H), 7.65 (t, /= 7.32
Hz, 1H), 752 (t, /= 7.81 Hz, 2H), 6.36 (s, 1H), 4.56 (t,

/= 6.35 Hz, 2H), 2.85 (t, ./~ 6.35 Hz, 2H)



“C NMR (125 MHz, CDCly): § 194.3, 163.7, 151.3, 135.1, 133.8, 129.5, 128.8,
125.7, 66.8, 24.0
IR (neat): 3063, 2976, 2884, 1726, 1711, 1655, 1593, 1471, 1081 cm '

4-(4-Methylbenzoyl)-5,6-dihydropyran—2-one

0] 0]

O
1 4b

'H NMR (500 MHz, CDCLy): § 7.73 (d, /= 6.35 Hz, 2H), 7.32 (d, /= 781
Hz, 2H), 6.34 (s, 1H), 456 (t, /= 6.11 Hz, 2H), 2.84 (t,
/= 6.11 Hz, 2H), 2.46 (s, 3H)

®C NMR (125 MHz, CDClL): & 1939, 163.8, 151.7, 1450, 1325, 129.8,
129.5, 125.0, 66.8, 24.2, 21.7

IR (neat): 3063, 2955, 2863, 1711, 1696, 1650, 1563, 1450, 1173, 823 cm '

4-(4-Methoxybenzoyl)-5,6-dihydropyran—-2-one

0] (0]
OCHj,
O
1 4c

'H NMR (500 MHz, CDCl): § 7.85 (d, /= 879 Hz, 2H), 6.99 (d, /= 9.28
Hz, 2H), 6.30 (s, 1H), 456 (t, /= 6.35 Hz, 2H), 391 (s,



3H), 2.83 (t, ./~ 6.35 Hz, 2H)

BC NMR (125 MHz, CDCl): & 1926, 1644, 1638, 152.1, 132.1, 127.7,
124.1, 114.2, 66.8, 55.6, 24.4

IR (neat): 3073, 2955, 2832, 1726, 1710, 1650, 1562, 1465, 1264, 1034, 1173,

843 c¢m !

4-(6-0x0-3,6—dihydro-2H-pyran—-4-carbonyl)benzonitrile

(0] (0]
CN
O:ﬁ - (@)
(@]
1 4d

'"H NMR (500 MHz, CDCly): § 7.88 (d, /= 830 Hz, 2H), 7.83 (d, /= 8.30
Hz, 2H), 6.36 (s, 1H), 458 (t, /= 6.10 Hz, 2H), 2.86 (t,
/= 6.10 Hz, 2H)

“C NMR (125 MHz, CDCly): & 193.0, 163.1, 150.1, 1386, 132.6, 129.8,
127.1, 1175, 117.0, 66.7, 23.6

IR (thin film): 3067, 2950, 2904, 2244, 1726, 1675, 1650, 1603, 1462, 1081,
866 cm '

4-Isobutyryl-5,6—-dihydropyran—-2-one

(@] (0]
O\ij > (0]
(e}
1 4e



'H NMR (500 MHz, CDCly): 6 662 (s, 1H), 446 (t, /= 6.35 Hz, 2H),
3.29-3.22 (m, 1H), 2.66 (t, /= 6.35 Hz, 2H), 1.17 (d, /=

6.84 Hz, 6H)
®C NMR (125 MHz, CDCl): & 203.7, 164.3, 150.1, 124.1, 66.8, 35.3, 22.6,

18.8, 18.7
IR (neat): 3083, 2986, 2945, 2884, 1731, 1690, 1629, 1199 cm '

4-Acetyl-5,6-dihydropyran—-2-one

0O 0O
o
1 4f

'H NMR (500 MHz, CDCly): § 6.64 (s, 1H), 446 (t, /= 6.10 Hz, 2H), 2.66
(t, ./= 6.10 Hz, 2H), 2.46 (s, 3H)

“C NMR (125 MHz, CDCly): § 197.1, 164.2, 150.9, 125.3, 66.8, 25.7, 22.1

IR (neat): 3080, 2976, 2935, 2879, 1711, 1690, 1663, 1096 cm '

(E)-4-0x0-4-phenylbut-2-enoic acid methyl ester

(@]
G OMe
/\"/OMB .
o) (@]
7a 9a

4a°] Az 22 WHo=Z THF (3.00 mL), PhsP (292 mg, 1.10 mmol),

TBSOTTf (253 puL, 1.10 mmol), methyl acrylate (90.1 uL, 1.00 mmol), THF



(150 mL), diisopropylamine (252 uL, 1.80 mmol), n-BuLi (1.06 mL of

142 M soln. in hexanes, 1.50 mmol), benzoyl chloride (174 uL, 1.50

mmol), TBAF (2.00 mL of 1 M soln. in THF, 2.00 mmol)< %% 3} 9t}

g Wy A2 TLC (hexaneEtOAc = 512 Qs 79t 553t

3 flash column chromatography (hexane:EtOAc = 7:1 — 511 — 3 1)=2 ¥

2] AAste] aB-EF3} ol 2 B-otddtd 9a (743 mg, 39.1%)E 23

=

'"H NMR (500 MHz, CDCly): § 801 (d, /= 7.32 Hz, 2H), 7.94 (d, /= 156
Hz, 1H), 764 (t, /= 7.32 Hz, 1H), 753 (t, /= 7.32 Hz,
2H), 691 (d, ./~ 15.6 Hz, 1H), 3.86 (s, 3H)

“C NMR (125 MHz, CDCly): & 165.3, 164.7, 135.2, 133.6, 133.5, 1286, 128.5,
128.3, 67.1, 52.3

IR (neat): 3078, 2960, 2935, 2858, 1726, 1680, 1660, 1608, 1450, 1178, 988

-1
cm

(E)-4-0x0-4-p-tolylbut-2-enoic acid methyl ester

(0]
Z OMe
/\"/OMe .
o) (6]
7a 9b

'H NMR (500 MHz, CDCl): § 7.93 (d, /= 156 Hz, 1H), 7.92 (d, /= 8.30
Hz, 2H), 7.32 (d, /= 830 Hz, 2H), 6.89 (d, /= 15.6 Hz,
1H), 3.86 (s, 3H), 2.45 (s, 3H)

C NMR (125 MHz, CDCly): & 188.9, 166.1, 145.0, 136.8, 134.1, 131.7, 129.6,



129.0, 52.3, 21.8
IR (neat): 3041, 2960, 2935, 2863, 1731, 1675, 1660, 1608, 1450, 1173, 984,

846 cm '

(E)-4-0Ox0-4-phenylbut-2-enoic acid hexyl ester

o)
/\H/O(CHz)SCHg ©M‘/O(CH2)5CH3
5 o)
7b 9c

'H NMR (500 MHz, CDCl): § 801 (d, /= 7.33 Hz, 2H), 791 (d, /= 156
Hz, 1H), 764 (t, /= 733 Hz, 1H), 753 (t, /= 7.81 Hz,
2H), 690 (d, ./~ 156 Hz, 1H), 425 (t, /= 6.84 Hz, 2H),
1.75-1.67 (m, 2H), 1.44-1.38 (m, 2H), 1.37-1.30 (m, 4H),
091 (t, /= 6.84 Hz, 3H)

C NMR (125 MHz, CDCly): & 189.6, 165.7, 136.6, 136.4, 133.8, 132.6, 128.9,
128.8, 65.6, 31.4, 28.5, 25.5, 22.5, 14.0

IR (neat): 3068, 2966, 2935, 2863, 1726, 1680, 1655, 1603, 1455, 1184, 989

-1
cm

(E)-4-0Ox0-4-p—-tolylbut-2-enoic acid hexyl ester

O

/\H/O(CHz)sCHg /@MO(CHZ)SCW
o) O
7b ad

'H NMR (500 MHz, CDCly): § 7.92 (d, /= 7.81 Hz, 2H), 791 (t, /= 156



Hz, 1H), 7.32 (t, /= 830 Hz, 2H), 689 (d, /= 156 Hz,
1H), 4.24 (t, /= 6.84 Hz, 2H), 2.45 (s, 3H), 1.74-1.69 (m,
2H), 1.43-1.38 (m, 2H), 1.37-1.28 (m, 4H), 091 (t, /=
6.35 Hz, 3H)

BC NMR (125 MHz, CDCly): & 189.1, 1658, 145.0, 1365, 134.2, 132.2, 129.6,
129.0, 655, 31.4, 285, 255, 22.5, 21.7, 14.0

IR (neat): 3063, 2966, 2935, 2863, 1731, 1680, 1653, 1614, 1475, 1173, 989,
835 cm '

(E)-4-(4-Methoxyphenyl)-4-oxobut-2-enoic acid hexyl ester

(0]

/\H/O(CHZ)5CH3 /@MrO(CHz)scHs
- o}
o CH30

7b 9e

'"H NMR (500 MHz, CDCly): § 8.02 (d, /= 9.03 Hz, 2H), 7.92 (d, /= 156
Hz, 1H), 6.99 (t, /= 9.03 Hz, 2H), 6.88 (d, /= 15.6 Hz,
1H), 424 (t, /= 6.84 Hz, 2H), 3.90 (s, 3H), 1.74-1.69 (m,
2H), 1.44-1.39 (m, 2H), 1.38-1.31 (m, 4H), 091 (t, /=
7.08 Hz, 3H)

“C NMR (125 MHz, CDCly): & 187.7, 1658, 164.2, 1365, 131.9, 131.3,
129.7, 114.1, 655, 55.6, 31.4, 285, 25.6, 22,5, 14.0

IR (neat): 3073, 2971, 2940, 2863, 1731, 1675, 1657, 1603, 1470, 1265, 1173,
1040, 989, 845 c¢cm '



3) a,-2%3 FE 2 Jg2Ho B-LIZAFNRYF

6-0x0-3,6-dihydro-2H-pyran—-4-carboxylic acid phenyl ester

O O

T
OCH,Ph

A4 EA skl A THFE (3.00 mL)oll PhsP (292 mg, 1.10 mmol)S o] il

Y
O

i

TBSOTf (253 pL, 1.10 mmol)< 33 7}

O

=3tk o 7] 5,6-dihydro
-2H-pyran-2-one (86.1 pL, 1.00 mmol)& HH3] H7}sta 143+ 308 &
b oA mutetdtr. 1 Fo HA EA stelA THF (1.50 mL)el
diisopropylamine (252 pL, 1.80 mmol)g o] 0C=Z WH I p-Buli

(1.06 mL of 141 M soln. in hexanes, 1.50 mmol)S 3] 7l v

Ol

0CoNA 4583, Aol 1523 wrkakdvh. 1A]3F 30% “&oF wrkgh g of

= -78C= Wy v, wrk

]
off

b ®FE & M(LDA)S 3] 7hsto] wkg
39tk 1A+ ¥ benzyl chloroformate (214 pL, 1.50 mmol)E % 7} 3 &
Azow ¥ wwetdth. 1Az ¥ TBAF (2.00 mL of 1 M soln. in
TR LS i RO S S e
TLC (hexane:EtOAc = 2:1)= Zdstdvt. ¢t w53kl flash column
chromatography (hexane:EtOAc = 7:1 — 2:1)& #37 AHA st aopB-&Ex3}
gE9 B-UFAZRIE 5a (135 mg, 58.0%)& AUt
'"H NMR (500 MHz, CDCly): § 7.41-7.34 (m, 5H), 6.79 (s, 1H), 528 (s,
2H), 4.44 (t, /= 5.86 Hz, 2H), 2.71 (t, /= 5.86 Hz, 2H)

BC NMR (125 MHz, CDCly): § 164.2, 163.3, 1452, 134.8, 1287, 128.7, 1284,



126.1, 67.7, 66.5, 23.5
IR (neat): 3042, 2971, 2904, 1726, 1706, 1660, 1639, 1480, 1096 cm '

6-0x0-3,6-dihydro-2H-pyran-4-carboxylic acid ethyl ester

(0] (0]
(@) | > (e} |
O\/

1 5b

e}

4a®] Az} 2L WHo= THF (3.00 mL)ol £3l¥ PhsP (292 mg,
1.10 mmol), TBSOTf (253 pL, 1.10 mmol), 5,6-dihydro-2H-pyran—-2-one
(86.1 pL, 1.00 mmol)9 =3 =9 THF (150 mL)olA diisopropylamine
(252 pL, 1.80 mmol)¥} n-Buli (1.02 mL of 1.47 M soln. in hexanes, 1.50
mmol) & 2 H ¥ A Z¥ LDA, ethyl chloroformate (143 upL, 1.50 mmol)&
HES-skodtl. 147+ & TBAF (150 mL of 1 M soln. in THF, 1.50 mmol)
= A F Ao &Y 1A s unkstgth. whg g3 kA
TLC (hexane:EtOAc = 2:1)= sy, #d ¥ =33 flash column
chromatography (hexane:EtOAc = 5:11 — 211 — 1:1)=2 &2 AA s aoB-
X3 e B-dFA7tRE st 5b (110 mg, 64.5%)E5 23Ut}
'"H NMR (500 MHz, CDClL): § 6.76 (s, 1H), 445 (t, /= 6.10 Hz, 2H), 4.31
(g, /= 7.32 Hz, 2H), 2.71 (s, /= 6.10 Hz, 2H), 1.35 (t,
/= 1.32 Hz, 3H)
“C NMR (125 MHz, CDCl): & 164.4, 1635, 1455, 125.7, 66.5, 62.1, 235,
14.0

IR (neat): 3094, 2996, 2914, 1721, 1703, 1655, 1096 cm '



(E)-But-2-enedioic acid benzyl ester methyl ester

0
OMe OMe
/\"/ - PhCHzoJ\/\n/
0 0
7a 10a

5be] Alxe¢ £ WP oxE THF (3.00 mL)ol &31¥ PhsP (292 mg,
1.10 mmol), TBSOT{ (253 pL, 1.10 mmol), methyl acrylate (90.1 uL, 1.00
mmol)9] T&gEo THF (150 mL)ol A diisopropylamine (252 upL, 1.80
mmol)¥ n-Buli (1.06 mL of 142 M soln. in hexanes, 1.50 mmol) % 24
Bl Al Z% LDA, benzyl chloroformate (214 uL, 1.50 mmol), TBAF (1.50

mL of 1 M soln. in THF, 1.50 mmol)< %83t th. WS Xy o442
e
[¢)

TLC (hexane:EtOAc 512 s, e

%38t flash column

chromatography (hexane:EtOAc = 81 — 511 — 3:1)E £ AAs o aB-

Ex3 ol 28 B-4FA7FEE3tE 10a (129 mg, 58.7%)&5 A AT

'H NMR (500 MHz, CDCly): & 7.41-7.34 (m, 5H), 6.91 (s, 2H), 525 (s, 2H),
3.82 (s, 3H)

“C NMR (125 MHz, CDCl): & 1894, 166.0, 136.6, 136.6, 1339, 1321,
1289, 1288, 52.3

IR (neat): 3047, 2966, 2940, 2889, 2863, 1731, 1701, 1647, 1445, 1163, 989

-1
cm

(E)-But-2-enedioic acid ethyl ester methyl ester

(@]
/\"/OMe . /\O )J\/\”/OMG
(@] (@]
7a 10b



'H NMR (500 MHz, CDCly): § 6.87 (s, 2H), 4.27 (q, /= 7.32 Hz, 2H), 3.82
(s, 3H), 1.33 (t, /= 7.32 Hz, 3H)

BC NMR (125 MHz, CDCly): § 1654, 164.9, 1339, 133.1, 61.3, 52.3, 14.1

IR (neat): 2986, 2940, 2858, 1731, 1690, 1655, 1163, 989 cm '

(E)-But-2-enedioic acid benzyl ester hexyl ester

(0]
O(CH»)sCH O(CH»,)sCH
/\[(( 2)sCH3 . PhCHZO)%(( 2)5CH3
(@] (@]
7b 10c

5b¢] Az Ze WP oF THF (3.00 mL)ol £3l¥ PhsP (292 mg,
1.10 mmol), TBSOTf (253 uL, 1.10 mmol), hexyl acrylate (176 uL, 1.00
mmol)9] T&gEo THF (1.50 mL)ol A diisopropylamine (252 upL, 1.80
mmol) ¥} n-BuLi (1.02 mL of 147 M soln. in hexanes, 1.50 mmol) 2 2 5
H Al x¥ LDA, benzyl chloroformate (214 pL, 1.50 mmol), TBAF (1.50
mL of 1 M soln. in THF, 1.50 mmol)< %83t} WS Xy o442
TLC (hexane:EtOAc:CHCl; = 10:1:D)Z 9 Adtt. #d ¥ =33 flash
column chromatography (hexane:EtOAc = 70:1 — hexane:EtOAc:CHCIl3 =
10:1: D% 22 AAste aB-=x3F =g B-LFA7tR I3t 10c (178
mg, 61.2%)5 AU},
'H NMR (500 MHz, CDCl3): § 7.39-7.35 (m, 5H), 6.90 (s, 2H), 5.25 (s, 2H),
420 (t, /= 6.84 Hz, 2H), 1.71-1.65 (m, 2H), 1.40-1.35
(m, 2H), 1.34-1.29 (m, 4H), 0.90 (t, /= 6.84 Hz, 3H)
“C NMR (125 MHz, CDCL): 8§ 165.0, 164.8, 1352, 134.1, 1332, 1286,



128.5, 128.3, 67.1, 65.5, 31.4, 28.4, 25.5, 22.5, 14.0
IR (neat): 3037, 2966, 2935, 2868, 1726, 1696, 1655, 1460, 1158, 989 cm '

(E)-But-2-enedioic acid ethyl ester hexyl ester

(@]
/\H/O(CHz)sCHs . /\O)%(O(CHz)s(:Hs
(@] (@]
7b 10d

'H NMR (500 MHz, CDClLy): § 6.86 (s, 2H), 4.27 (q, ./~ 6.84 Hz, 2H), 4.20
(t, /= 6.84 Hz, 2H), 1.71-1.66 (m, 2H), 1.41-1.35 (m,
2H), 1.35-1.28 (m, 7H), 0.91 (t, /= 6.84 Hz, 3H)

BC NMR (125 MHz, CDCly): § 1651, 165.0, 133.7, 133.6, 65.5, 61.3, 31.4,
28.5, 25.5, 22,5, 14.1, 14.0

IR (neat): 3069, 2976, 2940, 2863, 1731, 1696, 1657, 1163, 989 cm '



4) a.B-EX3 FFE B-AIAN= 9 u$

4-[4-(2-0Ox0-3-phenylpropoxy)-butyl]-5,6-dihydropyran-2-one

A EA skl A CH:Cly (4.00 mL)el PCC (399 mg, 1.85 mmol)¢}t
silicagel (399 mg)< o], CH:Cly (2.30 mL)ell <l 1la (232 uL, 0.761
mmol)E 7Fall F= Atk 11A1F &b A=A wrkstd ow wkg ez ¢
AL  TLC (hexaneEtOAc = 1:22)& &<s9th.  Flash  column
chromatography (hexane:EtOAc = 1:1 — 1:2 — 1:3)2 37 AHA 5] 2ks}
¥ 4-[4-(2-0x0-3-phenylpropoxy)-butyl]-5,6-dihydropyran-2-one (187
mg, 81.4%)S AU},

'H NMR (200 MHz, CDCls): & 7.40-7.22 (m, 5H), 5.83 (s, 1H), 4.39 (t, /=
6.35 Hz, 2H), 4.14 (s, 2H), 3.77 (s, 2H), 3.49 (br, 2H),
2.40 (t, /= 6.35 Hz, 2H), 2.32 (br, 2H), 1.65 (br, 4H)

®C NMR (50 MHz, CDCl3): § 206.2, 165.1, 161.6, 133.6, 129.7, 129.0, 127.4,
116.1, 756, 71.3, 66.2, 46.5, 36.5, 29.3, 28.1, 23.2

IR (neat): 3066, 3030, 2940, 2863, 1717, 1701, 1635, 1599, 1493, 1452, 1399,
1264, 1224, 1077, 999, 865, 739, 698 cm !



Phenylacetic acid 4-(6-0x0-3,6-dihydro-2H-pyran—-4-yl)-butoxy

methyl ester

(0]
Oij\/\/\ Oﬁ\/\/\ I
O/\H/\Ph O/\O)]\/Ph

O
A B

Ao &4 st A CHoCl: (1.00 mL)el 4-[4-(2-oxo-3-phenylpropoxy)
-butyll-5,6-dihydropyran-2-one (90.4 mg, 0.299 mmol)E =°]i, CH:Cl
(1.00 mL)el =<9 m-CPBA (96.0 mg, 0.299 mmol)E 7}l At} 2A13F &
Qb o] F & A 2ol uwtstglom whg g3 442 TLC (hexaneEtOAc
= 12 FHAdAY. 7Y F=31L flash column chromatography
(hexane:EtOAc = 1:1)E E7 AHAse 433 phenylacetic acid
4-(6-0x0-3,6-dihydro-2H-pyran—-4-yl)-butoxy methyl ester (945 mg,
99.3%)E AAT.

'"H NMR (200 MHz, CDCly): § 7.35-7.28 (m, 5H), 5.81 (s, 1H), 5.30 (s, 2H),
4.38 (t, /= 6.35 Hz, 2H), 3.68 (s, 2H), 3.58 (br, 2H), 2.36
(t, /= 6.35 Hz, 2H), 2.24 (br, 2H), 1.56 (br, 4H)

BC NMR (50 MHz, CDClLy): & 171.4, 165.0, 161.4, 133.9, 1295, 128.9, 127.5,
116.1, 89.7, 70.0, 66.2, 41.8, 36.4, 29.1, 28.1, 23.1

IR (neat): 3062, 3026, 2944, 1717, 1710, 1652, 1497, 1452, 1395, 1219, 1113,

954, 861, 751, 694 cm



4-(4-Hydroxybutyl)-5,6-dihydropyran—-2-one

0] (0]
O:j\/\/\ I g Oij\/\/\
| o/\o)]\/ Ph B | OH
B C
THF (1.00 mL)e°l phenylacetic  acid 4-(6-ox0-3,6-dihydro-2H~-
pyran-4-yl)-butoxymethyl ester (31.5 mg, 0.10 mmolD)ZE xo|l1, Z=HF

K

(0.500 mL)ell =<l 43t HEF (550 mg, 0.128 mmol)& 7t +A k. A

oo X
12

o

=5 ®ol 1 Cl

o

ﬁd
z

2o A 1AIZFE S WH & EtOAc®E FE35to]

H
2]

o
-

32

A7hseeh 1A7HE md thg BOAcE F%

ol
==
X

ol}ll
o
Mo

71

2
off
Ay
ol
fd

o wbg A dALS& TLC (EtOAo)=Z Felstdown, 7+

flash column chromatography (EtOAc)®E 7 AA|ste] 715-Es =

4-(4-hydroxybutyl)-5,6-dihydropyran-2-one (10.0 mg, 59.4%)% 4%l

o},

'"H NMR (500 MHz, CDCly): 8§ 5.83 (s, 1H), 4.38 (t, /= 5.86 Hz, 2H), 3.70
(t, /= 6.35 Hz, 2H), 2.39 (t, /= 5.86 Hz, 2H), 2.31 (t, /=
6.35 Hz, 2H), 1.63 (br, 4H)

BC NMR (125 MHz, CDCly): & 164.7, 161.1, 1159, 659, 62.3, 36.3, 32.0,
27.9, 22.7

IR (neat): 3429, 2936, 2863, 1717, 1701, 1684, 1635, 1468, 1399, 1268, 1224,
1154, 1077, 1003, 865 cm '

Ms (m/e, relative intensity): 170(M", 7.9), 124(3.0), 111(base)



4-(4-{2-[(2,4-Dinitrophenyl)-hydrazonol-3-phenylpropoxy }-butyl)-5,6
—dihydropyran-2-one

A& &R sk A THF (1.00 mL)dl 4-[4-(2-oxo-3-phenylpropoxy)
-butyl]-5,6-dihydropyran-2-one (77.3 mg, 0.256 mmol)E =°]i, THF
(0.700 mL)°ll =<1 24-dinitrophenyl hydrazine (68.8 mg, 0.337 mmol)<
Zhal T AT 241 Fob Aol nnkstdow wkg gy AL TLC
(hexane:EtOAc = 1:D=E  ZAs9t. ¢ F=3+3  flash  column
chromatography (hexane:EtOAc = 312 #7 AHAse 3Jl=g=
4-(4-{2-[(2,4-dinitrophenyl)-hydrazono]l-3-phenylpropoxy}-butyl)-5,6
—-dihydropyran—-2-one (108 mg, 87.9%)< < 3it}.

'H NMR (200 MHz, CDCl): & 126 (s, 1H), 9.15 (s, 1H), 834 (d, /= 9.77,
1H), 8.03 (d, /= 9.28, 1H), 7.42-7.29 (m, 5H), 5.78 (s,
1H), 4.38 (t, /= 6.35 Hz, 2H), 4.27 (s, 2H), 3.71 (s, 2H),
3.44 (t, /= 6.35, 2H), 2.37 (t, /= 6.35 Hz, 2H), 2.26 (t,
J= 7.33, 2H), 1.59 (br, 4H)

B“C NMR (50 MHz, CDClLy): & 164.9, 161.4, 153.6, 1455, 138.0, 136.1, 129.7,
129.3, 1291, 1289, 1276, 1237, 1165, 116.1, 71.9, 69.9,
66.2, 43.2, 36.4, 28.7, 28.1, 23.1



IR (thin film): 3250, 3103, 3091, 2952, 2924, 2858, 1705, 1619, 1586, 1517,
1501, 1400, 1325, 1260, 1224, 1142, 1073, 922, 836, 771,
702, 653 cm '

4-[4-(2-Oxobutoxy)-butyll-5,6-dihydropyran-2-one

Aol Az 2 HHo=z CH.Cl (670 mL), PCC (674 mg, 1.29
mmol), silicagel(674 mg), CH>Cl> (3.00 mL), 11b (312 uL, 1.29 mmol)&

WSSkt 6417 Foh Ao A uwkskglow wbg ey A2 TLC

(hexane:EtOAc = 1:2)2 #9235y}, Flash column chromatography
(hexane:EtOAc = 1:2)2 ®37 AHAso Astd  4-[4-(2-oxobutoxy)

-butyl]-5,6-dihydropyran-2-one (198 mg, 64.2%)% < 3l t}.

'H NMR (200 MHz, CDCly): § 585 (s, 1H), 441 (t, /= 6.35 Hz, 2H), 4.09
(s, 2H), 353 (s, 2H), 249 (q, /= 7.33 Hz, 2H), 242 (t,
/= 6.35 Hz, 2H), 2.34 (br, 2H), 1.68 (br, 4H), 1.11 (t, /=
7.33 Hz, 3H)

BC NMR (50 MHz, CDCly): § 1683, 165.1, 161.7, 116.1, 76.0, 71.3, 66.3,
365, 32.4, 29.3, 28.1, 23.3, 7.49

IR (neat): 2977, 2936, 1737, 1717, 1697, 1637, 1456, 1399, 1268, 1224, 1113,
1073, 1003, 865 cm '



Propionic acid 4-(6-oxo0-3,6-dihydro-2H-pyran—-4-yl)-butoxymethyl

ester
(0] (0]
Oﬁ\/\/\ O:ﬁ\/\/\ I
d_
O/\n/\ O/\ 0
(0]
E F

BY Az & HwHoz CH.Cl (1.00 mL), 4-[4-(2-oxobutoxy)

-butyl]-5,6-dihydropyran-2-one (90.1 mg, 0.375 mmol), CH-Cl> (1.20 mL),

A 2o

Mo

m-CPBA (120 mg, 0.488 mmol)E HFS-3FA T 2A1F &9k of F
1

ol

A kst o vk ey AL TLC (hexane'EtOAc = 1:1)2 &4l

Ak, 7+ ¥ =38 flash column chromatography (hexane:EtOAc = 1:1)

=z ¥ A A ste] 43 ¥l propionic acid 4-(6-oxo-3,6-dihydro-Z2H

—pyran—-4-yl)-butoxymethyl ester (95.6 mg, 99.5%)5 & 3l t}.

'H NMR (200 MHz, CDCly): & 5.83 (s, 1H), 5.30 (s, 2H), 440 (t, /= 6.35
Hz, 2H), 3.67 (br, 2H), 240 (q, /= 7.33 Hz, 2H), 2.40 (t,
/= 6.35 Hz, 2H), 2.31 (br, 2H), 1.64 (br, 4H), 1.19 (t, /=
7.33 Hz, 3H)

BC NMR (50 MHz, CDCls): & 174.3, 1649, 161.4, 116.1, 89.3, 70.0, 66.2,
36.5, 29.2, 28.1, 279, 23.2, 9.20

IR (neat): 3063, 2940, 1737, 1717, 1697, 1635, 1456, 1395, 1268, 1215, 1113,
1073, 1003, 922, 861 cm’!



4-(4-Hydroxybutyl)-5,6-dihydropyran—-2-one

BE C=z 7[R A3 e AZWHOZ propionic acid 4-(6-oxo
-3,6-dihydro-2H-pyran-4-yl)-butoxymethyl ester (70.7 mg, 0.273 mmol),
= (0500 mL), +4tst Y E& (11.0 mg, 0.273
2o A IAIZFE R wyk & EtOAc® F&E3te] 89 T35 Ro} IN HCl=

A7berd ok 1A E ek wwkek v EtOAc® FE84 /715 22

+
=

< APy 44L& TLC (EtOAc)= st on, 1y wFstha

flash column chromatography (EtOAc)®E 8 AA|ste] 7158 =

4-(4-hydroxybutyl)-5,6-dihydropyran-2-one (17.0 mg, 36.6%)= 42

=

'H NMR (500 MHz, CDCl): § 5.83 (s, 1H), 4.38 (t, /= 5.86 Hz, 2H), 3.70
(t, /= 6.35 Hz, 2H), 2.39 (t, /= 5.86 Hz, 2H), 2.31 (t, /=
6.35 Hz, 2H), 1.63 (br, 4H)

“C NMR (125 MHz, CDCly): & 164.7, 161.1, 1159, 659, 62.3, 36.3, 32.0,
27.9, 22.7

IR (neat): 3429, 2936, 2863, 1717, 1701, 1684, 1635, 1468, 1399, 1268, 1224,

1154, 1077, 1003, 865 cm '

Ms (m/e, relative intensity): 170(M", 7.9), 124(3.0), 111(base)



4-(4-{2-[(2,4-Dinitrophenyl)-hydrazono]l-butoxy}-butyl)-5,6-dihydro

pyran—-2-one

Do Axe & WHo=w THF (1.00 mL), 4-[4-(2-oxobutoxy)
-butyll-5,6-dihydropyran-2-one (64.3 mg, 0.268 mmol), THF (0.500 mL),
2,4-dinitrophenyl hydrazine (54.8 mg, 0.268 mmol)S "33ttt 2417 &
F Aol A wwretgl o whg xdy AL TLC (hexanelEtOAc = 1:2)
=2 gaolstgr.  #Y  w=3tx  flash  column  chromatography
(hexane:EtOAc = 1:11 — 1:22)2 ®3 AAsto sl=gtF 4-(4-{2-[(2,4-
dinitrophenyl)-hydrazono]-butoxy}-butyl)-5,6-dihydropyran-2-one
(106 mg, 94.2%)<S A ATt.

'"H NMR (200 MHz, CDCly): & 125 (s, 1H), 9.16 (s, 1H), 832 (d, /= 9.28
Hz, 1H), 8.00 (d, /= 9.28 Hz, 1H), 5.83 (s, 1H), 4.40 (t,
J= 6.35 Hz, 2H), 4.33 (s, 2H), 3.64 (t, /= 6.35 Hz, 2H),
353 (br, 2H), 253-2.31 (m, 4H), 1.68 (br, 4H), 1.11 (t,
/= 7.33 Hz, 3H)

B“C NMR (50 MHz, CDClLy): & 165.0, 161.4, 156.0, 145.6, 137.8, 130.7, 129.9,
1294, 1238, 116.1, 72.1, 70.7, 66.2, 36.5, 30.0, 28.9, 28.1,
23.2, 10.8



IR (thin film): 3217, 3115, 3062, 2981, 2916, 2863, 1733, 1713, 1693, 1681,
1619, 1578, 1505, 1419, 1338, 1219, 1134, 1036, 906, 869,
742, 702 cm '

3-Methylcyclohex-2-enone

O

O ——

12b

A4 EA stelA DME (3.00 mL)el PhsP (302 mg, 1.14 mmol)& 5 0]
I TBSOTf (262 uL, 114 mmol)E A3 7tslFA. o 7]
2-cyclohexen—-1-one (100 uL, 1.04 mmol)S HH3 AH7lstar 1A% 30%
b ALoA uwte Pt vhg & A4E -78CE WY tha, n-Buli (940 n
L of 1.33 M soln. in hexanes, 1.25 mmol)S H 3] 7}3te] wr$3kdrc}. 1
A7+ F (2,3-epoxypropyl)benzene (274 ulL, 2.08 mmol)< W=A FH7}g

-
Tt TBSOTf (478 uL, 2.08 mmol)E 7tal+3th. Ao =2 & 1A

o
o

-

dlo

NaHCO3; 23} & (200 mL)& #H7FsiA 1A Feb wrkgd o

EtOAc® F=3th. w3 @3 442 TLC (hexanelEtOAc = 3112 &

olstAtt. 7t ¥ =% flash column chromatography (hexane:EtOAc =

32 g AASA B-HAd wWE7I7F H7FE 3-methylcyclohex-2

—enone (555 mg, 485%)<% <<t}

'H NMR (200 MHz, CDCl3): § 590 (s, 1H), 2.37 (t, /= 6.35 Hz, 2H), 2.31
(t, /= 5.86 Hz, 2H), 2.07-1.95 (m, 2H), 1.98 (s, 3H)

BC NMR (50 MHz, CDCly): & 200.0, 163.1, 126.9, 37.2, 31.2, 247, 22.8



IR (neat): 3030, 2940, 2891, 2867, 1664, 1627, 1427, 1378, 835 cm '

3-{4-[2-(tert-Butyldimethylsilanyloxy)-butoxy]l-butyl}-cyclohex-2-

enone

(@] (@]
12b 13a OTBS
Ao &4 stlA THF (3.00 mL)ol PhsP (302 mg, 1.14 mmol)S 9]

TBSOTf (262 upuL, 1.14 mmoDE Z1 3 8] 7F el 5 A o of 7] 9
2-cyclohexen-1-one (100 pL, 1.04 mmol)S H A3 A 7}stx 1A7F 30+
Eob ALoA ke, whg fAE -78C= Y tE, n-Buli (933 1
L of 1.34 M soln. in hexanes, 1.25 mmol)S A 3] 7}3ste] 335 1
Az 3 1,2-epoxybutane (179 upL, 2.08 mmol)E W= A A7l o
TBSOTf (478 pL, 2.08 mmol)E 7t F=A vk, 1A%F § NaHCO3 E3F 4§

o (200 mL)= #H7baliA Aoz & 143 ¢ uwt § EtOAc®: F&

st Wb gy 442 TLC (hexane:EtOAc = 3:1)& FA3sAo. 7
&+ & =3t flash column chromatography (hexane:EtOAc = 511 — 3:11)&
=]

1154

2] At ngd ol=9 B-91A butyloxy group®| FH7FE o] o ZH A=
g w23 13a (323 mg, 87.5%)2 <A},

'"H NMR (200 MHz, CDCl): 8§ 590 (s, 1H), 3.73-3.60 (m, 1H), 3.45 (br,
2H), 3.33 (dd, A= 2.69 Hz, /= 562 Hz, 2H), 2.42-2.31
(m, 4H), 2.28 (br, 2H), 2.01 (t, /= 6.35 Hz, 2H), 1.60 (br,
4H), 1.61-1.38 (m, 2H), 0.95 (t, /= 6.84 Hz, 3H), 0.91 (s,
9H), 0.081 (s, 6H)
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®C NMR (50 MHz, CDCly): § 200.2, 166.6, 126.0, 755, 72.9, 71.1, 38.1, 37.6,
29.9, 29.6, 27.7, 26.3, 26.1, 23.9, 23.0, 10.1, -4.14, -4.47

IR (neat): 2956, 2928, 2854, 1680, 1656, 1623, 1460, 1378, 1252, 1113, 832,
775 ¢cm !

Ms (m/e, relative intensity): 354(M°, 0.2), 297(base), 187(2.3), 151(76),
123(14), 115(38), 109(15)

3-[4-(2-Hydroxybutoxy)-butyll-cyclohex-2-enone

(@] 0O
ij ij\/\/\o/\l/\
12b 13b OH

13a9] Alxe 22 WyPo= THF (3.00 mL)ol &3l¥ PhsP (302 mg,

1.14 mmol), TBSOTf (262 uL, 1.14 mmol), 2-cyclohexen-1-one (100 uL,

1.04 mmol)2] &3 =] n-BulLi (899 uL of 1.39 M soln. in hexanes, 1.25

mmol), 1,2-epoxybutane (179 uL, 2.08 mmol), TBSOTf (478 uL, 2.08

mmol)E ¥WF§-3t Attt 1A 3 & HF-pyridine (92.4 pL, 3.50 mmol)S % 7} 3
5

Ao AR &P 1A

o b mwhekdvh. wkg AP fAS TLC
(hexane:EtOAc = 1:2)2 @938, Flash column chromatography
(hexane:EtOAc = 1:2 — 1:3)2 #2 AAstd 288y =9 B-9
butyloxy groupo]l F7F¥ o} o &A= &y uk3-3 13b (204 mg, 81.4%)%
A A

'H NMR (200 MHz, CDCl): § 591 (s, 1H), 3.79-3.67 (m, 1H), 3.58-3.43

(m, 3H), 3.28 (dd, A= 830 Hz, = 9.28 Hz, 1H),
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2.42-2.31 (m, 4H), 2.28 (br, 2H), 2.07-1.98 (m, 2H), 1.62
(br, 4H), 1.57-1.43 (m, 2H), 0.99 (t, ./= 7.33 Hz, 3H)

“C NMR (50 MHz, CDCly): & 200.3, 166.5, 126.0, 75.1, 71.9, 71.1, 38.0, 37.6,
29.9, 295, 26.4, 23.8, 22.9, 10.2

IR (neat): 3446, 3026, 2932, 2871, 1656, 1619, 1456, 1427, 1374, 1350, 1321,
1256, 1195, 1113, 967, 885 cm

Ms (m/e, relative intensity): 240(M", 0.4), 222(0.4), 151(15), 123(base),
109(12), 73(5.0)

3-{4-[2-(tert—-Butyldimethylsilanyloxy)-3-phenylpropoxyl-butyl}-

cyclohex-2-enone

(@] (0]
@ @\/\/\O/ﬁ/\Ph
12b 13c OTBS

'H NMR (200 MHz, CDCls): § 7.30-7.20 (m, 5H), 591 (s, 1H), 3.97 (quin,
/= 6.60 Hz, 1H), 3.50 (br, 2H), 3.34 (t, ./~ 4.64 Hz, 2H),
291 (dd, A= 4.88 Hz, A= 13.67 Hz, 1H), 2.67 (dd, /=
757 Hz, A= 1343 Hz, 1H), 2.42-2.31 (m, 4H), 2.28 (br,
2H), 2.01 (t, /= 6.10 Hz, 2H), 1.62 (br, 4H), 0.84 (s, 9H),
-0.05 (s, 3H), -0.21 (s, 3H)

“C NMR (50 MHz, CDCly): & 200.2, 1665, 139.1, 130.1, 1283, 126.3, 126.1,
75.1, 73.1, 71.2, 41.6, 38.1, 37.6, 29.9, 29.6, 26.1, 23.9, 23.0,
184, -4.5, -4.9

IR (neat): 3087, 3062, 3030, 2952, 2928, 2854, 1737, 1676, 1623, 1493, 1460,
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1358, 1252, 1195, 1113, 991, 889, 828, 775, 698 cm
3-[4-(2-Hydroxy-3-phenylpropoxy)-butyll-cyclohex-2-enone

O © O

OH

12b 13d

'H NMR (200 MHz, CDCly): § 7.37-7.23 (m, 5H), 590 (s, 1H), 4.10-3.98
(m, 1H), 3.52-3.43 (m, 3H), 3.34 (dd, A= 7.08 Hz, /=
952 Hz, 1H), 2.82 (d, /= 586 Hz, 2H), 2.38 (t, /= 6.59
Hz, 2H), 2.34-2.13 (m, 4H), 2.00 (quin, /= 6.35 Hz, 2H),
1.62 (br, 4H)

BC NMR (50 MHz, CDCly): & 200.2, 166.4, 138.2, 129.6, 1288, 126.7, 126.1,
74.3, 71.6, 71.2, 40.2, 38.0, 37.6, 29.9, 29.5, 23.8, 23.0

IR (neat): 3446, 3083, 3058, 3026, 2932, 2863, 1721, 1705, 1684, 1652, 1615,
1493, 1456, 1252, 1195, 1113, 963, 885, 747, 695 cm '

3-{4-[2-(tert-Butyldimethylsilanyloxy)-cyclohexyloxyl-butyl}-

cyclohex-2-enone

e NeUiNe

OTBS

12b 13e

'"H NMR (200 MHz, CDCly): § 590 (s, 1H), 354 (br, 3H), 3.11-2.97 (m,
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1H), 2.42-2.32 (m, 4H), 231 (br, 2H), 2.01 (t, /= 6.35

Hz, 2H), 1.61 (br, 8H), 1.25 (br, 4H), 0.91 (s, 9H), 0.08(s,
6H)

®C NMR (50 MHz, CDCly): § 200.2, 166.7, 126.0, 82.4, 74.1, 69.5, 38.2, 37.6,

33.8, 30.1, 29.9, 29.7, 26.1, 24.0, 23.7, 23.6, 23.0, 184, -4.3,
-4.4

IR (neat): 3030, 2928, 2854, 1717, 1705, 1684, 1676, 1652, 1627, 1455, 1248,
1097, 873, 775 cm !

3-[4-(2-Hydroxycyclohexyloxy)-butyll-cyclohex-2-enone

(@] (0]
12b 13f OH

'"H NMR (200 MHz, CDCly): § 590 (s, 1H), 3.71-3.61 (m, 1H), 3.49-3.34
(m, 2H), 3.02 (td, A= 4.40 Hz, /1= 953 Hz, 1H), 2.39 (t,
J= 659 Hz, 2H), 2.31-2.20 (m, 4H), 2.01 (quin, /= 6.35
Hz, 4H), 1.73 (br, 4H), 1.62 (br, 4H), 1.34-1.10 (m, 4H)

C NMR (50 MHz, CDCly): § 200.3, 166.5, 126.0, 84.0, 74.1, 68.4, 38.0, 37.6,
32.3, 30.0, 29.9, 294, 24.5, 24.2, 23.9, 229

IR (neat): 3454, 2932, 2858, 1717, 1688, 1672, 1652, 1619, 1456, 1370, 1350,
1252, 1191, 1105, 963, 885, 755 cm '

- 104 —



3-{4-[2-(tert-Butyldimethylsilanyloxy)-1-phenylethoxyl-butyl}-
o)

cyclohex-2-enone
(0]
Ph
/l\v,OTBS
O

12b 13g

Y

'"H NMR (200 MHz, CDCly): § 7.36-7.29 (m, 5H), 5.88 (s, 1H), 4.33 (t, /=
586 Hz, 1H), 3.81 (dd, A= 7.08 Hz, = 10.50 Hz, 1H),
3.63 (dd, = 4.88 Hz, A= 10.74 Hz, 1H), 3.41 (br, 2H),
2.41-231 (m, 2H), 2.29-2.22 (m, 4H), 1.99 (t, /= 6.10
Hz, 2H), 1.61 (br, 4H), 0.872 (s, 9H), 0.001 (s, 3H), -0.02
(s, 3H)

BC NMR (50 MHz, CDCL): & 200.2, 166.6, 140.4, 1285, 128.0, 127.3, 126.0,
83.6, 69.0, 68.4, 38.1, 37.6, 29.9, 29.7, 26.1, 23.9, 23.0, 18.6,
-5.0, 5.2

IR (neat): 3083, 3062, 3030, 2928, 2858, 1733, 1701, 1684, 1656, 1623, 1460,
1346, 1252, 1195, 1101, 1003, 963, 840, 775, 698 cm '

3-[4-(2-Hydroxy-1-phenylethoxy)-butyll-cyclohex-2—-enone

0] 0]
ij . ot
)\/OH
(@)
12b 13h

'"H NMR (200 MHz, CDCly): & 7.43-7.25 (m, 5H), 5.89 (s, 1H), 4.41 (dd,
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Jo= 440 Hz, A= 830 Hz, 1H), 3.75-3.60 (m, 2H),
3.48-3.35 (m, 2H), 2.38 (t, /~ 6.59 Hz, 2H), 2.32-2.20
(m, 4H), 2.00 (quin, /= 5.86 Hz, 2H), 1.62 (br, 4H)

BC NMR (50 MHz, CDClLy): & 200.3, 166.4, 139.0, 128.8, 128.4, 127.1, 126.0,
83.3, 68.9, 67.6, 38.0, 37.6, 29.9, 29.7, 23.8, 22.9

IR (neat): 3458, 3083, 3058, 3022, 2936, 2867, 1717, 1680, 1656, 1623, 1456,
1346, 1249, 1191, 1105, 963, 885, 759, 702 cm '

3-{4-[2-(tert-Butyldimethylsilanyloxy)-1,1-dimethylethoxy]-butyl}-

cyclohex-2-enone

O (0]

é ij\/\/\o></OTBS

12b 13i

Y

'H NMR (200 MHz, CDCly): § 590 (s, 1H), 3.44 (br, 4H), 2.42-2.31 (m,
2H), 2.28-2.22 (m, 4H), 2.01 (t, /= 6.10 Hz, 2H), 1.57
(br, 4H), 1.16 (s, 6H), 0.92 (s, 9H), 0.06 (s, 6H)

“C NMR (50 MHz, CDCly): & 200.2, 166.8, 126.0, 75.5, 70.0, 61.5, 38.2, 37.6,
304, 29.9, 26.5, 26.1, 24.0, 23.0, 22.8, 18.5, -5.2

IR (neat): 3034, 2952, 2932, 2854, 1688, 1672, 1652, 1627, 1460, 1357, 1251,
1190, 1105, 835, 778 cm '
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3-[4-(2-Hydroxy-1,1-dimethylethoxy)-butyll-cyclohex-2-enone

o O

Q) Qo

12b 13]

Y

'H NMR (200 MHz, CDCly): & 591 (s, 1H), 3.44 (s, 2H), 3.39 (br, 2H),
239 (t, /= 659 Hz, 2H), 2.32-2.12 (m, 4H), 2.07-1.98
(m, 2H), 159 (br, 4H), 1.19 (br, 6H),

BC NMR (50 MHz, CDCl): & 200.4, 166.7, 126.0, 75.1, 69.9, 61.2, 38.1, 37.6,
30.2, 29.9, 26,5, 239, 22.9, 22.1

IR (neat): 3437, 3054, 2973, 2932, 2867, 1717, 1656, 1619, 1460, 1436, 1362,
1252, 1191, 1158, 1118, 1073, 963, 889, 718 cm '

3-{4-[2-(tert-Butyldimethylsilanyloxy)-butoxy]-butyl}-cyclopent-2-

enone
(e} O,
é é\/\/\o
12a 13k OTBS

'H NMR (200 MHz, CDCly): § 598 (s, 1H), 3.76-3.61 (m, 1H), 347 (t, /=
5.86 Hz, 2H), 3.38-3.32 (m, 2H), 2.58 (br, 2H), 2.50-2.41
(m, 4H), 1.70 (br, 4H), 1.60-1.39 (m, 2H), 0.96 (t, /=
7.33 Hz, 3H), 0.91 (s, 9H), 0.08 (s, 6H)

“C NMR (50 MHz, CDCly): § 210.4, 183.1, 129.8, 755, 72.9, 71.1, 35.6, 33.6,
31.7, 29.7, 2777, 26.1, 24.1, 185, 990, -4.2, -4.5
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IR (neat): 3070, 2928, 2858, 1717, 1701, 1676, 1615, 1456, 1436, 1387, 1252,
1113, 1007, 832, 771 c¢m

3-[4-(2-Hydroxybutoxy)-butyll-cyclopent-2-enone

(@] (@]
é é\/\/\o/\/\
12a 13l OH

'H NMR (200 MHz, CDCl): § 5.98 (s, 1H), 3.78-3.65 (m, 1H), 3.56-3.45
(m, 3H), 3.29 (t, /= 830 Hz, 1H), 259 (br, 2H), 2.46
(br, 4H), 1.68 (br, 4H), 1.50 (quin, /= 7.33 Hz, 2H), 0.99
(t, /= 7.33 Hz, 3H)

BC NMR (50 MHz, CDCly): § 210.4, 182.9, 129.9, 75.1, 72.0, 71.1, 355, 33.5,
31.8, 29.6, 26.4, 24.0, 10.1

IR (thin film): 3421, 2969, 2936, 2875, 1737, 1696, 1672, 1607, 1436, 1281,

1252, 1224, 1171, 1027, 722 cm '

3-{4-[2-(tert—-Butyldimethylsilanyloxy)-3-phenylpropoxyl-butyl}-

cyclopent-2-enone

0 0
é é\/\/\o/\/\Ph
12a 13m OTBS

'H NMR (200 MHz, CDCly): § 7.29-7.20 (m, 5H), 5.99 (s, 1H), 3.98 (quin,
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/= 635 Hz, 1H), 3.69 (t, /= 586 Hz, 1H), 348 (t, /~
586 Hz, 2H), 3.41-3.32 (m, 2H), 291 (dd, A= 4.88 Hz,
J1= 13,67 Hz, 1H), 2.68 (dd, .~= 7.33 Hz, /A= 13.19 Hz,
1H), 2.62 (br, 1H), 251-2.41 (m, 2H), 1.69 (br, 6H), 0.84
(s, 9H), -0.04 (s, 3H), -0.20 (s, 3H)

®C NMR (50 MHz, CDCly): & 2104, 183.1, 139.0, 130.1, 129.8, 128.3, 126.3,
75.1, 73.0, 71.7, 41.6, 356, 33.6, 31.8, 29.7, 26.1, 24.1, 184,
-4.5, -4.9

IR (neat): 3083, 3058, 3022, 2924, 2858, 1705, 1672, 1615, 1460, 1436, 1358,
1252, 1183, 1109, 991, 836, 775, 698 cm '

3-[4-(2-Hydroxy-3-phenylpropoxy)-butyll-cyclopent-2—-enone

(0] (@)
é é\/\/\o/\/\ph
12a 13n OH

'H NMR (200 MHz, CDCly): § 7.37-7.22 (m, 5H), 598 (s, 1H), 4.09-4.01
(m, 1H), 3.52-3.40 (m, 3H), 3.35 (dd, A= 7.33 Hz, A=
9.77 Hz, 1H), 2.82 (d, ./~ 6.84 Hz, 2H), 258 (br, 2H),
251-2.40 (m, 2H), 2.08 (br, 2H), 1.68 (br, 4H)

B“C NMR (50 MHz, CDCly): & 2105, 183.0, 138.2, 129.8, 129.6, 128.8, 126.7,
744, 71.6, 71.1, 40.2, 35.5, 33.5, 31.8, 29.6, 24.0

IR (neat): 3425, 3079, 3058, 3026, 2928, 2863, 1705, 1672, 1607, 1493, 1452,
1431, 1403, 1358, 1236, 1187, 1158, 1118, 1028, 987, 844,
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747, 702 cm !

3-{4-[2-(tert—-Butyldimethylsilanyloxy)-cyclohexyloxyl-butyl}-
cyclopent-2-enone

(0]

&5 a0

12a

\j

130 OTBS

'"H NMR (200 MHz, CDCly): § 598 (s, 1H), 356 (t, /= 586 Hz, 2H),
3.57-3.46 (m, 1H), 3.03 (br, 1H), 2.60 (br, 2H), 2.49-2.41

(m, 4H), 1.64 (br, 8H), 1.25 (br, 4H), 091 (s, 9H), 0.08
(s, 6H)

BC NMR (50 MHz, CDCly): 6§ 210.4, 183.2, 129.8, 82.4, 74.1, 69.5, 35.6, 33.8,

33.6, 31.7, 30.2, 29.7, 26.1, 24.2, 23.7, 23.6, 18.4, ~4.3, ~4.4
IR (neat): 3066, 2932, 2854, 1717, 1701, 1680, 1615, 1456, 1436, 1378, 1252,
1109, 877, 832, 775 cm

3-[4-(2-Hydroxycyclohexyloxy)-butyll-cyclopent-2-enone
(@]

& - b

12a 13p OoH

'"H NMR (200 MHz, CDCly): 8 599 (s, 1H), 3.73-3.63 (m, 1H), 3.44 (br,

2H), 3.10-3.00 (m, 1H), 2.79 (br, 2H), 2.59 (br, 2H),
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2.51-2.40 (m, 4H), 1.68 (br, 6H), 1.33-1.09 (m, 4H)

PC NMR (50 MHz, CDCly): § 210.8, 1835, 129.8, 83.9, 74.1, 68.4, 35.6, 33.6,
32.3, 31.8, 30.0, 29.4, 24.4, 24.2, 24.1

IR (neat): 3462, 2932, 2858, 1737, 1717, 1701, 1652, 1607, 1436, 1272, 1158,
1101, 1028, 844, 755 cm '

3-{4-[2-(tert-Butyldimethylsilanyloxy)-1-phenylethoxyl-butyl}-

cyclopent-2-enone

0] O,

12a 13q

\

'H NMR (200 MHz, CDCl3): § 7.36-7.29 (m, 5H), 5.96 (s, 1H), 4.35 (t, /=
6.10 Hz, 1H), 3.80 (t, /= 9.03 Hz, 1H), 3.71-3.62 (m,
1H), 3.43 (br, 2H), 2.59 (br, 2H), 2.43 (br, 4H), 1.66 (br,
4H), 0.88 (s, 9H), 0.01 (s, 3H), -0.02 (s, 3H)

®C NMR (50 MHz, CDCly): & 2105, 183.2, 140.3, 129.8, 1285, 128.0, 127.2,
83.6, 69.0, 684, 35.6, 33.5, 31.7, 29.8, 26.1, 24.1, 18.6, -5.1,
-5.2

IR (neat): 3079, 3058, 3026, 2928, 2851, 1717, 1697, 1672, 1615, 1456, 1440,
1403, 1252, 1183, 1109, 836, 775, 698 cm '
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3-[4-(2-Hydroxy-1-phenylethoxy)-butyll-cyclopent-2-enone

(0] O

é é\/\/\oji/o'*

12a 13r

Y

'"H NMR (200 MHz, CDCly): § 7.40-7.15 (m, 5H), 596 (s, 1H), 4.42 (dd,
= 440 Hz, A= 830 Hz, 1H), 3.76-3.61 (m, 2H), 3.42
(br, 4H), 2.57 (br, 2H), 2.45-2.39 (m, 2H), 1.67 (br, 4H)

B®C NMR (50 MHz, CDCly): & 2105, 139.0, 130.7, 129.8, 128.8, 128.4, 127.1,
83.3, 68.8, 67.6, 35.6, 33.5, 31.8, 29.7, 24.0

IR (neat): 3466, 3058, 3026, 2928, 2863, 1717, 1701, 1652, 1615, 1489, 1456,
1440, 1248, 1183, 1109, 1032, 848, 759, 702 cm '

3-{4-[2-(tert—Butyldimethylsilanyloxy)—-1,1-dimethylethoxy]l-butyl}-
cyclopent-2-enone

0O (0]

o Qo

12a 13s

Y

'"H NMR (200 MHz, CDCly): § 598 (s, 1H), 3.45 (br, 4H), 2.60 (br, 2H),
250-2.41 (m, 4H), 1.63 (br, 4H), 1.16 (s, 6H), 0.92 (s,
9H), 0.06 (s, 6H)

BC NMR (50 MHz, CDCly): § 210.5, 183.4, 129.8, 75,5, 70.0, 61.5, 35.6, 33.6,
31.7, 30.5, 26.5, 26.1, 24.2, 22.8, 185, -5.2
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IR (neat): 3070, 2956, 2932, 2853, 1721, 1713, 1668, 1615, 1476, 1468, 1362,
1248, 1179, 1105, 1003, 836, 775 cm '

3-{4-[2-(tert—Butyldimethylsilanyloxy)-butoxy]l-butyl}-cyclohept-2-

enone

12c 13u OTBS

'H NMR (200 MHz, CDCly): & 593 (s, 1H), 3.73 (quin, /= 5.62 Hz, 1H),
345 (br, 2H), 3.33 (dd, A= 2.67 Hz, /= 562 Hz, 2H),
259 (br, 2H), 2.43 (br, 2H), 2.23 (br, 2H), 1.81 (br, 4H),
1.60 (br, 4H), 1.58-1.38 (m, 2H), 094 (t, /= 586 Hz,
3H), 091 (s, 9H), 0.08 (s, 6H)

BC NMR (50 MHz, CDCly): § 2045, 162.3, 129.6, 755, 72.9, 71.2, 42.4, 41.1,
32.7, 296, 27.7, 26.1, 253, 245, 215, 185, 9.9, -4.1, -45

IR (neat): 2932, 2854, 1721, 1701, 1664, 1652, 1643, 1631, 1460, 1362, 1252,
1113, 1048, 1003, 836, 775 cm '

3-[4-(2-Hydroxybutoxy)-butyll-cyclohept-2-enone

(0] (0]

Y

12¢ 13v OH
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'H NMR (200 MHz, CDCly): § 5.93 (s, 1H), 3.78-3.63 (m, 1H), 3.53-3.40
(m, 3H), 3.28 (t, /= 879 Hz, 1H), 259 (t, /= 6.10 Hz,
2H), 243 (t, /= 5.86 Hz, 2H), 224 (t, /= 659 Hz, 2H),
1.82 (br, 4H), 1.70-153 (m, 4H), 150 (quin, /= 7.33 Hz,
2H), 0.99 (t, /= 7.33 Hz, 3H)

BC NMR (50 MHz, CDCly): § 204.4, 162.1, 129.6, 75.1, 71.9, 71.2, 42.4, 41.0,
32.8, 29.5, 26.4, 253, 24.4, 215, 10.2

IR (neat): 3446, 2940, 2863, 1717, 1705, 1656, 1635, 1456, 1367, 1342, 1260,
1203, 1109, 1044, 987, 877, 751 cm '

3-{4-[2-(tert-Butyldimethylsilanyloxy)-3-phenylpropoxyl-butyl}-
cyclohept-2-enone

O 0O

|

O/\|/\Ph

12¢ OTBS

13w

'H NMR (200 MHz, CDCl): § 7.32-7.20 (m, 5H), 5.94 (s, 1H), 3.97 (quin,
/= 5.13 Hz, 1H), 3.46 (br, 2H), 3.34 (t, ./~ 4.88 Hz, 2H),
291 (dd, A= 4.88 Hz, A= 13.19 Hz, 1H), 2.67 (dd, /=
781 Hz, /= 13.67 Hz, 1H), 2.60 (br, 2H), 2.44 (br, 2H),

224 (br, 2H), 1.81 (br, 4H), 1.60 (br, 4H), 0.84 (s, 9H),
-0.05 (s, 3H), -0.21 (s, 3H)

®C NMR (50 MHz, CDCly): & 204.4, 162.2, 139.1, 130.1, 129.6, 128.3, 126.3,

75.1, 73.1, 71.2, 42.4, 41.6, 41.1, 32.7, 29.6, 26.1, 254, 24.5,
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215, 18.4, -4.5, -5.0
IR (neat): 3083, 3058, 3026, 2940, 2854, 1717, 1705, 1656, 1635, 1493, 1456,
1362, 1252, 1113, 987, 828, 775, 698 cm '

3-[4-(2-Hydroxy-3-phenylpropoxy)-butyll-cyclohept-2-enone

O] O

Y

oY Ph
12¢c 13x oH
'H NMR (200 MHz, CDCly): § 7.37-7.23 (m, 5H), 593 (s, 1H), 4.10-3.98
(m, 1H), 3.51-3.39 (m, 3H), 3.33 (dd, A= 7.08 Hz, A=
952 Hz, 1H), 2.82 (d, /= 6.35 Hz, 2H), 259 (t, /= 6.10
Hz, 2H), 243 (t, /= 6.10 Hz, 2H), 2.24 (t, /= 659 Hz,
2H), 1.90-1.81 (m, 4H), 1.68-1.55 (m, 4H)
“C NMR (50 MHz, CDCly): & 204.4, 162.1, 1382, 130.0, 129.6, 128.7, 126.7,
74.3, 71.6, 71.3, 424, 41.0, 32.8, 29.5, 26.7, 25.4, 24.4, 21.5
IR (neat): 3446, 3079, 3058, 3022, 2932, 2854, 1717, 1701, 1656, 1639, 1493,
1460, 1366, 1264, 1207, 1122, 881, 747, 698 cm '

3-{4-[2-(tert-Butyldimethylsilanyloxy)-cyclohexyloxyl-butyl}-
cyclohept-2-enone

0 0O

®]

12c 13y OTBS
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'H NMR (200 MHz, CDCL): § 593 (s, 1H), 3.71-3.61 (m, 1H), 3.54 (br,
2H), 3.03 (br, 1H), 2.60 (br, 2H), 2.44 (br, 2H), 2.23 (br,
2H), 1.81 (br, 4H), 1.62 (br, 8H), 1.25 (br, 4H), 0.91 (s,
9H), 0.08 (s, 6H)

BC NMR (50 MHz, CDCly): § 2045, 162.5, 129.5, 82.4, 74.1, 69.6, 42.4, 41.2,
32.8, 30.1, 26.2, 26.1, 25.9, 254, 24.6, 215, 184, 182, -3.3,
-4.3, -4.4

IR (neat): 2932, 2854, 1705, 1656, 1472 1460, 1448, 1358, 1252, 1158, 1101,
1007, 873, 832, 775 cm |

3-[4-(2-Hydroxycyclohexyloxy)-butyll-cyclohept-2-enone

O O

(®)

12c 13z OH

'"H NMR (200 MHz, CDCLy): § 5.93 (s, 1H), 3.72-358 (m, 1H), 3.43 (br,
4H), 3.08-2.99 (m, 1H), 259 (t, /= 6.35 Hz, 2H), 243 (t,
J= 562 Hz, 2H), 2.24 (t, /= 6.84 Hz, 2H), 1.81 (br, 2H),
1.71-151 (m, 8H), 1.40-1.10 (m, 4H)

BC NMR (50 MHz, CDCly): § 204.4, 162.1, 129.6, 83.9, 74.1, 68.5, 42.4, 41.0,
32.8, 32.2, 30.0, 29.4, 26.7, 254, 245, 24.2, 215

IR (neat): 3450, 2932, 2854, 1717, 1696, 1652, 1448, 1367, 1261, 1200, 1109,
1041, 922, 848, 726 c¢m
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4-{4-[2-(tert—-Butyldimethylsilanyloxy)-butoxy]l-butyl}-5,6-dihydro

pyran—-2-one

(0] (0]
(0] (@)
ﬁ " é\/\/\
O/\/\
1 11a OTBS

A& EA stelA THF (3.00 mL)oll PhsP (302 mg, 1.14 mmol)< o]l
TBSOTf (262 pL, 1.14 mmol)< HZH3 7talFAtt. o 7] 56-dihydro
-2H-pyran-2-one (89.6 pulL, 1.04 mmol)& HH3] H7}sta 143+ 308 &
F Aol A wwretgdvr. 1 Fe A4 EA stelA THF (1.50 mL)ol
diisopropylamine (210 pL, 1.50 mmol<& =] 0C=Z WH F n-Buli

(887 uL of 1.41 M soln. in hexanes, 1.25 mmol)& HAH3] 7lal& v

0Coll A 45%7F, Ao A 153 wwkst ot 1A17F 30 &9t wwksk & of
S -8CTE Yd vy, wukd Fok e §A(LDA)S HA3] 7hste] whg
stk 1A% & 1,2-epoxybutane (179 pL, 2.08 mmol)= = A # 7} 3

& TBSOTf (478 pL, 2.08 mmol)E 7ttt 1417 ¥ NaHCO3 *E 3}

FE&9 (200 mL)& H7MalA Aoz &8 1A 5 ik & EtOAcE

FE3 9. g Ay} 442 TLC (hexane'EtOAc = 2:1)& &<l 39 th.

=3} flash column chromatography (hexane:EtOAc = 7:1 — 2:1)

2 &y AAst aB-=x3 =9 B-9A butyloxy groupel FH7h¥ o] o

A= dyl wk3gk 11a (161 mg, 43.4%)E A AT

H NMR (200 MHz, CDCly): 6 583 (s, 1H), 4.40 (t, /= 6.35 Hz, 2H),
3.78-3.60 (m, 1H), 3.52-3.43 (m, 2H), 3.33 (dd, .= 2.69
Hz, /= 562 Hz, 2H), 240 (t, /= 6.35 Hz, 2H), 2.30 (br,

2H), 1.62 (br, 4H), 1.59-1.40 (m, 2H), 094 (t, /= 6.84
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Hz, 3H), 0.91 (s, 9H), 0.08 (s, 6H)

“C NMR (50 MHz, CDCly): & 165.0, 161.6, 116.1, 75.5, 72.9, 71.0, 66.2, 36.7,
29.5, 28.1, 277, 26.1, 23.4, 185, 9.9, -4.1, -4.5

IR (neat): 3058, 2940, 2854, 1733, 1713, 1697, 1639, 1472 1395, 1252, 1216,
1113, 1003, 832, 775 cm '

Ms (m/e, relative intensity): 356(M", 0.3), 299(base), 187(0.8), 153(24),
125(5.0), 115(15)

4-[4-(2-Hydroxybutoxy)-butyll-5,6-dihydropyran-2-one

(@] (@]
(e} (0]
:ﬁ B :ﬁ\/\/\
O/\/\
1 11b OH

11a®] Az} 22 Wy o=z THF (3.00 mL)d £3l% PhsP (302 mg,
1.14 mmol), TBSOTf (262 uL, 1.14 mmol), 5,6-dihydro-2H-pyran-2-one
(896 uL, 1.04 mmol)e] Z3 = THF (1.50 mL)°l A diisopropylamine
(210 uL, 150 mmol)@ n-BuLi (899 uL of 1.39 M soln. in hexanes, 1.25
mmol) 2. 2% F A x¥ LDA, 12-epoxybutane (179 upL, 2.08 mmol),
TBSOTf (478 uL, 2.08 mmol)E ®Ht-&3F % th. 1A 3F & HF-pyridine (91.6 1
L, 350 mmoD< H7FaiA d&ox &8 1A F¢ wwagdch wg
v 24> TLC (hexane'EtOAc = 1:5)2 <39t Flash column
chromatography (hexane:EtOAc = 12 — 15)2 #37 AA s op-Ex3}
=2 B-91A butyloxy groupe] H7bH o] olFA= dd w&F 11b (153

mg, 60.6%)5 A At
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'H NMR (200 MHz, CDCly): & 585 (s, 1H), 440 (t, /= 6.35 Hz, 2H),
3.79-3.65 (m, 1H), 3.57-3.45 (m, 3H), 3.29 (t, /= 879
Hz, 1H), 2.41 (t, /= 6.35 Hz, 2H), 2.32 (br, 2H), 1.64 (br,
4H), 1.58-1.43 (m, 2H), 0.99 (t, /= 7.33 Hz, 3H)

“C NMR (50 MHz, CDCly): & 165.0, 161.5, 116.1, 75.1, 71.9, 71.0, 66.2, 36.6,
294, 281, 26.4, 23.3, 10.1

IR (neat): 3453, 3055, 2936, 2871, 1729, 1713, 1701, 1680, 1632, 1468 1399,
1374, 1313, 1268, 1219, 1077, 999, 865, 730 cm '

Ms (m/e, relative intensity): 243(M°, 0.4), 153(15), 125(base), 111(9.7),

73(3.2)

4-{4-[2-(tert—Butyldimethylsilanyloxy)-3-phenylpropoxyl-butyl}-5,6-
dihydropyran-2-one

(@] (@]
(@) (@]
\ij i \ij\/\/\
O/\|/\Ph
1 11c OTBS

'"H NMR (200 MHz, CDCly): § 7.33-7.19 (m, 5H), 5.84 (s, 1H), 4.40 (t, /=
6.35 Hz, 2H), 4.04-3.92 (m, 1H), 3.52-3.41 (m, 2H), 3.34
(dd, A= 391 Hz, A= 537 Hz, 2H), 290 (dd, .= 4.64
Hz, /= 129 Hz, 1H), 2.67 (dd, = 7.33 Hz, /= 13.2 Hz,
1H), 240 (t, /= 6.35 Hz, 2H), 2.31 (br, 2H), 1.63 (br,
4H), 0.84 (s, 9H), -0.05 (s, 3H), -0.20 (s, 3H)

B“C NMR (50 MHz, CDCly): & 165.0, 161.6, 139.0, 130.1, 1283, 126.4, 116.1,
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75.1, 73.1, 70.9, 66.2, 41.6, 36.7, 29.5, 28.1, 26.1, 23.4, 184,
-4.5, -4.9

IR (neat): 3083, 3058, 3026, 2952, 2928, 2854, 1733, 1717, 1701, 1635, 1493,
1456, 1399, 1252, 1215, 1126, 1085, 999, 832, 775, 698

-1
cm

4-[4-(2-Hydroxy—-3-phenylpropoxy)-butyll-5,6-dihydropyran—-2-one

O (@]
(@) O
‘i‘) B :ﬁ\/\/\
O/\/\Ph
1 11d OH

'"H NMR (500 MHz, CDCly): § 7.37-7.22 (m, 5H), 5.84 (s, 1H), 4.39 (t, /=
6.35 Hz, 2H), 4.11-3.99 (m, 1H), 3.53-3.42 (m, 3H), 3.35
(t, /= 7.33 Hz, 1H), 2.82 (d, /= 6.35 Hz, 2H), 2.39 (t, /=
6.35 Hz, 2H), 2.31 (br, 2H), 1.64 (br, 4H)

“C NMR (125 MHz, CDCl): 6§ 164.6, 161.1, 137.8, 129.3, 1285, 1265, 115.9,
74.1, 71.3, 70.8, 65.9, 39.9, 36.3, 29.1, 27.9, 23.1

IR (neat): 3433, 3087, 3058, 3026, 2924, 2863, 1733, 1717, 1692, 1680, 1632,
1493, 1456, 1432, 1395, 1268, 1224, 1175, 1113, 1077, 999,
865, 751, 694 cm '
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4-{4-[2-(tert—Butyldimethylsilanyloxy)-cyclohexyloxyl-butyl}-5,6-

dihydropyran-2-one

OTBS

Y

1

'H NMR (200 MHz, CDCly): § 5.83 (s, 1H), 4.39 (t, /= 6.35 Hz, 2H), 3.55
(br, 3H), 3.05 (br, 1H), 240 (t, /= 6.35 Hz, 2H), 2.30
(br, 2H), 1.98 (br, 2H), 1.61 (br, 6H), 1.32-1.19 (m, 4H),
0.91 (s, 9H), 0.08 (s, 6H)

BC NMR (50 MHz, CDCly): § 165.0, 161.7, 116.2, 84.0, 74.1, 69.4, 66.2, 36.6,
32.3, 30.0, 294, 28.1, 25.9, 25.5, 24,5, 23.5, 18.4, -4.3, -4.4

IR (neat): 3054, 2924, 2854, 1733, 1713, 1701, 1635, 1472, 1456, 1399, 1371,
1248, 1215, 1109, 1003, 869, 836, 771 cm '

4-[4-(2-Hydroxycyclohexyloxy)-butyl]-5,6-dihydropyran-2-one

O QO

OH

CC)):
Y

'"H NMR (200 MHz, CDCly): & 584 (s, 1H), 440 (t, /= 6.35 Hz, 2H),
3.72-3.63 (m, 1H), 3.43 (br, 2H), 3.09-2.99 (m, 1H),

240 (t, /= 635 Hz, 2H), 231 (br, 2H), 2.11 (br, 2H),

1.71 (br, 2H), 1.63 (br, 4H), 1.39-1.15 (m, 4H)
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®C NMR (50 MHz, CDCly): § 165.0, 161.5, 116.1, 84.0, 74.1, 68.3, 66.2, 36.6,
32.3, 29.8, 294, 28.1, 245, 24.2, 234

IR (neat): 3450, 3058, 2936, 2863, 1733, 1717, 1697, 1680, 1632, 1456, 1432,
1395, 1370, 1277, 1224, 1073, 1032, 999, 861, 722 cm '

4-{4-[2-(tert-Butyldimethylsilanyloxy)-1-phenylethoxy]-butyl}-5,6-

dihydropyran—-2-one
(0]
(0] | Ph
/l\v/OTBS
(0]

Y

o)
@
1 119

'"H NMR (200 MHz, CDCly): § 7.36-7.29 (m, 5H), 5.81 (s, 1H), 4.38 (t, /=
6.35 Hz, 2H), 4.38-4.30 (m, 1H), 3.80 (dd, A= 7.33 Hz,
Ji= 107 Hz, 1H), 3.63 (dd, A= 4.88 Hz, A= 10.7 Hz,
1H), 3.42 (br, 2H), 237 (t, /= 6.35 Hz, 2H), 2.27 (br,
2H), 1.63 (br, 4H), 0.87 (s, 9H), 0.00 (s, 3H), -0.02 (s,
3H)

®C NMR (50 MHz, CDCly): & 165.0, 161.7, 140.3, 1285, 128.0, 127.2, 116.1,
83.6, 68.9, 684, 66.2, 36.6, 29.6, 28.1, 26.1, 23.4, 18.6, -5.0,
-5.2

IR (neat): 3083, 3062, 3026, 2948, 2851, 1737, 1717, 1697, 1681, 1632, 1472,
1456, 1395, 1252, 1097, 999, 828, 779, 694 cm '
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4-[4-(2-Hydroxy—-1-phenylethoxy)-butyll-5,6-dihydropyran—2-one

(e} (@]
?i‘j - O:ﬁ\/\/\ I\
)\/OH
O
1 11h

'"H NMR (200 MHz, CDCly): & 7.40-7.29 (m, 5H), 5.82 (s, 1H), 4.39 (t, /=
6.35 Hz, 2H), 4.45-4.36 (m, 1H), 3.76-3.58 (m, 2H), 3.42
(d, /= 4.88 Hz, 2H), 2.38 (t, /= 6.35 Hz, 2H), 2.27 (br,
2H), 2.04 (br, 4H)

B“C NMR (50 MHz, CDCly): & 165.0, 1615, 139.0, 1288, 1285, 127.1, 116.1,
83.3, 68.7, 67.6, 66.2, 36.5, 295, 28.1, 23.3

IR (neat): 3421, 3058, 3022, 2928, 2863, 1729, 1717, 1697, 1676, 1635, 1456,
1436, 1391, 1313, 1268, 1224, 1171, 1077, 996, 865, 759,
694 c¢cm '

4-{4-[2—-(tert-Butyldimethylsilanyloxy)-butoxy]-butyl}-non-3-en—-2-

one
0 O (CHy)4CHs
)I\/\(CHZ)4CH3 o )I\/l\/\/\o/\l/\
OTBS
14 15a

1329 Az 2& Wy o=z THF (3.00 mL)dl &38l¥ PhsP (302 mg,
1.14 mmol), TBSOTT (262 uL, 1.14 mmol), trans-3-nonen-2-one (172 uL,
1.04 mmol)e] &% Eo] n-Buli (933 uL of 1.34 M soln. in hexanes, 1.25

mmol), 1,2-epoxybutane (179 pL, 2.08 mmol), TBSOTf (478 uL, 2.08
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mmol)E WF&3F . 1A% § NaHCOs X3 +8&9 (2.00 mL)S # 7kl A
Aoz & 1A Fok wilk & EtOAcZ FE3 9k wvks A3y a o4
< TLC (hexane:EtOAc = 10:1)2 &<lstlth. 7t 53t flash column
chromatography (hexane:EtOAc = 20:1 — 10:1)2 &g AA|ste] v e ¥
o =9 B-91% butyloxy group®] FH7}E o] of Z A

mg, 27.3%)5 A}

[
2
o
us)
oo
oL

15a (108

'H NMR (200 MHz, CDCl): 6 6.04 (s, 1H), 3.73 (quin, /= 586 Hz, 1H),
345 (t, /= 6.35 Hz, 2H), 3.35-3.30 (m, 2H), 257 (q, /=
7.33 Hz, 2H), 219 (s, 3H), 2.14 (q, /~ 7.33 Hz, 2H),
1.65-1.33 (m, 12H), 0.91 (s, 15H), 0.08 (s, 6H)

BC NMR (50 MHz, CDCly): § 198.7, 163.6, 123.3, 75.4, 72.9, 71.3, 38.8, 32.4,
32.2, 31.8, 29.7, 285, 27.7, 26.1, 256, 22.7, 185, 14.3, 9.9,
-4.1, -45

IR (neat): 2952, 2924, 2858 1688, 1611, 1460, 1374, 1350, 1248, 1113, 1056,
1007, 963, 836, 775 cm |

4-[4-(2-Hydroxybutoxy)-butyll-non-3-en-2-one

(@] O  (CH)4CH3
F
)I\/\(CH2)4CH3 G O/\|/\

14 15b OH

\j

13be] A xe} L wHo =z THF (3.00 mL)d €3l PhsP (302 mg,
1.14 mmol), TBSOTT (262 uL, 1.14 mmol), trans-3-nonen-2-one (172 uL,
1.04 mmol)8 E& & n-BulLi (899 uL of 1.39 M soln. in hexanes, 1.25

mmol), 1,2-epoxybutane (179 uL, 2.08 mmol), TBSOTf (478 uL, 2.08
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&89tk 1A% F HF-pyridine (92.4 uL, 3.50 mmol)& 7} 3]
=
o

A Adzer 29 IAZE b wwhakdeh. wkg AP f4AS TLC
(hexane:EtOAc = 512 &3ttt Flash column chromatography
(hexane:EtOAc = 311 — 1:1)& #2 AASIY vluzdg]dg o=2 B-9X
= d§ ¥-33 15b (101 mg, 34.1%)E

fu

butyloxy group®] % 7}% o] of &4

A ATt

'H NMR (200 MHz, CDCly): 6 6.06 (s, 1H), 3.72 (br, 1H), 3.57-3.40 (m,
4H), 3.29 (t, /= 879 Hz, 1H), 2.57 (q, /= 7.33 Hz, 2H),
2.20 (s, 3H), 2.20-2.08 (m, 1H), 1.98 (br, 2H), 1.72-1.58
(m, 2H), 1.54-1.43 (m, 4H), 1.37-1.26 (m, 4H), 0.99 (t,
/= 7.33 Hz, 3H), 0.97-0.89 (m, 3H)

BC NMR (50 MHz, CDCly): & 198.8, 163.8, 123.4, 75.1, 71.9, 71.1, 38.9, 32.2,
31.8, 29.9, 28.5, 27.6, 26.3, 22.7, 196, 14.2, 10.1

IR (neat): 3446, 2956, 2932, 2858, 1684, 1607, 1452, 1350, 1215, 1175, 1113,

975, 918, 853 c¢m '

4-{4-[2-(tert—-Butyldimethylsilanyloxy)—-3-phenylpropoxy]-butyl}-non
-3-en—-2-one
0 O (CH2)4CHs

F Z
)I\/\(CH2)4CH3

14

Yy

OTBS
15c

'"H NMR (200 MHz, CDCly): § 7.35-7.20 (m, 5H), 6.05 (s, 1H), 4.03-3.92
(m, 1H), 347 (t, /= 6.35 Hz, 2H), 3.34 (t, /= 586 Hz,
2H), 2.97-2.81 (m, 2H), 2.73-252 (m, 2H), 2.19 (s, 3H),
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1.70-1.25 (m, 12H), 0.91 (br, 3H), 0.83 (s, 9H), -0.05 (d,
/= 293 Hz, 3H), -0.22 (d, /= 4.40 Hz, 3H)

B®C NMR (50 MHz, CDCly): & 1986, 168.1, 139.2, 130.2, 1288, 126.9, 123.4,
75.1, 73.1, 71.5, 52.7, 47.1, 41.6, 39.0, 32.2, 31.9, 27.7, 26.1,
256, 22.8, 184, 14.3, -4.5, -5.0

IR (neat): 3083, 3058, 3030, 2952, 2928, 2854, 1688, 1607, 1497, 1456, 1358,
1248, 1109, 991, 836, 775, 694 cm '

4-[4-(2-Hydroxy-3-phenylpropoxy)-butyll-non-3-en-2-one

o O (CH)4CHs
)I\/\(CHz)leHg 7 oY e

OH
14 15d

Yy

'"H NMR (200 MHz, CDCly): & 7.33-7.23 (m, 5H), 6.06 (s, 1H), 4.10-4.03
(m, 1H), 3.53-3.31 (m, 5H), 2.82 (d, /= 4.40 Hz, 2H),
257 (q, /=~ 781 Hz, 2H), 2.19 (s, 3H), 1.86 (br, 3H),
1.70-1.25 (m, 8H), 0.98-0.89 (m, 3H)

“C NMR (50 MHz, CDCly): & 198.8, 168.3, 1384, 129.6, 1287, 126.7, 123.4,
74.3, 71.6, 71.1, 40.2, 39.0, 32.2, 31.8, 29.9, 27.7, 26.7, 25.3,
22.8, 14.3

IR (neat): 3446, 3079, 3058, 3026, 2932, 2863, 1681, 1607, 1493, 1452, 1350,
1215, 1179, 1122, 1028, 963, 857, 747, 694 cm '
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4-{4-[2-(tert—-Butyldimethylsilanyloxy)-1-methylbutoxy]l-butyl}-
non-3-en-2-one

(0]

(@] (CH,)4CH3
)J\/\(CHZMCHS - )I\/K/\/\O
OTBS
14

15e

'H NMR (200 MHz, CDCly): § 6.05 (s, 1H), 354 (br, 1H), 3.04 (br, 1H),
257 (q, /&~ 733 Hz, 2H), 2.19 (s, 3H), 2.02-1.78 (m, 4H),

1.75-151 (m, 8H), 1.40-1.21 (m, 10H), 0.91 (s, 13H), 0.09
(s, 6H)

BC NMR (50 MHz, CDCly): § 198.6, 163.6, 123.3, 82.2, 74.0, 69.8, 38.8, 33.8,

324, 32.1, 31.8, 285, 27.7, 26.1, 25.9, 24.7, 24.5, 23.5, 22.7,
184, 14.3, -4.3, -44

IR (neat): 2928, 2854, 1688, 1615, 1460, 1378, 1358, 1245, 1211, 1158, 1101,
1020, 938, 873, 832, 771 cm '

4-[4-(2-Hydroxycyclohexyloxy)-butyll-non-3-en-2-one

O

O (CH2)4CH3
)l\/\(CHz)AfC Hs > )I\/l\/\/\o

OH
14 15f

'H NMR (200 MHz, CDCly): § 6.06 (s, 1H), 3.72-3.66 (m, 2H), 3.51-3.33
(m, 3H), 3.09-2.99 (m, 1H), 256 (t, /= 7.33 Hz, 1H),
219 (s, 3H), 2.13-2.03 (m, 6H), 1.78-151 (m, 6H),
1.47-1.15 (m, 10H), 0.98-0.89 (s, 3H)
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®C NMR (50 MHz, CDCly): § 198.7, 163.7, 123.5, 83.9, 74.1, 68.7, 39.0, 32.3,
32.2, 31.8, 30.4, 294, 276, 26.5, 24.5, 24.2, 22.7, 19.6, 14.2

IR (neat): 3437, 2936, 2863, 1680, 1611, 1452, 1374, 1350, 1264, 1236, 1175,
1158, 1101, 1040, 926, 844 cm '

4-{4-[2-(tert-Butyldimethylsilanyloxy)-1-phenylethoxyl-butyl}-

non-3-en—-2-one

O O  (CH2)4CHg

Ph
OTBS
)I\/\(CHz)AfCH?, )I\/l\/\/\o)\/

14 159

Y

'"H NMR (200 MHz, CDCly): § 7.42-7.29 (m, 5H), 6.03 (s, 1H), 4.34 (t, /=
6.35 Hz, 1H), 3.92-3.88 (m, 1H), 3.81 (dd, /= 6.84 Hz,
/= 10.74 Hz, 1H), 3.68-359 (m, 1H), 3.41 (br, 3H), 3.18
(t, /= 586 Hz, 1H), 2.86-2.82 (m, 1H), 2.60-2.50 (m,
2H), 218 (s, 3H), 2.12 (t, /= 9.28 Hz, 2H), 1.33 (br, 6H),
0.95-0.90 (m, 3H), 0.87 (s, 9H), 0.01-0.03 (m, 6H)

®C NMR (50 MHz, CDCly): & 198.6, 163.6, 137.8, 1288, 127.3, 125.7, 1234,
83.4, 69.3, 684, 52.6, 51.5, 32.4, 32.1, 31.8, 27.7, 26.5, 26.1,
22.8, 186, 14.3, -5.1, -5.2

IR (neat): 3079, 3062, 3030, 2952, 2928, 2854, 1684, 1615, 1493, 1452, 1387,
1350, 1252, 1199, 1175, 1134, 1101, 877, 832, 771, 755, 698

-1
cm
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4-[4-(2-Hydroxy—-1-phenylethoxy)-butyll-non-3-en-2-one

Y

O] O  (CH»)4CH3 Ph
)J\/\(CHZ)4CH3 /U\)\/\/\O)\/OH

14 15h

'H NMR (200 MHz, CDCly): & 7.40-7.29 (m, 5H), 6.02 (s, 1H), 4.42 (dd,
o= 4.64 Hz, /= 806 Hz, 1H), 3.68 (d, ./~ 7.81 Hz, 2H),
343 (d, /= 7.33 Hz, 2H), 255 (t, /= 6.84 Hz, 2H), 2.19
(s, 3H), 213 (t, /= 6.84 Hz, 2H), 1.66-1.52 (m, 4H),
1.49-1.28 (m, 6H), 091 (t, /= 6.84 Hz, 3H)

“C NMR (50 MHz, CDCly): & 1987, 163.9, 139.3, 1287, 1282, 127.1, 1235,
83.3, 68.8, 67.7, 39.1, 32.2, 30.1, 29.8, 28.6, 27.7, 25.2, 22.8,
14.3

IR (neat): 3429, 3083, 3062, 3026, 2940, 2858, 1680, 1603, 1489, 1452, 1350,

1232, 1183, 1105, 1077, 873, 832, 759, 694 cm '
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5) a,B-Ex3 3F=9 78 B-7157]13

4-Phenylsulfenyl-5,6-dihydropyran-2-one

O SN e Ve

A4 EA stdA THF (150 mL)el diisopropylamine (210 uL, 1.50

L

mmol)< o]l 0C=Z e ¥ n-Buli (845 uL of 148 M soln. in
hexanes, 1.25 mmol)& A3 7t ths 0Col A 4583, A2 A 158
poaRkstdn. 1wk A4 EA stelA THF (3.00 mL)ell PhsP (302
mg, 1.14 mmoD& Fo]i, 0C= Wz TBSOTf (262 pL, 1.14 mmoDE A
3] ZFslFA . ol 7lel  56-dihydro-2H-pyran-2-one (89.6 ulL, 1.04
mmol)= 3] Arteta HAZow &7 307 F¢ uwksilt. 30% F<t
wkg §AE -78C=E WY v, WA wEoExEd §H(LDA)S A
7Fske] wkg-&kdth. 1A & THF (3.00 mL)ol ¢ phenyl disulfide (298

uL, 1.35 mmoDE A 7tstlth. 1A & A& o= & TBAF (1.56 mL of
7 =

1 M soln. in THF, 1.56 mmol)< %

(

2A1 3 F ok wwkekdv whg X
3}

stk A

Ry

|

O

g7 %42 TLC (hexane'EtOAc:t-BuOMe = 3:1:1)=Z

%383 flash column chromatography (hexane:EtOAc = 10:1 — 61 —

hexane:EtOAc:t-BuOMe = 3:1:1 — 2:1:1)2 &2 AAste] of-Ex3 =2E

o] B-Audsle 16a (148 mg, 69%)E L AT},

'H NMR (200 MHz, CDCly): 8§ 7.54-751 (m, 5H), 5.35 (s, 1H), 4.44 (t, /=
6.10 Hz, 2H), 2.64 (t, /= 6.10 Hz, 2H)
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IR (thin film): 2948, 2829, 1712, 1472, 1214 cm '

4-Methylsulfenyl-5,6-dihydropyran—-2-one

o 0O
S/
1 16b

'H NMR (200 MHz, CDCly): § 567 (s, 1H), 443 (t, /= 6.10 Hz, 2H), 2.54
(t, ./~ 6.10 Hz, 2H), 2.40 (s, 3H)

IR (thin film): 2948, 1714, 1470, 1212 c¢m '

4-Butylsulfenyl-5,6-dihydropyran—-2-one

(@] (@]
1 16¢C

'H NMR (200 MHz, CDCly): § 570 (s, 1H), 441 (t, /= 6.10 Hz, 2H), 2.87
(t, /= 7.33 Hz, 2H), 255 (t, /= 6.10 Hz, 2H), 1.78-1.63
(m, 2H), 1.57-1.39 (m, 2H), 0.97 (t, /= 7.33 Hz, 3H)

IR (thin film): 2958, 2872, 1714, 1468, 1212 cm '
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4-Benzylsulfenyl-5,6-dihydropyran-2-one
(0]
(0] = (6]
Q ﬁi
S

'H NMR (200 MHz, CDCly): § 7.40-7.33 (m, 5H), 5.80 (s, 1H), 441 (t, /=

6.10 Hz, 2H), 4.11 (s, 2H), 2.56 (t, /= 6.10 Hz, 2H)
“C NMR (50 MHz, CDCly): & 163.2, 159.8, 134.4, 129.2, 129.1, 128.3, 109.4,
66.0, 36.1, 29.4

IR (thin film): 2950, 2890, 1710, 1460, 1300, 1210 c¢m *
4-Allylsulfenyl-5,6-dihydropyran—-2-one

(0]
S/\/
1

1

6e

'H NMR (200 MHz, CDCl): § 597-5.77 (m, 1H), 5.73 (s, 1H), 5.35 (d, /=

19.0 Hz, 1H), 527 (d, ./~ 11.2 Hz, 1H), 4.40 (t, /= 6.10

Hz, 2H), 353 (d, /= 6.84 Hz, 2H), 254 (t, /= 6.10 Hz,
2H)

“C NMR (50 MHz, CDCly): § 163.2, 159.4, 130.8, 120.1, 109.4, 66.0, 34.1
29.5

IR (neat): 2980, 2940, 1710, 1650, 1470, 1270 cm '
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3-Phenylsulfenylacrylic acid methyl ester

/\H/OCH3 - ©/SK/\[]/OCH3

(0] @)
7a 17a

16a9] A x¢ & Wy o=x THF (2.00 mL)ol A diisopropylamine (262
pL, 1.87 mmol)®} n-BuLi (150 mL of 148 M soln. in hexanes, 1.56
mmol) & Z 5 E A x¥ LDA, THF (3.00 mL)ol &3]¥ PhsP (302 mg, 1.14
mmol), TBSOTf (262 pL, 1.14 mmol), methyl acrylate (93.7 pL, 1.04
mmol)9] &, THF (3.00 mL)el &3 ¥ phenyl disulfide (298 pL, 1.35

mmol), TBAF (1.56 mL of 1 M soln. in THF, 1.56 mmol)< %% 3} 9t}

i3 a3 kA2 TLC (hexane'EtOAc = 14:1)2 st 4 55
3} flash column chromatography (hexane — hexane:EtOAc = 14:1)%
e AAsto] apB-=x3F ol =g B-HALse 17a (127 mg, 60%)5 &
At

—

H NMR (200 MHz, CDCl3): 6 7.83 (d, /= 15.1 Hz, 1H), 7.54-7.42 (m, 5H),
569 (d, /= 15.1 Hz, 1H), 3.73 (s, 3H)
IR (neat): 2950, 1714, 1478, 1300, 1262 cm '

3-Butylsulfenylacrylic acid methyl ester

/\"/OCH?, _ \/\/SM'/\H/OCH?)

(0] (0]
7a 17b

'"H NMR (200 MHz, CDCly): § 7.73 (d, /= 151 Hz, 1H), 577 (d, /= 15.1
Hz, 1H), 3.75 (s, 3H), 2.82 (t, /= 7.08 Hz, 2H), 1.55-1.41
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(m, 2H), 0.96 (t, /= 7.08 Hz, 3H),
IR (neat): 2958, 1714, 1434, 1256, 1164, 1018 cm '

3-Phenylsulfenylacrylic acid hexyl ester

/\H/O(CHz)sCHs . ©/S'«,/\H/O(CH2)5CH3

(0] (0]
7b 17¢

'H NMR (200 MHz, CDCly): § 7.79 (d, /= 15.1 Hz, 1H), 7.48-7.31 (m, 5H),
568 (d, /= 151 Hz, 1H), 411 (t, /= 659 Hz, 2H),
1.64-1.60 (m, 2H), 1.56-1.31 (m, 6H), 0.98-0.81 (m, 3H)

IR (neat): 2956, 2858, 1714, 1582, 1470, 1296, 1248, 1162 cm '

3-Butylsulfenylacrylic acid hexyl ester

/\H/O(CHQ)5CH3 \/\/S"‘/\H/O(CHZ)SCH?’

0] (0]
7b 17d

Y

'H NMR (200 MHz, CDCly): § 7.70 (d, /= 151 Hz, 1H), 576 (d, /= 15.1
Hz, 1H), 413 (t, /= 6.84 Hz, 2H), 281 (t, /= 7.33 Hz,
2H), 1.73-159 (m, 4H), 1.52-1.28 (m, 8H), 0.99-0.88 (m,
6H)

IR (neat): 2928, 1714, 1650, 1288, 1162, 1082 cm '
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3-Methylsulfenylacrylic acid hexyl ester

/\H/O(CH2)5CH3 o /S«,,'/\H/O(CHz)5CH3

O] (0]
7b 17e

'H NMR (200 MHz, CDCly): § 7.76 (d, /= 151 Hz, 1H), 568 (d, /= 15.1
Hz, 1H), 414 (t, /= 6.59 Hz, 2H), 2.35 (s, 3H), 1.67-1.63
(m, 2H), 1.58-1.33 (m, 6H), 0.91-0.88 (m, 3H)

IR (neat): 2956, 2930, 1714, 1468, 1298, 1252, 1164 cm '

N-Methyl-3-benzylidenesuccinimide

0O O
N_ N—
G
(e} (e}
17a 19a

A2 EA stelA THF (2.00 mL)el PhsP (146 mg, 0.55 mmol),
N-methylmaleimide (57.3 mg, 050 mmol)2 *9°]3, TBSOTf (126 uL,
0.55 mmoDE HFH38 7l F 1AZF 30 FeF A2 unkedtt. 1
o A4A EA dlelA THF (0.80 mL)el diisopropylamine (109 uL, 0.78
mmol)& Holx 0C= WH 3 p-Buli (442 plL of 147 M soln. in
hexanes, 0.65 mmol)= %3] 7tall& o 0ColAl 45%7F, A2 A 156+
Zboawwkst vk 1A1ZF 30 woF wwkek &S -78CE ¥ v, unkd
ot b= S H(LDA)S HH3E] 7hste]l wrEA Y. 143 $ benzaldehyde
(66.1 pL, 0.656 mmol)E W24 A7lgk & TMSOTS (136 pL, 0.75 mmol) &

7Fall =2tk 30 & TBAF (2.00 mL of 1 M soln. in THF, 2.00 mmol)<
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d7re §) Aoz 28 1A7F 30

a9

7S A3 AL TLC (hexane:EtOAc

kel
5
- 2D FAstgov], 4 ¥

5} 22 flash column chromatography (hexane:EtOAc

2001 — 711 — 2=

<3

)

w2 A A3 N-methylmaleimideZF & X% 19a (68.1 mg, 68%)%
ATk,

'"H NMR (500 MHz, CDCly): § 7.64 (s, 1H), 7.52-7.41 (m, 5H), 359 (s,
2H), 3.14 (s, 3H)

BC NMR (125 MHz, CDCl): § 174.1, 171.1, 134.3, 134.1, 130.2, 130.1, 129.1,
123.5, 34.1, 24.9

IR (thin film): 2945, 1706, 1655, 1434, 1378, 1281, 784 cm '

N-Methyl-3-(4-Chlorobenzylidene)succinimide

O O
N— N—
=
@] O
17a 19b

'H NMR (500 MHz, CDCly): § 7.62 (s, 1H), 741 (d, /= 7.81 Hz, 2H), 7.28

(d, /= 7.81 Hz, 2H), 358 (s, 2H), 3.15 (s, 3H), 242 (s,
3H)

®C NMR (125 MHz, CDCly): 6§ 1745, 171.6, 141.0, 134.5, 131.6, 130.5, 130.1,
122.6, 344, 25.2, 21.8

IR (thin film): 2950, 1706, 1655, 1440, 1383, 1281, 820, 743 cm '
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N-Methyl-3-(4-methylbenzylidene)succinimide

(@] O
Cl
N— Y N—
G
(@] O
17a 19c

'H NMR (500 MHz, CDCly): § 7.56 (s, 1H), 7.43-7.39 (s, 4H), 353 (s, 2H),
3.12 (s, 3H)

®C NMR (125 MHz, CDCly): 6§ 1737, 170.9, 136.3, 132.9, 132.6, 131.2, 1295,
124.1, 33.9, 25.0

IR (thin film): 2941, 1701, 1654, 1437, 1386, 1278, 1025, 706, 554 cm '

N-Methyl-3-nonylidenesuccinimide

O (@]
N— - —_
CH3(CH)7 A
(@] (@]
17a 19d

'H NMR (200 MHz, CDCly): 6§ 6.84 (t, /= 7.33 Hz, 1H), 3.22 (s, 2H), 3.08
(s, 3H), 2.19 (q, /= 7.33 Hz, 2H), 1.29 (s, 12H), 0.89 (t,
/= 6.10 Hz, 3H)

IR (thin film): 2935, 2925, 2853, 1706, 1660, 1440, 1388, 1281, 743 cm '
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N-Methyl-3-butylidenesuccinimide

0O 0O
|  N— - N—
CH3(CH2)2~”
(e} (e}
17a 19e

'H NMR (200 MHz, CDCly): 6§ 6.85 (t, /= 7.33 Hz, 1H), 323 (s, 2H), 3.09
(s, 3H), 2.20 (q, ./~ 7.33 Hz, 2H), 1.66-1.47 (m, 2H), 0.99
(t, /= 7.33 Hz, 3H)

IR (thin film): 2966, 2935, 2868, 1706, 1660, 1445, 1388, 1281, 743 cm '

N-Phenyl-3-benzylidenesuccinimide

0O 0O
N—Ph - N—Ph
F
O O
17a 19f

1929 Alzxe 22 WyPo= THF (230 mL)ol &3l¥ PhsP (146 mg,
0.55 mmol), N-phenylmaleimide (86.0 mg, 0.50 mmol), TBSOTf (126 uL,
0.55 mmol)®] E&=o] THF (0.80 mL)°l A diisopropylamine (109 plL, 0.78
mmol)¥ n-BuLi (478 puL of 1.36 M soln. in hexanes, 0.65 mmol) % & F ¥
A Z%¥ LDA, benzaldehyde (66.1 puL, 0.65 mmol), TMSOTf (136 uL, 0.75

mmol) & ¥r&ad vt 30% F NH.Cl 23 &4 (200 mL)= H7Fg =

>

] 2082 29 1A%F 30& & uRk § EtOAc® F=38Fth. whs 318}
3l

242 TLC (hexanelEtOAc:t-BuOMe = 6:2:1)&2 st o, 4 v=
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332 flash  column —

chromatography (hexane:EtOAc = 15:1

hexane:EtOAc:t-BuOMe = 6:2:1)&2 E7 A A 35e] N-phenylmaleimide = F
H F+E2% 19f (70.7 mg, 54%)E AUt .

'H NMR (200 MHz, CDCly): § 7.77 (s, 2H), 7.55-7.38 (m, 10H), 3.79 (s,
2H)

IR (thin film): 2945, 1710, 1650, 1501, 1393, 1281, 743 c¢cm '

N-Phenyl-3-nonylidenesuccinimide

O (0]
N—Ph > N—Ph
CH3(CH3)7~ A
(6] (@]
17a

19¢

'"H NMR (200 MHz, CDCly): § 7.54-7.33 (m, 5H), 6.97 (t, /= 7.33 Hz, 1H),

341 (s, 2H), 2.26 (q, /= 7.33 Hz, 2H), 1.30 (s, 12H), 0.91
(t, /= 6.10 Hz, 3H)

IR (thin film): 2966, 2930, 2853, 1711, 1665, 1516, 1388, 1250, 712 cm '

N-Phenyl-3-butylidenesuccinimide

O
N—Ph - N—Ph
CH3(CHz)o A
(@] (@]
17a

19h

'H NMR (200 MHz, CDCl3): § 7.54-7.32 (m, 5H), 6.98 (t, /= 7.81 Hz, 1H),
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342 (s, 2H), 2.26 (q, /= 7.33 Hz, 2H), 1.69-1.51 (m, 2H),

1.02 (t, /= 7.33 Hz, 3H)
IR (thin film): 2970, 2940, 1706, 1650, 1506, 1388, 1255, 746 cm '
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ABSTRACT

Development of Facile B-Functionalization Methods of

a,B-Unsaturated Carbonyl Compounds

Kim, Jung Hyun
Department of Chemistry
Graduate School of

Sungshin Women's University

Studied were B-conjugation addition, B-acylation and B
—-alkoxycarbonylation of a,B-unsaturated lactones and a,B-unsaturated esters,
B-sulfenylation of a,B-unsaturated lactones, B-butyloxy group incoporated
epoxide opening reaction of a,B-unsaturated lactones and enones, and the
preparation of alkylidenesuccinimide from maleimide, through the
phosphoniosilylation reaction.

a,B-Unsaturated lactones and esters underwent the phosphoniosilylation
reaction smoothly with triphenylphosphine(PhsP) and TBSOTI{, as enone
did. And phosphonium salts obtained via the phosphoniosilylation reaction
could be converted to the corresponding ylides successfully by the use of
LDA.

Ylides derived from a,B-unsaturated lactones 1 and a,B-unsaturated
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esters 7 through the above process, were reacted with Michael acceptors
in the presence of TMSOT{ and were subsequently desilylationed with sat
NH,C1 or TBAF, to give B-conjugated addition compounds 3a—-f and 8a-e
in 34~73% vyields.

In cases that the ylides were reacted with acid halides or alkyl
chloroformates in the four step one-pot process, B-acylated a,B-unsaturated
lactones 4a—f and a,B-unsaturated esters 9a-e or B-alkoxycarbonylated a,3
—unsaturated lactones ba-b and a,B-unsaturated esters 10a-d were
obtained in 22~78% vyields.

In the reaction of the ylides with epoxides in THF the use of TBSOT{
was necessary. Very interestingly, THF participates in the epoxide ring
opening process with concomitant ring opening of THF itself. As a result
B-butyloxy group incorporated epoxide ring opening occurred. Thus, B
-butyloxy group incorporated epoxide ring opened a,B-unsaturated lacones
11a-h, cyclic and acyclic enones 13a-z and 15a-h were obtained in 13~
98% vields. And, in the reaction of the ylides with epoxides in THP [
-pentyloxy group incorporated epoxide ring opened cyclic enones were
obtained in 44~67% vyields.

It was also found that ylides derived from a,3-unsaturated lactones and
esters reacted well with disulfides to give B-sulfenylated a,B-unsaturated
lactones 16a—e and esters 17a-e in 38~71% vyields. And a,B-unsaturated
imide, maleimide also attended this phophoniosilylation process, in
combination with TMSOTf-assisted Wittig reaction to give
alkylidenesuccinimides 19a-h in 54~85% yields.

From these studies, we have shown that the phosphoniosilylation reaction
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can be combined with reactions of many electrophiles (Michael reaction,
acylation, alkoxycarbonylation, epoxide ring opening, sulfenylation, and
Wittig reaction), and thus various B-functionalizations of a,B-unsaturated
lactones and esters, and enones can be executed very easily and effectively

in the single pot.
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APPENDIX

1H, BC NMR Spectra of Selected Compounds Prepared

— 148 —



o)
OMe
o]
N N iy N
7 ; . : . 5 z z ‘ e~
- 1
Figure 4. H NMR Spectrum of 3b
1% g8 8 2 g e
o Lk e dss
OMe
O |
|
L N
S P L : " .
20‘0 180 160 140 120 llgll 80 Slﬂ 4‘0 Z‘U ppm

Figure 5. ”C NMR Spectrum of 3b
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Figure 7. ”C NMR Spectrum of 8a
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Figure 9. BC NMR Spectrum of 4b
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Figure 15. BC NMR Spectrum of 5b
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- 165 —




o

- (S
22751

Figure 38. 'H NMR Spectrum of 19b

:':'j

L

A ‘ H
T
adad T
160 140 5

Il

m)

Figure 39. ’C NMR Spectrum of 19b

- 166 —




	Ⅰ. 서 론
	Ⅱ. 결과 및 고찰
	1. α,β-불포화 락톤 및 에스터의 β-콘쥬게이션 첨가
	2. α,β-불포화 락톤 및 에스터의 β-아실화
	3. α,β-불포화 락톤 및 에스터의 β-알콕시카보닐화
	4. α,β-불포화 화합물의 β-에폭시드 열림 반응
	5. α,β-불포화 화합물의 기타 β-기능기화

	Ⅲ. 결 론
	Ⅳ. 실 험
	1. 실험기기
	2. 시    약
	3. 실험방법
	1) α,β-불포화 락톤 및 에스터의 β-콘쥬게이션 첨가
	2) α,β-불포화 락톤 및 에스터의 β-아실화
	3) α,β-불포화 락톤 및 에스터의 β-알콕시카보닐화
	4) α,β-불포화 화합물의 β-에폭시드 열림 반응
	5) α,β-불포화 화합물의 기타 β-기능기화



